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Research on the persistence of minoritized populations within science trajectories has often
highlighted identity as a particularly important factor in those choices (Archer et al., 2010; Barton
& Calabrese, 2007; Barton et al., 2013; Merolla & Serpe, 2013). However, identity has often been
studied from a qualitative perspective or in college populations. To push the field forward by
addressing several key open questions, this dissertation consists of three quantitative studies that I
argue have deepened and broaden the field of science identity. A central underlying goal of this
dissertation is to address the issue of equity in science, with a particular focus on patterns of
marginalization through the lens of science identity that emerge in early secondary school,
particularly gender. These results are consistent with the lack of representation and power of
minoritized populations in science careers. The first empirical paper clarifies the nature of science
identity as integrating internal and external recognition components and establishes it as different
from other attitudinal variables. The second study provides the framework of topical identity
complexes for studying the interaction of different topical identities. The empirical results reveal
a surprising finding about which identity complexes involving science are (and are not) found in
early secondary student as well as their impact of student’s choices. The third study focuses on
understanding career affinities of early secondary school students and their relationship to science

identity for both science and science-related careers. Finally, I also reflect on the use of quantitative

v



methods in this work since such methods have been long critiqued for their inability to capture the

nuance of everyday experience or further an equity agenda in education.
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1.0 Conceptual Overview

“Living on borders and in margins,
keeping intact one's shifting and multiple identity and integrity,
is like trying to swim in a new element, an 'alien' element.”

— Gloria E. Anzaldia

Identity is the core, distinguishing aspect of an individual, and it relates both to the enacting
present as well as *‘the ‘kind of person’ one is seeking to be” (Gee, 2017). Identity has been studied
across many different disciplines like philosophy, sociology, psychology, political science, among
others. This disciplinary diversity has created a wide array of conceptualizations that are often not
overlapping. The concept of identity used in this work is positioned in terms of the aspects of self
that are malleable and therefore strongly influenced by educational experiences. Further, because
identity cannot be separated from the different modalities of power in society, it is the product of
the difference and exclusion created by them.

My conceptualization of science identity is focused upon the self-views that emerge from
participation in certain activities and self-categorization in terms of membership in particular
communities or roles (Stets & Burke, 2001). More generally, research has suggested that science
not only involves whether an individual wants to become a “science type person,” but also as the
socialization of individuals into the norms and discourse practices of science (Brown, 2001). That
is, identity is built through an internalization of experiences and is socially constructed with others
in a particular context. Science identity is then be enacted through the expression of knowledge
and choices people make (Aschbacher, Li, & Roth, 2001). Research on persistence of minoritized

1



populations within science trajectories has often highlighted identity as a particularly important
factor on those choices (Archer et al., 2010; Barton & Calabrese, 2007; Barton et al., 2013; Merolla
& Serpe, 2013).

The centrality, power dynamics, and complexity of identity make the study of identity
critical in education. For example, studying identity is central to understanding the strong guiding
effects of gatekeepers and power stakeholders (Gee, 2017). Therefore, it can be a useful lens in
particular educational fields like science education where we have failed to support minoritized
and marginalized populations and their educational pathways.

The purpose of this chapter is to provide a roadmap for the reader about the three open
questions/issues surrounding science identity that are explored in the dissertation. To push the field
forward and address some of its current questions, this dissertation consists of three empirical
papers, which [ will argue have each deepened and broaden the field of science identity (see Figure
1.1 for an overview map). Unlike more traditional dissertations, this overview chapter is brief and
does not provide the literature review for each question. In addition to being unwieldy to the reader,
a more traditional overview chapter would also be highly redundant with the text found elsewhere
in the dissertation: each paper provides its own specific literature and conceptual framework
relevant to the specific research questions/ topic at hand.

Before proceeding to the overview summary of each paper, it is important to note that each
of the three papers discuss literature suggestions for how to empirically answer the research
questions taken up in the paper. Further, all three studies provided detailed analytic rationale for
each of the decision-making process from the choice of quantitative methodology, model
interpretation, and results discussion. Implicit in each of them is a desire to respond to concerns

that have been recently made about the challenges of doing equity-centered work within



quantitative methods (Crawford, 2018; Garcia, Lopez, & Vélez, 2017; Gillborn, Warmington, &
Demack, 2017; Huber, Vélez, & Solérzano, 2017). In the final chapter of the dissertation, I devote
explicit attention to the ways in which the main concerns from the QuantCrit community were
addressed (or not) in the dissertation work. Moreover, given the nature of the sample distribution
and statistical analysis used on this dissertation, gender will be treated as a binary in the analyses.
However, I want to acknowledge the limitations of this conceptualization: First, gender is fluid
and is better conceptualized as a spectrum/fluid rather than as specific categories (Zamani-
Gallaher, 2017). Second, the acknowledgement of non-binary identity is an important step towards
creating safe spaces for LGBTQ students. Third, there is lack of data on understanding LGBTQ
school experiences (Ressler & Chase, 2009), and binary conceptualizations further put obstacles
on this understanding. Finally, there is a pervasiveness of negative experiences in multiple contexts
for LGBTQ youth (Higa, et al., 2012) and it is important that researchers help to surface these
concerns as they connect to identity development within specific topics such as science. Early
secondary is generally an important stage of identity development and trans and non-binary youth
generally face greater vulnerability to a wide range of health, mental health, and social problems
(Austin et al., 2009; Blake et al., 2001; Bontempo & D’Augelli, 2002; Cochran, Stewart, Ginzler,
& Cauce, 2002; Garofalo, Wolf, Kessel, Palfrey, & Durant, 1998; Perdue, Hagan, Thiede, &

Valleroy, 2003; Thiede et al. 2003).
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Figure 1.1. Conceptual representation of the three empirical studies addressed by this dissertation and how

they are related to each other.

1.1 Chapter 2: Conceptualizing Science Identity

This empirical paper dives into the question of what science identity is and how is it
different from other attitudinal factors. This chapter dives into the three main conceptualizations
of science identity presented in the literature: 1) a sense of community and affiliation (Carlone &
Johnson, 2001); 2) built by consistent extrinsic and intrinsic attitudinal factors (Aschbacher et.
al., 2010); 3) a match between school science and real science (Archer et al., 2001). I also discuss
the different methods regarding whether identity can only be assessed indirectly through the
actions a learner takes (Archer et al., 2010; Barton et al., 2013) or whether it can be assessed
through asking learners via surveys about their retrospective internalization of the identity (Barton
& Calabrese, 2007). Finally, I present a new conceptualization that science identity consists of two
factors: perceived internal and perceived recognized identity. This conceptualization is then

subjected to quantitative research focused on validating the claim using psychometric analyses for



internal coherence, discriminant validity analyses for separation from other motivational

constructions, and predictive validity analyses to show the factors do similar and important work.

1.2 Chapter 3: Science Identity in Competition with Other Possible Topical Identities

Traditionally, topical identities (e.g., math, science, art) have been studied in isolation
(Archer, DeWitt, & Willis, 2013), which is problematic if there are important phenomena at the
intersection of topical identities. Drawing attention to this possibility, I propose a way of studying
science identity and its interaction with other topical identities at a larger grain size: a topical
identity complex. An identity complex refers to the bundling of different identities as part of one’s
core self. Early secondary school is a particularly important stage when multiple identities may
develop (Auger, Blackhurst, & Wahl, 2005). I briefly review possible cultural pressures related to
race/ethnicity and gender that could shape the formation of these multiple identities (Bagwell,
Coie, Terry, & Lochman, 2000; Kahan, Braman, Gastil, Slovic, & Mertz, 2007; Nichols & White,
2014). Most centrally, I note that these cultural pressures may cause students to not feel safe in
enacting isolated science identities (Kahan, et al., 2007). I also problematize why these different
identities may interact with one another and the whole may have consequences for further
participation and choices (Bathgate & Schunn, 2001; Crowley, Callanan, Tenenbaum, & Allen,
2001). A quantitative study examines common identity complexes that occur in early secondary
among urban students overall, and then how these complexes are distributed by race/ethnicity,
gender, and grade. The study reveals a surprising lack of isolated STEM identities despite the
frequency existence of other narrow topical identity complexes. It also tests the impact of these

topical identity complexes on student choices.



1.3 Chapter 4: Differential Enactment of Science Identity on Career Affinities

The investigation begins with a focus on the importance of making distinctions between
science and science-related careers when talking about worker shortages and equity issues.
Centering the need to focus on the importance of diversification of science and science related
careers from an equity perspective (Espinosa, 2001; Holdren, Cora, & Suresh, 2013; Wegemer &
Eccles, 2002), I discuss the nature of shortages in science, technology and health fields (National
Science Foundation, 2015): these fields are very different in distributions by gender despite all
being related to science in particular and STEM overall. I also review the literature on career
interest and how different researchers have conceptualized it and measured it (Archer et al., 2001;
Vincent-Ruz & Schunn, 2001), noting the value of studying career interest via career affinities.
The study then consists of a quantitative investigation of relationship of science identity to career
interest in science and science-related career affinities. Not only is science identity shown to be
relevant in a positive way to all three kinds of careers, but the relationship to two of them is found

to be very gender-specific.

1.4 Chapter 5: Critical Use of Quantitative Methodologies

A central underlying goal of this dissertation is to address the issue of equity in science,
with a particular focus on patterns of marginalization through the lens of science identity that
emerge in early secondary school and are consistent with the lack of representation and power of
minoritized populations in science careers. The final chapter of this dissertation presents the

argument that indeed quantitative methods can be used to issue equity and justice agendas. This



evidence is presented by addressing the five main concerns of the QuantCrit community and
discuss the ways in which the empirical work presented here furthers a notion of critical use of

quantitative methods as well as its limitations.
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2.0 Conceptualizing Science Identity

A major concern in science education involves the under-representation of many groups in
science and technology fields, especially by gender (Brotman & Moore, 2008; Clark Blickenstaff,
2006), race/ethnicity (Archer, DeWitt, & Willis, 2014; McGee & Bentley, 2017). Particularly,
there is the need to understand how major systems of oppression (e.g., racial, heteropatriarchal)
hinder development of science related attitudes (Cantu, 2012; Rosa & Mensah, 2016). Among the
attitudes connected with under-representation in science, identity has generally received less
attention than other attitudinal constructs (e.g., in comparison with interest or self-efficacy) and it
has been studied from highly varied disciplinary perspectives (e.g., science education, social
psychology, educational psychology, and sociology) with strong conceptual and methodological
differences. As a result, there are key open questions about the nature and measurement of science
identity. The objective of this study was to quantitatively investigate the nature of science identity
in middle-school and high-school students with a focus on what are the components of identity
and whether this conceptualization of identity was useful for predicting participation in science at
this crucial developmental period.

Identity can be defined as the composition of self-views that emerge from participation in
certain activities and self-categorization in terms of membership in particular communities or roles
(Stets & Burke, 2000). More generally, when it comes to science identity, research has suggested
that it not only involves whether an individual wants to become a “science type person,” but also
as the socialization of individuals into the norms and discourse practices of science (Brown, 2004).
That is, identity is built from internalization from our experiences and socially constructed with
others in a particular context.
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2.1 The Nature of Science Identity

Researchers have presented three conceptualizations for what drives science identity: 1) a
sense of community and affiliation (Carlone & Johnson, 2007), 2) built by consistent extrinsic and
intrinsic attitudinal factors (Aschbacher et. al., 2010); 3) a match between school science and real

science (Archer et. al., 2010).

2.1.1 A Sense of Community and Affiliation

Youth development can involve a tension between differentiation (how am I different?)
and fitting-in (do I match group norms?), especially during adolescence (Kroger, 2003). Many
contextual factors shape these interactions, including stereotypes rooted in historical inequities
(Schiebinger, 2000). Further, understanding the role of science identity in persistence involves
understanding how people negotiate the cultural norms within their community communities and
in turn become affiliated with or alienated from science (Stets, Brenner, Burke, & Serpe, 2017).
The perceived interactions with others are likely critical in influencing identity development and
internalization, particularly via perceptions of how others view them and how these views are built
on these systemic inequities. Influential others (family, friends, and teachers/mentors) can play a
large role in providing a feeling of community and affiliation, which then shapes identity,
especially in early adolescence. An open question, though, is whether this perception of whether
influential others view the individual defines their identity or simply acts as one of many attitudes,

beliefs, and experiences that influence identity development overall.
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2.1.2 Built by Consistent Extrinsic and Intrinsic Attitudinal Factors

Several attitudinal constructs have been linked to science identity. Most commonly, interest
(intrinsic motivation) has been linked as a primary driver of science identity: the bigger the science
interest, the more solidified the science identity (Maltese & Tai, 2010). Other conceptualizations
assume that when interest leads to participation in science pathways and this participation leads to
the development career goals, then a science identity exists (Crowley, Barron, Knutson, & Martin,
2015). Furthermore, under expectancy-value theory, science identity can lead to science-related
choices when the learner also has strong perceptions about the (extrinsic) value of science and high
levels of science self-efficacy or competency beliefs (Eccles, Fredricks, & Baay, 2015).

However, it is important to note that there is disagreement whether the related attitudinal
constructs drive identity development or whether these other attitudinal constructs are part of
identity. For example, measures of identity often included items closely associated with these other
concepts (Chang, Eagan, Lin, & Hurtado, 2016; Hazari, Sadler, & Sonnert, 2013; Trujillo &
Tanner, 2014). This raises an important question regarding the nature of science identity: is science
identity different from these other attitudinal constructs in that students can be high or low on

science identity independently of being high or low on these other attitudes?

2.1.3 Match Between School Science and Real Science

Learners may form a topical identity (e.g., science identity) by comparing their own
performance/characteristics with the perceived characteristics of adults associated with the topic
(e.g., scientists). The experiences youth have with science in school shape the perceptions they

have about their performance/ characteristics. Unfortunately many students perceive a mismatch
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between what it means to do science in the classroom and what science in real-life entails (Zhai,
Jocz, & Tan, 2013), and this mismatch influences identity development (Braund & Driver, 2005;
Emvalotis & Koutsianou, 2017; A.-L. Tan, Jocz, & Zhai, 2015; Zhai et al., 2013).

More importantly, most science experiences at this age will come from formal
environments rather than informal environments. Informal environments can provide minoritized
students with specific opportunities to understand themselves as scientists and have a more realistic
experience of how science works (Farland-Smith, 2012). However, there are important concerns
about access when it comes to informal environments (Dawson, 2014; Jones, 1998) in the sense
that there is not equal access by demographic variables as well as optional experiences producing
positive feedback loops that accentuate initially small differences. Thus, it is important to
understand the ways in which identity connects to participation in optional experiences (e.g., how

robustly is it connected to participation across contexts?).

2.2 Conceptualizing Components of Science Identity

The literature is clear that influential others are likely to be important in the development
of science identity for a variety of possible reasons. However, the literature on science identity is
inconsistent conceptualizations regarding whether science identity is a latent construct built upon
other attitudinal drivers such as interest and external perceptions (Hazari et al., 2013), an expected
success from science experience (Barton & Tan, 2010; Trujillo & Tanner, 2014; Wigfield &
Eccles, 2000), or an independent construct. The literature is also inconsistent in methods regarding
whether identity can only be assessed indirectly through the actions a learner takes (Archer et al.,

2010; Barton et al., 2013) or whether it can be assessed through asking learners via surveys about
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their retrospective internalization of the identity (Barton & Calabrese, 2007). We explore the
survey approach, and then apply common psychometric analysis techniques to examine the
internal components of identity as well as its independence from other attitudinal constructs to
improving understanding of what should be included in such a conceptualization. We also testing
its predictive validity—constructs are useful when the organize phenomena. Such foundational
construct testing and development work is important when a field of research has relatively high
levels of disagreement about the nature of a construct and how it should be measured.

Construct development in a complex domain like science identity should involve a variety
of methods, particularly a balance between qualitative and quantitative methods. There have
already been many rich qualitative investigations of science identity, especially case studies
constructed through semi-structured interviews. For example, Kozoll et al. (2002) and Palmann
and Miller (2010) conducted interviews focused on how students’ experiences with science
influenced their pathways, highlighting the role of identity. Similarly, Archer et al. (2010)
connected students’ views of science to their aspirations for the future. However, it is not clear
whether career aspirations should be taken as synonymous with identity since career aspirations
can also be influenced by other, external factors. Gee’s (1999) oft-cited definition of identity
speaks of “who one wants to become,” but this definition is also unclear about when something
becomes part of the self. This concern about current vs. career orientation in identity is especially
at issue for younger learners who are still many years away from a professional role, and thus a
science identity might exist without a commitment to a particular career.

By contrast, Aschbacher et al. (2009) focused more on peer and family expectations of
science, arguing for the centrality of these perceived expectations on identity. However, it is

unclear whether such expectations are part of an identity or whether they shape identity (Hazari et
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al., 2010). Clearly the actual expectations that influential others (e.g., family, friends/peers,
teachers/mentors) hold are external to the learner and therefore would be factors that shape identity
rather than be a component of identity itself. Particularly, these external actors can enact
consciously or unconsciously oppressive behaviors leading to an internalization inconsistent to
what students perceive a scientist to be (David, 2014; Reynolds & Pope, 1991). In other words,
perhaps identity is better conceived as a general construct in which beliefs about identity with
components of personal identity and perceived external identities.

Building upon these views of what identity is and does, we propose a conceptualization of
identity that draws upon both the internalized view of self and the perceived view of external others
regarding one’s science identity. The approach builds upon prior work of Hazari et al. (2010), but
it was adapted for middle school and early high school. The primary goal was to understand the
relationship between internal and perceived external elements of science identity and the
independence from other attitudinal measures such as interest or competency beliefs, which others
have conceptualized as part of identity.

This question of construct content can be examined from multiple perspectives. The current
study focuses on two perspectives that are most effectively conducted through quantitative
research: psychometric coherence (i.e., an individual differences construct is meaningful if its
components cohere internally and discriminate against other constructs across individuals) and
predictive validity (i.e., components form a coherent construct if each of the components does
similar work above other attitudinal constructs for the individual). In particular for predictive
validity, the second research question examines whether the different components of science
identity each underlie preferences towards and actual participation in optional learning

experiences.
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It is possible that such quantitative measures and analysis obscure meaningful variation by
context and subgroup, but such quantitative investigations do highlight patterns that hold across a
broader set of learners and contexts. Specifically looking at broad patterns in a particular
population reveals whether youth participation in optional science experiences at this age (and in
their US, urban context) is only determined by science identity or whether there are important
regular interactions of science identity with patriarchal and racist values in science to hinder

participation in science.

2.3 Research Questions

1. What are the components of science identity for students at this age that are distinct from

other attitudinal constructs?

2. To what extent does science identity predict student’s choices overall and separately by

gender and race/ethnicity?

2.4 Methods

2.4.1 Participants

Our sample is a subset of the ALES15 dataset (Activated Learning Enables Success 2015).
This data was collected by a research team from the Activation Lab (activationlab.org) in a diverse

range of public urban schools from two different regions in the United States with approval from
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the University of Pittsburgh and University of California-Berkeley Institutional Review Boards.
The full dataset is longitudinal and includes a wide range of demographic, attitudinal, and
experience measures, and is available upon request by contacting the Activation Lab team. The
current study uses the subset of schools that participated in both pre and post data collection points
reported in this study. The current analyses focus on the science identity scale, which has not been
reported elsewhere.

The schools in this study were chosen to represent different historical emphases on STEM
and different distributions of ethnicities. Data was collected from recruited 23 seventh grade, and
32 ninth grade classes from 19 public schools, also with widely varying demographics
(Minoritized groups in science; 23-99%; Free/Reduced Lunch; 26-84%). Table 1 presents overall
demographic characteristics of each group. Overall, the sample is similar to US urban middle
school students on key demographic distributions relevant to science education (e.g., sex and
race/ethnicity) (Archer et. al 2012, Brown, 2004; Oakes, 1990), except for a slight over-
representation of African Americans and under-representation of Hispanic/Latino and Asians

(NCES, 2014): 50% White, 25% Hispanic/Latino, 16% African American, and 5% Asian.

Table 2.1. Participant age (in years), sex, and ethnicity information across grades

Grade Age % Female Race/Ethnicity

M SD % White % Black % Asian % Latinx % Other
7 13.5 0.6 51% 56% 34% 9% 12% 12%
9 154 0.6 50% 49% 41% 10% 11% 11%

Note: Percentages add to more than 100% due to multi-ethnic identities

Sample sizes varied across measures due to student absence across data collection points.
The primary sample of this study consisted of 1,322 students. The percentage of missing item data
for all the scales employed had a mean of 0.2% and no higher than 4.8% for any item. We therefore
did not use data imputation methods since those are typically recommended for datasets with an
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average of 4% to 15% missing data (Gold & Bentler, 2009). Instead, missing items were dropped
from the computation of mean scores, and students simply needed to have at least half the items

on a scale for a mean to be computed.

2.4.2 Measures

Four types of constructs were assessed via surveys: 1) Science Identity; 2) three other forms
of science attitudinal factors to test discriminant validity; 3) two measures of optional science

learning experiences to test predictive validity; and 4) multiple demographic measures.

2.4.2.1 Science Identity

The Science Identity scale was designed to reveal the components of students' endorsement
of a science identity. The scale was adapted from Aschbacher, Li, and Roth (2010) and Hazari,
Sonnert, Sadler, and Shanahan (2010), and designed in particular to test whether and which
external components of science identity cohere with internal components as a construct: 1)
Perceived Personal Science Identity, where students with high science identity would see
themselves as being the kind of person who is associated with science, and 2) Perceived
Recognized Science Identity, where they perceive that influential others (friends, family, and
teachers) see them in this way (with one item per each of the three influential others). Ratings were
given on a 4-point Likert scale (4=YES!, 3=yes, 2=no, 1=NO!).

Psychometric properties of the Science Identity items (item means, standard deviations,
and EFA statistics) are presented in Table 2. If treated as a coherent scale, the reliability is high

(Cronbach alpha = .84, Polychoric alpha, which does not assume the Likert scale is an interval
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scale, =.88). The sample was split at random to create two independent groups to conduct the

exploratory and confirmatory factor analyses (Browne & Cudeck 1993; Robida 2013).

Table 2.2. Mean, SD, and EFA factor loadings of the Science Identity Scale

Survey Items Mean SD Factor Loading
| am a science person 2.3 0.9 0.66
My family sees me as a science person 2.2 0.9 0.85
My friends see me as a science person 2.0 0.8 0.87
My teachers see me as a science person 2.3 0.9 0.63
Total 2.2 0.7

An exploratory factor analysis (EFA) was conducted on the first random dataset subset and
all items loaded into a single factor with acceptable loadings; see Analysis section for more
information on the EFA technique. That is, the external items did not separate from the internal
item, nor did some of the external items separate from each other. A confirmatory factor analysis
(CFA) on the remaining data produced satisfactory levels on all three fit statistics: 1) CFI = 0.99:
The comparative fit index (ranging 0 to 1) tests how well the data fits the hypothesized
unidimensional scale. Values of 0.95 or above are considered satisfactory; 2) TLI = 0.98: The
Tucker-Lewis index (ranging O to 1) represents the extent to which the hypothesized model
produces a better fit than a null model in which none of the items are assumed to be related to one
another. Values of 0.95 or more are considered satisfactory; 3) RMSEA = 0.059: The root mean

square error of approximation index (ranging 0 to 1) determines how well our model reproduces
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the data. Values of 0.06 or less are considered satisfactory (Osborne & Costello, 2009). In sum,
internal and all three external identity items cohere strongly as a single scale construct.

Finally, Differential Item Functioning (DIF) analyses were conducted by gender, ethnicity,
and age to test for measurement bias or differential functioning by subgroup. For example, it is
possible that teacher perceptions are less meaningful in defining identity to older or minority
students. Without this test, it would not be meaningful to make comparisons across those
subgroups’ groups (Gregorich, 2006). Importantly, we did not find any differential functioning by

gender, race/ethnicity or age on any of the identity items.

2.4.2.2 Attitudes Towards Science

Attitudes towards science can include ideas, values, beliefs and perceptions regarding the
general enterprise of science, school science, or another context where students interact with
scientific knowledge and ideas (Gardner, 1975). This study focused upon three commonly
implicated constructs in science identity and previously found to be predictors of student choices.
For information about the theoretical foundation, development, reliability, and validity of the
scales, see (Dorph, et. al., 2016); in each cases, scales were constructed using items that showed

adequate psychometric properties for the sample studied.

1) Fascination - Fascination in science refers to interest and positive affect towards
science, curiosity about the natural world, and goals of acquiring and mastering
scientific skills and ideas. The scale ([1 =0.83) was computed as a mean across the
five items, each involving a four-point Likert scale (e.g. "I need to know how objects
work." 4=YES!, 3=yes, 2=no, 1=NO!).

2) Values - Values refers to the importance placed on knowing and being able to do

science because of its usefulness in meeting personal goals (e.g., fixing a problem at
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home) and its utility to society (e.g., solving environmental problems). The scale (a
=0.73) was computed as a mean across three items, each involving a four-point
Likert scale (e.g. "Knowing science helps me understand how the world works"
4=YES!, 3=yes, 2=no, 1=NO!).

3) Competency Beliefs - Competency beliefs are the learner’s beliefs about their ability
to successfully participate in diverse science learning situations as well as their
beliefs about having the core skills of science to have a good performance in specific
activities. The scale (a0 =0.63) was computed as a mean across four items, each
involving a four-point Likert scale (e.g. " I can do the science activities I get in class"

4=YES!, 3=yes, 2=no, 1=NO!).

2.4.2.3 Choice Preferences

Choice preferences for optional science learning experiences was measured as a mean of
ten items ([1=0.85) on a Likert scale. These items ask about students preferences to participate in
the future in common optional learning experiences involving science at home, at school, or in
other locations (e.g. "I would like to attend a science camp next summer" 4=YES!, 3=yes, 2=no,
1=NQO!). The choices ranged from situations that could happen in the immediate future to choices

about preferences for the next year.

Science Experiences - To complement the measure of student preferences, students were
later asked what actual optional science learning experiences they had experienced in the
intervening time since the initial Science Identity and other attitudinal measures were collected.
The 12 items measured a range of recent experiences that students had recently had, many of which

were STEM-related optional experiences. All items were measured on a 4-point Likert regarding
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amount of exposure to the experience (4=Many days, 3=A few days, 2=One day, 1=Never). These
recent experiences were conceptually grouped by location (related to school or at home), based on
prior work showing that relative amounts of experiences tended to group this way and had different
effects on learners (Liu & Schunn, 2018), and psychometric analyses. The resulting scales were

the following:

1. Formal Recent Science Experiences during the school year — Measured as the mean
across seven items (o =0.72) (e.g., “I did an extra-credit research project for science
class”). Formal experiences were defined as optional science learning experiences that
were school related (i.e., happened in school after class hours or related to science class)

but were not just regular homework activities.

2. Informal Recent Science Experiences at home during the school year — Measured as the
mean of five items (a0 =0.77). Informal experiences refer to those experiences related to
science that were not closely connected to formal curriculum and where students were
free to explore the topics at their own pace (e.g., “I read books about science or science

fiction”).

2.4.2.4 Demographics

Participants provided basic demographic information, from which variables were derived
for sex, age, and race/ethnicity. Students were asked to select among four different gender
identities (e.g., boy, girl, trans, non-binary); this study kept only the students that identified as boy
and girl given the very low rate of the other two categories. Students were asked to select among
six different racial/ethnicity categories with which they identified and were allowed to choose

more than one. From this ethnicity data, a binary variable called Minoritized Students was created,
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with a 0 for students who selected only White or Asian, and 1 for students belonging to

racial/ethnic groups underrepresented in science.

2.4.3 Data Collection Procedure

Students completed all but one of the surveys early in the Fall semester on paper during
one class period as a single packet distributed by members of the research team. The administration
procedure was consistent across schools. The demographics questions were given last in the packet
to avoid the effect of stereotype threat on attitudinal survey responses (Steele & Aronson, 1995).
Students separately completed the survey regarding recent academic year science experiences

(informal and formal) early in the Spring semester.

2.4.4 Analyses

Analyses were conducted and reported in the following order corresponding to the two

research questions:

1. To understand whether Science Identity is different from other attitudinal constructs
(discriminant validity), an exploratory factor analysis (EFA) was conducted using all the
items from the four attitudinal scales. EFA is a statistical technique that uncovers how
survey items should be grouped into empirically-determined clusters according to similar
response patterns. Each resulting group is thought to measure a different theoretical
construct. In this study, the EFA tests whether the identity items are measuring a construct

that is separable from the other three attitudinal constructs. The Factor analysis was
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conducted using a Promax Rotation that allows the underlying factors to be correlated,

which is almost always the case for attitudinal variables.

A multiple regression model was applied to the data to test whether science identity
predicted subsequent Student Experience Outcomes (predictive validity) and whether
perceived personal and perceived external science identities serve different functions when
predicting these outcomes. The model included other motivation constructs as possible
predictors to establish the relative strength of identity in predicting student choices (i.e., is
identity particularly important for predicting participation). The model also included
demographic variables to show that it was identity per se rather than correlated

demographic factors that predicted participation.

A more complex moderation analysis was conducted to understand whether there were
differential relationships between science identity and subsequent science experiences
across gender and ethnicity. A moderation analysis is a variant of the multiple regression
in which interactions terms are added and tested for statistical significance. Moderation
refers to when the relationship between two variables depends on a third variable (e.g.,
science identity may be highly predictive of science experiences for girls but not for boys).

For statistical power reasons, the ethnicity analysis focused on white and black students.
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2.5 Results

2.5.1 Discriminant Validity: Is Science Identity a Separate Attitudinal Construct for

Students in 7" and 9™ Grade?

The EFA applied to all the survey items from the science identity and attitudinal constructs
returned a four-factor solution (four groups that are correlated with one another but are nonetheless
distinctly different) in which Perceived Personal Science Identity and Perceived Recognized
Science Identity components closely cohered. Science Identity cleanly separated from the other
three attitudinal measures without significant cross-loading (no item is loading in multiple factors;
see Table 3). In fact, the cross-loadings of the other attitudinal items on the science identity factor
were almost all below 0.1 (Costello & Osborne, 2005). The same clean separation occurred with
factor analyses conducted separately within each grade, sex, and race/ethnicity (see Appendix for
tables). These results suggest that in the middle school and early high school grades:

1) Science Identity is psychometrically distinct from the other science attitudinal measures
often attributed to identity.
2) Perceived Personal Science Identity and Perceived Recognized Science Identity cohere

strongly into one overall identity construct.

Table 2.3. Exploratory Factor Analysis loadings for Science Identity, Fascination, Values, and Competency

Belief survey items. Loadings below .3 are shown in grey font.

Theoretical Item Factor Factor Factor Factor
Construct 1 2 3 4
Science Identity | am a science person 0.52
Science Identity My family thinks of me as a “science person” 0.91
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Table 2.3 continued

Science Identity My friends think of me as a “science person” 0.99

Science Identity My teachers/instructors think of me as a 0.62

Fascination After a really interesting science activity is over, 0.65

Fascination | need to know how objects work. 0.41

Fascination | want to read everything | can find about 0.76

Fascination | want to know everything about science. 0.80

Fascination | want to know how to do everything that 0.78

Values Knowing science is important for: 0.72

Values Knowing science helps me understand how the 0.59

Values Thinking like a scientist will help me dowell in: 0.78
Competency Figuring out how to fix a science activity that 0.44
Competency | think | am very good at coming up with 0.39
Competency 0.82

2.5.2 Consequential Validity: Differential Relationships of Science Identity to Participation

on Optional Science Experiences

To assess whether science identity serves as a critical attitudinal construct (i.e., predicts
important learning behaviors), multiple regression tests examined whether it uniquely predicted

participation in out-of-school Science Experiences above and beyond established other science
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attitudinal measures like fascination or competency beliefs. Follow-up analyses tested for similar

contributions from each of the internal and external identity components.

Table 4 presents the means, standard deviations, and inter-correlations for each of the

predictor and outcome measures. The standard deviation of each of the predictors is sufficiently

large that each measure has sufficient variability to serve as an important predictor, and the inter-

correlations among the predictors is sufficiently low that there should not be collinearity problems

given the size of the dataset (except for overall identity against its two components). Mean and SD

were also calculated within subgroups by gender and race/ethnicity to make sure there were no

ceiling/floor effects or restricted range issues within a subgroup. Interestingly, the mean

differences for Science Identity showed relatively small effects although statistically significant

and in the expected direction by gender (n2=0.015, p=0.001) and by race/ethnicity (n2=0.008,

p=0.015).

Table 2.4. Means, SD, and Pearson correlation coefficients among the attitudinal predictors and the optional

science learning measures

Science  Perceived  Perceived Competency Choice
Identity Personal External Beliefs
Preferenc
Identity 2.1 0.7
Perceived 51 0.9 0.81
Perceived 0.7 0.97 0.65
2.1

Fascination 2.5 0.6 0.54 0.48 0.51
Values 2.7 0.6 0.48 0.42 0.45 0.52
Competency 29 0.5 0.47 0.46 0.42 0.50 0.44
Choice 24 0.6 0.44 0.40 0.41 0.48 0.38 0.35
Formal Science 19 0.7 0.23 0.21 0.21 0.20 0.20 0.18 0.32
Informal Science 23 0.7 0.30 0.27 0.28 0.32 0.26 0.23 0.61
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The multiple regression results are shown in Table 5. Across all three measures of
participation in optional science learning experiences, Science Identity not only significantly
predicted participation (preferred and actual of both types), it was always one of the stronger
predictors, and for Informal it was the strongest predictor (Table 5). The relatively weaker
predictions for Formal experiences may be explained by relative levels of access (e.g., whether the
school provided access and whether the student’s family attended museums in general), as
suggested by the lower R? for the overall model using attitudinal variables. Note that although the
predictors were correlated with one another, there were not problems of separating the individual
contributions of each predictor in any of the regression models as indicated by relatively low
Variable Inflation Factors (VIF). These results suggest:

1) Science Identity overall is a strong predictor of students’ science related choices

2) Science Identity behaves separately from other attitudinal factors and has a unique

contribution to our understanding of students’ choices.

Table 2.5. Multiple Regressions of attitudinal factors predicting different out-of-school science experiences

controlling for sex and race/ethnicity, along with overall model R2 and the largest VIF value in each model

Choice Formal Science Informal Science

Preferences Experiences Experiences

p P B p B p
Science Identity 0.22 <.001 0.15 <.001 0.27 <.001
Fascination 0.27 <.001 0.18 <.001 0.11 0.008
Values 0.09 0.02 0.09 0.04 0.09 0.02
Competency 0.08 0.04 0.04 0.37 0.10 0.008
R2Total 0.28 0.13 0.21
Max VIF 1.75 1.74 1.74
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Table 6 shows the results of the follow-up multiple regressions with separate Perceived
Personal and Perceived Recognized scores (along with other attitudinal covariates) in predicting
the three measures of participation in science experiences. Most importantly, the standardized beta
loadings for Personal and Recognized Science Identity are of similar size, arguing against a
mediated relationship of Personal Science Identity through Recognized Science Identity.
Moreover, when these analyses were repeated on subsets of the data by sex, race/ethnicity, and
their intersection (e.g., black women vs. white women), the same pattern of roughly equal
contributions of Personal and Recognized identities were observed (See Appendix for regression
tables by subgroup). Overall, these results support a coherent Personal/Recognized Science

Identity across gender and race/ethnicity subgroups.

Table 2.6. Multiple Regressions comparing Perceived Personal vs Perceived External Science Identity

Factors. All models include Fascination, Values, and Competency Beliefs as covariates

Choice Formal Science Informal Science
Science Identity Preferences Experiences Experiences
Component
B p B p B p

Perceived 0.10 <.001 0.06  0.090 020  <.001
Perceived

0.14 0.002 0.10 <.001 0.11 0.001
R2 0.28 0.14 0.23
Max VIF 1.97 1.97 1.97

Finally, moderation models formally tested whether there were differential relationships of
science identity with participation in Optional Science Experiences by gender or race/ethnicity.

Overall, interactions with gender were commonly observed, and generally consistent across
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measure of science identity (see Table 7). Interactions with race were rarely observed, once at the

level of perceived personal and once at the level of perceived external.

Table 2.7. Statistical significance of interactions between identity and gender or race in predicting optional

preferred and actual Science Experiences across Science Identity types

Choice Preferences Formal Experiences Informal Experiences
Internal External Overall Internal External Overall Internal External Overall
Identitnyender %k %k %k * %k k %k %k %k
Identity x Race * *
*p<0.05;**p<0.001
A) Choice Preferences B) Formal Experiences C) Home Experiences
* Girl * Girl
Boy i i Boy
. * Gird

i : oy

Figure 2.1. Estimated marginal means (with SE bars) of a choice preferences, b formal science experiences,

and c home science experiences, predicted by science identity (low, moderate, and high levels) and gender

Given the more consistent pattern of results by gender across identity measures, detailed
descriptive statistics are provided for just those interaction effects. Students were binned into three
levels of overall Science Identity (binned into equal frequency bins, with 33% of responses in each
bin). The interactions are shown in Figure 2.1.A (Choice Preferences), 2.1.B (Formal

Experiences), and 2.1.C (Home Experiences). All three figures show a similar pattern: at moderate
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levels of Science identity, boys participated more often than girls in optional experiences, whereas

at high levels of Science identity, the opposite pattern is observed.

2.6 General Discussion

Understanding student’s identity in science is important as it is an important driver of
choice in their present and in their future (Barton et al., 2013; Crowley et al., 2015; Hazari et al.,
2010). Furthermore, identity is a multicomponent construct through which people internalize
experiences, their context, see themselves as members of social groups, and intersect with their
personal characteristic (e.g., gender and race). This section revisits each of the primary research
questions to discuss the theoretical and practical implications of our findings and how context

relates to science identity.

2.6.1 Which Attitudinal Aspects Cohere Within Science Identity?

Many researchers have strongly connected science identity with attitudinal constructs like
fascination, values, and competency beliefs (Barton et al., 2013; Barton & Tan, 2010; Brotman &
Moore, 2008; Hazari, Sonnert, Sadler, & Shanahan, 2010; Trujillo & Tanner, 2014), and some
measures of identity occasional even include items which appear more similar to items typically
found in measures of these other constructs (Crowley et al., 2015; Eccles et al., 2015; Trujillo &
Tanner, 2014). Critically, the four-factor solution from the EFA analyses revealed that Science
Identity was psychometrically distinct from the other science attitudinal measures, contrary to the

prior conceptualizations of identity as a super-ordinate construct. Moreover, Perceived Personal
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Science Identity and the three different Perceived Recognized Science Identity elements loaded
into a single identity factor. Although some research has argued through qualitative research
methods that Perceived Personal and Perceived Recognized factors separate specifically when
looking at different ethnic/racial groups (Barton et al., 2013; Rosa & Mensah, 2016), we did not
find this separation—in this urban context with middle-schoolers and early high-schoolers, we
observed a consistent loading into a single factor across racial/ethnic groups, gender and grade. It
is possible that, as students grow older, these factors separate, especially in highly masculine
science fields like physics and engineering (Hazari et al., 2013) due to lack of external support and
need for a lot of internal resilience. Such possible effects highlight the importance of the context
and its likely role on student’s internalization of science identity. But, is also important to
understand that at least at this age perceived personal and perceived external factors as closely
related and these appeared to contribute to students’ overall science identities. Furthermore,
science identity was the only attitudinal construct that has a strong component influenced directly
by the student’s context (Perceived Recognized Science Identity). Interestingly, at this age there
was no evidence of large gaps in students’ science identity by any of the examined demographic
subgroups or their interaction. It may be that contextual factors commonly associated with
students’ internalization of negative stereotypes or barriers around gender and race/ethnicity have

not become salient at this age in this middle and early high school context.

2.6.2 Is Science Identity Predictive of Student Choices?

Science identity overall was either comparable or a stronger predictor of out-of-school
science experiences when compared to other attitudes towards science already associated with
making such choices (Dorph, et. al., 2016; Lin & Schunn, 2016). This is an important finding in
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terms of increasing our understanding of the factors that support students’ pathways towards
science careers.

Furthermore, although the factor analyses established relatively high covariance of
perceived personal and perceived recognized aspects of science identity, these analyses on their
own did not establish that both personal and recognized aspects serve similar functions such as the
decisions to participate in optional science learning experiences. It was still possible based on those
analyses alone, as others have argued (Hazari et al., 2010; Rosa & Mensah, 2016), that perceived
external identity influences personal identity, and then personal identity drives participation.
However, the follow-up regression analyses revealed that both perceived personal and perceived
recognized identities were similarly important in predicting participation in out-of-school science
experiences. Moreover, the importance of both aspects in predicting choices were similar across
gender, race/ethnicity, and grade. In terms of theory, these results suggest that, at this
developmental stage, perceived personal and perceived recognized identities are so closely related
that can be measured and understood as a single functional construct. In other words, identity
emerges from both views of self and perceptions of how others view the individual, and both
elements shape the choices learners wish to make as well as the choices they actually make. More
specifically, these perceptions are shaped by students context is highlighted by the coherent and
central role of perceived recognized Science Identity. This pattern is not only consistent with
current understandings of how systemic disadvantages can affect science pathways, but, it may
also suggest opportunities for intervention: influential others could be used to change activity
patterns and change self-perceptions of identity, leading to further changes in activity.

Finally, although identity mattered (and both aspects of identity mattered) to guide

participation in optional science for all subgroups, they did so to differ extents across gender
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subgroups: for girls, science identity played a greater role in shaping participation in science.
Unfortunately, girls also had somewhat lower overall science identities. That is, the groups most
dependent upon science identity for participation also had lower overall identities. This pattern
partially explains the gap in participation by gender. However, further research is required
understand the mechanism underlying the particular patterns that were observed. Most saliently,
why was participation lower in girls at moderate levels but greater at high levels of science

identity?

2.6.3 Generalizability of the Patterns and Limitations

This study purposely sampled students from diverse public urban schools in one region of
the U.S. to understand the nature of science identity and its relationship to personal characteristics
(e.g., race and gender) as well as optional science experiences. While the proportion of minoritized
youth within the study sample was an overall match to base-rates in US urban public schools, the
distribution by more specific subgroups was not (Aschbasher & Roth, 2009). Further, a much
larger sample is required to produce truly representative data for urban students in the US,
including other regions as well as private, charter, and home-schooled students. Furthermore, a
much larger sample would also allow us to draw inferences in other important demographic groups
like Latinx students.

Another possible limitation is regarding our choice of grouping of 7th and 9th graders
together, as arguably the students could be in very different developmental processes and therefore
may internalize science identity differently. However, at both 7th and 9th grade, students
experience science for one period per day, and 9th grade is still before students enroll in more
advanced science / Advanced Placement (AP) type courses. Additionally, we conducted a variety
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of validity checks to ensure that the patterns and measures within each of the two grades was
similar: 1) a DIF analysis by grade showing measurement invariance; 2) regression analysis
separately by grade finding similar patterns; and 3) the Science Identity mean was not statistically
different between groups.

Finally, it is important to note that this sample was collected within a formal context. It is
possible that patterns of behavior and influence of science identity could look different within

informal settings.

2.7 Conclusions and Implications

This study found results consistent with many identity theorists’ conceptions of identity as
a multicomponent construct (Gee, 2014). The novel contribution to the science identity field
highlights the specific multi-component ways in which students endorse science identity in middle
school and early high school. At this age in this particular context, across gender and race/ethnicity
subgroups, science identity appears to be a cohesive construct conformed by perceived personal
and perceived recognized internalizations of science identity. This result is important, because it
highlights the importance of students’ context on their construction of their science identity. It also
creates opportunities for interventions that can have impact overall science identity—via
interventions focused on changing perceptions others convey about a students’ science identity.
Further, although at this age and particular context, there were relatively small differences by
gender, race/ethnicity, and age, there was an important finding that science identity has a complex
differential function in supporting student’s optional science choices by gender. Thus, at this age,

developing a strong science identity is especially critical for girls. These findings highlight the
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importance of looking beyond mean differences across subgroups. These results also demonstrate
important findings that quantitative methods can produce to deepen understanding for how

attitudinal and identity constructs can have differential effects across subgroups.
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3.0 Science Identity in Competition With Other Possible Topical Identities!

3.1 Introduction

A recent report on Women, Minorities, and Persons with Disabilities in Science and
Engineering makes clear that science is still far from having an equitable distribution by gender,
ethnicities, and disabilities (Foundation & for and Statistics, 2017). In trying to explain differential
persistence within science trajectories by demographic factors, many scholars have highlighted
having a science identity as particularly important (Archer et al., 2010; Barton et al., 2013). Identity
can be generally defined as the composition of self-views that emerge from participation in certain
activities and self-categorization in terms of membership in particular communities or roles (Stets
& Burke, 2000). Science identity is a topical identity, which refers to an identity related to a topic
rather than a social or cultural group.

Closely connected to categorization into identities, there are also socio-cultural conditions
that shape possible or expected roles of individuals due to personal attributes or characteristics.
For example, there are expectations imposed on people due to their gender (Archer et al., 2013)
and race (Fordham & Ogbu, 1986). Therefore, an individual’s identities are a constant negotiation
of their goals, cultural expectations, and the different social identities they chose to endorse.

Importantly, one individual has many identities including the possibility of multiple topical
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identities, henceforth called identity complexes. Little is known about which identity complexes
tend to occur nor the consequences of endorsing multiple topical identities on later choices and
development.

Researching identity complexes is important because before children develop career
aspirations, they perceive and internalize ideas about professions, race, and expected social roles
from their parents (Archer et al., 2013), the media (Steinke, et al., 2012), and environment (Adams,
Gupta, & Cotumaccio, 2014). These pressures may make certain identity complexes more likely
to occur overall as well as more (or less) accessible to certain children. The primary objective of
the current study is to characterize typical identity complexes and who endorses them among early
secondary students. Of particular importance is understanding relative topical complex frequency
and their demographic distribution that reflect the overlapping and interdependent systems of
disadvantage in science across gender and race (Barton & Tan, 2010; Carlone & Johnson, 2007;

Chang, et al., 2011).

3.1.1 Topical Identity Complexes

Topical identity refers to self-classification or perceived recognition as someone that has
access and participates in distinctive experiences, practices, and behaviors related to a specific
topic.

Topical identities exist at many grain sizes. The ones that have been traditionally studied
include discipline-specific topical identities (e.g., math, science, art), sub-discipline level (e.g.,
physics identity) or research area identities (e.g., high energy physicist). Regardless of the grain-
size, particular topical identities are typically studied in isolation (Harrison, Sailes, Rotich, &
Bimper, 2011; Kelly-McHale, 2013; Langdon & Petracca, 2010). Indeed, some individuals need
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to develop a unique topical identity when pursuing elite performance levels. However, the majority
of people are likely to have fewer extreme requirements for basic identity development and
therefore can develop identities related to multiple topics. An identity complex refers to the
bundling of different identities as part of one’s core self. Further, this framing recognizes that these
different identities may interact with one another and the whole may have consequences for further
participation and choices. In this study, we propose a way of studying topical identities at this
larger grain size: topical identity complex. Topical identity complexes involve combinations of
topical identities within a level (e.g. discipline, subdiscipline); they allow an individual to be multi-
faceted and yet not generically everything.

But little is known about the likelihood of nor consequences of endorsing multiple topical
identities on later choices and development. Endorsing multiple topical identities could have a
synergistic effect around natural clusters like science and math, where the expectations for
behaviors and knowledge have a large overlap. Endorsing multiple identities could also have a
conflicting effect like art and sports which have little overlap in underlying skills and yet both
require of substantial time commitments to reach proficiency. Clashes can also exist if the topical
identities are associated with different stereotypical characteristics and behaviors (e.g., introvert
or extrovert; physically strong or physically weak). However, having multiple identities could also
help people buffer social pressure when endorsing identities that go against cultural expectations.
For example, girls that have scientific and artistic identities might use the artistic identity to

showcase they do have feminine attributes.
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3.1.2 Topical Identity Complexes in Early Secondary School

After primary school, students often transition from the fantasy phase to a phase during
which a combination of perceived ability and external messages increasingly influence possible
career paths (Auger, Blackhurst, & Wahl, 2005). This increasing role of perceptions of ability and
external messages may lead to a narrowing of topical identities (and possible career paths) during
the secondary school years. Indeed, from such external messaging, secondary students may
endorse a mono-topic identity complex, and likely one that does not involve STEM (e.g., artistic
or athletic). However, the environment also includes aspects that could support having multiple
topical identities (such as informal learning opportunities), especially ones that include STEM
(e.g., STEM+Athletic).

Furthermore, students are required to take science in the early secondary school years,
providing opportunities to include science in their topical identity complex despite earlier
conceptions built without experience. Specifically, in the American context, early secondary is the
specific window of time during which all students learn foundational science content, but it is also
before students make elective choices enroll in more advanced science courses. Since identity will
likely drive choices in later high school course taking, studying topical identity complexes during
this developmental period is important. Further, the use of the topical identity complex as an
analytic frame can provide new views on patterns of participation in science, new views on how
science identities might grow, and new views of systemic inequities in science. For example, if
students have only science or only STEM topics in their topical identity complex, there is no
conflict in choices; but if science or STEM typically occur alongside other topical identities, there
may be conflict in which choices are made, such as optional course enrollment or after school club
participation.
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In addition, there may be additional pressures to combine ‘unlike’ topics. If students have
topical identities that generally have negative stereotypes in popular culture (e.g., math and science
as ‘geeks’), then students might find psychological safety in combining these identities alongside
ideas that are more broadly acceptable (e.g., combining science with athletic or artistic identities),
particularly if they have demographic identities that are otherwise marginalized in science (e.g.,
women and some race/ethnicities) (Bagwell, Coie, Terry, & Lochman, 2000; Kahan, Braman,
Gastil, Slovic, & Mertz, 2007; Nichols & White, 2014). By psychological safety, we mean being
able to show one’s self without fear of negative consequences for status or self-image. As a result,
our first research question is: what common topical identity complexes include science in early
secondary? In particular, will there be a STEM-only complex or will science tend to be included

in complexes that include non-STEM identities as well?

3.1.3 Additional Key Questions Regarding Identity Complexes

There is an asymmetric relationship between demographic and topical identities:
demographic identities tend to be construed long before and independently of any topical identity,
but endorsement of topical identities tends to be developed much later and are influenced by
demographic identities because of the social component and the unfortunately strong stereotypes
in certain topics for demographic associations with who participates in certain experiences (Archer
et al., 2012; Chang, et al., 2011; Harrison et al., 2011). Therefore, personal preferences for topical
identities may be curtailed by risk perceptions (Kahan, et al., 2007). Based on prior research, it is
likely that science identity will be lower in those who are currently under-presented in science
(e.g., ethnic minorities and women). However, it is unclear how this will show itself within topical
identity complexes. Will the general demographic trends for science identity be equally strong
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within each topical complex or are some topical complexes relatively more likely among those
under-represented in science? In addition, since identities are developing, there may be changes in
topical identity complex frequency across grades within secondary science. Therefore, the second
research question is: Are topical identity complexes that include science associated with
demographic identities?

Students are required to take science in the early secondary school years, providing
opportunities to broaden identities beyond conceptions built without experience. But these school-
based experiences may produce negative reactions for some students. Early informal science
experiences have been shown to be an important factor in students’ career choices, and many
researchers have suggested it as a way to diversify the STEM pool (Barton & Tan, 2010). But there
is a chicken-and-egg problem: marginalized populations may be less likely to choose to participate
in optional science experiences (Akiva & Horner, 2016). Further, if students have multiple topical
identities, it is unclear how these multi-topic identity complexes lead to choices relative to having
mono-topic identity complexes. Understanding how students’ identities influence their choices is
key to the development of interventions, programs, and activities that can increase the diversity of
the STEM workforce (Li et al., 2017; Crowley, et al., 2001). This issue leads to the third research
question: In what ways are identity complexes with high science identity related to student’s choice
preferences and participation in optional science experiences? Topical identity complexes that
include many topics in addition to science may not lead to higher participation in science than

complexes that are more narrowly focused on science.
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3.2 Research Questions

1. What common topical identity complexes include science in early secondary
school?

2. Are topical identity complexes that include science associated with demographic
identities (gender, race/ethnicity and grade?

3. In what ways are identity complexes with high science identity related to student’s

choice preferences and participation in optional science experiences?

3.3 Methods

The primary objective of the study was to identify common identity complexes including
and not including science in early secondary students. With the specific goal of understanding
relative topical complex frequency and their demographic distribution, quantitative measures of
topical identity were obtained and then subjected to latent class analysis to classify individuals into
distinct groups based on individual response patterns.

For the secondary goal of testing the consequential validity of identity complexes through
examining their relationship to participation in optional science learning experiences, two groups
of measures were used: 1) preferences for engaging such experiences; and 2) reports of actual

experiences.
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3.3.1 Participants

The sample used for analysis is a subset of the ALES15 dataset (Activated Learning
Enables Success 2015) that contains information about topical identities, participant
demographics, and preferences for/participation in optional science experiences. This dataset was
collected in strategically varying public schools in two urban/suburban regions of the United States
with different demographic profiles: 1) Pittsburgh, a mid-sized city in the East Coast region with
a high proportion of African American students; and 2) the Bay Area, a region in the West Coast
with a high proportion of Latino students and recent immigrants. Altogether, there were 20 sixth
grade, 45 seventh grade, and 37 ninth grade classes drawn from 23 public schools that represent a
range of school configurations (e.g., stand-alone middle schools or high schools vs. 6-12 schools,
comprehensive schools as well as topic-specific magnet schools). In terms of demographics,
school make-up also varied widely by Race/Ethnicity (Under-represented groups in science: 23-
99%) and socio-economic status (students from low income families eligible for Free/Reduced
Lunch at school: 26-84%).

Table 1 presents demographic characteristics of each group. Sample size varied across
measures due to student absence at different data collection points (across two different points in
a school year, separated by at least three months; see Procedures for details). The primary sample
of this study, those who completed the identity profile questionnaire and the demographics
questionnaire, consisted of approximately 1,200 students. The study was approved by The
University of Pittsburgh Institutional Review Board. Students were allowed to opt-out from
participating in the surveys. Furthermore, each student was given a passive consent permission

slip that explained the research project as well as its implications.
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Table 3.1. Within each grade level, mean and SD of participant age (in years) as well as percentages of

participants by gender and by race/ethnicity

Age Race/Ethnicity
%F |
Grade y o emale ~o % Black % %
White Asian Latinx
6 12.5 0.7 46% 27% 61% 3% 8%
7 13.5 0.6 52% 37% 36% 8% 17%
9 15.4 0.6 50% 21% 55% 7% 16%

3.3.2 Measures

A number of steps were taken to validate all of the instruments. We conducted cognitive
interviews (Desimone & Floch, 2004) in which at least 10 students of varying ages engaged in
think-alouds to explain their thought process when answering each question. Item wordings were
refined to ensure students’ thought processes reflected the intended meaning of the items. Second,
to support complex statistical analyses, the psychometrics of the instruments needed to be strong
(measuring students well across ability levels and age). For all surveys, we conducted
Confirmatory factor analyses (CFA), and Item Response Theory analyses (IRT) to ensure validity
cross gender, race/ethnicity, and grade. That is, all CFA and IRT analyses were run with the full
sample and then by gender, race/ethnicity, and grade to ensure patterns were consistent across

subgroups.

3.3.2.1 Identity Profile Questionnaire
The Identity Profile Questionnaire was designed to assess students’ endorsement of

different topical identity components. The identity items focused on the different components of
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STEM as middle and high school students might label them along with the most popular topical
identities for those age groups: artistic, musical, and athletic (see Table 2). The scale was adapted
from the research of Aschbacher, Li, and Roth (2010) and Hazari, et al., (2010). Students could
also select “other” for an identity and write in an open response. There were no commonly
occurring specific “other” responses, suggesting the primary topical identities were represented in
the instrument. The order of STEM and non-STEM items was purposely mixed to ensure that the
discovered topical complexes reflected the content of the items and not simple item order effects.
In all, the questionnaire consisted of seven questions with a four-point Likert scale from 1 to 4

with labels at the end points: 1="Not Me" and 4="Exactly Me".

Table 3.2. Percentage of students overall and by grade level endorsing each topical identity

Item Overall gtzade S g

| am a SCIENCE person 41% 48% 39% 36%
| am a MATH person 54% 58% 52% 53%
| am a person who INVENTS or MAKES things 39% 42% 39% 31%
| am a NATURE person 52% 52% 53% 46%
| am an ATHLETIC person 66% 70% 67% 56%
I am a MUSICAL person 53% 47% 54% 57%
I am an ARTISTIC person 53% 49% 54% 55%
Did not endorse any item 3% 3% 2% 2%

This questionnaire was designed with a person-centered approach in mind. In a variable-
centered approaches, there is an assumption that the relationship between variables is the product
of a homogenous population. In that case, an exploratory factor analysis would often be the method
of choice to understand the patterns obtained from these variables. However, given there is the
possibility of a categorical presence/absence of endorsement with these items, the underlying
assumption of factor analysis of a homogenous, continuously-varying population might be violated

(Eye & Wiedermann, 2015). In a person-center approach, the assumption is that the heterogeneity
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of observed patterns of behaviors may be the product of subpopulations or latent classes (Morin et
al., 2011; Sangha et al., 2012).

Table 2 shows the percentage of students that selected answers of 3 or 4="Exactly Me" in
each of the items, overall and by grade. All identities were endorsed by a plurality of students
overall and at each grade level. The sum across identities is almost 360%; clearly students regularly
endorsed multiple identities. The decreasing endorsement of the science identity across grades is
consistent with research showing that science-related attitudes often decrease with age (Osborne,

Simon, & Collins, 2003; Sorge, 2006).

3.3.2.2 Demographics
Participants provided basic demographic information in a survey that asked them about
their gender, date of birth, and race/ethnicity.

e Gender — Students were asked to select among four different options in the
question “Which of these bests describes you™: 1) boy, 2) girl, 3) Do not identify
as girl or boy, 4) prefer not to answer. Students selecting the third and fourth
options collectively accounted for 1% of the data. We created a new variable
labeled female where 1=girl, 0=boy and removed from the dataset the rest of the
students because they were so low in frequency.

e Race — Students were asked to select among six different race/ethnicity categories
with which they identified, and they were allowed to choose more than one.
Students rarely identified as three or more racial groups or as “other” (less than
1% of the sample). To maximize power of the analysis by race/ethnicity, students

were classified by giving priority to the minoritized aspect of their biracial
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identity (e.g., if a student identified as white and black, they were classified as
black). See Table 1 for Descriptive Statistics.

e Age — Students reported their month and year of birth. We did not collect birth
day for improved participant anonymity. Age was calculated using the last day of
the month when data collection was finished in the Spring semester as the

reference point.

3.3.2.3 Science Choice Preferences

Choice Preferences for optional science learning experiences was measured as a mean
across ten items (a=0.85) on a Likert scale (4=YES!, 3=yes, 2=no, 1=NO!). These items provided
students with future choices about participating in common optional learning experiences
involving science at home (e.g., “Collect rocks, butterflies, bugs, or other things in nature”), at
school (e.g., “Be part of a study group for science class”), or in other locations (e.g. "I would like
to attend a science camp next summer’’). The choices ranged from situations that could happen in
the immediate future (e.g., “Watch TV about science topics™) to choices about preferences for the
next year (e.g., "Join a science club at school next year"). This measure focuses on the child’s
preferences per se, rather than a mixture of child preferences, adult preferences, and availability
of opportunities that collectively influence the frequency of actual experiences. See Li et al. (2016)
for the creation of the construct and Authors (2017) for more details on the validation of this

version of the scale.

3.3.2.4 Science Recent Experiences
Across 23 items, students reported on a wide range of recent STEM-related optional

experiences they had recently had during the summer (in a fall survey) or fall (in a winter survey).
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All items were measured on a 4-point Likert regarding amount of exposure to the experience
(4=Many days, 3=A few days, 2=One day, 1=Never). Following prior psychometric work on
natural groupings (Authors, 2016), these recent experiences were conceptually grouped by time
(summer vs. school year) and by location (related to school, at home, or informal outside the
home).

e STEM Camps during the summer — Measured as the maximum value (since long camp
experiences can be expensive and therefore competing with other long camp experiences)
across three items: a) “I went to a science camp”; b) “I went to a camp about making or
engineering”; and ¢) “I went to a computer programming camp”.

¢ Informal Science Experiences during the summer — Measured as a mean across seven items
(a=0.82) that asked about common things students might be able to do on the summer in
or near the home (e.g., “I built or took things apart (like motors, computers, clocks,
etc.)”).

e Formal Recent Science Experiences during the school year — Measured as a mean across
seven items (a0 =0.72) (e.g., “I did an extra-credit research project for science class”).
Formal experiences were defined as optional science learning experiences that were
school related (i.e., happened in school after class hours or related to science class) but
were not just regular homework activities.

¢ Informal Recent Science Experiences at home during the school year — Measured as a
mean of five items (o =0.77). Informal experiences refer to those experiences related to
science that were not closely connected to formal curriculum and where students were
free to explore the topics at their own pace (e.g., “I read books about science or science

fiction™).
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Table 3.3 shows descriptive statistics and inter-correlations between the optional science
preferences and recent experiences scales. Choice Preferences had overall a higher mean than
actual participation on science related experiences; for children at this age, it may be more likely
that they do not have access to desired experiences than they are taken to experiences they do not
want. Furthermore, choices preferences and participation in optional science experiences was
correlated but not highly, showing the importance of separately examining each. In general,
participation in the various optional science experiences were highly correlated with one another
except for the Home Informal experiences, which may be most dependent upon caregiver
educational factors.

Table 3.3. Means, standard deviations and intercorrelations of optional science preferences and recent

experience scales

Intercorrelations
Scale M SD CP STEM Summer School Home
Camp Informal Formal Informal

Choice Preferences (CP) 2.45 0.62 1

STEM Experiences

STEM Camp 1.62 1.06 020 1

Summer Informal 1.88 0.66 0.25 0.75 1

School Formal 1.44 0.78 0.22 0.88 0.80 1

Home Informal 248 0.74 0.37 0.33 0.43 0.35 1

3.3.3 Data Collection Procedure

Students completed paper-based surveys across at two points within a school year, each
time as a packet to be completed in one class period by the research team. All but the school-year
recent experiences were collected at the first time-point. The demographics survey was given last

in the first time-point packet to avoid the effect of stereotype threat on attitudinal survey responses
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(Steele & Aronson, 1995). The recent school-year optional science experiences survey was given
at a second time-point to enable analyses of identity predicting future events, which provides a

better approximation of causality than from measures all collected at the same time point.

3.3.4 Model Building Procedure

Latent Class Analysis (LCA) (Vermunt & Magidson, 2004) was used to reveal different
identity complexes using the poLCA package in R (Linzer & Lewis, 2011). LCA is a powerful
tool for identifying subgroups through analysis of the structure of relationships among categorical
variables. It is similar to exploratory factor analysis (EFA), except that LCA clusters individual
respondents into complexes, rather than items into factors (i.e., it is a person-centric grouping
technique rather than a variable-centric grouping technique). As with EFA, there are no a priori
assumptions about number of complexes. For the LCA analyses, the Likert scale responses were
converted to a binary where a 0 was assigned to the “Not me” responses (1 & 2) and it was
relabeled to “No”. A code of 1 was assigned to the “Exactly me” responses (3 & 4) and was
relabeled as “Yes”. This recoding maximizes sample size per response level and thus the sensitivity
of LCA to detect complexes, particularly by demographic subgroups. LCA with small sample sizes
can fail to identify a substantively important but low prevalence complexes. Such
mischaracterizations have negative consequences for generalizability of results (Collins & Lanza,
2009).

Indeed, running the analysis using all four response levels failed to identify the latent group
with the least number of students, although all other results were similar.

To find the optimum number of complexes, the analyst tests different number of
complexes and selects the best fitting model using four criteria:
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1.Parsimony — Using global fit indices—1) Bayesian Information Criterion (aBIC), which
penalizes models with higher number of complexes to account for over-fitting; 2) Akaike

Information Criterion (bAIC), which estimates the relative information lost by a given

model; 3) And the chi-square goodness of fit (through a likelihood-ratio test) to compare

the goodness of fit relative to another model—to identify the best model with the least

number of complexes (Cochran, Hruschak, Bacci, Hohmeier, & Tarter, 2017).

2.Entropy — The extent to which the complexes are distinct from one another (Celeux &
Soromenho, 1996).

3.Substantiveness — How much meaningful information does an additional complex provide
for the analysis (Celeux & Soromenho, 1996).

4.Interpretation — There must be a theoretical basis for the observed complexes (Cochran et

al., 2017; Vermunt & Magidson, 2004).

Considering the multiple fit criteria (see Figure 3.1), the LCA revealed that four topical
identity complexes provided the optimal fit to the identity data: relatively high entropy and
relatively low cAIC, aBIC, and log-likelihood. Note that the model with only five identity theory
complexes, close in overall fit statistics and better on Entropy, produced similar complexes to the
four-complex model. However, theoretically the five-complex model did not provide additional
information about how students endorse these items differently. The difference between the four
and five complex model resided on a complex focused on athletic identities. In the five complex
model one obtains two athletic focused complexes. In the first athletic complex, students have a
60% chance of endorsing an athletic topical identity and a 9% chance of endorsing a science topical
identity. In the second one, students have a 70% chance of endorsing an athletic topical identity

and a 26% of endorsing a science topical identity. That is, if we were to choose the model with
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five complexes, we wouldn’t get any additional theoretical or practical insight into students’
relationship with different topical identities, only a complex where students are slightly more

athletic leaning than the other.
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Figure 3.1. Model fit statistics for testing different number of identity complexes. A) aBIC, B) cAIC, C)

Likelihood-ratio, and D) Entropy. Lower is better for all but Entropy.
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In order to test the effects of gender and race and it is necessary to conduct a Type II
Permutational Multivariate Analysis of Variance (PERMANOV A) with the posterior probabilities
obtained from the LCA (Anderson, 2008). PERMANOVA and subsequent post-hoc analysis were
conducted using the vegan package in R (Dixon, 2003). The posterior probabilities in Latent class
analysis (LCA) refer to the probability of that observation that is classified in a given identity
complex. That is, for each possible complex the students get a probability of belonginess and the
total sum across the four possible complexes is 1. Based on this, individuals are classified to the
complex with the highest probability. Using posterior probabilities in lieu of the category
classification has several advantages: 1) Individuals’ posterior probabilities of latent class account
for the possible error with which individuals can be assigned to latent classes when they do not fit
any latent class perfectly (Lanza, Collins, Lemmon, & Schafer, 2007); 2) Running a multinomial
logistic regression (a regression where the complex membership categorical variable is used as the
dependent variable) produces biased estimates and incorrect standard errors (Bolck, Croon, &
Hagenaars, 2004).

PERMAMANOVA allows testing hypotheses regarding the effect of independent
variables (race/ethnicity, gender, and grade) on multiple dependent variables that are correlated
with one another (e.g., each of the identity complexes posterior probabilities) rather than assuming
the dependent variables are uncorrelated with one another; this approach has greater statistical
power. Type II refers to the test of the main effects (of gender, race/ethnicity, and gender).
Furthermore, permutational refers to the measure of dissimilarity between the gender,
race/ethnicity and grade distributions between identity complexes; the particular measure of

dissimilarity used in this case were Bray Curtis distances, which is often used to characterize
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dissimilarity in population composition (Anderson, 2008). The magnitude of the demographic
differences in each identity complex’s frequency were computed using Cohen’s d as a measure of

effect size (Lakens, 2013).

3.4 Results

3.4.1 In What Ways is Science Typically Present in Identity Complexes?

The identity component with highest endorsement was “Athletic person,” while the lowest
identity components were “Science person” and “person who invents or makes things” (as shown
in Table 2), reflecting typically-reported emphases on athletics over STEM within US schools
(Biddulph, 1954; Guest & Schneider, 2003; Harrison, Sailes, Rotich, & Bimper, 2011; Veliz et al.,
2017). However, all identity components were endorsed by a large plurality of students.
Importantly, there were enough students endorsing the science identity in particular and STEM
identities in general that a science-focused or STEM-focused identity complex could have
emerged.

Table 4 presents the make-up of the four complexes provided the optimal fit to the identity
data: the average probability of answering yes to each topical identity within each complex. Most
saliently, two of the complexes had a narrow topical focus, but none of the complexes focused
only on science or only on STEM. Instead, two of the complexes had high levels of science or

STEM as part of a multi-topic identity complex.
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Table 3.4. Probability of Endorsing each Topical Identity by Topical Identity Complex

Identity Complex N Science  Nature = Maker Math  Athletic  Artistic  Musical
STEM+Athletic+Artistic 167
STEM+Athletic 299
Athletic 408
Artistic 335

Specifically, the four main complexes had the following characteristics:

1. STEM+Athletict+Artistic: This complex had the highest probability of science identity
endorsement, but also the highest probability of endorsement of all other identities.

2. STEM-+Athletic: This complex represents students with STEM (math, science, nature, and
maker) and athletics identities, but not artistic and musical identities.

3. Athletic: Members of this complex had a less than 1% chance of endorsing a science
identity and overall tend to identify only with an “Athletic” identity.

4. Artistic: Members of this complex, were only approximately 30% likely to see themselves
as having a science identity, instead endorsing musical and artistic identities with very high
rates.

The relative frequencies of the four topical identity complexes are shown in Figure 3.2.
The first two complexes involve many topical identities (i.e., multi-topic) AND they involved high
levels of STEM identity; these were the less common complexes. The last two complexes had
levels of only one (or two closely related) topical identity (i.e., mono-topic) AND these did not

involve high levels of STEM; these were the two most common complexes.
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Figure 3.2. Relative frequency of each identity complex

In sum, there was neither a pure Science topical complex nor a pure STEM topical
complex, even though almost two thirds of students had complexes that were narrowly focused
(on other topics). In other words, students were often narrow in their topical identities, but not
commonly in ways that focused on science. Since latent class analysis is sensitive to sample size,
we also conducted a simple count of students endorsing only the STEM identities (in any
combination). There were 83 such students, representing less than 5% of the sample. These STEM-
focused students did not form a coherent complex because the 83 students endorsed different
combinations of the science, math, maker, and nature items. For example: just three students
endorsed only a Science Identity, and 19 endorsed only a Math identity. Thus, affinities towards
STEM came in different forms rather than a unified complex, and all forms were quite rare in this

population (e.g., much less common than Artistic-only or Athletic-only complexes).
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3.4.2 How are science-related identity complexes distributed across race/ethnicity, gender

and grade?

Figure 3.3 presents the mean posterior probabilities of being in each identity complexes as
a function of the three key demographic variables. In terms of grade, there was an overall decrease
of students being classified on STEM related identity complexes from 6 to 9™ grade (Figure 3.3),
consistent with the general decrease in the science identity in this data and the general decline in
attitudes towards science that are often described in the literature (Osborne, et al., 2003). The
identity complexes provide more insight into the nature of the decline. The decline in the
STEM+Athletic+Artistic was not statistically significant, while the Athletic STEMer identity
complex showed a medium-sized significant decrease (d=0.30, p=0.006). The decline in STEM

was matched by an increase in the Artistic identity complex (d=0.36, p=0.006).
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Cohen’s dis reported for statistically significant differences at p<0.01.

Turning to gender (see Figure 3.3), the largest identity complex differences were observed.
Girls were overall less likely to be classified into an identity complex related to science, as would
be expected by the prior literature. But again, the form of the difference by identity complex is
more nuanced. In terms of the STEM+Athletic+Artistic identity complex, the difference between
boys and girls is not significant and actually goes in the opposite direction (i.e., girls were higher).
Instead, it was specifically within the STEM+Athletic complex that a medium-sized statistically
significant effect is observed (d=0.57, p=0.001). The matched higher identity complexes in girls

were to be found in the Artistic identity complex (d=0.70, p=0.001). Note there was also a small

2 Note: When comparing between two demographic categories with a complex (e.g., boys vs. girls for STEM+Athletict+Artistic),
statistically significant differences are denoted with different letters (a for the categories within the statistically smaller quantity
and b for all the cells with the statistically larger quantity). a,b is use for cases that are in-between, not statistically different from
the higher quantity or the lower quantity.

62



difference in the Athletic identity complex; however, the real pattern is Athletic-related complexes
was the large difference in the STEM+Athletic complex.

Finally, the differences by race/ethnicity in probabilities for complexes were less common
and smaller. As expected from prior literature (Bentz, & Meskimen, 2001), white students had the
highest probabilities in being in one of the two STEM-related identity complexes. But the only
significant difference was for the STEM+Athletic+Artistic identity complex suggesting maybe an
access issue on the possibility of experiencing many different activities with limited resources.
There is a medium size difference between White and Latinx students, where Latinx students were
more likely to be in the STEM+Athletic+Artistic identity complex (d=0.25 p=0.01). The rest of

the differences were not statistically significant.

3.4.3 Topical complexes and students’ participation in out-of-school science experiences

Using Artistic as the reference category, regressions controlling for demographic variables
revealed significant associations between identity complexes and optional science learning
choices, whether measured by choice preferences or each actual science experience as outcomes
(Figure 3.4). Not surprisingly, in all cases, students in both complexes with higher science identity
were significantly more likely to want to and actually participate in optional science experiences
than students in the complexes with lower science identity (Table 3.5). For example, when
compared to the Artistic complex, students in high science identity complexes were more likely to
actively prefer these optional experiences and to later have actually experience them. Some of
these effects were large: individuals in the STEM+Athletict+Artistic identity complex were much

more likely to have informal science experiences in the summer.
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Figure 3.4. Demographic variable associations between identity complexes and optional science learning

choices

Table 3.5. Multiple linear regressions of identity complexes predicting Choice Preferences and Optional

Science Experiences, with Artistic as the baseline group and controlling for grade, race/ethnicity, and gender

effects
Choice STEM Informal Summer Formal School Informal Home
Preference . . .
S Camp Experiences Experiences Experiences
. std. std. std. std.
Predictors Beta P Beta p std. Beta p Betu p Beta

STEM+Athletic+tA 0. <0.00 0.18 <0.001 0.28 <0.001 0.17 <0.001 0.21 <0.001
rtistic 22 1

STEM-+Athletic 0. 0.012 0.07 0.051 0.13 <0.001 0.10  0.012 0.09 0.015
09

Athletic - 0.003 - 0.243 -0.19 <0.001 -0.03 0495 -0.12 0.002
0. 0.04
11

adjusted R? 0.090 0.046 0.169 0.033 0.090
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More interesting from a topical complexes’ perspective is the contrast comparing the
STEM+Athletic+Artistic and STEM+Athletic identity complexes: does the All identity involve
lower levels of participation in science due to a conflict in time, in available resources, or in
commitment? In fact, rather than showing a conflict effect, the reverse pattern was found. As
Figure 3 shows, across all optional science experiences, students in the STEM+Athletict+Artistic
identity complex were more likely than the STEM+Athletic to want to and to actually participate
in them. Interestingly, the effect is equally large in preferences as in actual experiences, suggesting
the difference is not just one of students being forced by parents to participate in many forms of
activities. The contrast also suggests students are not just falsely listing an unrealistically broad
identity because they actually do participate in many activities. However, it is also important to
note that these differences were moderate to small—both of these complexes were generally high

in optional science participation levels.

3.5 Discussion

Identity has long been considered important to understanding participation or lack therefore
in science (Archer et al., 2010; Aschbacher, Li, & Roth, 2010; Barton et al., 2013). This paper
explores science identity from a new perspective— science identity as part of a topical identity
complex—to provide new insights into who is more likely to endorse a science identity and how
science identity in related to choices within a co-occurring competing or synergistic topic
identities. Such new insight can support new understandings of how those historically minoritized
in science might be more frequently included. We will now revisit each of our primary research

questions to discuss the theoretical and practical implications of our findings.
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3.5.1 Science Identity Within Topical Identity Complexes

Across a large, diverse sample of learners in urban US early secondary schools, students
could be classified into four different topical identity complexes. There were two salient patterns
in these results. First, some of these identity complexes matched traditional school cliques with
little connection to science that have been previously studied in the literature like jocks (athletes
with few other interests) and artists (Barber, Eccles, & Stone, 2001). Collectively, these low
science topical identity complexes represented almost two-third of the students, with even higher
percentages in under-represented minorities and in girls. Furthermore, these two most common
complexes were mono-topical, consistent with the notion that traditional cliques have a lower risk
perception (Bagwell, et al., 2000; Kahan, et al., 2007; Nichols & White, 2014). By lower risk
perception, we mean that traditional cliques conform with social norms constructed in secondary
school, and students at this age are aware that non-conformity has social consequences like
exclusion and isolation (Thornberg, 2011). Interestingly, math was relatively high in both of these
identity complexes (close to the 50% threshold), even though science was not. This could be
explained by the gatekeeper role mathematics has for most educational and economic opportunities
(Gresalfi & Cobb, 2006; Moses & Cobb, 2001). That is, it is possible students perceive the need
to become members of mathematical communities if they want to have access to future
opportunities like college.

Second, despite clear representation as a stereotype in popular media (Kendall, 2011), the
latent class analysis did not reveal any kind of pure science or STEM identity complex. Its
conspicuous absence may have a number of causes. A very small number of students did endorse
only STEM topical identities, but in various unique combinations. That is, even though STEM is

usually packaged as a goal for students (Hughes, et al., 2013; Zeidler, 2016), students’ topical
66



identities may only align with certain components of STEM. Some students may have career goals
that aspire towards traditional science research (Russell, et al., 2007), while others may be
interested in more practical applications of science into technology (Diekman, Clark, Johnston,
Brown, & Steinberg, 2011) and therefore that will influence their learning choices and in turn their
identities. Furthermore, since latent class analysis is sensitive to sample size (Collins & Lanza,
2009), these STEM subgroupings may have been too small to be captured. Finally, it may be that
some students do not feel comfortable endorsing science identities or STEM related identities
without endorsing at the same time something consistent with social expectations. This pressure
may be especially true for girls and racially/ethnic under-represented groups in science (Bucholtz,

1999).

3.5.2 Demographic Variation in Science-Related Topical Identity Complexes

Overall, the observed relative frequencies of topical complexes were consistent with
common cultural expectations for both gender and ethnicity (i.e., science-related topic complexes
were highest among white males and lowest for females) (Carlone & Johnson, 2007; Chang, et al.,
2011). But this study also revealed new patterns regarding the differential ways in which subgroups
included science in their identities (e.g., as part of a STEM+Athletic complex for boys) (Kahan,
Braman, Gastil, Slovic, & Mertz, 2007; Kendall, 2011). The analyses also revealed the common
complexes for each subgroup that did not include science (e.g., athletics for boys and artistic girls),
perhaps suggesting topic contexts that are especially likely to support the addition of science (e.g.,
sports science or STEAM).

Furthermore, this study provided important insights into what additional information is
obtained by looking at identity complexes rather than topical identities in isolation. For grade, the
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decline in the STEM+Athletic complex matched the increase in the Athletic complex as students
progressed through early secondary school. This change is consistent with the increasing time
commitment that athletics requires of students as they move into late secondary school (Guest &
Schneider, 2003; Veliz et al., 2017). And in the US specifically, this time commitment is connected
to students’ access to athletic scholarships for college (Biddulph, 1954; Harrison, et al., 2011).

In terms of gender, the biggest difference was related to Athletic-related complexes. More
importantly, there was an overall difference of boys being more likely to be classified in a science
related complex (Archer et al., 2013; Osborne, et al., 2003). However, there was no statistically
significant difference in the STEM+Athletict+Artistic complex (with a tendency of girls being
higher) while there was a medium-sized difference. The fact that there was such a large difference
in the frequency of the Artistic complex suggests that STEAM opportunities could offer a pathway
for girls to shift from that complex to the STEM+Athletic+Artistic one (Liao, Motter, & Patton,
2016) rather than Athletic related opportunities

Finally, there was an overall tendency of White students to be more likely to be classified
into STEM related identity complexes. The only statistically significant difference was within the
STEM+Athletic+Artistic complex, suggesting possibly an access issue for students from less
advantaged backgrounds (Akiva & Horner, 2016). These results across ethnicity and gender
highlight systems of disadvantage in science across gender (Adams, Gupta, & Cotumaccio, 2014;
Archer et al., 2013; Barton et al., 2013; Bucholtz, 1999; Crowley, Callanan, Tenenbaum, & Allen,
2001), where gender at this age is the main driver of differences in identity complexes beyond race

and grade.
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3.5.3 Identity Complexes and Participation in Optional Science

Replicating previous identity research, students with higher science identities were to have
optional science learning experiences (Feldman & Matjasko, 2005; Guest & Schneider, 2003); the
current study showed that this relationship is very strong. Turning to the level of topical complexes
and participation, it appeared that having multiple topical identities did not appear to create conflict
in which experiences students chose to participate (Knifsend & Graham, 2012). In fact, the
opposite pattern occurred: students in the STEM+Athletic+Artistic identity complex were more
likely to do science than the STEM+Athletic. It may be that these results suggestive of non-
competition for participation time occurred because students at this age could still juggle multiple
activities. Requirements for many activities may increase with older ages (e.g., sports become
more competitive in later high school and therefore more time consuming), and school time
becomes more important for their future (e.g., SAT prep, college application processes). Therefore,
it is likely that some competition effects will emerge at later ages.

The high participation of the STEM+Athletic+Artistic complex students is a validation of
the importance at looking at the relationship of multiple identities. It could have been argued that
students falsely endorsed multiple topical identities simply to give responses expected by society
or by the researchers. However, if this were the case, there should not have seen a significant
relationship between complexes including STEM identities and participation in optional science

experiences.
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3.5.4 Limitations and Future Directions

This study purposely sampled students from diverse public urban schools in the US to be
representative on the dimensions that mattered the most for science identity endorsement (gender,
ethnicity). However, a much larger sample is required to produce truly representative data for non-
urban students, other regions within and outside the US, as well as including private, charter, and
home-schooled students.

A larger sample might also support uncovering relatively rare STEM identities, such as
those with and without mathematics, or with and without technology. Such different identity
complexes would likely be differentially connected to science-related outcomes (e.g., in medicine,
in medicine, in computer science). Larger cross-national samples might also reveal the role of
cultural expectations in shaping the types of complexes which include science; athletics may be
less central in other countries where competitive athletics is not so strongly represented within the

schools themselves.

3.5.5 Implications for Practice

In this study, we found results consistent with general identity theorists’ perceptions of
identity as a multicomponent construct (Crenshaw, 1991; Stets & Burke, 2000). However, even
though researchers studying science identity have indeed included an understanding of learners’
characteristics like gender and ethnicity, they have not studied how science identity may compete
with other topical identities. Thus, our contribution to the science identity field not only highlights

the ways in which students endorse other non-STEM identities at the same time, but it also reveals
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the ways which these other identities are not detrimental to participation in science. Furthermore,
science identities research often uses gender and ethnicity/variables as controls and in isolation,
whereas there current study systematically explored both. We found that students with STEM-
related identities tended to be White and male, consistent with societal expectations. We also found
that students’ complex classification tended to be along very gendered ways. However, girls’ high
endorsement of art identities may serve as a possible introduction to science. STEAM experiences
and Maker spaces could introduce girls to the idea of a STEM pathway within a space in which
they already feel safe and part of a community (Carlone & Johnson, 2007). This psychological
safety aspect can also explain why science identity were found paired with identities that are more

socially acceptable in the US like artistic and athletic.
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4.0 Differential Enactment of Science Identity on Career Affinities

Research and policy in science education is has for many decades issued a call to arms in
terms of an economic argument about overall STEM-worker shortages (Iammartino, Bischoff,
Willy, & Shapiro, 2016; Jang, 2016; Stevenson, 2014; Xue & Larson, 2015). This argument has
critical flaws from the perspective of policy, research, and teaching. In brief, the more important
issue is lack of equity than overall numbers, the importance is more than simple economic impact,
and the treatment of STEM as a whole confuses critical variation (in shortages, cultural
expectations, and equity) between science and science-related careers. Here we examine variation
by gender in career affinity across science and science-related careers. We test whether that
variation in career affinity can be explained in terms of attitudes held in early secondary, especially
science identity, that may drive pursuit of each of these careers differentially by gender. That is,

whether boys and girls express their science identity differently.

4.1 The Need to Distinguish Science from Science-Related Careers

Many policy documents have referred to the importance of STEM-worker shortages with
STEM careers as a monolith. The most famous of these in the US is the policy landmark “A nation
at risk” (Gardner, et al., 2001). In another example, (Holdren, Cora, & Suresh, 2013) referred to a
need for 1,000,000 more STEM workers in the US by 2023. However, the reality is that the worker
shortage presents itself primarily within specific careers and areas (Xue & Larson, 2015). Most

saliently, shortages are relatively small in the sciences (a growth of 8% by 2026), and instead the
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largest shortages are in science-related areas of health (15% growth) and technology (30%
growth). Thus, from a workforce shortage perspective, distinctions must be made between science
and science-related careers.

In a similar way, many policy documents have called for diversification of STEM overall
because of overall STEM worker shortages: one key way to addresses shortages is to draw upon
the untapped pools of minoritized groups (Clark Blickenstaff, 2006; VanLeuvan, 2004). It is
important to note the problematic nature of treating minoritized groups as individuals who should
only be invited into STEM when there is a shortage of white males; instead attention should be
given to the clear right for minoritized individuals from participating in well paid (Melguizo &
Wolniak, 2011; Olitsky, 2013) and influential positions (Gebbie, Rosenstock, & Hernandez, 2003),
as well as the quality of science and engineering innovation (Pless & Maak, 2004), and the quality
of health outcomes (Tsugawa et al., 2017) by creating spaces where they can thrive in science and
science-related careers. For example, overall health for everyone has been found to improve when
female physicians hold important healthcare positions—female physicians are more likely to
adhere to clinical guidelines (Kim et al., 2005), are more likely to provide preventive care (Franks
& Bertakis, 2003), communicate better with their patients (Roter, Hall, & Aoki, 2002), and have
lower mortality rates (Tsugawa et al., 2017).

In any case, there are many reasons for achieving equity in STEM, and, regardless of the
reason, STEM must be divided into science and various science-related careers because the
marginalization varies substantially across those. For example, aggregate levels of undergraduate
degrees in the US are close to parity between women and men in STEM overall, with slightly
higher representation in science overall, much lower participation of women in Engineering (e.g.,

1:5, National Science Foundation, 2015) and computer science (1:6, National Science Foundation,
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2015), and much higher participation of women in health (e.g., 10:1 in nursing and 8:1 on home
healthcare positions, Healthcare Advisory Board, 2018, though only 2:5 women are active
physicians, Kaiser Family Foundation, 2018). In addition, the underrepresentation of women
relative to men in Engineering and computer science can become even more pronounced when
focusing on people of color (National Science Foundation, 2015).

Understanding why inequity in STEM participation is observed and therefore creating
effective strategies inside and outside the classroom for addressing these outcomes requires
understanding this variation across career categories. Overall, the specific nature of shortages and
the variation of women preferences by career category suggests studying the causes of inequity in
outcomes at the level STEM overall is too course-grained a category. Here we focus more
specifically on career interest during early secondary school, one of the important factors found to
predict career outcomes in large-scale longitudinal studies (Sadler, Sonnert, Hazari, & Tai, 2001).
Is there important variation in this early career interest by gender, does it vary across science and

science-related categories, and what underlying motivational factors could explain this variation?

4.2 Early Interest in Science and Science-Related Careers

While seemingly simple, career interest is actually multi-faceted. Career interest can refer
to career aspiration (I would like X), career goal (I am trying to be X), or career affinity (I liked
careers related to X), and students have different views depending which of those is being asked.
Further, students may have different perceptions about the meaning of specific or general career
labels (Dorph, Bathgate, Schunn, & Cannady, 2018), such as confusing engineer with building

maintenance worker or train operator. Nonetheless, the meaning students attach to these labels,
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accurate or not, can influence their career-related decisions such as whether to put importance on
performance in science class or whether to participate in optional science instruction. For example,
the stereotypical engineering career connotation makes women feel like they do not fit-in and that
the expectations constrain them (Heyman, Martyna, and Bhatia, 2002). Further, since only some
science and science-related careers have low presence in common culture, students in early
secondary may not yet know which specific career is of interest despite knowing that they want
some kind of career related to science (Dorph et al., 2018). Therefore, in early secondary, studying
affinities that students have towards career categories is useful, despite many students not yet
having a strong understanding of what specific careers entail or misconceptions of the category
labels.

Early career interest can be influenced by many different factors. Specifically, when it
comes to science and science-related careers, researchers have found that the major contributors
to gender differences in early career interest are: 1) cultural values or pressures (Jacobs, 2005), 2)
parental influence (Sonnert, 2009), 3) attitudinal factors (Wegemer & Eccles, 2002), and 4)
identity (Hannover & Kessels, 2004). Attitudinal factors in general and identity in particular are
especially relevant to science education as those are possible foci of intervention. Early secondary
school presents an important developmental period in which to study these factors. At the
beginning of secondary, student-teacher relationships change dramatically. Furthermore, it is in
secondary school when many students either start studying science formally as part of the
curriculum (Speering & Rennie, 1996) or the dosage of science instruction significantly increases
(Betancur et al., 2018). Research has also shown that attitudinal factors become increasingly
important across grades within secondary school (Rosa & Mensah, 2016; Vincent-Ruz & Schunn,

2017).

78



Motivational factors that have previously been associated with STEM career preferences
(Dorph et al., 2018) include: science fascination (interest, curiosity, and mastery goals for science);
science values (endorsing the utility of science for self and society); and science competency
beliefs (students’ beliefs that they have component competencies of science and can successfully
participate in science experiences). Each of these motivational factors have also been found to
differ somewhat or substantially in girls and other marginalized youth (P. R. Hernandez, Schultz,
Estrada, Woodcock, & Chance, 2013; Wang, 2013).

However, some researchers have argued that identity in particular, a person's recognition
that they belong to a social category or group (Hogg and Abrams 1988), should be most strongly
associated with career preferences (Hazari et al., 2010; Rosa & Mensah, 2016) because such
identification comes with expectations with regards to others and one’s behaviors and choices
(Stryker, 1980). Further, minoritized individuals report conflict between identifying with science
and identifying with their gender and/or racial/ethnic group (Espinosa, 2001). This
conceptualization of identity has been found to be predictive of student choices on more proximal
choices in time such as free choice learning (Aschbacher et al., 2010; Murdock & Miller, 2003,
Vincent-Ruz & Schunn, 2018), generally in a stronger way than other motivational factors
(Vincent-Ruz & Schunn, 2018). Therefore, identity should be a strong predictor of career
preferences for all individuals, while other factors related to likely enjoyment, value and success
likely also matter to an important but lesser extent (Hazari et al., 2010; Holmegaard, Ulriksen, &
Madsen, 2014).

But the prediction about the central role of identity in career preferences has not previously
been tested in terms of whether identity translates into career preferences for those who are not

commonly seen in science and science-related careers. Not only may those who are marginalized
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in STEM may have lower science identities, they may also be less likely to have science and
science-related career goals even when they have a high science identity due to cultural
expectations. For example, a female student with a strong science identity may choose her career
based on the perceived utility the career has for other personal goals (e.g., interacting with and
helping others) (Eccles, 2005). Using that goal as a benchmark, she may shy away from technology
careers because she perceives them as isolating and relatively dissociated from communal goals
such as helping society and working with others (Hoh, 2009; Diekman et al., 2010). Therefore, it
is important to understand that the enacting of identity in the form of a career choice will be
constrained by societal factors, particularly their stereotypes about of the kind of people, the work
involved, and the values of these fields (Cheryan, et.al., 2015). For example, given the perception
of health careers as communal or geared towards helping others (Palumbo, et. al., 2008), we could
expect that girls would enact their science identities by choosing health-related careers in the same
way that girls may not enact their science identities by choosing technology-related careers.

In sum, this study asks two research questions about the role of science identity in
understanding gender differences in career preferences. Despite prior work on the factors
influencing career affinities, studies have often lacked datasets that allow them to examine the
relative importance of the different factors. Therefore, our first research question is: RQ1. What
are the most important factors that influence career affinity in early secondary school? To
foreshadow the results, science identity is found to be the most important factor. Because the
current state and future needs for gender equity highly vary by science, technology-related, and
health-related careers and because the motivational factors that drive early career interest may also

vary by gender across those career categories, the second question is: RQ2. Does science identity
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have a differential role for girls versus for boys in supporting science, technology, and health

career affinities?

4.3 Methods

4.3.1 Participants

The participants sample is a subset of the ALES15 dataset (Activated Learning Enables
Success 2015). This dataset was collected in a diverse range of public urban schools from two
different regions in the United States with approval from the University of Pittsburgh and
University of California-Berkeley Institutional Review Boards. The full dataset is longitudinal and
includes a wide range of demographic, attitudinal, and experience measures, and is available upon
request by contacting the Activation Lab (http://activationlab.org). The current study uses the
subset of schools that participated in both pre and post data collection points reported in this study.
In particular, the current analyses focus on the structure of the career affinity scale and the
relationship of the science identity scale to the career affinity scales, which have not been reported
elsewhere.

The nineteen schools in this study were recruited to represent different socio-economic
levels and distributions of ethnicities: the % of students at school receiving Free/Reduced Lunch
ranged from 26% to 84% and the % of students who are Minoritized groups in science ranged from
23% to 99%. Data was collected from 21 sixth grade, 23 seventh grade, and 32 ninth grade classes.
Overall, the sample is overall similar to US urban middle school students on key demographic

distributions relevant to science education (e.g., sex and race/ethnicity) (Archer et al., 2012),
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except for a slight over-representation of Blacks and under-representation of Hispanic/Latino and
Asians (Kena et al., 2015): 50% White, 25% Hispanic/Latino, 16% Black, and 5% Asian.
Participants ages ranged from 10 to 16 years old.

Sample sizes varied across measures due to student absence across data collection points.
The primary sample of this study consisted of 1,322 students. The percentage of missing data per
item had a mean of 0.2% and was no higher than 4.8% for any item. We therefore did not use data
imputation methods since those are typically recommended for datasets with an average of 4% to
15% missing data (Gold & Bentler, 2000). Instead, missing items were dropped from the
computation of scale mean scores, and students simply needed to have at least half the items on a

scale for a mean to be computed.

4.3.2 Measures

The measures used in this study involved three Career Affinity scales, multiple scales of
attitudes towards science that are potential predictors of career affinities, and key family context

and demographic control variables that have previously been associated with science outcomes.

4.3.2.1 Career Affinities

The career affinities survey captures career preferences even when students may not have
settled on a particular career (Dorph, Bathgate, Schunn, & Cannady, 2018), an especially important
consideration when dealing with lower secondary students (rather than upper secondary or tertiary
students). The survey consisted of seven items on a four-point scale (YES!, yes, no, NO!) asking
whether students would like to have a job in science, engineering, mathematics, designing

technology, or programming computers, caring for people, or caring for animals (e.g. “In general,
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would you like to have a job related to: Science”). These seven items were used to create three
different affinity scales (Science, Health, and Technology) using the factor scores from structural

equation models (see Analysis section for details).

4.3.2.2 Attitudes Towards Science

More generally, attitudes towards science can include ideas, values, beliefs, and
perceptions regarding the general enterprise of science, school science, or another context where
students interact with scientific knowledge and ideas (Archer et al., 2012; Barton et al., 2013; Liu
& Schunn, 2018; Osborne, Simon, & Collins, 2003; Rosa & Mensah, 2016). This study focused
upon science identity and three other constructs previously found to be predictors of student
choices: science fascination, science values, and science competency beliefs. These scales were
developed based upon prior theories and scales, and then subjected to extensive iterative
qualitative/quantitative development with student think-aloud interviews, Factor Analysis, and
Item Response Theory analyses, including testing for differential functioning by gender,
race/ethnicity, and socio-economic status. For this information and prior empirical work using
these scales within US urban lower-secondary settings, see: 1) Science Identity (Vincent-Ruz &
Schunn, 2018), 2) Science Fascination (Bathgate & Schunn, 2017a), 3) Science values (Bathgate
& Schunn, 2017b), 4) Science Competency Beliefs (Vincent-Ruz & Schunn, 2017), and 5) Career
affinities (Dorph, et al., 2018). Of particular relevance to the current analyses, prior Item Response
Theory analyses were previously conducted to show equal distance between levels on the Likert
scales, thereby justifying the use of mean scores. In the current study, scales were constructed

using items that showed adequate psychometric properties for the sample.
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Science identity. The four-item measure of science identity (Chronbach’s a=0.84) is
composed of perceived personal and perceived recognized science identity aspects: whether
students see themselves and perceive influential others (friends, family, and teachers) to see them
as being the kind of person who is associated with science. Ratings were given on a 4-point Likert
scale (4=YES!, 3=yes, 2=no, 1=NO!) and are combined into a mean score across the four items.

Fascination. Fascination in science refers to interest and positive affect towards science,
curiosity about the natural world, and goals of acquiring and mastering scientific skills and ideas.
The scale (0=0.83) was computed as a mean across the five items, each involving one of several
four-point Likert scales (e.g. "In general I find science" 4=Very interesting, 3=interesting,
2=boring, 1=Very boring).

Values. Values refers to the importance placed on knowing and being able to do science
because of its usefulness in meeting personal goals (e.g., fixing a problem at home) and its utility
to society (e.g., solving environmental problems). The scale (o =0.73) was computed as a mean
across three items, each involving one of several four-point Likert scales (e.g. "Knowing science
is important for" 4=All jobs, 3=Most jobs, 2=A few jobs, 1=No jobs).

Competency beliefs. Competency beliefs are the learner’s beliefs about their ability to
successfully participate in diverse science learning situations as well as their beliefs about having
the core skills of science to have a good performance in specific activities. The scale (o =0.63)
was computed as a mean across four items, each involving one of two four-point Likert scales (e.g.
"If I were working on a class science project, I could understand the science in books for adults"

4=All, 3=most, 2=some, 1=a little).
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4.3.2.3 Family Context and Demographics

Participants provided information about their family context that have previously been
associated with science outcomes (e.g., socio-economic status indicators, parental education level,
and parental career information) along with other basic demographic information (gender,
race/ethnicity, and date of birth).

Home resources and Family support for learning. Socio-economic status (SES) is often
assessed in research through the convenient indicator of free/reduced lunch status, which is a distal
measure of the learning-relevant resources provided in the home. Instead, we included two more
direct measures of the socio-economic factors that support science learning. The first such measure
is learning-relevant physical resources in the home (a0 =0.75), which is a mean score across seven
items (e.g., Internet, computer, calculator, etc.). The second SES measure focuses on the support
the family provides for learning. Family support (a0 =0.74) consisted of a mean score across five
items (e.g., When [ work on homework at home, I have someone who can help me with it if [ need
help).

Parental career topic. Of especially high relevance to student career decisions are the
parental careers. Parental career information was collected for each parent. Researchers coded
responses to this item into the mutually exclusive categories found in Table 4.1. The categories
were created to respond to patterns in STEM-related workforce shortage, levels of required
schooling (at least a bachelor or only an Associate’s degree), direct vs. indirect inclusion of STEM.
Two coders met to discuss the categories, independently coded 200 responses and then met to
discuss overlap and disagreement among codes. This procedure was repeated until the inter-rater

Kappa reached 0.97.
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From this detailed coding, we produced two sets of derived variables used the analyses.
The first set was parental career topic, which involved two binary variables: STEM Career (STEM
professional, STEM middle job/technician, STEM related) of at least one parent, and Health
Career (health professional and health related) of at least one parent.

Parental career level. The second set of derived variables from the parental career
responses was the level of education required for STEM or related careers, since the perceived
value of the career may vary by the status and income associated with the career. First, we
combined all professional categories (at least one parent with a professional job related to STEM
or Health). Second, we combined the technician/middle job data (at least one parent with a
technician/middle-job job related to STEM or Health). That is, we created two binary variables:

Professional Job and Middle Job.

Table 4.1. Career goal categories, requirements, and example student responses in each category

Category Requirements Examples

STEM jobs (19%)

STEM professional Bachelors, masters, doctorate  Scientist, engineer,
programmer, astronaut,
biotech

STEM technician/middle job  Associate or technical degree; Lab assistant/technician,

may have BA or advanced game designer, computer
degree, but not required help, mechanic

STEM-related job Varies by job Science teacher, architect,

industrial designer; includes

high science or technology

companies without specifying

particular job (e.g. Google,

Apple, NASA, science centre)
Health jobs (21%)

Health professional Bachelors, masters, doctorate  Doctor, nurse, vet, dentist,
pharmacist, psychiatrist; does
not include social worker or
social services
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Table 4.1 continued

Health technician/middle job ~ Associate or technical degree; EMT, dental hygienist, e-ray
may have BA or advanced tech; includes health locations

degree, but not required without listing specific job
(e.g. VA hospital, elder care)
Other jobs (89%) Varies by job Social  services, massage
therapy, accountant, artist,
humanities

Gender. Students were asked to select among four different options in the question “Which
of these bests describes you™: 1) boy, 2) girl, 3) Do not identify as girl or boy, 4) prefer not to
answer. Students selecting the third and fourth options collectively accounted for 1% of the data.
We created a new variable labeled female where 1=girl, 0=boy and excluded the rest of the students
because they were so low in frequency.

Race/Ethnicity. Students were asked to select among six different race/ethnicity categories
with which they identified, and they were allowed to choose more than one. Students rarely
identified as three or more racial groups or as “other” (less than 1% of the sample). For the analysis
we created a variable called “Minoritized” where 0 corresponded to white/Asian students and 1 to
all the other categories that are minoritized in STEM careers.

Age. Students reported their month and year of birth. Students did not provide birth day for
improved participant anonymity. Age was calculated using the last day of the month when data

collection was finished in the Spring semester as the reference point.

4.3.3 Data Collection Procedures

Students completed paper-based surveys during science class at two time-points within a
school year, each time as a packet distributed and monitored by the research team and to be

completed in one class period. All but career affinity was collected at the first time-point (early in
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the Fall). The demographics survey was given last in the first time-point packet to avoid the effect
of stereotype threat on attitudinal survey responses (Steele & Aronson, 1995). The career affinity
survey was given at a second time-point (early Spring) to enable analyses of identity predicting
future events, which provides a better approximation of causality than from measures all collected

at the same time point. There were at least three months between the two time points.

4.3.4 Analysis

The data analysis consisted of three main components, both using Structural Equation
Models: 1) determining the best fitting model of career affinity categories (how many different
categories, which specific careers belong to each category), 2) examining gender variation in
outcomes and inputs within this study population (e.g., establish the phenomenon and possible
inputs that produce it), and 3) testing gender-specific models of the relationships of the
motivational attitudes to the career affinity categories with and without various control variables.

Validating career affinity categories. To understand the relationship between the career
affinity items to career affinity constructs, we ran various Structural Equation Models (SEMs) that
made different assumptions about how affinity preferences coalesce into coherent factors. This
form of SEM, sometimes called a measurement model, is similar to Confirmatory Factor Analysis
(CFA). The key difference between SEM and CFA is that SEM incorporates the relationship
among the latent variables as a key part of the analysis and model fit. SEM is used here because it
directly represents the correlations among the career affinity factors, and it serves as the foundation
for the analyses conducted in the last analysis step. Furthermore, it provides us with information
to inform theoretically about our understanding as a field about the relationship of these career
affinity variables.
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Figure 4.1 presents the four tested SEM models of different groupings of career affinity
items to career affinity categories. The best SEM model will be the one that has the best statistical
fit while making sense theoretically. Therefore, only conceptually meaningful models were tested.
Health was always modeled separately from the rest because despite having overlapping content
knowledge, the social messages relating to these careers classify them as different career paths and
health careers are often not considered as part of STEM. Model A assumed engineering was related
to both Science and Technology affinities. Model B tested whether engineering is predominantly
part of Technology affinities while model C tested whether it was predominantly part of Science.

Finally, we tested whether a monolithic STEM model would be the best fit for the data.

| Math | |Science| |People| |Animals| B) |Design| |Computers| |Engineermg| | Math | |Scwence| |People| |Animals|

SCIENCE @ TECH SCIENCE @

C) [ower] o] o] [ | [ ] [roeme] [romed] [omsor] [ro] [ro] [ | [ | [roome] o]

L ¥ W

Figure 4.1. Measurement models of the relationship between the different career affinity measures. 3

3 Model A) Three factor model with engineering affinity cross-loaded across Science and Technology factors;
B) Three factor model in which engineering affinity is only within the Technology factor; C) Three factor model
where engineering affinity is only within the Science factor; D) Two factor model that combines all STEM affinities.

In all cases, Health career affinities are in their own factor.
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We consider three fit statistics that are typically used to assess the SEM models: 1) The
Comparative Fit Index (CFI), which tests how well the data the hypothesized unidimensional scale
and values of 0.95 or above are considered satisfactory; 2) The Tucker-Lewis Index (TLI), which
analyzes the discrepancy between the chi-squared statistic of the hypothesized model and the one
of the null model (In the null model, the covariances in the covariance matrix among the latent
variables are all assumed to be zero), and ranges from 0 to 1 with values of 0.95 or more considered
as satisfactory; and 3) Root Mean Square Error of Approximation (RMSEA), which determines
how well the model reproduces the data, and ranges from 0 to 1 with smaller values indicating a
better model fit and values of 0.06 or less considered as satisfactory (Osborne & Costello, 2009).

Gender differences in career preferences and potential drivers of career preferences.
Having constructed career affinity categories, it was then possible to test the existence and size of
gender differences within each category. Simple t-tests and Cohen’s d were used to test the
statistical significance and effect size of the gender differences. For science careers, it was unclear
whether there would be gender differences in career affinities at this age. For science-related
careers, based upon prior research in degree enrollments and career participation, it was likely that
large differences in favors of boys would exist for engineering or technology career affinities and
large differences in favor of girls would exist for health career affinities throughout the early
middle school to early high school period.

Gender effects were also tested within all the attitudinal and family context variables, again
using simple t-tests and Cohen’s d. Overall gender differences across science and science-related
careers could potentially be explained by substantial gender differences in these explanatory

variables (formally tested as mediation models on the results section). However, differential
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gender patterns across different science and science-related careers would require a different form
of explanation, which was explored in the next set of analyses.

Relationship career affinities and science identity overall and by gender. In order to test
the connections of attitudes to career affinities, SEM models were run. In particular, we used the
sem function in the /avaan package. The settings were set to the "MLR" maximum likelihood
estimation with robust (Huber-White) standard errors, which allows for the handling of missing
information. The same model fit criteria were used as with the SEM model testing of career
categories. Four different models were tested to determine which attitudinal factors predicted each
career affinity categories. The models varied which control variables were included. First, we
tested a base model that included attitudinal factors, race, family support and home resources. Non-
significant attitudinal links were dropped to ensure adequate model fit. Race, family support, and
home resources were kept regardless of significance as research has shown these to be critical
statistical controls regarding science choices; model fit still was adequate according to the
literature recommendations. In the last two models, we added the parental career variables. The
second model added only the parental topic variables, but they were not statistically significance.
The third model added the parental career level, which appeared to have a stronger influence on
career affinities at this age.

Finally, to test whether there was a differential relationship of attitude by gender,
multigroup Structural Equation Modeling (MSEM) analyses by gender were conducted, building

upon the best fitting overall model.
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4.4 Results

4.4.1 Validating Career Affinity Categories

Building upon the pattern of correlations between individual career affinities (See
Appendix A for details), the SEM measurement models testing different categorical groupings
revealed that while all the models had some support, Model A provided the best fit for both
genders. Table 4.2 shows the different fit statistics for each model by gender (see Appendix B,
Figure B1 for item loadings). In Model A, there are three career categories (Science, Technology,
and Health), and engineering career affinities cross-loaded as part of Science and Technology

categories (though more strongly related to the Technology category).

Table 4.2. Fit statistics for the different career affinity measurement models by gender. CFI, TLI and

RMSEA used as statistics of model fit. Acceptable values are shown in bold. spilt

Boys Girls
CFA models CFI TLI RMSEA CFI TLI RMSEA
A (Engr. cross-load) 0.97 0.94 0.07 0.98 0.95 0.05
B (Engr. in tech) 0.94 0.90 0.09 0.96 0.94 0.06
C (Drop Engr.) 0.94 0.89 0.09 0.93 0.88 0.09
D (STEM) 0.88 0.81 0.06 0.91 0.85 0.10

4.4.2 Gender Differences in Predictors and Qutcomes

Means on each scale by gender are shown in Table 4.3, excluding parental career which
logically could not vary by student’s gender. Beginning with career affinities, these preferences at
early secondary generally matched current outputs in university degrees. For example, career

affinities related to Technology showed a medium-sized gender difference, with boys much more
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likely to feel an affinity towards these types of careers. Career affinities for Science showed only
a small gender difference. Finally, Health careers showed a medium-sized difference in favor of
girls.

Table 4.3. Within each gender, mean and SD for the three career affinity factor scores, the four attitudinal
variables, and the two family-context variables, along with Cohen’s d and t-test statistical significance for

each of the gender difference contrasts.

Boys Girls Gender Difference

Variable M SD M SD p-value Cohen’s d
Career Affinities

Technology 0.37 1.0 -0.33 0.9 <0.001 -0.70

Science 0.16 1.1 -0.15 1.1 <0.001 -0.28

Health -0.30 1.0 0.27 1.1 <0.001 0.52
Science Attitudes

Identity 2.3 0.7 2.1 0.7 <0.001 -0.32

Fascination 2.8 0.5 2.7 0.5 <0.001 -0.26

Values 2.7 0.5 2.6 0.5 0.005 -0.20

Competency Beliefs 2.7 0.4 2.7 0.4 0.15 0.06
Family Context

Home Resources 34 0.5 34 04 0.27 0.08

Family Support 3.5 0.5 3.5 0.4 0.65 0.03

Turning to the science attitudes and family context variables, three of the attitude variables
showed statistically significant but small effects consisting of more positive attitudes in boys.
There were no statistically significant family context differences. Overall, differences in
Technology and Health career affinity categories were unlikely the result of simple mean
differences in science attitudes or family context differences because these differences were all
much smaller than those career affinity differences (That is, they don’t seem to be explained
through a mediation model where gender pressures affects science identity acceptance and in turn
that affects career affinity ).

The last issue was whether there are important differences in the gender differences in
career affinities across grade. Specifically, between 6™ graders (transitioning from elementary to

secondary school) and 9" graders (transitioning to late secondary school where tracking towards
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advance science and math courses happen). MANOVA analysis using the factor scores for each
career affinity type show that gender has a medium size effect (p<0.001, partial-n2=0.18) while
grade only has a small size effect (p=0.01, partial-n2=0.01) (Steyn & Ellis, 2009). The gender
differences in technology and health career affinities were relatively stable across these grade
levels in early secondary school. The preference for science careers by boys grew across the grades
in a statistically significant way, however effect sizes remained small. Appendix B Figure Bl
shows the effect size by gender for each career affinity by gender including the confidence
intervals of the effect size. To ensure stability of the attitudinal variables we also conducted
MANOVA analysis across grade and gender. Interestingly gender differences across science
related attitudes increased with age with boys having higher attitudes on average (Appendix B
Figure B2). That is, career affinity is more stable, and science related attitudes are more malleable

in early secondary school.

4.4.3 Relationship of Attitudes and Parental Careers to Career Affinities

In terms of simple correlations with career affinity, we found that all attitudes towards
science are significantly correlated with each of career affinities, but to varying degrees (See Table
A2). All of the science attitudes were also correlated with each other (especially Science Identity
with Fascination and Fascination with Values), therefore requiring multivariate analyses to tease
apart the unique relationships to career affinities. Importantly, none of attitude intercorrelations
are strong enough to cause multi-collinearity issues in the multivariate analyses. Family context
variables were generally not significantly correlated with career affinity categories (see Table A3),
except for very small correlations of the science career with family support, parents’ professional

job, and parents’ middle job. Since some of the intercorrelations among these family context
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variables are high (see Table A3), separate models needed to be tested in the next step including

only subsets of the variables.

The SEMs testing which attitudinal and family context variables were important, unique
predictors of career affinities are shown in Table 4.4. The first model, including only attitudinal
variables, reveals that Science Identity is the strongest predictor of career affinities above and
beyond other attitudinal variables. In the models adding family context variables, Science Identity
remains the most important predictor, with small contributions of parental career topic or level.
Since parental career level was a stronger predictor than parental career topic, that model formed

the base model for the analysis of interactions with student gender, presented next.
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Table 4.4. Standardized coefficients (statistically significant cases only) from Structural Equation Models for A) attitudinal variables, B) attitudinal

variables and parental career, and C) attitudinal variables and educational level for the relationships with each career affinity factor.*

Predictors

1)Attitudinal Only

2)Attitudinal + Parent Topic

3)Attitudinal + Parent Professional Level

Tech

Science

Health

Tech Science

Health

Tech Science Health

Science Attitudes
Identity
Fascination
Values
Competency Beliefs
Parent Career
Parents STEM
Parents Health
Parents Professional
Parents Middle-Job
Other Key Contexts
Race/Ethnicity
Family Support
Home Resources

0.15%
0.18%*

0.43%*

0.11*

0.09*

0.15% 0.42%*
0.18%*
0.11*

0.11
-0.14*

0.10*

0.16* 0.42%* 0.11%*
0.18%*
0.11*

0.27*
-0.24*

CFI
TLI
RMSEA

0.98
0.96
0.05

0.96
0.94
0.05

0.97
0.95
0.05

4 Race/ethnicity and family context variables were included in all models. **p<0.001, *p<0.05. Tested but not statistically significant relationships are
suppressed. Gray shading refers to variables not included in a given model.
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4.4.4 Differential Effect of Science Identity by Gender

One would expect that differences in career affinities by gender would be mediated by
science attitudes. That is, the reason girls have less career affinity towards science careers is
because they have lower science attitudes on average. We tested the mediation mechanism with
each science attitude using Structural Equation Modeling. Results are presented on Table 4.5.
Science Identity and the other attitudinal variables are indeed mediators of the relationship between
gender and science career affinity. However, that is not the case for the other career affinities. That
is, the gender differences we observe in Technology and Health career affinities are not explained
through a mediation mechanism. We hypothesized whether the differences we were observing on
career affinities were due to a differential expression of science identity given the gendered
expectations surrounding technology and health careers.

Table 4.5. Standardized coefficient of gender in SEM models predicting the different career affinities. 1)

Coefficient without mediators, models 2-5) Coefficient of the direct gender effects to career affinities

accounting for the indirect effect of the correspondent attitudinal variable.

1) No Mediator  2) Science Identity ~ 3) Fascination  4) Values 5) Competency Beliefs

Career Affinity

Technology -0.34*** -0.31*** -0.31*** -0.33*** -0.34***
Science -0.14** -0.02 -0.05 -0.10** -0.11%**
Health 0.36*** 0.40*** 0.40*** 0.37*** 0.37***

** p<0.05, ***p<0.001

The MSEM analyses repeating the measurement model and prediction models by gender
revealed a number of important similarities and differences by gender. First, we consider the
relationships among the career categories. Interestingly, across both genders (and actually for all

measurement models that were tested), factor scores for each of the career affinity categories were
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positively correlated with one another. Thus, Science, Technology, and Health career goals are
more synergistic than competing during this developmental period. However, the correlations
between career factors varied somewhat by gender. Boys conceptualized all three career affinity
factors as closely related to each other (Figure 4.2.A top). In contrast, girls saw Science as related
to both Tech and Health career affinities but saw little relationship between Tech and Health career
affinities (Figure 4.2.B top). But these career-relatedness differences cannot explain differences in

patterns of health and technology career choices by gender.

A) Boys B) Girls

‘/_"
0.03
0.31 ‘/\
0.41 @

0.13 0.15
0.42 0.27

Science
0.40 Identity

Science
Identity

Figure 4.2. Multigroup Structural Equation Models for A) boys and B) girls of the relationship among career

affinities factors (top) and of science identity towards different career affinities (bottom).’

5> Note that the models include controls for different attitudinal factors (science fascination, science values,
and science competency beliefs) that are not shown in the diagrams. Fit statistics: CFI (good > 0.95), TLI (good >

0.95), and RMSEA (good < 0.06)
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Instead, the MSEM analyses showed that Science Identity was similarly positively related
to Science careers for both boys and girls, but Science Identity was related to Tech careers only
for boys (Figure 4.2.A) and to Health careers by a greater extent for girls (Figure 4.2.B).
Furthermore, Science Identity was a predictor of career affinities above and beyond other science

attitudinal factors, and parental educational level (see Table 4.6).

Table 4.6. Standardized coefficients from Multigroup Structural Equation Models by gender for the
relationship of identity (all cases) and other attitudinal controls (statistically significant cases only) with each

of the career affinities factors.®

Boys Girls
Predictors Tech Science Health Tech Science Health
Science Attitudes
Identity 0.15* 0.40** 0.13* 0.42%* 0.27*
Fascination 0.14%*
Values 0.23%* 0.17* 0.19%* 0.19*
Competency Beliefs
Parental Career
Parent professional 0.44** 0.50%**
Parent middle-job -0.39** -0.60**

Note. **p<0.001, *p<0.05.

4.5 Discussion

In this research study employing SEM and asking students about their career affinities we
found that despite the pervasive messaging of STEM as a monolithic label in media, policy and
after school programming (Diekman & Benson-Greenwald, 2018; Glass, Sassler, Levitte, &
Michelmore, 2013; Iammartino et al., 2016; Jang, 2016; Prescod, Daire, Young, Dagley, &

Georgiopoulos, 2018; Wegemer & Eccles, 2002), students in early middle school have importantly

¢ Model controls for race/ethnicity, family support and home resources.
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differentiated career affinities towards basic science and technology. Further, even though health
is often treated as a completely separate and competing career outcome we found that career
affinities related to health are positively correlated with science career affinities. That is, despite
the fact that medical and other health careers are ultimately a different pathway, early secondary
students appear to endorse a foundational relationship between them, and indeed there is a
foundational relationship at the level of coursework through science-heavy early university-level
instruction.

Overall, the current study revealed that health, science, and technology careers had
separable affinities that nonetheless were positively rather than competitively related, at this age
and when measured as affinities that could be simultaneously endorsed, rather than specific career
goals, which are by definition competitive. This synergy is important given that both health careers
and technology careers are related to science in terms of foundations and coursework. Further,
there are complex pathways by which students often switch from one goal to another based on
their experiences in foundational courses. For example, many students select science majors during
the undergraduate years as preparation for medical school, and then later switch to STEM careers
(Witherspoon, Vincent-Ruz & Schunn, under review; Vincent-Ruz, Grabowski & Schunn, 2018).

We know turn to answer each of our research questions.

4.5.1 Factors That Influence Career Affinity in Early Secondary School

A lot of reports on the literature has focused on the relationship between career choice and
parental career influence (Gushue & Whitson, 2006; Hernandez, Rana, Alemdar, Rao, &
Usselman, 2016; Sonnert, 2009). However, there is less of an understanding on the interplay of
this influence with attitudinal factors. We competed attitudinal, parental influence and family
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background on different models. Across these different analysis attitudinal variables and more
importantly science identity were the strongest predictors of career affinity. Surprisingly parent’s
profession on Health careers didn’t have a statistical significance when predicting Health career
affinities. Furthermore, in our analysis we compared the influence of parental topic with career
professional level. When it comes to STEM careers these two topics are usually confounded as
STEM careers are often associated with higher payed jobs (Ashby & Schoon, 2001) However,
low socioeconomic status is associated both with less information about possible careers and
access to opportunities to develop STEM skills (Diemer & Hsieh, 2001; Leppel, Williams, &
Waldauer, 2001). Therefore, determining whether one factor or the other is a better predictor is
important for theoretical purposes. Finally, we didn’t find significant relationships between family
context (home resources, family support) and race with career affinities, again because. The fact
that Career professional level was an overall a strongest predictor suggests the mechanism of
parental influence might be more related to socio-economic status and access to opportunities than
topic. For example, in our sample white and Asian students were more likely to have parents with

professional type jobs (p=0.001).

4.5.2 Gender Differences in Career Affinities

The current study also revealed gender differences in relationships between career
affinities, which highlights the deeply social ways in which career conceptions are developed.
Future research must examine the kinds of experiences and societal messages that shape these
career conceptions. Practically, that health and technology career affinities are not seen as related
by girls may provide insights into why pathways combining those interests are still male dominated
(e.g., bioengineering; Matusovich et al., 2010).
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The gender-moderated relationship of science identity to health and technology careers
provides important information about functioning of science identity within larger motivational
models. Prior work on identity has called for growing identities to achieve equity without
considering the mechanisms by which identities are translated into career goals. The lack of a
relationship to technology-related careers for girls might be explained by narrow perceptions of
technology careers. One possible option could be that girls may shy away from technology careers
because they perceive them as isolating and relatively dissociated from communal goals (Hoh,
2009; Diekman et al., 2010). Interventions that change students’ perceptions of careers can lead to
large changes in career goals (Reynolds et al., 2009). For example, several out-of-school programs
have seen success by providing girls with panels and experiences to show that computer science

careers involve more than just coding (Graham & Latulipe, 2003).

4.6 Generalizability of the Patterns and Limitations

This study purposely sampled students from diverse public urban schools in one region of
the USA to understand the nature of science identity and its relationship to career affinities. While
the proportion of minoritized youth within the study sample was an overall match to base-rates in
US urban public schools, the distribution by more specific subgroups was not (Aschbasher &
Roth, 2010). Further, a much larger sample is required to produce truly representative data for
urban students in the USA, including other regions as well as private, charter, and home-schooled
students. Furthermore, a much larger sample would also allow us to draw inferences in other

important demographic groups like Latinx students.
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Finally, in this study we emphasized the difference between boys and girls across career
affinities. While this provided and advantage to understand overall patterns of behavior and
statistical power has the drawback on emphasizing a conception of gender as categorical and binary
rather than as a spectrum. We would like to emphasize the need to work as a field to work on ways

to account for the multidimensionality of gender as identity and expression in quantitative analysis.

4.7 Implications

This work brings to the foreground the importance of understanding the process of enacting
a science identity in the form of career affinities and choice will be constrained by societal factors
for both boys and for girls, particularly their stereotypes about the kind of people, the work
involved, and the values of these fields. It also provides an analytic framework that could be
productively applied to understanding marginalization more broadly.

Having a particular gender identity has many complexities associated with it. We caution
policymakers and other stakeholders to only create interventions emphasizing the communal
aspect of technology in order to attract girls into those types of careers. Leveraging only the want
to care for others would emphasize the social role of women as caretakers (Camussi & Leccardi,
2001) which has been shown to hurt women’s professional careers in the long run (Miller, 2001)
Our study suggests general trends on affinities and relationships, however, there are many ways
for girls and boys to express their gender identity in ways that don’t match these patterns.
Therefore, increasing equity in science and science related careers should appeal to the multi-
faceted aspects of early secondary school students’ multiple identities and on debunking narrow

perceptions of what careers are (Lewis, Anderson, & Yasuhara, 2016).
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4.8 Conclusions

Prior work has highlighted the importance of parental influence and attitudinal factors
shaping career choice. However, there is little information about how these different factors
interact with one another. The first contribution of this work highlights science identity as the
strongest factor determining career affinities in early secondary school. Furthermore, the literature
also suggests strong gender differences on career affinities in early secondary school. Indeed, we
found differences consistent with prior reports. However, we provide a new explanation for these
differences. Before, high career affinity towards health careers for girls has been explained as a
consequence of lack of interest or identity in STEM. However, this work shows that girls with high
science identity chose to express this identity through Health career affinities which is more

consistent with traditional feminine cultural expectations.

4.9 References

Ashby, J. S., & Schoon, 1. (2001). Career success: The role of teenage career aspirations, ambition
value and gender in predicting adult social status and earnings. Journal of Vocational
Behavior, 77(3), 350-360.

Camussi, E., & Leccardi, C. (2001). Stereotypes of working women: Tpower of expectations.
Social Science Information, 44(1), 113-140. https://doi.org/10.1177/0539018405050463

Diekman, A. B., & Benson-Greenwald, T. M. (2018). Fixing STEM workforce and teacher
shortages: How goal congruity can inform individuals and institutions. Policy Insights from
the Behavioral and Brain Sciences, 5(1), 11-18.
https://doi.org/10.1177/2372732217747889

Diemer, M. A., & Hsieh, C.-A. (2001). Sociopolitical development and vocational expectations

among lower socioeconomic status adolescents of color. The Career Development
Quarterly, 56(3), 257-267. https://doi.org/10.1002/5.2161-0045.2008.tb00040.x

104



Espinosa, L. (2001). Pipelines and pathways: Women of color in undergraduate STEM majors and
the college experiences that contribute to persistence. Harvard Educational Review, 81(2),
209-241. https://doi.org/10.17763/haer.81.2.92315ww157656k3u

Gardner, D. P., Larsen, Y. W., Baker, W., Campbell, A., & Crosby, E. A. (2001). 4 nation at risk:
The imperative for educational reform. Washington, DC: United States Department of
Education.

Glass, J., Sassler, S., Levitte, Y., & Michelmore, K. (2013). What’s so special about STEM? A
comparison of women’s retention in STEM and professional occupations. Social Forces,
92(2), 723-756. https://doi.org/10.1093/sf/s0t092

Graham, S., & Latulipe, C. (2003, February). CS girls rock: Sparking interest in computer science
and  debunking the  stereotypes. SIGCSE  Bulletin,  35(1), 322-326.
https://doi.org/10.1145/792548.611998

Gushue, G. V., & Whitson, M. L. (2006). The relationship among support, ethnic identity, career
decision self-efficacy, and outcome expectations in African American high school
students. Journal of Career Development, 33(2), 112-124.
https://doi.org/10.1177/0894845306293416

Hannover, B., & Kessels, U. (2004). Self-to-prototype matching as a strategy for making academic
choices. Why high school students do not like math and science. Learning and Instruction,
14(1), 51-67. https://doi.org/10.1016/j.learninstruc.2003.10.002

Hernandez, D., Rana, S., Alemdar, M., Rao, A., & Usselman, M. (2016). Latino parents’
educational values and STEM beliefs. Journal for Multicultural Education, 10(3), 354-
367. https://doi.org/10.1108/jme-12-2015-0042

Holdren, J. P., Cora, M., & Suresh, S. (2013). Federal STEM education, 5-year strategic plan: A
report from the Committee on STEM Education. Washington, DC: Committee on STEM
Education.

Iammartino, R., Bischoff, J., Willy, C., & Shapiro, P. (2016). Emergence in the U.S. Science,
Technology, Engineering, and Mathematics (STEM) workforce: An agent-based model of

worker attrition and group size in high-density STEM organizations. Complex & Intelligent
Systems, 2(1), 23-34. https://doi.org/10.1007/s40747-016-0015-7

Jacobs, J. E. (2005). Twenty-five years of research on gender and ethnic differences in math and
science career choices: What have we learned? New Directions for Child and Adolescent
Development, 2005(110), 85-94. https://doi.org/10.1002/cd.151

Jang, H. (2016). Identifying 21st Century STEM competencies using workplace data. Journal of

Science Education and Technology, 25(2), 284-301. https://doi.org/10.1007/s10956-015-
9593-1

105



Leppel, K., Williams, M. L., & Waldauer, C. (2001). The impact of parental occupation and
socioeconomic status on choice of college major. Journal of Family and Economic Issues,
22(4), 373-394. https://doi.org/10.1023/a:1012716828901

Lewis, C. M., Anderson, R. E., & Yasuhara, K. (2016). “I don’t code all day”: Fitting in computer
science when the stereotypes don’t fit. Proceedings of the 2016 ACM Conference on

International Computing Education Research, 23-32.
https://doi.org/10.1145/2960310.2960332

Miller, D. C. (2001). Children’s policy and women’s policy: Congruence or conflict? Social Work,
32(4), 289-292. https://doi.org/10.1093/sw/32.4.289

Pless, N., & Maak, T. (2004). Building an inclusive diversity culture: Principles, processes and
practice. Journal of Business Ethics, 54(2), 129—147. https://doi.org/10.1007/s10551-004-
9465-8

Prescod, D. J., Daire, A. P., Young, C., Dagley, M., & Georgiopoulos, M. (2018). Exploring
negative career thoughts between STEM-declared and STEM-interested students. Journal
of Employment Counseling, 55(4), 166—175. https://doi.org/10.1002/joec.12096

Sadler, P., Sonnert, G., Hazari, Z., & Tai, R. (2001). The role of advanced high school coursework
in increasing STEM career interest. Science Educator, 23(1), 1-13.

Sonnert, G. (2009). Parents who influence their children to become scientists. Social Studies of
Science, 39(6), 927-941. https://doi.org/10.1177/0306312709335843

Stevenson, H. J. (2014). Myths and motives behind STEM education and the STEM-worker
shortage narrative. Issues in Teacher Education, 23, 133-146.

Wegemer, C. M., & Eccles, J. S. (2002). Gendered STEM career choices: Altruistic values, beliefs,
and identity. Journal of Vocational Behavior, 110, 28-42.
https://doi.org/10.1016/j.jvb.2018.10.020

106



5.0 Critical Use of Quantitative Methodologies

5.1 Summary of Findings

A key theoretical underpinning of identity as an overall concept is that it can only occur
because in a given society there are different structures and roles creating contrasting categories
from which people must choose (Stets & Burke, 2001). Therefore, despite identity referring to an
internal state and process, it cannot be separated from the individual’s relationship with the outside
world. A process of self-categorization into a group identity creates an accentuation of the
perceived similarities between the self and other in-group members while also accentuating
differences between self and out-of-group members (Stets & Burke, 2000). As a consequence, a
person will choose behaviors, styles of speech, and experiences that will enhance these similarities
to these characteristics of the group, which in turn enhances all the attitudes and related affective
reactions related to the group. This dissertation presented three empirical studies that both
deepened and expanded understanding of science identity, a kind of educationally-relevant identity
that is particularly challenging for many students to hold. Furthermore, the three studies provided

practice and policy implications for the field of science education.

5.1.1 The Nature of Science Identity

Even though the literature has suggested that science identity is an important factor in
determining career pathways in science, it has been less clear about what components are distinctly

part of science identity vs. other attitudinal constructs (Sadler, et al., 2001; Hazari et al., 2010). In
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my first empirical paper, I conceptualize science identity as an interplay of perceived internal and
perceived external aspects and show that in early secondary school these two aspects of identity
are closely connected and dependent on each other. Furthermore, I provide strong quantitative
evidence to show how it is separate from other attitudinal constructs that are dominant in the
literature, like fascination/interest/intrinsic value, extrinsic value, or competency beliefs/self-
efficacy. Therefore, this paper contributes to the field by theoretically clarifying the nature of the
construct while also providing clear empirical evidence for that conceptualization.

This empirical investigation of this conceptualization took a quantitative route for both
measurement and cross-validation of the construct structure. Given the amount of work already
completed using qualitative methodologies, I decided to advance the conceptualizations of science
identity using advanced quantitative methods, a much less explored area. However, it is the deep
existing understanding provided by the qualitative literature that served as a foundation for this
conceptualization and measurement development, so the qualitative work on identity should be
considered synergistic rather than competitive with the quantitative work on identity. Further, the
now-validated quantitative measure can be scalable to larger populations which then creates
opportunities to unearth new patterns related to the internalization of science and uncover
systematic areas of inequity in experiences that support science identity development or enactment

of such an identity inside and outside of educational environments.

5.1.2 Identity Complexes as a Way to Study Endorsement of Multiple Identities

Topical identities, like science identity and math identity, have been traditionally studied
in isolation (Harrison, Sailes, Rotich, & Bimper, 2011; Kelly-McHale, 2013; Langdon & Petracca,
2010), where in my second empirical paper, | created and applied a new framework for studying
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their interaction as well as effects of such interactions on student choices. My theoretical
contribution is in introducing identity complexes. This concept directly represents the many
identities individuals hold, including the possibility of multiple topical identities. It also builds on
the theory that an individual’s topical identities are a constant negotiation with their goals, cultural
expectations, and the different social identities they chose to endorse, which then shape the
combinations of topical identities that are observed and their association with demographic-based
identities. Furthermore, my contribution to the science identity field not only highlights the ways
in which students endorse other non-STEM identities at the same time, but it also reveals the ways

which these other identities are not detrimental to participation in science.

5.1.3 The Gendered Relationship of Science Identity to Science and Science-Related

Career Affinities

Science identity has been strongly linked to career choice through retrospective interviews
(Rosa & Mensah, 2016), and this connection serves as a strong justification for research on science
identity—the ‘so what’ of the construct. However, given that this kind of evidence relies on
memories of subjective states from long ago which are likely to reconstructed to be consistent with
current identities, it is difficult to really establish causality of this relationship. Science identity
was also found to be an important factor in students’ persistence and learning in science (Barton
& Tan, 2010; Hazari et al., 2010). However, there was still some remaining ambiguity about what
specific role science identity played in science-related careers.

My third empirical paper provided three key contributions to the literature. First, as a more
conceptual contribution, I revealed the ways in which STEM(M) career affinities are related to one
another in early secondary school. This worked revealed that STEM is actually too broad of a
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categorization for capturing the nuance of affinities. It also revealed that health careers affinities
are actually positively rather than negatively associated with science career affinities, contrary to
prior claims.

Second, of both practical and theoretical value, this study revealed that science identity is
still a malleable (and therefore intervenable) factor that is nonetheless very important for predicting
career affinities. The prior literature has focused on the role of parental career and socio-economic
status in these choices, but these are not things that educators can change. It is quite useful to find
a malleable factor that a strong driver of large consequential decides like career choices.

Third, this study provided evidence that even though science identity mediates the
relationship between gender and science career affinities, more importantly, the study reveal that
the mechanism for science-related careers is quite different by gender and by type of science-
related career. This finding highlights the deeply social/contextual nature of the translations of
identity into career, rather than a fixed psychological law. It also directs areas of intervention
beyond only attending to identity but also to conceptualization of career categories (i.e., supporting

identity development is not enough to address large differences in career aspirations).

5.2 Limitations and Critical Use of Quantitative Methodologies

A central underlying goal of this dissertation is to address the issue of equity in science,
with a particular focus on patterns of marginalization through the lens of science identity that
emerge in early secondary school and are consistent with the lack of representation and power of
minoritized populations in science careers. Therefore, I now take up an unspoken question

surrounding these empirical studies: Can quantitative methods, long critiqued for their inability to
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capture the nuance of everyday experience, support and further an equity agenda in science identity
and science education overall?

Several scholars have started questioning what it means to do critical quantitative
methodologies (Crawford, 2018; Garcia, Lopez, & Vélez, 2017; Gillborn, Warmington, &
Demack, 2017; Huber, Vélez, & Solorzano, 2017). In this section, I want address some of the
issues prior work has raised and build upon them to provide support for future scholars wanting to
use quantitative methodologies to further equity and justice agendas. This section focuses on four
salient issues regarding the use of quantitative methodologies and their amenability to further
equity and justice agendas: 1) Categories as Social Constructs, 2) Taking statistical analysis at face
value, 3) Quantification of Systemic Oppression, 4) Interpretation of Statistical Coefficients, 5)

Using experiential knowledge.

5.2.1 Categories as Social Constructs

Key results in these studies involved the strong role gender played in the way students
experience and make choices due to their science identities. However, is important to point out
that the use of gender in these studies relied on a binary operalization of gender. Defining gender
as a binary erases the existence of trans and non-binary people (Frohard-Dourlent, Dobson, Clark,
Doull, & Saewyc, 2017; Nicolazzo, 2014). During the construction of the demographic data
survey, rather than relying on district-provided binary data, we constructed a gender survey
following the guidelines of prior work (Broussard, Warner, & Pope, 2018), which allowed for non-
binary responses as well as allowing students to define their gender, rather than using sex as would
likely be provided by the school districts. In my dissertation studies, trans and non-binary youth
were a small percentage of the sample, approximately 1%. Therefore, the quantitative methods
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chosen by these studies could not be used to meaningfully study their experiences and make
meaningful conclusions about their science identity. Furthermore, conceptualizing gender as
several distinct categories might not be nuanced enough. Some researchers argue that gender is
better conceptualized as a spectrum rather than distinct categories (Kuper, Nussbaum, &
Mustanski, 2001). Further, dimensional conceptualizations are amenable to quantitative methods
pending big enough sample size. Therefore, science educators and quantitative researchers should
collaborate with trans-scholars to develop measurements that capture the nuance and complexity

of gender.

5.2.2 Statistical Analyses Have No Inherent Value

To address this issue, I want to specifically draw attention to the LCA methodology
presented in the second study (Chapter 3) and why this approach was chosen over other options
suggested by the literature. Particularly, I chose a probability regression approach (Clark &
Muthén, 2001) instead of a, three-step approach as is often recommended (Vermunt, 2001). In this
approach, each individual is allowed fractional class membership in all possible identity complexes
and may have non-zero values for multiple classes (e.g., a 70% change of being in the Athletic
group and a 20% chance of being in the Artistic group). It is from these probabilities that the effects
of different covariates are assessed (e.g., are girls more likely than boys to be in the Athletic
STEMer category?). However, that was not the original approach I took; instead I first used the
commonly recommended, three-step approach in which covariates are part of the LCA model
calculation (Clark & Muthén, 2001). This approach makes the covariates part of the information
used by the algorithm to estimate class probabilities, and it has been argued that such an approach.
This approach was created after noticing a classify, analyze approach (regressing on the categories
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as mutually exclusive) created bias on the standard errors (Clark & Muthén, 2001). However, there
is no evidence that this approach is inherently better than the probability regression approach.
When using the three-step approach, I observed something interesting. In LCA, people that do not
exactly fit one of the classes will be classified according to the closest match. With many features
and complex patterns that human identity will typically involve, many students will not exactly fit
one of the clusters. When using the three-step approach, people that did not match any of the
identity complexes tended to be classified where the majority of people of their gender and race
were distributed. That is, because using covariates is part of the algorithmic decision process and
the probability estimation failed to give a clear-cut classification, the algorithm was strongly
influenced by tendencies within gender and race combinations. From a statistical perspective, the
final classification had good statistical fit and without second thought from a numbers perspective
the model looked correct. However, this process greatly magnified stereotypical patterns for both
genders. For example, without including covariates in the classification process, girls had a mean
probability over 90% in the Artistic category, whereas with the covariate information, this
probability for girls was 37%. When I was writing about the results, [ was taken aback by the very
large difference in classification rates, and the ways in which it did not match what I saw in more
simple frequency counts of responses. This instance highlights the importance of not taking
quantitative analysis at face value just because the numbers are “mathematically correct.” Instead,
the researcher has to be conscious of whether the results make theoretical sense and weight the
advantages and limitations of each methodological approach not only when making decisions of

which one to use but also when it comes to analyzing and interpreting the results.
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5.2.3 Interpretation of Statistical Coefficients and Experiential Knowledge

In line with a perspective of social construction within quantitative methods ((Huber,
Vélez, & Soldérzano, 2017)), there is a need for critical interpretation of statistical coefficients, the
dominant numbers within quantitative methods. Often times, when it comes to the measurement
of learning, negative coefficients are associated with a deficit perspective. That is, the models are
interpreted as minoritized groups to living to expectations compared to their peers. Though
interpretation informed by the experiential knowledge of marginalized groups, I interpret these
results in light of systemic disadvantages. As an example, from prior research, black students get
lower scores on standardized testing not because they are less capable but because they attend
segregated schools that have less resources to provide adequate instructions (Owens, 2018). A
good example of this interpretational stance in my dissertation occurs within Chapter 4. In my
study of the relationship of science identity to career affinities, I first observed that girls were less
likely to have a career affinity within the technology cluster. Instead of just reporting this
likelihood, I explained this relationship as a consequence of differential enactment of scientific
identity. This is consistent with experiential knowledge reported both from retrospective case
studies and interviews with your girls regarding socialization and femininity in technology

contexts (Archer et al., 2001; Betz & Sekaquaptewa, 2001; Wegemer & Eccles, 2002).

5.2.4 Centrality of Systemic Oppression and Lived Experiences

Critical theory is centered on the principle that racism, race, and its intersections (with
gender, class, etc.) are an endemic part of society (Garcia et al., 2017; Gillborn et al., 2017).

However, their effects may be invisible within biases of measurement, sample selection, sample
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retention, etc. For example, in my dissertation studies, it was not possible to conduct intersectional
analysis beyond the comparison between white and Black students. This is because the other
racial/ethnic categories on the sample were not big enough to accommodate moderation analysis
from a statistical power perspective. Another example comes from Chapter 4. Qualitative work in
the literature suggests that women shy away from Technological careers due to messaging that
these careers are not “feminine” and that girls should strive to femininity first (Archer et al., 2001).
That is, patriarchal expectations push girls away from these types of careers. However, in my
studies I didn’t have a specific measure about message perception or whether girls have heard
pushback from family or counselors when expressing their want to study this. These considerations
therefore beg the question of how to interpret results based upon experiential knowledge and
acknowledgement of systemic inequities. A possible solution for this is mixed-methods studies, so
we can cross-validate what we observe quantitatively with qualitative data, in addition to allows
deeper exploration into these topics. In the case of science identity, mixed-methods studying the
process of internalization of identity could strengthen the work produced in this dissertation.
Specifically, I suggest future qualitative investigations of the ways in which the
internalization process is affected by interactions among personal, social, and cultural factors.
Personal factors emphasize an individual’s autonomy and engagement with experiences as being
coherent with their desires separate from community expectations (Bathgate, 2016; Hewitt, 1989).
Social factors refer to the classification of the individual with relation to other people, social
categories, or roles (Turner, Hogg, Oakes, Reicher, & Wetherell, 1987), for example, whether one
is part of the science community or not (Kozoll et al., 2002). Cultural factors refer to the “imposed”
selves based upon people with shared history and cultural expectations held in common (Hall,

1990). For example, even before children develop science related aspirations, they perceive and
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internalize ideas about science, race, gender, and expected social roles from their parents (Archer
et. al., 2013), the media (Steinke, et. al., 2012), and environment (Adams, Gupta, & Cotumaccio,

2014).

5.3 Conclusions

Through the three empirical studies of my dissertation, I argue for the centrality, power
dynamics, and complexity of science identity and why its study is critical in education. Science
Identity is shown to be a useful lens in particular educational fields where we have failed to support
minoritized populations and their educational pathways in science and science related careers.
There are three important contributions from this work. First, [ have clarified the conceptualization
of science identity in early secondary school as a combination of personal and social factors.
Second, I drew attention to the ways in which students can have multiple topical identities not
related to science and a framework for understanding these topical complexes. Finally, I
highlighted the importance of science identity for student choice in terms of career affinities for
both science and science-related careers. The three papers further highlighted important

differential relationships by gender and race/ethnicity.
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