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ABSTRACT

Based on theoretical frameworks of scientist stereotypes, possible selves, and science
identity, written assignments were developed to teach science content through biog-
raphies and research of counter-stereotypical scientists—Scientist Spotlights (www
.scientistspotlights.org). Previous studies on Scientist Spotlight assignments showed sig-
nificant shifts in how college-level biology students relate to and describe scientists and
in their performance in biology courses. However, the outcomes of Scientist Spotlight as-
signments in secondary schools were yet to be explored. In collaboration with 18 science
teachers from 12 schools, this study assessed the impacts of Scientist Spotlight assign-
ments for secondary school students. We used published assessment tools: Relatability
prompt; Stereotypes prompt; and Performance/Competence, Interest, and Recognition
(PCIR) instrument. Statistical analyses compared students’ responses before and after
receiving at least three Scientist Spotlight assignments. We observed significant shifts
in students’ relatability to and descriptions of scientists as well as other science identity
measures. Importantly, disaggregating classes by implementation strategies revealed that
students’ relatability shifts were significant for teachers reporting in-class discussions and
not significant for teachers reporting no discussions. Our findings raise questions about
contextual and pedagogical influences shaping student outcomes with Scientist Spot-
light assignments, like how noncontent Instructor Talk might foster student shifts in as-
pects of science identity.
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INTRODUCTION

I remember learning about a Latino who immigrated to the United
States during the 70s where Latinos were heavily discriminated
against, and he became a very high-ranking surgeon.

High School Student, Written Response in Preassessment
(PEER, heterosexual cisgender man, 15 years old)

Based off of the scientists most heavily portrayed and represented
in America, scientists tend to be white men, as women and people
of color are often discriminated against in STEM fields.

High School Student, Written Response in Preassessment
(Non-PEER, bisexual cisgender woman, 16 years old)

The Representation of People in STEM Fields Does Not Yet
Reflect Our Society

In the United States, several decades of federal investment
and advocacy have taken place to promote the recruitment
and persistence of students from underrepresented back-
grounds in science, technology, engineering, and mathemat-
ics (STEM), and there is still work to do. Fifty-seven years
after the Title VI Civil Rights Act of 1964, which prohibits
discrimination based on race, color, or national origin by
recipients of federal funds, the National Academies of Sci-
ences, Engineering, and Medicine (NASEM, 2023) published
a consensus study on Advancing Anti-Racism, Diversity,
Equity, and Inclusion in STEMM Organizations. Discrimina-
tion still exists. From the overarching findings of NASEM
down to the perception of the high school students quoted
above, there remains an ongoing need to challenge systems
enabling discrimination and to advocate for diversity, equity,
and inclusion in STEM fields.

Despite decades of efforts, a disproportionate number of col-
lege students who are no longer pursuing STEM majors identify
as Black or African American, Hispanic or Latine,! and Ameri-
can Indian or Alaska Native, that is, People Excluded due to
Ethnicity or Race (PEER; Asai, 2020). Much of this pattern has
been attributed to the exclusionary practices perpetuated by the
dominant culture in STEM. To intentionally challenge these
biases, promote a more inclusive culture, and enable the suc-
cess of PEER in STEM, how might we bolster students’ sense of
belonging in the sciences at academic levels before college in
middle and high school curricula (also known as “secondary
schools”)? Adolescence is a developmental stage theorized to
be when students “develop a notion of work fields and how
their self-concept is related to these work fields” (van Tuijl and
van der Molen, 2016, p. 171). One source—if not the only
source—from which secondary students learn about STEM
work fields is their textbooks.

The Representation of Scientists in Textbooks Does Not
Yet Reflect Our Society

From discourse and image analysis of science textbooks in the
United States, researchers identified that scientists were depicted

'We acknowledge the discussion is ongoing for Spanish-speaking communities
over gender-neutral terminology. Latine uses morpheme-e, “already existent in
the Spanish phonological and lexical systems” (Slemp, 2020, p. ii).
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as predominantly white? men in textbooks for grades 1-8 pub-
lished from 1980 to 1988 (Provenzo et al., 2010) and predomi-
nantly European in K-12 science and mathematics textbooks
published from 2003 to 2013 (Chacén-Diaz, 2022). This biased
representation was also found in the seven most commonly used
college biology textbooks published from 2016 to 2019 (Wood
et al., 2020). While there has been some effort to include white
women and people of color, pre-service teachers noted that
information about scientists’ backgrounds were boxed off sepa-
rately from the text, not content focused, and therefore ignored
in their teaching (Pringle and McLaughlin, 2014). The images of
people from groups marginalized by racism and/or sexism in
science textbooks were often not doing science but rather every-
day activities like sports or cleaning, and even these depictions
were stereotypical in nature (Provenzo et al., 2010). Given the
incremental change of scientist representation in textbooks has
been slow (Wood et al., 2020), other resources are needed to
teach science content through the stories of Black and Indige-
nous scientists of color, disabled scientists, LGBTQIA+ scientists,
international scientists, and scientists from working-class and
first-generation college-going backgrounds.

Highlighting Counter-Stereotypical Scientists: College
Biology Students Engage in Reflective Writing to Learn
Course Content with Scientist Spotlight Assignments

To highlight the work of scientists from backgrounds that have
been excluded from science textbooks, Scientist Spotlight
assignments were designed to be written reflections that teach
science content. The assignments are searchable by content
area and Next Generation Science Standards (NGSS) in an
online database (www.scientistspotlights.org). Each assign-
ment offers a short introduction, a photograph featuring the
scientist, and external links to two types of resources: 1) a con-
tent resource about the scientist’s work and 2) a biographical
resource about the scientist’s background. Finally, each Scientist
Spotlight assignment has written reflection questions, prompt-
ing students to write about what content they learned, what
questions they have, and what the assignment tells them about
the types of people that do science.

By addressing issues of curricular representation, Scientist
Spotlight assignments were shown to support equitable student
success in college biology (Schinske et al., 2016). The assign-
ment was developed from research in a 2-year college setting.
Schinske et al. (2015) laid the groundwork by assessing how
scientist stereotypes were described by college-level biology
students at an Asian-American and Native American Pacific
Islander-Serving community college. They found that students
who started the course describing scientists with nonstereo-
types (e.g., “Any type of person”) had passed the course at
significantly higher rates than students who provided more ste-
reotypical descriptors. Subsequently, they designed an interven-
tion to foster nonstereotypical thinking about the types of peo-
ple that do science—the Scientist Spotlight assignment. The
research team found that biology students in sections receiving

2There are debates about whether the “w” in white should be capitalized as the
“b” is for Black when describing socially constructed racial categories (Appiah,
2020). The “w” is lowercase as it is found in previous studies and student written
responses and capitalized when describing the label for demographic groups of
the present study.
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weekly Scientist Spotlight assignments had, on average, a course
grade level higher than students in sections who received a
course reading without written reflections (Schinske et al.,
2016). Since these initial studies, Scientist Spotlight assign-
ments have continued to be assessed at the college level
(Aranda et al., 2021; Brandt et al., 2020; Macdonald et al.,
2019; Ormand et al., 2021; Yonas et al., 2020). However, the
impacts of these assignments on a broader population of stu-
dents—students who might not otherwise choose to enroll in a
college-level biology course or even consider pursuing col-
lege—have yet to be explored.

Given the findings of previous research, we predicted Scien-
tist Spotlight assignments could be a promising intervention in
secondary school science based on three theoretical and phe-
nomenological frameworks, which are introduced in subse-
quent sections: 1) possible selves, 2) scientist stereotypes, and
3) science identity.

Scientist Spotlight Assignments Aim to Expand Students’
Possible Selves to Include Science

As a precursor to promoting a more diverse STEM field, students
from backgrounds excluded from the sciences need to be able to
conceive the possibility of being and becoming scientists. To bet-
ter understand “individuals’ ideas of what they might become,
what they would like to become, and what they are afraid of
becoming,” Markus and Nurius (1986, p. 954) conceptualized
possible selves as a theory grounded in self-concept and identity
to guide future research. As a dynamic and multifaceted phe-
nomenon, possible selves could affect our behaviors and moti-
vation, or “dispositions” toward possible selves that are hoped
for and away from possible selves that are dreaded (Markus and
Nurius, 1986; Dunkel and Kerpelman, 2006; Hock et al., 2006).

Schinske et al. (2016) designed a tool to assess community
college students’ possible science selves by asking students if
they knew of one or more important scientists to whom they
could personally relate. Students responded to this Relatability
prompt before and after taking a biology course with weekly
Scientist Spotlight assignments. After the intervention, students
described scientists in relation to themselves by using phrases
such as “like me” or “I am also...” followed by students’ per-
sonal characteristics, suggesting that community college stu-
dents shifted in their perceptions of their possible science selves
(Schinske et al., 2016).

To foster students’ possible science selves, educators need
broadly accessible and evidence-based interventions to try in
their context. While possible selves have been explored in many
middle school and high school studies (Oyserman et al., 2004;
Hock et al., 2006; Mills, 2014; Shah et al., 2021; Grimalt-Alvaro
et al., 2022), such studies have focused on outcomes of a field
trip, program, or game that is not readily adaptable or accessi-
ble in other contexts. Meanwhile, the Scientist Spotlights Initia-
tive hosts a searchable, online database of adaptable assign-
ments (i.e., an editable Word document) that can readily be
used to introduce students to the many types of people that do
science. Importantly, Hill et al. (2017) suggested that introduc-
ing secondary students to examples that counter gender biases
could expand their possible selves in science. Would secondary
students increase their relatability to scientists—and expand
their possible science selves—after receiving Scientist Spotlight
assignments?
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Scientist Spotlight Assignments Aim to Challenge Scientist
Stereotypes

Previous studies show a persisting bias in students’ assump-
tions about scientist stereotypes that could impact their percep-
tion of the types of people that do science; however, there are
limitations to a widely used method to assess the scientist ste-
reotypes perceived by K-12 students. Specifically, students
respond to the prompt, “Draw a scientist,” and researchers use
the Draw-A-Scientist Checklist (DAST-C) to quantify charac-
teristics of the drawings that students provide. A meta-analy-
sis of research using the DAST-C summarized, across study
contexts from 2003 to 2018, that students consistently drew
scientists as white, older men in lab coats (Ferguson and
Lezotte, 2020). DAST was designed to allow young people,
with a range of home languages, to express their ideas about
scientists without verbal expression (Chambers, 1983). How-
ever, there are some notable limitations of DAST. First, stu-
dents may think the task is to draw a figure that is broadly
recognizable as a scientist, leading students to draw from ste-
reotypes instead of representing their own ideas about scien-
tists (Symington and Spurling, 1990; Thomas et al., 2006).
Second, researchers observed that the details of drawings var-
ied greatly between students in underresourced and well-re-
sourced schools (Chambers, 1983). In this original study,
Chambers (1983) suggested these differences could be
attributed to students’ exposure to various scientific instru-
ments and drawing capabilities. Third, the personal character-
istics of student participants could influence the gender and
race of the scientists represented in the drawings. Euro-Amer-
ican and African-American students in grades 1-7 mostly
cited self-image as a motivating factor behind their choices
(Sumrall, 1995). Finally, because students are instructed to
simply “draw a scientist,” the singular use of the term “scien-
tist” suggests a sole individual. This instruction might not
allow students to express the range of personal characteristics
that they might have otherwise depicted. Given the limita-
tions of drawing a scientist, how might secondary students
describe the types of people that do science in a written
prompt, which would allow for an elaboration of students’
ideas beyond drawing?

To measure shifts in college students’ descriptions of the
types of people that do science, Schinske et al. (2016) devel-
oped the Stereotypes prompt to ask students to describe the
types of people that do science. In this previous study, col-
lege students received weekly Scientist Spotlight assign-
ments. Relative to students receiving assignments from a
course reader, college students receiving Scientist Spotlights
had significantly shifted how they described the types of
people that do science in their written responses to include
more nonstereotypical descriptors (Schinske et al., 2016).
Given the findings for college-level biology students, Scien-
tist Spotlight assignments could be an effective intervention
to shift secondary students’ written descriptions of scientists
as well.

Scientist Spotlight Assignments Aim to Invite Students to
Reflect on and Develop Aspects of Science ldentity

To assess key predictors of student persistence in STEM, we
also considered science identity in the present study. A growing
body of research on science identity has corresponded with
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the development of quantitative measures for large-scale
studies. Over the past few decades, science identity has been
explored through multiple frameworks and across age groups
(Simpson and Bouhafa, 2020). Science identity can be shaped
by clubs, programs, games, mentoring experiences, culturally
relevant pedagogy, and more (Simpson and Bouhafa, 2020).
Of relevance for the present study is the PCIR instrument,
measuring Performance/Competence, Interest, and Recogni-
tion in science (Godwin et al., 2016). The development of
PCIR was informed by qualitative research on science identity
that highlighted these traits as key ingredients for student per-
sistence in science (Brickhouse et al., 2000; Carlone, 2004;
Carlone and Johnson, 2007; Barton et al., 2008). Importantly,
it was found that students may disengage from pursuing sci-
ence if their idea of “science identity” does not align with their
cultural and community values. One may wonder whether
pushing the definitional boundaries of what it means to be a
scientist—through Scientist Spotlight assignments aimed at
both expanding students’ possible selves and challenging sci-
entist stereotypes—could shift aspects of students’ science
identity.

To date, PCIR has not been used to compare secondary
students’ shifts in science identity before and after receiving
Scientist Spotlight assignments. Further, to our knowledge,
evidence for validity of this instrument had not been gath-
ered in secondary school settings. If there were evidence for
validity, this quantitative PCIR instrument could comple-
ment the qualitative responses of the Relatability prompt
and the Stereotypes prompt. We anticipated that using PCIR
in secondary schools, before and after students receive Sci-
entist Spotlight assignments, could assess whether students
shift in their performance/competence, interest, and/or rec-
ognition in science in a large-scale and scalable manner.
Beyond these methodological benefits, Dou et al. (2019)
showed evidence that higher PCIR scores corresponded to a
higher likelihood that students would pursue STEM majors
(Dou et al., 2019). Therefore, we anticipated that pre-post
shifts in aspects of secondary students’ science identity,
assessed through PCIR, might be used as a proxy for poten-
tial long-term impacts of Scientist Spotlight assignments in
secondary school settings.

Research Questions for Implementing Scientist Spotlight
Assignments in Secondary Schools

To assess whether Scientist Spotlight assignments could expand
students’ possible science selves, challenge long-standing scien-
tist stereotypes, and cultivate aspects of science identity, our
multi-school study set out to address the following research
questions:

1. To what extent are Scientist Spotlight assignments associ-
ated with shifts in secondary science students’ relatability to
scientists?

2. To what extent are Scientist Spotlight assignments associ-
ated with shifts in secondary science students’ stereotypes
about the types of people that do science?

3. How, if at all, do Scientist Spotlight assignments impact
aspects of secondary students’ science identity, through a
self-assessment of their own performance/competence, inter-
est, and recognition (PCIR) in science?

22:ar22, 4

METHODS

To investigate student shifts in multiple measures of science
identity, we employed qualitative and quantitative methods. In
the following sections, we summarize our recruitment process
for teacher-researchers, the assessment design, and implemen-
tation procedures. Further, we present our inclusion criteria for
student participants and detail our assessment of students’
relatability to and stereotypes about scientists through system-
atic qualitative analysis. Finally, we evaluated the evidence for
validity of the quantitative assessment tool for our study con-
text and analyzed shifts in students’ responses to the PCIR
instrument.

Institutional Research Board

The study was non-exempt and approved by full committee
review by the San Francisco State University IRB Office (proto-
col no. H20-08).

Recruitment of Teacher-Researchers

To evaluate the impacts of Scientist Spotlights in secondary
school science classes, we invited secondary school science
teachers to collaborate (“teacher-researchers”). To recruit teach-
er-researchers, we contacted a convenient sample of science
teachers who participated in previous Scientist Spotlight and
Scientific Teaching workshops who signed up to be contacted
for future research opportunities. We asked teachers to com-
plete a survey expressing their interest in implementing Scien-
tist Spotlight assignments in secondary schools. As an incentive,
teacher-researchers were offered a $2000 stipend and the
opportunity to contribute as coauthors for the resulting paper.

Assessment Design

To assess shifts in multiple measures of students’ science iden-
tity, the pre- and postassessments consisted of two parts. Part 1
of the assessment included two open-ended prompts: a Relat-
ability prompt and a Stereotypes prompt (adapted from Schin-
ske et al., 2015, 2016; see Table 1). Part 2 of the assessment
included 11 closed-ended items to measure students’ sense of
their own performance/competence, interest, and recognition
in science, henceforth PCIR (adapted from Godwin et al., 2016;
see Supplemental Table 1).

Scientist Spotlights Intervention in Secondary Schools

Teacher-researchers were asked to give their students a preas-
sessment, at least three Scientist Spotlight assignments, and a
postassessment over the course of a term. Before the start of the
study, teacher-researchers attended an orientation (facilitated
by D.O., K.D.T,, and J.N.S.) to explore the database of more than
200 Scientist Spotlight assignments, mostly authored by college
students (www.scientistspotlights.org offers examples of these
assignments). After selecting at least three Scientist Spotlight
assignments to implement in their classes, teacher-researchers
could modify the assignments to align with their specific learn-
ing goals. Due to the switch to online teaching with the corona-
virus pandemic, the vast majority of teacher-researchers gave
students the assessments and Scientist Spotlight assignments
remotely. Further, given the “excruciatingly difficult conditions
brought about by COVID school closures and the lack of pre-
paredness by school districts and community infrastructure” (as
described by a coauthor), we encouraged teacher-researchers to
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TABLE 1. Open-ended assessment prompts (adapted from Schinske et al., 2016)

Assessment Response type

Instructions for student respondents

Relatability prompt Closed-ended and open-ended

“I know of one or more important scientists to whom

I can personally relate.” (select one)
Strongly disagree — Somewhat disagree — Somewhat agree — Strongly agree
Please explain your opinion of the statement.

Stereotypes prompt Open-ended

Based on what you know now, describe the types of people that do science.

If possible, refer to specific scientists and what they tell you about the types of
people that do science.

implement the assignments as they saw fit for their context with
the intention of following up post facto to ask about
implementation.

Inclusion Criteria for Student Participants

To enable a pre and post comparison, we included secondary
science students who completed both the pre- and postassess-
ment sequentially. Only students who agreed to participate,
responded to the closed-ended Relatability prompt, and com-
pleted the 11 PCIR questions were included in the study. To
ensure students received at least three Scientist Spotlight assign-
ments, teacher-researchers provided students’s homework
responses. The Scientist Spotlight assignments that were imple-
mented at each school are summarized in Supplemental Table 2.

Identifying Participant Demographics

To evaluate whether and how Scientist Spotlights would corre-
spond to student outcomes across demographic groups, an
optional form was included at the end of the postassessment,
inviting participants to share their self-identified gender, race,
and ethnicity. Only students who completed the relevant aspect
of the demographic form were included in the disaggregated
analysis. Self-identified gender included women, men, and
nonbinary. Race and ethnic identities were disaggregated in
two ways: by PEER and by SOC. PEER included students who
identified as Hispanic or Latine, Black or African American, and
mixed ethnicity and races with these designations (Asai, 2020).
SOC included all students who did not identify only as white,
which included and is not limited to students who identified as
Asian, Middle Eastern, and mixed race.

Assessing Shifts in Secondary Students’ Relatability to
Scientists following the Scientist Spotlights Intervention
To explore the extent to which students in secondary school
shift in their relatability to scientists, we used a Relatability
prompt: “I know of one or more important scientists to whom I
can personally relate” (Schinske et al., 2015; Table 1). After
responding to a closed-ended agreement scale (strongly agree,
somewhat agree, somewhat disagree, strongly disagree), stu-
dents were asked to elaborate on their choice with an open-
ended prompt: “Please explain your opinion of the statement.”
To maximize statistical power, we grouped students as “agree”
or “disagree.”

To validate the assessment prompt in a novel context, J.N.S.
and D.O. independently reviewed students’ written responses to
the open-ended prompt and investigated whether agreement
could be deduced. To minimize coding bias, the pre- and postas-
sessment responses randomly sorted. Each student’s written
response was coded as “agree,” “disagree,” or not codable.
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J.N.S. and D.O. coded all written responses to consensus. From
this process, we created a researcher-adjusted code to analyze
shifts in students’ relatability to scientists. If a student’s written
response was not codable, we used the student’s closed-ended
response as the researcher-adjusted code. To explore evidence
for the validity of the prompt, we checked the alignment
between the researcher-adjusted code (from students’ open-
ended responses) and students’ selection on the closed-ended
agreement scale (grouped as “agree” or “disagree”). The rate of
alignment between the researcher-adjusted code and students’
closed-ended response is summarized in the Results.

Next, to analyze the researcher-adjusted code and evaluate
whether there was a statistically significant shift overall in the
students who selected “disagree” in the preassessment to
“agree” in the postassessment, we conducted a cross-tabulation
analysis and then McNemar’s chi-square tests in RStudio using
the mcnemar.test function from the stats package (v. 3.6.2;
R Core Team, 2019). To investigate the extent to which students
across demographics shifted in their relatability to scientists, we
disaggregated responses by students’ self-identified gender and
by race and ethnicity in two ways: 1) PEER and non-PEER and
2) SOC and White students. Bonferroni-corrected McNemar’s
chi-square tests were conducted on cross-tabulations across
demographic groups. For seven comparisons (pre and post
shifts for students overall, women, men, PEER, non-PEER, SOC
and White students), Bonferroni’s adjustment for significance
was calculated to be p < 0.00714.

Analyzing Secondary Students’ Stereotypes about the
Types of People That Do Science following the Scientist
Spotlights Intervention

To assess secondary students’ perceptions of the types of people
that do science and shifts in scientist stereotypes before and
after completing at least three Scientist Spotlight assignments,
students responded to the open-ended Stereotypes prompt:
“Based on what you know now, describe the types of people
that do science. If possible, refer to specific scientists and what
they tell you about the types of people that do science” (Schin-
ske et al., 2015; Table 1).

For systematic qualitative analysis, a team of undergraduate,
graduate, postdoctoral, and faculty researchers employed the
coding rubric originating in Schinske et al. (2015) and adapted
in Aranda et al. (2021). For each student’s written response, we
counted the frequency of names, words, and phrases in the fol-
lowing categories: 1) Descriptors, 2) Scientists, and 3) Fields of
Science. For Descriptors, we coded for three categories: Positive
Stereotypes (e.g., curious, interested in science), Negative
Stereotypes (e.g., only people from specific backgrounds), and
Nonstereotypes (e.g., anyone, regardless of background). To be
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consistent with the coding practices of Schinske et al. (2015) and
Aranda et al. (2021), both Positive and Negative Stereotypes
were informed by previous research on scientist stereotypes
(Dikmenli, 2010; Mead and Metraux, 1957), and Nonstereotyp-
ical Descriptors extend beyond these previously described ste-
reotypes. For Scientists, we coded for two categories: Stereotypi-
cal Scientists (e.g., names listed in Dikmenli, 2010) and
Nonstereotypical Scientists (e.g., names from Scientist Spot-
lights). For Fields of Science, we coded for professional titles
(e.g., “cardiologist”), technical fields (e.g., “cardiology”), and
everyday vernacular (e.g., “studied the heart”). This allowed us
to code for diction used across a range of age groups found in the
present study (see Supplemental Table 3 for the coding rubric
and student examples for each category, adapted from Aranda
et al., 2021).

To minimize coding bias, all pre- and postassessment written
responses to the Stereotypes Prompt were anonymized and ran-
domly sorted. The coding team (PE, J.G., J.V.L., C.Q., H.S., J.T,
E.Z., D.O., K.D.T.) conducted systematic qualitative analysis on
students’ written responses, adapting a previously developed
coding rubric for our participant population (Supplemental
Table 3). We tallied the number of examples per category for
each student response. Each response was discussed in pairs to
reach consensus in weekly meetings. Discrepancies in interpre-
tation that were not addressed by the existing coding rubric
were brought to the larger group to discuss.

After tallying the number of codes for Descriptors (Positive
Stereotypes, Negative Stereotypes, Nonstereotypical), Scientists
(Stereotypical, Nonstereotypical), and Fields of Science for all
written responses, we calculated both 1) the proportion of stu-
dents who provided at least one example in each category and
2) the mean number of examples in each category. To compare
the pre—post shift in the proportion of students providing at
least one example, we used McNemar’s chi-square tests (Bon-
ferroni’s adjustment for significance set at p < 0.00714). To
compare the pre—post shift in the mean number of examples in
each category, we used two-tailed paired t tests (Bonferroni’s
adjustment for significance is p < 0.00714). Because the n value
is greater than 200, the parametric test (i.e., paired t test) is
robust despite deviations from normality of the data (Fager-
land, 2012; Fagerland and Sandvik, 2009). Finally, to compare
to a previous analysis conducted in Schinske et al. (2016) using
the Stereotypes prompt, we analyzed the normalized percent-
age of Stereotypical descriptors (Positive and Negative) relative
to Nonstereotypical descriptors. By dividing by the total num-
ber of descriptors, we could normalize for the various lengths of
students’ open-ended responses.

Quantifying Secondary Students’ Shifts in Performance,
Competence, Interest, and Recognition in Science
following the Scientist Spotlights Intervention

To evaluate shifts in students’ self-assessment of latent variables
connected to science identity, we included 11 closed-ended
items from the PCIR instrument (adapted from Godwin et al.,
2016; Supplemental Table 1). For each item, students responded
to a five-option agreement scale (strongly agree, somewhat
agree, neither agree nor disagree, somewhat disagree, strongly
disagree). We calculated the mean composite score for each
construct as Likert-scale items (Boone and Boone, 2012) for
each student, distinguishing from pre- and postassessment
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responses collected before and after receiving at least three Sci-
entist Spotlights.

While similar items have been used for first-year college stu-
dents in prior studies (Dou et al., 2019), we opted to conduct
exploratory and confirmatory factor analysis (EFA and CFA, as
described in Knekta et al., 2019) to gather validity evidence and
confirm the model fits the data in our context and for the pop-
ulation of interest—secondary science students. To do so, the
PCIR responses from the preassessment were randomly sorted
and divided into a learning sample for EFA (n = 396) and CFA
(n = 387). Blank responses made up less than 5% of the data
and were excluded.

Multivariate normality—skewness and kurtosis—was evalu-
ated with the Mardias test (mvn R package v. 5.9; Korkmaz
et al., 2014). The Kaiser-Meyer-Olkin (KMO) measure of factor-
ability was used to test sampling adequacy (psych R package v.
2.2.9; Revelle, 2022). An inter-item correlation was used to
check for the strength of correlations among PCIR items. The
ideal number of factors was evaluated from scree plot and par-
allel analysis (nFactors R package v. 2.4.1; Raiche et al., 2020).
Adequate model fit was determined using previously described
cutoff values for four indices (Hu and Bentler, 1999; Brown and
Moore, 2012; Knekta et al., 2019): Comparative fit index (CFI)
> 0.95, Tucker-Lewis index (TLI) > 0.95, standardized root-
mean-square residual (SRMR) < 0.08, and root-mean-square
error of approximation (RMSEA) < 0.06 (lavaan R package v.
0.6-9; Rosseel et al., 2017). Coefficient alpha was computed to
assess reliability, and acceptable values were greater than 0.70
(Knekta et al., 2019).

To evaluate how, if at all, students shift in Performance/
Competence, Interest, and Recognition in science, we calcu-
lated pre- and postassessment composite scores for each con-
struct and analyzed shifts with the paired t test (Bonferroni’s
adjustment for significance is p < 0.0167).

Disaggregating Secondary Student Responses

by Implementation Strategies Reported by
Teacher-Researchers

Because we opted to encourage teacher-researchers to imple-
ment Scientist Spotlight assignments as they saw fit for their
classes, we decided to follow up about differences in implemen-
tation that we anticipated could lead to variable student out-
comes. While not a part of the original design of the research
study, and therefore not a driving research question, we
observed variation in how teachers reported implementing Sci-
entist Spotlight assignments based on this programmatic evalu-
ation. Subsequently, to explore how, if at all, teacher implemen-
tation corresponded to student outcomes across multiple
science identity measures, we grouped students based on teach-
ers’ self-reported implementation strategies from a retrospective
reflection survey. The survey was given to teachers after they
shared student responses for the pre- and postassessments.

In the survey, teachers reported on engaging students with
In-Class Discussions about Scientist Spotlight assignments
and also assignment types (i.e., when students worked on the
assignments). Specifically, teacher-researchers responded to
the following survey questions: 1) Did you engage students in
a discussion of the purpose of Scientist Spotlights before giv-
ing the assignment? 2) Did you engage students in a discus-
sion of their experiences of doing Scientist Spotlights after
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giving the assignment? 3) When did students work on Scien-
tist Spotlights?

From the survey responses reported by teachers, we deduced
four variations of engaging students with In-Class Discussions:
Before giving the assignment; After, Both before and after; or
Neither (i.e., the teacher reported not having any In-Class Dis-
cussions, neither before nor after implementing Scientist Spot-
light assignments). Further, we identified three variations of
Scientist Spotlight Assignment Types reported by teachers:
In-Class, as Homework (HW), or a mix of both In-Class & HW.

For analyzing student shifts in their Relatability to scientists,
we disaggregated students based on the four variations of
In-Class Discussions and the three variations of Assignment Types
reported by teachers. For statistical comparisons of disaggregated
student responses to the Relatability prompt, Bonferroni-cor-
rected McNemar’s chi-square tests were conducted (Bonferroni’s
adjustment for significance set at p < 0.00714). We determined
that if In-Class Discussions and/or Assignment Types corre-
sponded to variable shifts in students’ Relatability, we would
focus on that implementation strategy to analyze data for the
remaining measures—the Stereotypes prompt and PCIR. As
discussed in the Results, variations of In-Class Discussions became
the foci for subsequent analyses. First, we compared shifts in
student responses for the Stereotypes prompt across the four
variations of In-Class Discussions. We conducted McNemar’s chi-
square tests to assess pre—post shifts in the proportion of students
including at least one Nonstereotype (Bonferroni’s adjustment
for significance set at p < 0.0125). Second, we analyzed students’
self-assessment for PCIR using paired t test (12 comparisons,
Bonferroni’s adjustment for significance set at p < 0.00417). All
statistical tests were conducted in R Studio (R Core Team, 2019).

RESULTS

In the following sections, we summarize the outcomes for our
recruitment of teacher-researchers, the inclusion criteria and
personal characteristics of student participants, and students’
shifts in multiple measures of science identity. We disaggre-
gated by students’ self-identified gender, race, and ethnicity as
well as by teacher-researchers’ reported implementation strate-
gies of Scientist Spotlight assignments in their classes.

Teacher-Researchers and Schools

All 18 teachers who completed the recruitment survey were
invited to participate. Overall, the teacher-researchers worked in
eight school districts and 12 different schools. The demographics
of the student body for each participating school are summarized
in Supplemental Table 4. Geographically, 11 of the 12 schools
were based in a western, urban region of the United States, and
the remaining school was based in an urban region of Japan.®

Student Participation and Demographics

A total of 51 classes, in which 1534 students were enrolled,
met our inclusion criteria and were given at least three
Scientist Spotlights assignments. Within these classes, 799

SAlthough in a different country from other participating schools, the school in
Japan used English as the primary language of science instruction as a part of an
internationally recognized curricular program (International Baccalaureate). We
observed no marked differences in the kinds of responses that students provided
from this context, so we opted to include them in our overarching analyses.

CBE—Life Sciences Education « 22:ar22, Summer 2023

Scientist Spotlights in Secondary School

students agreed to participate, completed both the preassess-
ment and postassessment, and responded to the closed-ended
Relatability prompt. Two students left all the PCIR questions
blank and were excluded, leaving our final participant num-
ber at N = 797, which is 52% of student enrollment in partic-
ipating classes. Based on the optional form in the postassess-
ment, students reported ages ranging from 13 to 19 years old.
Further, 54% (n = 426) self-identified as cisgender women
and 80% (n = 637) identified as SOC. Based on Asai’s (2020)
definition of PEER, 14% (n = 112) of students self-identified
as Black, Hispanic, Latine, Indigenous, and/or mixed race.
Variance across measures of science identity was visually
checked with box plots by teachers, by classes, and by schools.

Relatability to Scientists: Evaluating the Relatability
Prompt for Secondary School Students and Measuring
Pre—Post Shifts in Students’ Agreement.

To investigate shifts in secondary science students’ relatability
to scientists, we evaluated the validity of the Relatability prompt
(Table 1) in our study context then compared students’ pre-post
relatability to scientists. In the following sections, we describe
our process for evaluating validity by coding students’ open-
ended responses, comparing this to students’ closed-ended
responses, and developing a “researcher-adjusted code.”

Evaluating the Relatability Prompt: Analyzing Secondary
Students’ Open-Ended Responses for a Researcher-
Adjusted Code. To create a researcher-adjusted code (see
Methods), we randomly sorted and analyzed 1594 written
responses, which included 797 student responses from both the
pre- and postassessments. From the preassessment, 693 (87%)
of the written responses could be coded as “agree” or “disagree”
based on what the student wrote. Of the postassessment
responses, 710 (89%) were codable as well, indicating a high
proportion of meaningful written responses for both pre- and
postassessments.

To evaluate the validity of the Relatability prompt, we checked
the alignment between the researcher-adjusted code from stu-
dents’ written responses and students’ closed-ended responses.
For example, we anticipated some students would choose “agree”
for their closed-ended response and then write a disagreeing
statement in their open-ended response (e.g., “I don’t know any
scientists I can relate to.”). The researcher-adjusted code would
more accurately reflect the student’s written response.

Importantly, we found that the vast majority of students’
open-ended, written responses aligned with their closed-
ended responses. Less than 10% of each assessment’s
responses had changed with the researcher-adjusted code. For
the preassessment, 6% (n = 48 students) chose “disagree” for
the closed-ended response, while the researcher-adjusted
code suggested agreement, and less than 2% (n = 13 stu-
dents) chose “agree” while the researcher-adjusted code sug-
gested disagreement. For the Postassessment, 8% (n = 60 stu-
dents) chose “disagree” while the researcher-adjusted code
suggested agreement, and less than 2% (n = 14 students)
chose “agree” while the researcher-adjusted code suggested
disagreement. Given the vast majority (92%) of students’
written responses aligned with their closed-ended responses,
we considered the Relatability prompt to be reliable for this
participant population.
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Quantifying Pre—Post Shifts in Students’ Agreement with the
Relatability Prompt. To assess the extent to which students
shifted in their relatability to scientists, we conducted compara-
tive statistical analyses to measure pre—post shifts in the propor-
tion of students who agreed with the Relatability prompt. In
Figure 1 and Table 2, we show the proportion of students who
agreed and disagreed with the Relatability prompt, including
students overall, by self-identified gender, and by race and/or
ethnicity: PEER and SOC. Twenty-seven percent of students
overall (n = 213/797) shifted from disagree in the preassess-
ment to agree in the postassessment. The majority of students
(65%) did not shift in their response, i.e., 29% (n = 228/797)
always agreed, and 36% (n = 283/797) always disagreed. Only
9.2% (n = 73/797) shifted from agree in the preassessment to
disagree in the postassessment. Importantly, 1.3% of students
(n = 11) identified as trans* or nonbinary. Given the low n
value, we did not run statistics for pre—post shifts, though a
similar number of students who identified as trans* or nonbi-
nary agreed with the Relatability prompt both pre (n = 7) and
post (n = 6). For the remaining demographic groups, McNe-
mar’s chi-square tests indicated that pre—post shifts in the pro-
portion of students who agreed with the Relatability prompt
significantly increased across groups (Bonferroni’s adjustment
for significance set at p < 0.00714). Because the shifts were
modest and the n values for each demographic varied (as
described in the Discussion), we felt this data set was not condu-
cive to a comparative analysis of differences in shifts for each
demographic. The results of these seven statistical comparisons
are illustrated in Figure 1 and summarized in Table 2.

In Table 3, there are representative examples of students’
written responses to explain their selections on the Relatabil-
ity prompt. While the themes emerging from the Relatability
prompt were too varied for systematic analysis, these exam-
ples serve to offer a range of the kinds of responses that stu-
dents provided. They include students who shifted from dis-
agree to agree, agree to disagree, or did not shift in their
response to the Relatability prompt. Even though the vast
majority of students did not shift after receiving at least
three Scientist Spotlight assignments, the nature of some
students’ explanations in the postassessment included refer-
ence to Scientist Spotlight assignments as a promising ave-
nue to support their relatability to scientists in the future, for
example:

“I somewhat disagree with the statement because I feel as
though we haven’t learned about, nor have I met, any import-
ant scientist (outside of the scientists and doctors in my fam-
ily) that I can relate to. I suppose that over the course of this
next unit, with assignments like the Scientist Spotlight, I will
learn about more scientists and eventually find one whom I
can personally relate to.”

“I don’t really relate to any of the scientists I learned about
through the scientist spotlights. Their stories are really cool,
but I don’t see myself in them. Maybe Vivien because he did
stuff with the heart, and I think hearts are interesting because
of its major role in survival.”

The implications of students’ written responses to the Relat-
ability prompt are noteworthy, and we explore additional inter-
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pretations of students’ responses to this prompt in the Discus-
sion section.

Stereotypes about the Types of People That Do Science:
Systematic Qualitative Analysis of Students’ Written
Responses and Comparative Statistical Tests

The resulting coding rubric to evaluate whether and how stu-
dents shifted in their descriptions of the types of people that do
science was adapted from Aranda et al. (2021) and can be found
in Supplemental Table 3. Categories in the rubric included
Descriptors (Nonstereotypes, Positive Stereotypes, and Negative
Stereotypes), Scientists (Stereotypical and Nonstereotypical),
and Fields of Science. We focus subsequent analyses on shifts
based on 1) the proportion of students providing at least one
example and 2) the mean number of Descriptors and Scientists.

Comparing the Proportion of Students Who Provided at
Least One Example of Descriptors and Scientists in the
Pre- and Postassessments. From our analysis of the propor-
tion of students offering at least one Descriptor or Scientist
(shown in Table 4), we found significant shifts in all categories
(for seven comparisons, Bonferroni’s adjustment for signifi-
cance was set at p < 0.00714). McNemar’s chi-square tests
showed a significant increase in the proportion of students who
provided at least one Descriptor, from 74% (n = 591) in the
preassessment to 93% (n = 714) in the postassessment (y* =73,
p <0.00714). The proportion of students who provided at least
one Nonstereotype in their written response significantly shifted
from 24% (n = 191) in the preassessment to 45% (n = 359) in
the postassessment (x2 = 88, p < 0.00714). Further, a signifi-
cantly higher proportion of students provided at least one Posi-
tive stereotype following the Scientist Spotlights intervention,
increasing from 63% (n = 502) in the preassessment to 70%
(n = 558) in the postassessment (x> =11, p < 0.00714). While
few students included a Negative stereotype to begin with in
the preassessment (8.8%, n = 70), this significantly decreased
for the postassessment (4.1%, n = 33).

Also included in Table 4 is the proportion of students who
included at least one Scientist in their written responses. Addi-
tionally, Figure 2 illustrates the shift in the proportion of stu-
dents including Stereotypical and Nonstereotypical Scientists in
their responses. There was a significant decrease in the propor-
tion of students naming a scientist, with 25% (n = 203) includ-
ing at least one Scientist in the preassessment and 19% (n =
153) in the postassessment (x> = 9.8, p < 0.00714). Further,
there was a significant increase in the proportion of students
naming Nonstereotypical Scientists—11% (n = 88) included at
least one Nonstereotypical Scientist in the preassessment, while
16% (n = 124) included at least one in the postassessment (> =
7.4, p < 0.00714). The proportion of students naming Stereo-
typical Scientists significantly decreased from 16% (n = 130) in
the preassessment to 4.0% (n = 32) in the postassessment (y* =
69, p < 0.00714).

Quantifying the Mean Number of Descriptors and Scientists
in the Pre- and Postassessments. Table 5 summarizes the
mean values, standard error, effect size, and two-tailed paired
t tests for each category (Bonferroni’s adjustment for signifi-
cance set at p < 0.00714). Similar to Table 4, we observed
significant shifts across each category of Descriptors and
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FIGURE 1. Overall shifts and demographic disaggregation of secondary science students’ relatability to scientists before and after Scientist
Spotlight assignments, based on researcher-adjusted code. The proportion of students who agreed (“strongly agree” and “somewhat
agree”) and disagreed (“strongly disagree” and “somewhat disagree”) with the Relatability prompt, including (A) students overall, (B) by
self-identified gender, and (C and D) by race and/or ethnicity: PEER and SOC. McNemar's chi-square tests show pre—post differences are
significant at *p < 0.01 and ***p < 0.0001, with Bonferroni's adjustment for significance set at p < 0.00714.

Scientists, with the exception being Nonstereotypical Scientists, Finally, to analyze our results in a manner that is comparable
which was not significant; t(796) = —2.5, p = 0.011. However, to previous work (i.e., Schinske et al., 2016), we calculated the
the mean number of Nonstereotypes significantly increased and ~ normalized percentage of Stereotypical descriptors (Positive
more than doubled from 0.37 in the preassessment to 0.86 in  and Negative) and Nonstereotypes. Because there was a large

the postassessment; t(796) = —8.8, p < 0.00714.
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TABLE 2. Pre- and postassessment agreement of secondary students’ relatability to scientists®

Preassessment

Postassessment Disagree to agree McNemar’s chi-square

n Agreement % (n) Agreement % (n) Pre—post shift % (n) x> p value
Overall 797 38% (301) 55% (441) 27% (213) 68 <2.2e-16
Women 431 36% (156) 60% (259) 32% (137) 61 6.2e-15
Men 313 40% (124) 49% (154) 21% (65) 8.4 0.0037
Trans* and nonbinary® 11 64% (7) 55% (6) 9% (1) - -
PEER 210 35% (74) 55% (115) 29% (61) 20.0 8.8e-06
Non-PEER 562 38% (217) 56% (314) 26% (147) 47 4.8e-12
SOC 637 37% (235) 54% (342) 26% (167) 49 2.0e-12
White 136 41% (56) 64% (87) 30% (41) 18 2.7e-05

“Based on researcher-adjusted code of closed-ended responses and disaggregated by self-reported demographics. Bold values indicate significant shifts using McNemar’s
chi-square tests. For seven comparisons, Bonferroni’s adjustment for significance is p < 0.00714.
PStatistical comparison not conducted due to low n value; numbers and percentages are presented for inclusive purposes.

TABLE 3. Examples of students’ pre and post written responses to the Relatability Prompt: “I know of one or more important scientists to

whom | can personally relate™

Preassessment Relatability response

Postassessment Relatability response

“I don't really know any scientists.” (disagree)

“I know of many scientists that have made discoveries in a variety of
fields. However, I can't say I totally agree because I haven't related
very much to them. I understand their point of view & their
curiosity to know more but I don't relate too much to it.” (dis-
agree)

“I don't really think that I can recall any scientists by name, and I feel
like the science world is sometimes a bit of a mystery to me, even
though scientists are great about publishing their findings and
their work. The scientists that I know of are probably all doctors,
and I don't know any scientists that work in labs, and so I don't
know if I could relate to them.” (disagree)

“My dad is a mechanical engineer at Genentech which is a pharma-
ceutical company that creates medications, there some people
create or try out new formulas.” (agree)

“I somewhat agree with the statement because as stated earlier, Mark
Rober has taught me a lot about science, and I feel like I can relate
to him, however, the lack of actually knowing a proper scientist in
person is there, hence why I do not strongly agree.” (agree)

“While there's people in science that I admire, I don't really have
someone that I really identify with.” (disagree)

“I don't personally know any scientists so I can't relate to them and I
also don't know any famous scientists other than Albert Einstein,
Gregor Mendel, Charles Darwin, and a few other biologists and I
do not relate.” (disagree)

“All of the scientists I read about came from humble beginnings and
worked really hard to pursue a career in science, despite obstacles.
That is the level of hard work and perseverance I aspire to have.”
(agree)

“I put I strongly agree because I now know about important scientists
such as Dr. Black and Ms. Tran. I can relate to them because they
studied medicine, which is something I want to do in the future.
Not only that but their background is like mine, since I am also a
minority.” (agree)

“In all three of the scientists here I feel like I see that they are really
curious about the world around them, and they are excited to
learn more, and I feel very similarly. They all care about people
and want to help them as best as they can, which I also want to
do.” (agree)

“I was moved by participating in this experiment and learning that
biracial females like myself can flourish and become extremely
educated and successful in what I believed was a male dominant
career.” (agree)

“I somewhat disagree with the statement because I feel as though we
haven't learned about, nor have I met, any important scientist
(outside of the scientists and doctors in my family) that I can relate
to. I suppose that over the course of this next unit, with assign-
ments like the Scientist Spotlight, I will learn about more scientists
and eventually find one whom I can personally relate to.”
(disagree)

“While I admire many of the individuals we have done spotlights on,
it's hard for me to personally relate to them because we have
different life experiences. I haven't gone through college or the
process of working in a lab, so I don't really understand the
setbacks or moments of growth they had in these environments.”
(disagree)

“I don't really relate to any of the scientists I learned about through
the scientist spotlights. Their stories are really cool, but I don't see
myself in them. Maybe Vivien because he did stuff with the heart,
and I think hearts are interesting because of its major role in
survival.” (disagree)

“Each row represents the same student, pre and post. The researcher-adjusted code is provided in parentheses after the quote.
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TABLE 4. Percentage of students offering Descriptors and Scientists for Stereotypes prompt®

% Students Offering > 1 Example

McNemar’s chi-square

N =797 Pre Post x> p value
Descriptors 74% (591) i 93% (714) 73 <2.2e-16
Nonstereotypes 24% (191) I 45% (359) 88 <2.2e-16
Positive Stereotypes 63% (502) i 70% (558) 11 1.1e-03
Negative Stereotypes 8.8% (70) 4 4.1% (33) 18 1.4e-04
Scientists 25% (203) i 19% (153) 9.8 1.7e-03
Nonstereotypical Scientists 11% (88) f 16% (124) 7.4 6.6e-03
Stereotypical Scientists 16% (130) 3 4.0% (32) 69 <2.2e-16

2Arrow direction indicates the significant increase (up) or decrease (down) in the percentage of students offering at least one example of Descriptors or Scientists in their
written response to the Stereotype Prompt. Bold values indicate significant shifts using McNemar's chi-square tests. For seven comparisons, Bonferroni's adjustment for

significance is p < 0.00714.

Descriptor in the preassessment (n = 591) and the postassess-
ment (n = 714), we were unable to conduct paired statistical
analyses on these data. The results are shown in Supplemental
Figure 1.

In Table 6, we include a range of examples of students’ writ-
ten responses to the Stereotypes prompt. We observed a pattern
of students focusing more on Nonstereotypes in their written
responses for the postassessment (e.g., “All types of people,”
“Anyone, no matter gender, age, or race,” or “There isn’t a sin-
gular type”). As seen in previous studies, students’ responses to
the Stereotypes prompt in the preassessment tended to focus
more on fixed attributes (e.g., “dedicated,” “interested,” or
“smart”) or fields of study (“biologist,” “chemist,” etc.).

Secondary Students’ Performance/Competence, Interest,
and Recognition in Science

As an additional measure of science identity, we evaluated the
evidence of validity for the PCIR instrument with secondary
students with EFA and CFA. In the following sections, we
describe the results of EFA/CFA and comparative statistical tests
for each construct, including performance/competence, inter-
est, and recognition in science.

EFA and CFA of PCIR Instrument. The constructs and item
prompts for the PCIR instrument are summarized in Supple-
mental Table 1 (adapted from Godwin et al., 2016), and the
factors loaded as expected (see Supplemental Table 5 for factor
loadings and coefficient alpha). Specifically, to conduct EFA/
CFA for PCIR in our study context, we first tested whether vari-
ous assumptions were met. For univariate normality, the Mar-
dias test evaluates skewness and kurtosis and both had values
less than |2.0| for all items (Bandalos and Finney, 2010; Knekta
et al., 2019). Further, KMO showed measure of sampling ade-
quacy to be greater than 0.89 for all items (cutoff > 0.70 indi-
cates good factorability; Knekta et al., 2019). The inter-item
correlations were greater than 0.4 among PCIR items, which
exceeds the 0.3 cutoff expected for similar factors (Knekta
et al., 2019). The scree plot recommended two factors, and
Horn’s parallel analysis retained three factors. Because the PCIR
instrument was previously used and validated with three fac-
tors, the EFA was conducted with three factors and promax
rotation. Finally, adequate model fit was confirmed: CFI > 0.95,
TLI > 0.95, SRMR < 0.08, and RMSEA < 0.06 (Hu and Bentler,
1999; Brown and Moore, 2012; Knekta et al., 2019).
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Comparative Statistical Tests of PCIR Constructs before
and after Scientist Spotlights. In Table 7, we summarize
comparative statistics for the three PCIR constructs in stu-
dents’ pre- and postassessment responses. From the pre- to
the postassessment, we observed a significant increase for
two of the three construct means—Recognition and Perfor-
mance/Competence, but not Interest. As described in the
Methods, after taking the mean value across items for each
construct (see Supplemental Table 1 for item prompts), we
conducted three, two-tailed paired t tests with Bonferroni’s
adjustment for significance set at p < 0.0167. We found that
the construct mean (M) for the Recognition score (e.g., “I see
myself as a ‘science person”) significantly increased from the
preassessment to the postassessment; M, = 3.13, SEM, =
0.035, M, = 3.25, SEM,__ = 0.035, t(796) = -4.9, p = 1.4e-
06. Further, we calculated that the Performance/Compe-
tence score (e.g., “I can do well on exams relating to scien-
tific concepts and ideas”) significantly increased from pre to
post; M, = 3.76, SEM, = 0.026, M, , = 3.84, SEM, =
0.025, t(796) = —4.2, p = 2.6e-05. However, there was no
significant shift in the construct mean of the Interest score
(e.g., “I enjoy learning new scientific concepts and ideas”);
t(796) =0.83, p = 0.41.

Implementation Strategies of Scientist Spotlights
Reported by Teacher-Researchers: Do They Correspond

to Shifts in Multiple Measures of Science Identity?

While we did not set out to study implementation strategies,
we were able to collect evidence to assess potential variation
in how teachers reportedly implemented Scientist Spotlight
assignments in their classes. Even though the aforemen-
tioned shifts in multiple measures of science identity were
significant, they were not as large as we expected based on
previous studies (Aranda et al., 2021; Schinske et al., 2016).
In a retrospective reflection survey we gave to teacher-re-
searchers after sharing their data, we noticed differences in
how teachers reported their implementation strategies.
Therefore, we predicted that differences in implementation
strategies might correspond to varying degrees of students’
shifts across science identity measures. To test this predic-
tion, we grouped students based on teachers’ self-reported
implementation strategies for the following analyses, and we
evaluated students’ outcomes on multiple measures of sci-
ence identity.
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FIGURE 2. Scientists in students’ responses about the types of people that do science.
Scientists include Stereotypical, Nonstereotypical, and Both (see Methods for details).
(A) Proportion of students out of the total (N =797) who included at least one Scientist in
their written responses to the Stereotypes prompt. (B) Proportion of students including
Scientists that were Stereotypical (gray/top), Nonstereotypical (blue/bottom), or Both
(gold/middle) among students who included at least one Scientist (pre = 203 students,
post =153 students).

we analyzed the breakdown of In-Class
Discussions and Assignment Types for each
teacher from a retrospective teacher-re-
searcher reflection survey, as described in
the Methods. Based on teacher-researcher
responses, we identified four variations of
In-Class Discussions: Neither before nor
after implementing Scientist Spotlight
assignments (n = 121 students), just Before
(n = 297 students), just After (n = 156 stu-
dents), or Both before and after (n = 223
students). Further, we could group stu-
dents into three variations of Assignment
Types: Scientist Spotlights were completed
In-Class (n = 172 students), as Homework
(HW; n = 167 students), or both In-Class &
HW (n = 458 students). Students for each
teacher are grouped accordingly in the
subsequent sections.

Investigating the Relationship between
Students’ Relatability to Scientists and
Implementation  Strategies: In-Class
Discussions and Assignment Types
Reported by Teachers. In Figure 3 and
Table 8, we show the proportion of stu-
dents who agreed with the Relatability
prompt, disaggregated by implementation
strategies reported by teacher-researchers.
McNemar’s chi-square tests showed a sig-
nificant increase in the proportion of stu-
dents who agreed in all groups except the
Neither group, which reportedly did not
have In-Class Discussions (Bonferroni’s
adjustment for significance set at p <
0.00714). The proportion of students who
switched from disagree to agree from the
pre- to the postassessment corresponded to
the timing and frequency of In-Class Dis-
cussions: Neither before nor after (19%, n
= 23/121); Before (23%, n = 67/297);
After (31%, n=49/156); and Both (33%, n
=74/223). However, the proportion of stu-
dents who shifted from disagree to agree as
grouped by Assignment Type did not have
as clear a relationship: In-Class (25%, n =
42/167); HW (30%, n = 52/172); In-Class
& HW (26%, n = 119/458).

Given that In-Class Discussions
uniquely corresponded to differences in
students’ pre-post shifts in Relatability,
and Assignment Type did not, we focused
the following analyses on students
grouped by In-Class Discussions reported
by teachers.

Identifying Variations in Scientist Spotlight Implementation  Exploring Students’ Nonstereotypes of Scientists in Relation
Strategies from Teacher-Researchers’ Responses to a Retro-  to In-Class Discussions Reported by Teachers. In Figure 4,
spective Reflection Survey. To assess whether variations in ~ we show the proportion of students including at least one
implementation strategies corresponded to student outcomes,  Nonstereotype in their written response to the Stereotypes
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TABLE 5. Summary statistics for Stereotypes prompt®

Scientist Spotlights in Secondary School

No. of descriptors (M £ SEM) Kendell’s W Paired t test
N =797 Pre Post Effect size t (796) p value
Descriptors 1.8 £0.060 2.4+0.061 0.067 (small) -8.8 <2.2e-16
Nonstereotypes 0.37 £0.028 0.86 £ 0.046 0.12 (small) -10.0 <2.2e-16
Positive Stereotypes 1.3 £0.050 1.5+0.051 0.0094 (small) -3.2 1.3e-03
Negative Stereotypes 0.14£0.018 0.049 = 0.0090 0.023 (small) 4.5 7.9e-06
Scientists 0.38 £0.028 0.26 £ 0.021 0.014 (small) 3.7 2.3e-04
Nonstereotypical Scientists 0.14+0.016 0.20 £ 0.018 0.012 (small) -2.5 0.011
Stereotypical Scientists 0.24 £ 0.022 0.056 £0.011 0.014 (small) 7.5 1.2e-13

aMean (M) * standard error of the mean (SEM) of the number of Descriptors (Nonstereotypes, Positive Stereotypes, and Negative Stereotypes) and Scientists (Nonste-
reotypical and Stereotypical). Italic values indicate significant decrease in mean value from pre to post. Bold values indicate significant shifts using a two-tailed paired
t test. For seven comparisons, Bonferroni's adjustment for significance is p < 0.00714.

prompt, grouped by In-Class Discussions reported by teachers.
Surprisingly, all groups showed significant shifts in the propor-
tion of students including at least one Nonstereotype (McNe-
mar’s chi-square tests, Bonferroni’s adjustment for significance p
< 0.0125), suggesting that In-Class Discussions did not
correspond to variable shifts in students’ stereotypes about the
types of people that do science.

Examining Students’ Performance/Competence, Interest,
and Recognition in Science in Relation to In-Class Discus-
sions Reported by Teachers. In Table 9, based on two-tailed,
paired t tests, we show that students who experienced In-Class
Discussions both before and after receiving Scientist Spot-
lights—Both—significantly increased in their Recognition and
Performance/Competence scores from pre—post assessments.

TABLE 6. Examples of students’ pre and post written responses to the Stereotypes prompt: “Based on what you know now, describe the
types of people that do science. If possible, refer to specific scientists and what they tell you about the types of people that do science™

Preassessment Stereotypes responses

Postassessment Stereotypes responses

“One type of person who does science is probably those who
interested in science. One example of a scientist is a biologist.
Another example of a scientist could be a pathologist, an
archaeologist, or a chemist.”

“Based off of the scientists most heavily portrayed and represented in
America, scientists tend to be white men, as women and people of
color are often discriminated against in STEM fields. However, this
portrayal of scientists as white men is not based off of intellect
only; white men tend to be more privileged and have more
opportunities to pursue science, easier access to education, and
face less discrimination.”

“There are many different types of people that are all classified under
‘scientists.” When people speak of scientists, they could be referring
to biologists, geologists, astrologists, or many other types of people
of those professions.”

“People that do science are people who are interested in a study of
something, whether it be about the environment or about space,
almost anything you can think of, there can be a scientist in that
field. They will create and perform experiments to find the answer
to their question using science.”

“A lot may be due to stereotypes, but I feel like people who are
scientists are old white men like Albert Einstein and Isaac Newton.
I feel like scientist are very enthusiastic about learning and finding
new information. They are very dedicated to the work they do and
are always trying to be more recognized for their work like other
popular scientists.”

“A wide variety of people are doing science and there isn't a ‘singular
type’ of person in the field of science.”

“Scientists are people who study science, regardless of their race,
gender, sexual orientation, etc. While scientists in the past/
throughout history have been predominantly white, male, and
heterosexual, people with other identities are able to do science as
well, although they face more obstacles entering the STEM field.”

“After learning about the different types of people that do science,
I know that not all scientists come from genius families or have
science that has run in their families for decades. These scientists
pursue their jobs because of their interest in it and some even go
against their parent's wishes of them doing a specific career to do
so. I have learned that anyone, no matter gender, age, or race can
become a scientist which shows the diversity in the system and
how far science as a whole has come.”

“All types of people do science. They come from all backgrounds, races
and ethnicities. There are many different types of scientists out
there, it isn't just white people in lab coats.”

“People who are passionate about wanting to learn by and discover.
Seeing Blake Riggs also allowed me to see that it can also be
people who are passionate about helping others get to where he is
in his career in order to achieve more diverse representation in the
STEM field. Hearing about Erika Zavaletas[’s] story and seeing a
woman of color with immigrant parents just like me allowed me to
see the representation of women of color who are passionate in
science as well as see that people from various back grounds do
science and have the talent and dedication to do so.”

“Each row represents same student, pre and post.

CBE—Life Sciences Education « 22:ar22, Summer 2023
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TABLE 7. PCIR summary statistics overall for pre- and postassessment Construct mean (M) t standard error of the mean (SEM)?

Construct mean (M + SEM) Kendell’s W Paired t test
N =797 Pre Post Effect size t(796) p value
Recognition score 3.13£0.035 3.25+0.035 0.038 (small) -4.9 1.4e-06
Interest score 4.14 £ 0.029 4.12+0.030 N/A 0.83 0.41
Performance/competence score 3.76 £ 0.026 3.84£0.025 0.014 (small) —-4.2 2.6e-05

“Bold values indicate significant shifts using the two-tailed paired t test. Italics indicate mean values that decreased from pre to post. For three comparisons, Bonferroni's

adjustment for significance is p < 0.0167.

Given the 12 comparisons (for four In-Class Discussion groups
and three constructs), Bonferroni’s adjustment for significance
was p < 0.00417. Even though other groups had some measures
that were close to significant, it appeared that the students
grouped in Both (i.e., teacher-researchers who reported discuss-
ing Scientist Spotlight assignments before and after implement-
ing them) were the only group that showed significant pre-post
shifts in students’ mean construct scores for Recognition and
Performance/Competence.

DISCUSSION
This study addresses a gap in the literature by exploring whether
evidence-based curricular supplements used in college biology,
Scientist Spotlight assignments, might also support shifts in
multiple measures of science identity for secondary students.
We found that secondary students receiving Scientist Spotlight
assignments increased in their relatability to and descriptions
about scientists, as well as their sense of recognition and perfor-
mance/competence in science, based on the measures we
selected for our study context. Additionally, this study advances
our understanding of how teacher implementation of Scientist
Spotlight assignments could lead to variable student outcomes.
Here, we discuss key takeaways from these results, compare
our findings with those of previous studies in college-level biol-
ogy, and offer recommendations for future research on Scientist
Spotlight assignments.

Key Takeaway: As Few as Three Scientist Spotlight
Assignments Can Lead to Significant Shifts for

Secondary Science Students

To explore whether Scientist Spotlight assignments could be
an effective curricular intervention in secondary school set-
tings, we evaluated their impact using assessment tools
developed in previous studies for college students. Scientist
Spotlight assignments have been shown to be an effective
intervention in the context of college-level biology; however,
the outcomes of Scientist Spotlight assignments for second-
ary students have yet to be determined. Our findings showed
pre to post shifts in the proportion of secondary students
who related to the types of people that do science, their
descriptions of scientists, and measures of science identity. In
the following sections, we elaborate on these main findings
and implications for future research.

Possible Science Selves: More Secondary Students Found
Scientists to Be Relatable after the Scientist Spotlights Inter-
vention Than Before. After receiving at least three Scientist
Spotlight assignments, a significantly higher proportion of sec-
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ondary students reported knowing important scientists to
whom they could personally relate. Even though there was a
significant pre-post increase, we explore possible explanations
for why this increase might not have been as large as expected
in subsequent parts of the Discussion.

Beyond whether or not students’ agreed with the Relatability
prompt in closed-ended responses, we observed in the open-
ended responses that secondary students made connections
between scientists and themselves by using phrases “like me”
following the Scientist Spotlights intervention:

“Now, I am familiar with scientists who have experienced sim-
ilar struggles to struggles which I face. Prior to this experience,
I wasn'’t really familiar with scientists who were like me.”

“I think that everyone automatically assumes that people who
do science have to be old white men, but I think in actuality,
there are young peoples [sic] and young women like me that
do science and are successful in their fields.”

“I've seen many women in STEM through the scientist spot-
light and have thoughts of my own on who I relate to. Kizzme-
kia Kizzy Corbett interested me the most because of her heavy
involvement in virology and immunology responses during the
Pandemic. I'm just glad to see people who look like me do
what I want to see myself doing.”

“Like Mercedes Lopez, I am and immigrant and will be the first
in my family to attend a 4 year college.”

In responses like these, we observed students making con-
nections between where they came from and how they envision
themselves in the future while referencing Scientist Spotlight
assignments.

We also noted that some students did not shift in their Relat-
ability to scientists following the Scientist Spotlights
intervention:

“I relate to the fact that they are minorities just like me, but I
still don’t know if I will become a scientist like them in the
future.”

“There are certain female scientists whom I've learned about
who inspire me and make me think I could end up in situations
similar to theirs, such as Rosalind. However, I also know that
there are heavily fewer female scientists than male scientists,
so I don’t know that many that I can relate to. But perhaps
through more reading and studying, I can learn about more
scientists who are like me.”

CBE—Life Sciences Education « 22:ar22, Summer 2023
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A In-Class Discussion, reported by teachers
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FIGURE 3. Proportion of students agreeing with Relatability prompt, disaggregated by implementation strategies as reported by teachers.
The proportion of students who agreed (“strongly agree” and “somewhat agree”) and disagreed (“strongly disagree” and “somewhat
disagree”) with the Relatability prompt, disaggregated (A) by In-Class Discussions for Scientist Spotlights, grouped by teachers who
reported having In-Class Discussions with students: Neither before nor after the Scientist Spotlights intervention (n =121 students), only
Before (n = 297 students), only After (n = 156 students), or Both before and after (n = 223 students); and (B) by Assignment Type, grouped by
teachers who reported students completed the assignment as homework (HW; n = 172 students), In-Class (n = 167 students), or a mix of
both (n =458 students). McNemar's chi-square tests show pre—post differences are significant for teacher reported In-Class Discussions
Before, After, and Both, as well as all Assignment Types (N.S. = not significant, ** p < 0.001 and *** p < 0.0001, Bonferroni's adjustment for
significance p < 0.00714).

CBE—Life Sciences Education « 22:ar22, Summer 2023 22:ar22,15



D. Ovid et al.

TABLE 8. Pre- and postassessment agreement of secondary students’ Relatability to Scientists, grouped by Implementation Strategies

reported by teachers?

Preassessment Postassessment Disagree to agree McNemar’s Chi-square
n Agreement % (n)  Agreement % (n) Pre—post Shift % (n) X2 p value
Overall 797 38% (301) 55% (441) 27% (213) 68 <2.2e-16
In-Class Neither 121 38% (46) 46% (56) 19% (23) 2.3 0.13

Discussion  Before 297 39% (116) 51% (152) 23% (67) 13 4.1 e-04

After 156 42% (66) 67% (104) 31% (49) 23 1.8e-06

Both 223 33% (73) 58% (129) 33% (74) 33 9.8e-09

Assignment In-Class 167 35% (58) 51% (86) 25% (42) 13 3.1e-04

Type Homework (HW) 172 43% (74) 64% (110) 30% (52) 18 2.2e-05
In-Class & HW 458 37% (169) 53% (245) 26% (119) 35 3.80e-09

“Based on researcher-adjusted code of closed-ended responses and disaggregated by Implementation Strategies reported by teacher-researchers: In-Class Discussion and
Assignment Type. Bold values indicate significant shifts using McNemar's chi-square tests. For seven comparisons, Bonferroni's adjustment for significance is p < 0.00714.

“The boundaries of what defines a scientist are still blurry to
me, but I do not feel like I know, personally, scientists that
might look like me or have the same background as me.”

While these students described an overlap between scien-
tists they learned about and aspects of their identity and back-
ground, or questioned what defines being a scientist, they stu-
dents still doubted whether or not shared traits imply that they,
too, could be scientists.

The manner in which scientists represent and describe them-
selves can shape how relatable they might be for students. For
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example, to explore the impacts of science media for students
who might be science averse, a previous study invited non-sci-
ence majors to share what they thought about various scientists
featured in podcast episodes of Story Collider (www.storycol-
lider.org). The non-science majors found the most relatable sci-
entists to be ones with whom they shared values and personal
characteristics (Yonas et al., 2020). Therefore, future research
could explore how scientists describe themselves in media
resources that get referenced in science classes and the extent to
which these representations might correspond to shifts in stu-
dents’ relatability to scientists and possible science selves.

After (n=156)
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FIGURE 4. Proportion of students including Nonstereotypical Descriptors, grouped by In-Class Discussions reported by teachers. Teachers
reported having In-Class Discussions with students Neither before nor after the Scientist Spotlights intervention (n = 121 students), only
Before (n =297 students), only After (n =156 students), or Both before and after (n = 223 students). McNemar's chi-square tests show
significant increase in the proportion of students including at least one Nonstereotypical descriptor in their written responses to the
Stereotypes prompt (**p < 0.001 and ***p < 0.0001, Bonferroni's adjustment for significance p < 0.0125).
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Scientist Spotlights in Secondary School

TABLE 9. PCIR Summary Statistics for Pre- and Post-Assessment, grouped by In-Class Discussions reported by teachers

Both (n = 223) After (n = 156)
Mean (M) Paired t test Mean (M) Paired t test
Pre Post t(222) p value Pre Post t(155) p value
Recognition 3.05 3.22 -3.7 3.0e-04 3.10 3.27 -2.9 0.0044
Interest 4.08 4.14 -1.3 0.19 4.21 4.21 -0.06 0.95
Performance/Competence 3.74 3.89 -3.8 1.5e-04 3.77 3.80 -0.56 0.58

Before (n = 297)

Neither (n = 121)

Mean (M) Paired t test Mean (M) Paired t test
Pre Post t(296) p value Pre Post t(120) p value
Recognition 3.31 3.39 -2.4 0.019 2.87 2.90 -0.49 0.63
Interest 4.25 4.19 1.6 0.11 3.90 3.81 1.4 0.16
Performance/Competence 3.82 3.88 -1.7 0.094 3.60 3.74 -2.6 0.0092

Bold values indicate significant shifts using the two-tailed paired t test. Italics indicate Mean values that decreased from Pre to Post. For 12 comparisons, Bonferroni’s

adjustment for significance is p < 0.00417.

Scientist Stereotypes: More Secondary Students Describe
the Types of People That Do Science with Nonstereotypes
after the Scientist Spotlights Intervention Than Before. While
the DAST-C is a widely used assessment tool to measure K-12
students’ scientist stereotypes (Ferguson and Lezotte, 2020), we
investigated whether secondary students’ written responses to
the previously developed Stereotypes prompt could offer addi-
tional insights. Notably, students’ written responses to the Ste-
reotypes prompt were codable with the existing rubric (devel-
oped by Schinske et al., 2015; adapted by Aranda et al., 2021).

Because the Stereotypes prompt effectively solicited second-
ary students’ descriptions about the types of people that do sci-
ence, we anticipate that this prompt could be used in future
studies to assess stereotypes about scientists. In the present
study, secondary students were able to offer nonstereotypical
descriptions that might not be easily depicted in a drawing, for
example:

“After learning about the different types of people that do sci-
ence, I know that not all scientists come from genius families
or have science that has run in their families for decades.
These scientists pursue their jobs because of their interest in it
and some even go against their parent’s wishes of them doing
a specific career to do so. I have learned that anyone, no mat-
ter gender, age, or race can become a scientist which shows
the diversity in the system and how far science as a whole has
come.”

It is hard to imagine how a student could draw “anyone” or
include a person’s background, interests, and families in a
drawing. The percentage of secondary students offering nonste-
reotypical descriptors like these in their written responses
nearly doubled after the Scientist Spotlights intervention. Fur-
ther, we were intrigued to find that very few students in the
present study offered negative stereotypes of the types of people
that do science, and significantly fewer students included nega-
tive stereotypes in the postassessment responses relative to the
preassessment responses. Interestingly, there was also a signifi-
cant increase in secondary students who included positive ste-
reotypes following the Scientist Spotlights intervention. Such
descriptions may stem from biographical resources typically

CBE—Life Sciences Education « 22:ar22, Summer 2023

featured in Scientists Spotlight assignments. Do scientists
describe themselves using positive stereotypes in order to affili-
ate with values and expectations of the scientific community?
Finally, a small proportion of students actually named scientists,
so researchers who are interested in knowing which scientists
are known to students might prompt students to list all the sci-
entists they can name as a separate prompt.

Stereotypes oversimplify human complexity, so we consid-
ered how to code students’ descriptions and scientists based on
previous work while factoring in our unique study context. The
present and previous studies in Scientist Spotlight assignments
derived themes for scientist stereotypes from earlier research
(Mead and Metraux, 1957; Dikmenli, 2010). Our coding team
interrogated the nuances of stereotypes, the nature of identity,
and the importance of intersectionality through our review of
students’ written responses. We were confronted with a range of
figures and descriptions that had not yet been conceived by ear-
lier studies in scientist stereotypes but warranted consideration,
names such as “Elon Musk,” “Steve Jobs,” and “Mark Rober,”
which we considered to be stereotypical based on the existing
rubric’s stereotypical descriptors. We also reassessed “Bill Nye
the Science Guy,” who was previously coded as a Nonstereotyp-
ical scientist. Given the overlap in characteristics of Bill Nye and
stereotypes in the existing coding rubric, we opted to instead
code Bill Nye as a stereotypical scientist, which aligned with
another study in scientist stereotypes with undergraduates
(Thomas et al., 2006). From examples like these, we anticipate
that our understanding of stereotypes will continue to shift over
time as media, textbooks, and curricular supplements like the
Scientist Spotlight assignments intentionally challenge scientist
stereotypes with counter-stereotypes.

A subset of science instructors, teachers, and educators with
professional development in inclusive teaching use resources
like Scientist Spotlight assignments in their courses to make up
for the paucity of diverse representation in textbooks. We have
yet to explore the representation of scientists in curricula more
broadly. Future studies could explore whether and how science
instructors, teachers, and educators intentionally (or uninten-
tionally) represent scientists in their courses, whether or not
students engage with metacognitive reflection about these
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representations, and how this ultimately shapes students’ per-
ceptions of scientist stereotypes.

Science Identity: Secondary Students Increase Their Recog-
nition and Performance/Competence in Science following
the Scientist Spotlight Intervention. To facilitate investiga-
tions of science identity at larger scales, we explored the PCIR
instrument as a possible quantitative tool in the present study.
We found that the Scientist Spotlights intervention corre-
sponded to significant increases for students overall in key pre-
dictors for student persistence in science majors and careers—
Recognition and Performance/Competence. Further, when
disaggregated by classes grouped by in-class discussions
reported by teachers, we observed significant shifts for students
in classes with discussions both before and after receiving the
assignments. Our findings suggest promising shifts in key
aspects of science identity, especially for a broad population of
secondary students who might not have otherwise considered a
science major or career.

As a service to the community, we also share an emergent
finding of the present study—PCIR could be a viable instrument
for measuring shifts in aspects of science identity following the
Scientist Spotlights intervention. Because systematic qualitative
analysis is both training and time intensive, we explored evi-
dence for validity of a pre-existing, quantitative instrument to
measure key aspects of science identity. Such a tool could be
useful for large-scale studies, but it had yet to be determined
whether there would be evidence of validity for this instrument
with secondary school students. There was preliminary evi-
dence at the community-college level that the Scientist Spot-
lights intervention corresponded to shifts in measures of science
identity from the PCIR instrument (unpublished data). Our
findings from EFA/CFA showed that the PCIR instrument per-
formed as expected with secondary school science students.

One may wonder whether and how Scientist Spotlight
assignments in secondary school settings shift students’ college
career intentions in relation to STEM fields. In a previous study,
Dou et al. (2019) used PCIR to investigate how students’ scores
predicted their choice of a STEM major in college. A higher
PCIR score corresponded to higher odds that the student pur-
sued a STEM major. Additionally, Dou et al. (2019) found that
participants who consumed science and science fiction media
had higher STEM identity. Could Scientist Spotlight assign-
ments, with resources from popular science media like the Story
Collider podcast and TED Talks, play a key role in introducing
secondary students to popular science media? Future work
could consider longitudinal studies with students in secondary
schools, community colleges, and university partnership pro-
grams to assess the long-term impacts of Scientist Spotlight
assignments on students’ major and career choices. Colleges
with a higher proportion of regional students would be ideal
settings.

Exploring Differences between the Present Study and
Prior Work: Why Did an Even Higher Proportion of
Secondary Students Not Shift in Their Relatability to
Scientists?

After reviewing results of the present study, we speculated as to
why the proportion of secondary students who related to scien-
tists did not increase as much as previously observed in
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college-level biology. Further, the effect size was small. Even
though the shifts were significant following the Scientist Spot-
lights intervention, the proportion of secondary school students
who shifted from “disagree” to “agree” with the Relatability
prompt was not as great as one might predict based on previous
findings.

Let us consider the proportion of secondary students who
agreed with the Relatability prompt relative to the proportion of
undergraduates who agreed in Aranda et al. (2021). In the pres-
ent study, 27% of secondary students (N = 797) shifted from
“disagree” to “agree” for the Relatability prompt following at
least three Scientist Spotlight assignments. However, in the pre-
vious study across participating courses in the biology depart-
ment, 36% of undergraduates (n = 752) shifted from “disagree”
to “agree” following at least three Scientist Spotlight assign-
ments (Aranda et al., 2021).

To investigate why there was an attenuated increase in the
proportion of secondary students who agreed with the Relat-
ability prompt relative to undergraduates in Aranda et al
(2021), our study explored two possible explanatory variables:
1) the differences in implementation strategies and 2) the
demographics of the participants. We found that implementa-
tion strategies, but not demographics, appeared to correspond
to variations in student outcomes. In the following sections, we
review our findings from the present study and address what
factors could be considered for future research on Scientist
Spotlight assignments.

Implementation of Scientist Spotlight Assignments with
In-Class Discussions Corresponded with the Proportion of
Students Relating to Scientists. How an instructor introduces
and implements an assignment could shape how students per-
ceive it. Given that the instructors in Aranda et al. (2021) had
received department-wide professional development in scien-
tific teaching (Owens et al., 2018), we wondered whether the
proportion of secondary students agreeing with the Relatability
prompt was lower than previously observed for undergraduates
due to differences in instructor implementation. Our findings
suggest that implementation—namely, engaging students with
in-class discussions—could be a driving factor in differential
student outcomes from the Scientist Spotlights intervention.

To explore these potential variations in implementation, we
designed a retrospective reflection survey to ask teacher-re-
searchers whether or not they engaged students in a discus-
sion before or after implementing Scientist Spotlight assign-
ments. Further, teacher-researchers shared whether they gave
the assignments in-person, as homework, or a mix of both. It
may be important to note that, for the present study, Scientist
Spotlight assignments were mostly implemented in school dis-
tricts that went remote for the academic year due to the coro-
navirus pandemic. Regardless, some teachers had large pre—
post shifts in the proportion of secondary students who agreed
with the Relatability prompt, suggesting that remote instruc-
tion was not an absolute impediment to student shifts for this
intervention.

From this analysis, we found that in-class discussions can
make a difference for students’ shifts in relatability following
these assignments. Teachers who reported no class discussions
had the lowest proportion of students shift from “disagree” to
“agree” for the Relatability prompt; however, teachers who
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reported that they engaged students with in-class discussions
both before and after implementing Scientist Spotlight assign-
ments had highest proportion of students shift. There did not
appear to be differences for students in classes with teachers
who reportedly implemented Scientist Spotlight assignments
in-class and/or as homework.

These findings suggest that direct analyses of the nature of
in-class discussions, instructor language, and other measure-
ments of classroom observation are needed. Schinske et al.
(2016) hypothesized that noncontent instructor language, or
Instructor Talk, could be a useful tool for securing student
buy-in for Scientist Spotlight assignments that teach science
content through counter-stereotypical scientists’ stories. Future
research could use in-class recordings to measure Instructor
Talk (Seidel et al., 2015; Harrison et al., 2019) or follow the
Classroom Discourse Observation Protocol (Kranzfelder et al.,
2019) to assess variation of implementation strategies for Sci-
entist Spotlight assignments across instructors. Beyond obser-
vational studies, the outcomes of intentional implementation
strategies with Scientist Spotlights could be assessed in con-
junction with discussion-based activities. For example, the Eco-
logical-Belonging Intervention fosters student reflection and
discussion and has been shown to eliminate performance gaps
in “threatening classroom contexts” (Hammarlund et al., 2022).
Findings from this work could support evidence-based profes-
sional development for instructors using Scientist Spotlight
assignments.

Demographics of Secondary Students Did Not Predict Shifts
in Students’ Relatability to Scientists following the Scientist
Spotlights Intervention. We considered that another possible
explanation for the attenuated pre—post shifts in secondary stu-
dents’ agreement with the Relatability prompt was differences
in the demographics of secondary students. However, we
observed significant pre—post increases in the proportion of
SOC and White students, as well as PEER and non-PEER, who
reported knowing an important scientist to whom they could
personally relate. Previous work on Scientist Spotlight assign-
ments assessed their impact on the outcomes of college biology
students who are mostly from racial and ethnic backgrounds
that have been excluded from the sciences (e.g., Schinske et al.,
2016; Aranda et al., 2021). While the secondary school setting
is a key difference in the present study, we also noticed that the
majority of secondary student participants identified as White
(~20%) and/or Asian (~55%). Because disaggregated student
responses still showed significant pre—post shifts in agreement
across racial and ethnic demographics, we doubted that the
demographic composition of students was the driving factor for
attenuated shifts in the present study relative to previous stud-
ies. Importantly, we must acknowledge that like any social con-
struct, there is heterogeneity hidden by these racial and ethnic
labels including but not limited to the country of origin, gener-
ation of immigration, linguistic capital, and familial access to
educational opportunities.

Like race and ethnicity, binary gender demographic groups—
women and men—also had attenuated but significant pre—post
shifts in relatability. It is important to note that the majority of
students in the present study self-identified in binary gender
categories. Given the disproportionate attrition and minimal
attention of trans* and gender-nonconforming individuals from
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STEM in college (Casper et al., 2022a,b; Maloy et al., 2022),
additional work is needed to amplify perspectives of trans* and
gender-nonconforming students with regard to assignments like
Scientist Spotlights.

These findings across demographic groups suggest that Sci-
entist Spotlight assignments may be a worthwhile intervention
not only for expanding possible science selves for underrepre-
sented groups but also for challenging implicit assumptions
held by majority groups about scientist stereotypes. One quali-
tative study showed secondary students’ perceptions of scien-
tists in the media corresponded with how they explained their
perceptions of their peers (and themselves) in relation to sci-
ence (Braden, 2020). When it comes to challenging implicit
associations based on prejudice and stereotypes, a meta-analy-
sis suggested that interventions focusing on counter-stereotypi-
cal exemplars are the most promising, but more research is
needed (FitzGerald et al., 2019). One may wonder how chal-
lenging implicit assumptions with counter-stereotypical exem-
plars might also challenge ongoing discrimination in STEM
fields, as discussed in the Introduction. Future research might
consider a deeper exploration of student perspectives through
interviews or focus groups to uncover how these implicit
assumptions are reinforced or challenged when learning about
counter-stereotypical scientists in STEM curricula and in popu-
lar science media, as featured in Scientist Spotlight written
assignments.

Other Possible Explanations for the Attenuated Shift in Sec-
ondary Students’ Relatability to Scientists: The Selection of
Scientist Spotlight Assignments and Student Authorship. In
addition to possible explanations for differential student out-
comes already explored, there are also a couple of key differ-
ences between the present study in secondary schools and prior
work in undergraduate biology. Here we address the manner in
which Scientist Spotlight assignments were selected and the
potential role of student authorship to garner student buy-in for
assignments like these.

Which Scientist Spotlight assignments are chosen to be
included in a course might affect student buy-in for these
assignments. In the study of Aranda et al. (2021), undergradu-
ates in a service-learning course collaborated with instructors
across the biology department to develop Scientist Spotlight
assignments that the instructors used in their courses. In the
present study, secondary school teacher-researchers chose from
an online database (www.scientistspotlights.org), which
included the Scientist Spotlight assignments developed from
the student-instructor collaborations of the previous study. The
former method of Scientist Spotlight selection might garner stu-
dent buy-in because the assignments were developed by near-
peers and customized for that particular college course. Since
our study was completed, teacher-researchers reviewed, and
our team updated, the database of Scientist Spotlight assign-
ments to be even more accessible for the high school level.
Future studies could develop Scientist Spotlight assignments in
partnership with secondary school teachers and students to
ensure the assignments are appropriate for the grade level and
desired learning outcomes.

Student authorship is another notable phenomenon that dif-
ferentiates the previous study from the present one. In the previ-
ous study, upper-division biology students who authored their
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own Scientist Spotlight assignments had significant shifts in their
relatability to and descriptions about scientists (Aranda et al.,
2021). These shifts were much larger than what we observed in
the present study. Therefore, one might also consider the role of
student authorship in fostering students’ relatability to scientists.
When students are tasked with finding scientists that they would
like to feature in Scientist Spotlight assignments, they have the
opportunity to identify a scientist to whom they already relate.
Therefore, future work could investigate whether there are
greater shifts in secondary students’ relatability to scientists after
authoring their own Scientist Spotlight assignments.

LIMITATIONS AND FUTURE DIRECTIONS

There are some limitations of present study that could be
addressed in future research. First, we noticed for the Stereo-
types Prompt that the vast majority of students did not name
specific scientists, despite being asked by the prompt to do so “if
possible.” To better understand how secondary science students
conceptualize and remember scientists, future work might pose
a separate question to invite students to list the names of all the
scientists who come to mind. Second, there was no comparison
group in the present study, and other variables could have
affected student shifts in science identity. Another limitation of
the present study was the examples in our coding rubric for the
Stereotypes prompt. The categories and corresponding exam-
ples were informed by previous work on scientist stereotypes;
however, stereotypes are culturally dependent and ever evolv-
ing. Future scholarship in scientist stereotypes might explore
which long-standing stereotypes exist for a given group of par-
ticipants, with special consideration to multicultural student
populations. Additionally, the present study includes students
from a convenient sample of teacher-researchers who graciously
agreed to participate during the pandemic, so there is an oppor-
tunity to explore Scientist Spotlight implementation across a
broader range of geographies and demographics, as well as in
traditional classroom environments. Finally, students were
grouped for In-Class Discussions based on teachers’ responses
on a retrospective reflection survey, which was administered fol-
lowing the execution of our study. Therefore, we cannot empir-
ically confirm the consistency in how teacher-researchers man-
aged in-class discussions. Future work might include recordings
of the in-class discussions to better understand the nature of
these discussions and the Instructor Talk that primes students.

CONCLUSION

Our study aimed to respond to recommendations from count-
less colleagues to implement Scientist Spotlight assignments in
secondary school settings. Across a dozen school districts, we
evaluated whether the impact of these written assignments on
multiple measures of science identity work for secondary sci-
ence students, as previously observed for college-level biology
students. Indeed, findings from our work suggest that Scientist
Spotlight assignments correspond to increases in secondary stu-
dents’ relatability to scientists. After receiving at least three Sci-
entist Spotlight assignments, students overall used more non-
stereotypical descriptors to describe the types of people that do
science. Nonstereotypical descriptors are more inclusive, so
when secondary science students write, “Anyone can be a scien-
tist,” they seem to be expanding the definitional boundaries of
who can be a scientist to include anyone—even, quite possibly,
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themselves. Additionally, we found evidence of validity for a
quantitative instrument of science identity (PCIR), which
appears to be a viable instrument for large-scale studies in Sci-
entist Spotlight assignments. Finally, initial evidence suggests
that in-class discussions can amplify the impact of assignments
like Scientist Spotlights on multiple measures of science iden-
tity. Our results suggest there would be great value in exploring
how science instructors introduce Scientist Spotlight assign-
ments and how instructors facilitate conversations about these
assignments with their students. With thoughtful implementa-
tion, Scientist Spotlight assignments can innovate science cur-
ricula by increasing the representation of scientists to reflect our
students and our society and by advancing efforts to promote
diversity, equity, and inclusion in the sciences.
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