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The purpose of this article is to understand how educators may support students 
from different backgrounds (both relatively privileged and marginalized) to partici-
pate equitably and meaningfully in ethical data science discussions. To do this, we 
draw on the literature regarding STEM identity formation, use Cobb and Yackel’s 
(1996) framework for analyzing social norms for discourse in inquiry-based class-
rooms, and draw on Hodge and Cobb’s Cultural Participation Orientation towards 
developing an inclusive classroom environment. Finally, we describe the course el-
ements (task structures, participation structures, and discursive moves) from a de-
signed Ethical Data Science course that supported students’ equitable participation 
in ethical data science discussions (Sandoval, 2004). 
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ith the onset of globalization and increased neoliberal attitudes in society, 
world governing entities have increasingly relied on the use of data science 

and Big Data Analytics (BDA) to process such data in order to make impactful 
decisions in society (Mayer-Shonberger et al, 2014). Yet, despite the social and 
economic benefits afforded by the data science industry, there are concerns about 
its marginalizing effects on non-dominant individuals. Namely, that training algo-
rithms on historical data often reinforce social stereotypes and place individuals in 
a recurring cycle of misclassification (i.e., feedback loop) (O’Neil, 2016).  

Exacerbating these marginalizing effects is the dominant demographic of 
data scientists and professional mathematicians in the field (i.e. White or Asian, 
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male and upper income). This phenomenon, called the privilege hazard by D’Igna-
zio and Klein (2020), occurs when teams of data scientists are composed of people 
primarily in privileged positions. Although often unintentional, designs created in 
these contexts reflect the dominant perspectives and experiences of the privileged 
creators at the expense of non-dominant identities and viewpoints (D’Ignazio et al., 
2020; Noble, 2018). Note that when we refer to “privilege” we use Kokka’s (2020) 
conceptualization as a “set of advantages one group has over others, granted be-
cause of membership or perceived membership in social categories (e.g., race, 
class, gender identity, sexual orientation, etc.)” (Kokka, 2020, p. 3). Consequently, 
one of the biggest threats to society that has come from globalization is the hard 
coding of discrimination in the processes that are increasingly used by world gov-
erning entities (D’Ignazio et al., 2020). Thus, it is imperative that mathematics and 
data science education be both grounded in ethics and rich with opportunities for 
students to think critically about the ways in which their mathematical products 
influence those who may be situated differently in society  (Atweh, 2013; Ernest, 
2018;  Authors., 2021b; Skovsmose, 1994).  

Purpose  

The context of this study is situated in a Design Research Project whose 
purpose is to characterize students' ethical reasoning in mathematics and data sci-
ence in order to develop instructional resources.  The Ethical Data Science course 
was developed through this project, and was implemented over a four-week period 
in summer of 2022 at a major Urban Research University in the Southeastern U.S. 
that serves urban intensive, urban emergent, and urban characteristic schools in 
both its city of residency and surrounding counties (Milner, 2012). The high school 
students who participated in the course came from a range of urban intensive/emer-
gent/characteristic communities across the state and held a variety of cultural and 
gendered backgrounds, although predominantly economically and academically 
privileged. Some of these students attended their home schools while others at-
tended the state school of Mathematics and Science.  

Importantly, a course that foregrounds discussions around ethics and privi-
lege has the potential to cause discomfort for students, impacting the ways in which 
they participate in all elements of the course. For instance, we noticed in the first 
few days of the course that the females were less likely to participate in discussions 
that were heavily grounded in the technical and mathematical components of data 
science. At the same time, White males and Asian students were more likely to 
participate in the technical discussions and less so in the sociopolitical or ethical 
grounded discussions. Given that the current demographic of professional mathe-
maticians and data scientists are vastly overrepresented by White and Asian males, 
while underrepresented by females and people of color, we viewed our students’ 
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cultural and gendered ways of participating in the EDS course as indicative of the 
current trends in these fields (D’Ignazio et al., 2020). Thus, we argue that in order 
to reduce the privilege hazard and its negative impact on non-dominant communi-
ties, we must prioritize the diversification of the data science industry, beginning 
by understanding how students with diverse backgrounds participate in these disci-
plines prior to entering the workforce. As such, the purpose of this study is to un-
derstand how designed course structures may support equitable participation 
among students with diverse and intersecting identities in ethical and sociopolitical 
data science discussions, where equitable participation refers to variability in the 
students who contribute to class discussions, but more so that these students partic-
ipate in ways that affirm their identity and sense of belonging. As such, this article 
contributes to the urban mathematics education literature in that it explicitly ad-
dresses issues of power, race, and identity in diverse classrooms (Larnell, 2013) for 
the purposes of promoting nondominant representation in the data science industry 
to promote justice in the global economy.  

In the sections that follow, we will briefly discuss literature regarding fac-
tors that influence identity in the STEM disciplines. Following a description of the 
Cultural Participation Orientation and methods that ground our study, we will then 
present evidence of the social norms that became stable in EDS course, accompa-
nied by our conjectures for students’ participation in the social norm to explain 
one’s reasoning. Finally, we introduce a new social norm to the literature, called 
making space, and propose several recommendations for promoting meaningful 
and equitable discourse in high school ethical data science learning contexts.  

 

Factors in STEM Identity Formation 

Fragile, Designated, and Relational Identity 

According to Solomon et al., (2011), many learners, despite being success-
ful in mathematics, see themselves as “existing only on the margins of the prac-
tice, or as lacking stability in it” (p. 565); such fragile mathematics and science 
identities, though not restricted to females, have been shown to appear in girls and 
women more often (Solomon et al., 2011). Scholars suggest that difficulties for 
females are closely related to cultural beliefs about gender, wherein common per-
ceptions of what counts as mathematical/scientific knowledge and processes are 
inimical to womens’ traditional roles, and their ways of knowing, thinking, and 
learning (Ridgeway, 2001).  
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Women are often cast through dominant social discourses as best suited 
for caretaking roles in society, which may be tied to Gilligan’s (1982, 1993) argu-
ment that the moral dispositions of women are more readily concerned with self-
lessness and care for others. At the same time, Gilligan (1993) argues that men 
tend to be separate thinkers (e.g., those who prefer methodologies associated with 
logic, rigor, rationality, and absolute truth) while women are more often con-
nected thinkers who rely on intuition, creativity, personal processes, and experi-
ence. With regard to their preferred ways of learning, Becker (1995) claims that 
while males more often prefer competitive and pressurized environments, females 
prefer more cooperative and supportive working environments that often conflict 
with notions of the traditional mathematics classroom setting. Such designated 
identities thus contrast with the ideal ways of thinking and behaving in the STEM 
disciplines, and contribute to the widespread assumption that women are less in-
tellectually capable in these fields than their male peers (Sfard et al., 2005). Im-
portantly, individuals often subscribe to their designated identities unconsciously 
and without realizing that there are alternatives (Sfard et al., 2005).  

An effect of these stereotypes on STEM classrooms is an inhospitable 
learning environment for females in which teachers, peers, and/or the students 
themselves do not see females as possessing the necessarily skills, knowledge, or 
dispositions to become successful scientists and mathematicians (i.e. stereotype 
threat) (Carli et al., 2016). As a result, students’ relational identities are a salient 
factor in females’ participation in STEM environments. That is, despite having 
similar agentic goals for learning (those which promote self-interest, self-satisfac-
tion, competence and ability), scholars argue that gender shapes differences in 
STEM goal achievement as evidenced by women’s underrepresentation in the 
STEM disciplines (Moss-Racusin et al. 2012). On the one hand, this gender gap is 
due to teachers’ subordination of feminine ways of thinking and participating, but 
it is also greatly affected by peer and self-expectations for what counts as accepta-
ble behavior in STEM spaces (Riegle-Crumb et al., 2020). Furthermore, because 
mathematics and the sciences are often cast as an elite male domain (Castro et al., 
2019), women pursuing STEM fields necessarily transgress traditional gender 
roles and norms, whereas their male counterparts have only to be concerned with 
demonstrating their knowledge in ways that are tailored to them (Grunspan et al. 
2016; Ridgeway et al., 2004). Unsurprisingly, this phenomenon can be seen in 
postsecondary STEM classrooms which, due to the gendered expectation of fac-
ulty and peers, have been described as negative, exclusionary, and “chilly” to-
wards female students (Riegle-Crumb et al., 2020).  

Intersectional Identity 
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 There are also differences in motivation within gender classifications that 
can be ascribed to culture, race, and ethnicity. For instance, despite having similar 
agentic goals across genders, certain cultures place a greater emphasis on commu-
nal goals resulting in “different patterns between goal affordances and commit-
ment to STEM occupations” (Riegle-Crumb et al., 2020, p. 106). As an example, 
scholars have argued that, generally speaking, the social orientation of Asian cul-
tures promotes a stronger emphasis on community, interdependence, and connec-
tions with others (i.e. communal social orientation) (Varnum et al. 2010) while 
the overrepresentation of Asians in U.S. STEM fields is, at least partially, due to a 
greater cultural emphasis on the value of STEM fields (Lee and Zhou, 2015). In 
the U.S., this overrepresentation is generally accepted by dominant groups in soci-
ety as a result of the so-called “model minority myth” that positions Asian stu-
dents generally as academically and occupationally successful while also “pas-
sive, compliant, and apolitical” (Riegle-Crumb et al., 2020, p. 106; Shah, 2019; 
Shrake, 2006). At the same time, the ideals of the model minority and the “good 
at math” stereotype are often pitted against other racial/ethnic minorities (e.g. 
Black, Latinx, indigenous) resulting in the devaluation of those cultures in STEM 
spaces (McGee, 2018). However, because Asians are often perceived as foreign 
and un-assimilating, they are positioned in U.S. society as  superior to black and 
brown individuals in STEM, but subordinate to the ideal White American 
(McGee, 2018). As a result, students of color in the U.S. experience educational 
environments as both racialized and gendered spaces that differ according to their 
cultures (Riegle-Crumb et al., 2020) while students of relative privilege (e.g. 
White or male) may experience racialized or gendered marginalization despite 
holding one or more privileged identities (e.g. males of color, White females, non-
binary gender identifying students). For instance, although Asian and White stu-
dents are often considered talented in STEM disciplines, White and Asian females 
and non-binary students are simultaneously subordinated according to their gen-
dered identities, while Black, Latinx, and indigenous females and non-binary stu-
dents may subordinated according to both their racial and gendered identity. Simi-
larly, Black, Latinx, and indigenous males, despite being viewed as more logical 
or rational than females, may experience racialized marginalization in STEM 
classrooms.  Furthermore, these students may also encounter forms of marginali-
zation within their own communities where cultural values and traditions related 
to gender roles may conflict with their educational aspirations (Lee, 2006; Riegle-
Crumb et al., 2020).  

Impetus for Equitable Participation 

 The effects of the classroom environment as a racialized and gendered 
space include different forms of participation among diverse students. Given that 
students participate in classroom activities according to their identities and 
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culture, Cobb and Hodge (2019) suggest that the classroom may serve as a space 
to promote cultural participation among students from different backgrounds. Fur-
thermore, there is sufficient evidence that diversity in educational and profes-
sional spaces may promote collective understanding (e.g. Wilson, 1992). There-
fore, if the learning goals tied to classroom discussions in a data science course 
grounded in sociopolitical and ethical contexts are to develop a holistic and col-
lective understanding of the effects of data science on the wellbeing of individuals 
and groups in society, then it is imperative that a diversity of voices and perspec-
tives are authentically considered. Put differently, a well-rounded understanding 
of who these methodologies affect, and how they are affected, is needed to safe-
guard against the privilege hazard in both learning and industry settings to ensure 
that the needs of marginalized groups are reflected in potential solutions. 

Taken together, these research findings helped shape the design of the 
EDS course. As Sandoval (2004) argues, “the embodiment of the high-level con-
jecture articulates its reification in features of the learning environment design” 
(p. 23) that may include tools and materials, task structures, participation struc-
tures and discursive practices. Therefore, these course elements were explicitly 
designed to encourage equitable participation and positive data science identity 
formation from students with diverse and intersectional identities. We elaborate 
on each of these designed elements next, beginning with a description of the 
course structure, tools and materials. 

Designing for Equitable Participation 

 While there have been initiatives in K-12 data science education (e.g., 
Gould et al., 2016; Heineman et al., 2018; YouCubed, 2020), none to date have 
consistently incorporated ethics into their coursework. Furthermore, we could find 
no data-based analyses that document the learning that occurs as students engage 
in an ethical data science course. To this end, the co-authors initiated a multi-year 
program of Design-Based Research (Bakker et al., 2014) to develop an introduc-
tory ethical data science (EDS) course for high school students. 

The EDS course was developed based on the high-level conjecture that 
students would be more likely to develop their ethical mathematics consciousness 
if they were immersed in an introductory data science course grounded in ethical 
and critical contexts. Here, ethical mathematics consciousness (EMC) refers to the 
awareness that human beings do mathematics; thus, there are potential ethical di-
lemmas and implications of mathematical work which may affect entities at the in-
dividual, group, societal, and/or environmental level. Core tenets include socio-
political, ecological and communicative mathematics awareness, and a willing-
ness and commitment to act on past injustices, share data-based knowledge, 
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and/or create ethical mathematical designs for the future (i.e. ethical mathematics 
agency) (Stephan et al., 2021; Register et al., 2021).  

In developing these design conjectures, the design team for the larger 
study conducted three separate task-based, pilot interview sessions: one with mid-
dle school students (Reinke et al., 2022), one with high school students (Register 
et al., 2021; Stephan et al., 2021), and one with preservice teachers in the U.S. and 
Sweden (Andersson et al., in press), for the purposes of characterizing how stu-
dents and preservice teachers think ethically in data science contexts. Based on 
their responses and literature related to ethical dilemmas in the data science disci-
pline, course activities were designed to elicit ethical and critical conversations re-
lated to the pros and cons of data science decisions for different groups in society. 

 With respect to course activities, Sandoval (2004) suggests that learning 
outcomes are influenced by the learning environment itself and the “changing so-
cial infrastructure of the settings” in which these designed environments function 
(p. 23). As such, we recognized that grounding a data science course in critical 
and ethical contexts has the potential to cause discomfort in students as well as in-
fluence their ways of participating in class discussions. Thus, we explicitly de-
signed the task and participation structures to foster equitable participation and 
student belonging in the EDS classroom.  

Task Structures for Equitable Participation in EDS 

Task structures refers to the goals, criteria and standards of the tasks that 
learners are expected to do (Sandoval, 2014). A majority of the investigations in 
the EDS course were designed to leverage student discourse in the service of sur-
facing multiple rationales for making ethical data-based decisions. Thus, the task 
structures for the course included (1) decision making, (2) pluralistic, and (3) qual-
itative designs. Decision making task structures position students as decision mak-
ers who must decide and justify their choices based on both their understanding of 
the topic and their personal experiences. They must also demonstrate support for 
and/or challenge the decisions made by their peers. Related to this are pluralistic 
task structures which require that students explore and justify their decisions by 
arguing pluralistically, considering both the pros and cons of their potential action. 
Finally, qualitative task structures are those in which students are expected to con-
sider the quality or consequences of specific mathematical actions or processes in 
society, or based upon their personal experiences. Together, these task structures 
place the onus of responsibility on students to understand the technical aspects of 
the data science methodology as well as reflect on and anticipate the potential ef-
fects of their mathematical products and analyses in society by drawing on their 
personal, cultural, and gendered experiences.  
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 Participation Structures for EDS  

Participant structures refers to how students and teachers are expected to 
participate in tasks including the roles and responsibilities that they take on (Sand-
oval, 2014). To support the discursive and reflective nature of the data science pro-
cess, the task structures were implemented with the following participation struc-
tures: 1) individual reflections, and 2) structured, problem-based, and open-ended 
inquiry in individual, small group, and whole group contexts. Here, structured in-
quiry refers to a sequential process where students conceptualize how to ask ques-
tions and investigate real-world issues according to the data investigation process. 
Problem-based inquiry refers to inquiry-based learning centered around the act of 
solving a real-word problem, and open-ended inquiry allows students the freedom 
to explore and develop data-based solutions to an issue of their personal interest. 
Together, these participation structures serve as a means to scaffold students’ in-
quiry processes in data science contexts by first learning to engage in the data in-
vestigation process, apply that process to real-world issues, then investigate an is-
sue of their choosing according to those learned processes.  

Discursive Practices and Attention to Identity 

Finally, designs must also include the intended discursive practices, or ways 
of talking in the intended learning environment. To this end, the teacher attempted 
to facilitate discussions that drew upon social norms that are productive for inquiry-
mathematics environments (Cobb & Yackel, 1996). These norms include the ex-
pectation that students 1) explain and justify their thinking, 2) indicate agreement 
and/or disagreement, 3) attempt to understand the reasoning of others, and 4) ask 
clarifying questions when the need arises. Due to the controversial nature of the 
discussions that surface when examining sociopolitical datasets and engaging in 
ethical discussions, as well as the diversity of identities present in these discussions, 
we expected that the negotiation of these norms would look different than in our 
previous work and that new social norms may emerge. Thus, we conjectured that 
the teacher would need to make a conscious effort to support students’ development 
of a positive data science identity while also affirming their gendered and cultural 
identities in the classroom environment. The moves that the teacher intended to 
foster positive identities included being explicit about, co-establishing, and model-
ing norms for discourse, and promoting rough draft thinking by encouraging stu-
dents to share their unfinished and developing ideas while being open to revising 
those ideas (Jansen, 2020). Given the scope of this paper, we report only on the task 
structures, participation structures, and select discursive moves made by the teacher 
that were found to support students’ enactment of, and individual beliefs in the im-
portance of equitable participation.  
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Theoretical Orientation 

Generally speaking, scholars concerned with equity work often adopt a Cul-
tural Alignment Orientation towards learning wherein culture is defined as a way 
of life within a bounded community that is passed down from generation to gener-
ation (Hodge et al., 2019). Instructional designs from this perspective attempt to 
align classroom practices to those from students’ home communities (Hodge & 
Cobb, 2019). This has caused some resistance, given that the composition of U.S. 
classrooms often do not reflect separate bounded communities, but rather a collec-
tion of intersectional ones. In addition, the realities of globalization, rapid techno-
logical advancements and increased global immigration imply that bounded com-
munities no longer exist in society and thus do not translate into the culturally ho-
mogeneous classrooms that are more conducive to the methods associated with the 
Cultural Alignment Orientation (Hodge et al., 2019).  

In contrast, we adopt the Classroom Participation Orientation elaborated by 
Hodge and Cobb (2019), which views culture as “a network of local hybrid prac-
tices that people jointly constitute as they negotiate their places in specific settings” 
(p. 863). Through this lens, students develop ways of participating in or resisting 
classroom practices based on a range of resources, practices, and identities that they 
bring to the classroom from their home, community, societal discourses, popular 
culture, and the media (Hodge et al., 2019, p. 863). In other words, the Cultural 
Participation Orientation views classroom culture as something to be negotiated by 
students with different experiences and intersecting identities. Rather than starting 
by aligning classroom practices with those from students' home communities, the 
Classroom Participation Orientation begins with classroom practices that promote 
rigorous disciplinary (e.g. data science) learning. From there, the central question 
seeks to understand how that instruction can be modified, either by adjusting spe-
cific classroom practices, modifying activities, or providing additional evidence-
based supports that may enable students who draw on diverse resources and iden-
tities to participate equitably and substantially (Hodge & Cobb, 2019). Importantly, 
equitable participation does not mean that all students participate in the same way 
or to the same extent since their identity influenced ways of participating are dif-
ferent. 

Due to our commitment to the Cultural Participation Orientation, our anal-
ysis serves as an attempt to understand the role that each of the instructional design 
elements played in supporting social norms and equitable participation in ethical 
data science discussions, with particular attention to the ways the teacher adjusted 
those elements in-situ. As a consequence, the following research questions were 
formulated to guide our analysis: 
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1. Which social norms became stable over time, and in what ways did students 
participate in and contribute to their constitution? 

2. How did the designed/modified task and participation structures sup-
port/constrain equitable participation in the activities and social norms of 
an ethical data science course?  

In the sections that follow, our methodology and relevant findings will be dis-
cussed.  

Methodology 

Course Structure 

The course structure included 20 instructional days which occurred over 
four weeks in July. The tools and materials used by students throughout the learn-
ing process were designed to reflect processes used and ethical considerations 
made in the data science industry, and to leverage students’ rationale for making 
ethical decisions in data science contexts. Some core activities include in-class 
data processing and machine learning labs, the Data Science in Society project, 
Ethical Dilemmas activities and discussion and Book Discussions.  

Students developed their Python programming skills outside of class 
through DataCamp.com and completed collaborative in-class labs through Google 
Sheets, Jupyter Notebooks, and Google Colab. The purpose of these labs was for 
students to gain experience following complex data science procedures and mak-
ing complex decisions that have an effect on a multitude of entities in society, and 
to guide their methods for the Data Science in Society Project. Thus, they enacted 
the data investigation process, that includes (1) framing the problem, (2) consid-
ering and gathering data, (3) processing data, (4) exploring and visualizing data, 
(5) considering models, and (6) communicating and proposing solutions (Lee et 
al., 2020) in the context of real world, sociopolitical datasets, engaging in critical 
and ethical inquiry along the way. For instance, we used Jupyter Notebooks and 
Google Colabs to enact the data investigation process through machine learning 
labs in the contexts of coal ash contamination in the U.S., and civilian gun owner-
ship across the globe. At this time, coal ash contamination was a major issue in 
the participant's home state, while gun rights were a looming public policy issue 
due to increased mass and school shootings in the U.S.. Students explored, 
cleaned, and processed the data, then attempted to build regression, classification, 
and clustering models to predict outcomes based on their generated research ques-
tions. Students then applied their learning to their Data Science in Society Project, 
where they chose a personally meaningful sociopolitical injustice to explore, 
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develop solutions, and communicate their findings through a conference style 
poster, presentation, and research report. The program culminated with a gallery 
walk of student projects. 

Simultaneously, students explored the ethical implications of their poten-
tial work by exploring real media related to ethical dilemmas in the data science 
industry. They selected articles from a repository created by the instructor, and 
worked in groups to identify the ethical issue and make ethical considerations 
from the perspective of a data scientist and citizen. Furthermore, they explored the 
potential impact of such dilemmas by reading select chapters of Weapons of Math 
Destruction (O’Neil, 2016), Automating Inequality (Eubanks, 2019) and Big 
Data: A Revolution That Will Transform How We Live, Work, and Think (Mayer-
Schonberger et al, 2013). The purpose for reading Big Data: A Revolution That 
Will Transform How We Live, Work, and Think was to give students an overarch-
ing understanding of the data science methodology and the uses of Big Data Ana-
lytics in society. This text explores BDA from a generally positive perspective, 
speaking to its benefits for global society and explores the differences between the 
BDA methodology and traditional research. At the same time, they read Weapons 
of Math Destruction, a text that describes the negative implications of the BDA 
methodology for marginalized populations and individuals in society that result 
from accepting messiness and making causal inferences from correlations in data 
that hold historical biases. For instance, O’Neil discusses the impact of the feed-
back loop on the mass incarceration of people of color in the U.S. and the poverty 
cycle that results from commercial targeting of services like for-profit colleges to-
wards single mothers and women of color. Finally, their third assigned reading, 
Automating Inequality, describes the impact of using BDA to automate eligibility 
systems for social programs like the Family and Social Services Administration 
(FSSA). This reading provides anecdotal evidence of the failures related to fully 
transitioning the FSSA program to an automated system, resulting in a lack of ac-
cess and loss of benefits for people in need, having short term and long term detri-
mental effects on the well-being of individuals and their families.  

Participants 

The participants consisted of 15 rising high school juniors and seniors se-
lected for a competitive, state-funded, summer residential program held at a major 
university in the Southeastern United States (U.S.). The goals of the program are to 
provide hands-on, student-driven learning experiences with authentic research op-
portunities in STEM. We chose the upper high school age group due to their posi-
tion in the U.S. mathematics curriculum and their familiarity with social media, 
technology, basic data sources, and basic data manipulation. In addition, we hy-
pothesized that the nature of a STEM program being held over the summer at a 
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major university typically could attract more privileged types of students in terms 
of parent and student education, parental involvement, race, ethnicity, and socioec-
onomic status, and thus, may reflect the demographic make-up of the data science 
industry today. The general make-up of the program from 2016 to 2021 has been 
predominantly White and Asian/Indian students who do not require financial assis-
tance with a parity in gender expression. The demographic makeup of the students 
enrolled in the EDS course reflected these aforementioned trends, including one 
Black girl, one Indian-American girl, five White girls, four White boys, two Indian-
American boys, and two Asian-American boys (all self-reported without the “-
American” label). With that being said, students’ identities are not singular. Rather, 
they intersect with a multitude of identities along the lines of race, ethnicity, gender 
expression, socioeconomic status, etc. that further influence their experiences of 
privilege and marginalization (Kokka, 2020). Thus, if their acceptance into the pro-
gram is considered an educational privilege (as it was here) then the the composi-
tion of the EDS class was homogenous in the sense that all of the students held at 
least one privileged identity (White, male, high SES, academic privilege, etc.), but 
heterogeneous in that the cultural and gendered experiences that the students 
brought to the class, including their ways of participating in tasks and discussions, 
were diverse.  

Researcher Roles and Positionality 

 The first author served as the sole instructor for the EDS course while the 
second author was positioned as an observer, data collector, and co-analyst. Both 
authors identify as White females from middle class backgrounds who taught in-
quiry and discourse based mathematics at the middle and high school levels and 
currently work with preservice mathematics teachers. At the time of this writing, 
the first author/instructor is a doctoral candidate in a Curriculum Instruction in 
Mathematics Education program with a bachelor's degree in pure mathematics and 
a masters certification in both secondary mathematics teaching and data science. 
The second author is a full professor of mathematics education and an expert in 
Design Based Research and inquiry mathematics teaching. Both authors have 
worked over the past 4 years to develop potential profiles for students’ ethical rea-
soning in mathematics and data science contexts from the perspective of promoting 
critical mathematics consciousness in students with relative privilege (like them-
selves). The goals of this work have centered around the promotion of ethical rea-
soning among students who may not have experience working with marginalized 
populations, while also promoting intercultural participation and communication 
for the future.  

Data Collection & Analysis Methods 



 
Register & Stephan                                      Designing for Equitable Participation 

 

43 

43 

The data used to analyze the emergence of social norms, equitable partici-
pation, and students' feelings of belonging in EDS whole class discussions included 
video recordings of class sessions that demonstrate students’ ethical reasoning, in-
dividual and collective student feedback from Google Forms, class discussions, in-
dividual check-ins, and focus groups, research field notes, and design team meeting 
notes. The video data was analyzed according to Glaser and Strauss’s constant com-
parative method for analyzing longitudinal data sets in discursive settings (Glaser, 
1965; Cobb & Whitenack, 1996). Generally, this method follows a multi-phase ap-
proach to analyzing video recorded student discourse in which students' social re-
lationships and mathematical learning are first characterized in an episode-by-epi-
sode analysis, followed by a macro-level analysis to shed light on sociological and 
psychological patterns in their interactions over time. Our process of analysis is 
documented in Table 1 below, where student contributions refer to verbal state-
ments that students make in whole class discussions that fall under one of the social 
norm categories, occurring when they attempt to explain, question, critique or in-
dicate agreement with purpose, going beyond simplistic responses such as a yes or 
a no. Figure 1 illustrates trends in student contributions over time, where a bold 
vertical line indicates macro level shifts in student contributions. 

Table 1. Process of Analysis 

Phase Actions Purpose 

Overview Read through all of the video tran-
scripts chronologically.  

Capture an overview of the ne-
gotiation of social norms, e.g. 
when the teacher prompted the 
students to explain, did they 
oblige or resist?  

Micro Analysis #1 2 authors independently coded video 
transcripts for social norm contribu-
tions in Google sheets. Met weekly 
to calibrate codes. 
 

Qualitatively capture the ways in 
which students contributed to the 
negotiation of social norms as 
well as the quantity and nature of 
contributions for each student. 

Macro Analysis #1 Transformed coding spreadsheet 
into a dataframe with social norms 
and student identity features as at-
tributes. Analyzed trends in student 
contributions using statistical 

Select key activities that illus-
trate significant shifts in student 
participation patterns (see Figure 
1, where macro level shifts in 
student contributions are desig-
nated by a bold vertical line.)  
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visualization software (Tableau and 
CODAP) to identify:  

• Where student contribu-
tions were high or in-
creased  

• Where the variability of 
contributing students was 
high 

Micro Analysis #2 
 

Independently coded selected activi-
ties for activity structures, participa-
tion structures, and discursive 
moves made by the teacher within 
these activities. Met weekly to cali-
brate. 

Identify design elements that 
may have supported stability of 
social norms and equitable par-
ticipation in discourse.  

Macro Analysis #2 Chronologically documented how 
and when the social norms were be-
ing negotiated and/became stable (if 
at all), and looked at variability in 
student participation in these norms. 

To determine when/if participa-
tion was equitable among the 
students. 

Identity Analysis Read through relevant student feed-
back and focus group notes. 

To determine what elements of 
the design, or teacher moves 
likely contributed to student em-
powerment and equitable partici-
pation. 

 

Limitations 

There were several limitations with regard to the course experience and 
the study itself. The most salient of which are related to the course being only 4 
weeks long, the first week being virtual, and the student research requirements of 
the program. Although students were with the instructor for 5 hours per day, rela-
tionship-building, developing knowledge about students’ ways of participating, 
and establishing social norms for discourse takes a considerable amount of time, 
especially in learning contexts that students may not be familiar with. In addition, 
the program requirement for students to individually conduct research for  
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Figure 1. Count of Students Verbal Contributions by Date and Activity  
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publication over the course of 4 weeks served as both an opportunity and con-
straint for the students and teacher in the EDS course. On the one hand, immers-
ing students in the research process was meaningful in that it developed their un-
derstanding of the scientific method and data investigation process. On the other 
hand, students had little experience conducting literature reviews and writing re-
search reports, requiring that the instruction forgo several ethical data science ac-
tivities to support students in their writing and research more than she had antici-
pated. Finally, we were met with difficulties related to the nature of a residential 
program during the COVID-19 pandemic that included the temporary removal of 
COVID-positive student and teaching assistant. In addition, our ways of partici-
pating were sometimes negatively influenced by the need to social distance. De-
spite these limitations, our analysis of the first three weeks of the course yielded 
some unexpected but important findings. Significantly, it was found that the nego-
tiation of a new social norm to make space, coupled with students’ developing be-
liefs in the importance of meaningful and equitable participation, proved to be es-
sential for students to contribute equitably in the social norm to explain one’s 
thinking. 

Findings 

The findings of our analysis related to the first research question include 
that 1) the norm to explain was the first and only to become fully stable, while the 
remaining norms were still in the negotiation stages at the end of the course, and 
2) in their enactment of equitable participation, a new norm emerged where stu-
dents attempted to make space for others' explanations. Regarding the second re-
search question, the task structures that supported student empowerment and equi-
table participation in EDS course discussions include decision making, pluralistic, 
and qualitative task structures. The participation structures that supported equita-
ble participation include requiring that all students present when reporting out as 
small groups and that students engage in small group talk prior to reporting out in-
dividually in whole group discussions. Furthermore, the discursive moves that 
supported student’s equitable participation in the EDS course included 1) co-es-
tablishing social norms by facilitating a space for students to negotiate them ac-
cording to their cultural, gendered, and personal resources, 2) collaboratively de-
fining equitable participation as necessary for collective understanding, and 3) 
promoting rough draft thinking by explicitizing that there are “no experts on ethi-
cal data science” in the classroom. 

To illustrate these findings, we first document the social norms that ap-
peared to become stable within the first three weeks of the course (e.g. the norm 
to explain), followed by evidence of the emergence of the new social norm to 
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make space for others’ explanations. We then characterize the negotiation of this 
new norm to make space and provide conjectures related to the designed and/or 
modified course elements that seemed to promote equitable participation. Finally, 
by drawing on insights from the identity literature and students’ feedback 
throughout the course, we further attempt to characterize the core design elements 
that promoted students’ belief in the norm to make space for others and their ob-
served empowerment to take up that space.  

Observed Stability of Social Norms for Discourse 

Our analysis indicates that the social norm that students were expected to 
explain their thinking became stable early on while the norms to indicate agree-
ment/disagreement, ask clarifying questions and attempt to understand each 
other’s thinking were still in the negotiation stages at the end of the third week 
(Week 4 was dedicated solely to their research projects and thus did not include 
whole class discussions). Initially we found it encouraging that students felt obli-
gated to explain their thinking with or without prompting from the teacher. How-
ever, the discourse patterns further revealed that certain students explained only 
when called on by name by the teacher. For instance, the following discourse pat-
terns, where some students respond to prompts from the teacher and others with-
out, were typical in the first few days of the course.  

Instructor Gerrymandering, um, yeah. Uh, Arjun, did you wanna talk about [your experi-
ence with] that a little bit? 

Arjun  
(Indian male) 

Yeah. Back when I lived in Atlanta, we had like these districts that was like, Su-
per long and super thin. And they were all like messed up and I was like, what's 
going on? 

Instructor Yeah. Are any of you familiar or not familiar with what gerrymandering is? 

Instructor All of you have heard of it?  

Sam 
(White male) 

I am, but I would also like to add on to the point, um, that Arjun made that just 
because there are districts, which are like long and skinny and all that, it doesn't 
necessarily mean they're gerrymandered. Um, if you want to see like more about 
gerrymandering stuff, I think you need to look a little bit more into the details 
than just the shape--like you gotta see the race makeup, the, you know, age, 
makeup, stuff like that and make sure it's even that way. 

Interactions like this indicate that at the individual level, some students consist-
ently felt obligated to explain, while others (namely most of the females and 
Asian students) only did so when explicitly asked. Significantly, the latter 
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students were more often females and/or Black and Asian students, indicating that 
their disproportionate contributions may be attributed to their identities and cul-
tural or gendered ways of participating.  

A New and Essential Social Norm: Making Space 

Over the first three full weeks of the course, the students seemed to notice 
that the same few students contributed to class discussions, stating in their feed-
back that “our discussions were typically dominated by the same students” or that 
they noticed that “not a lot of [the girls] spoke up.” Significantly, many of these 
students seemed to handle this by either making an effort to contribute when oth-
ers seemed to dominate the conversation (step up), or by providing space for their 
quieter peers to speak (step back). Thus, a new social norm emerged that involved 
students feeling obliged to make space for others' voices to be heard in classroom 
discussions.  

Importantly, the designed task and participation structures seemed to en-
courage the students themselves to negotiate behaviors that would allow them to 
share their own ideas while also providing space for others to share theirs. For in-
stance, in the excerpt that follows, which occurred on day 3, Moksh begins to ne-
gotiate how to make space for his group mates to explain their thinking by explic-
itly deferring to them in their group presentation: 

Moksh 
(Indian male) 

For society in general, data science can provide multiple opportunities because 
[...] if they teach at least some part of data science to the general population in 
high school, they can get to know that it is something that they could pursue 
and it could like help society [...] and I'll leave it to my group. 

By day 7, the students began to adopt more explicit techniques for eliciting their 
peers’ contributions, as seen in Monica’s reflective feedback below:  

Monica 
(Black female) 

The teacher set [expectations for meaningful and equitable participation] in 
the way of giving us instructions or what to talk about, but the students 
mainly took hold of and regulated those things. One specific example of this I 
remember was during a group discussion where all the tables were in a circle. 
We were discussing a reading, and, while I had something to say, I was too 
nervous to say it. One of my friends in that class was directly across from me 
and noticed I didn’t say anything, so he repeatedly looked at me and gestured 
in a way that told me to speak. I couldn't at first, but he was so persistent that I 
did end up saying what I had thought. 

While the designed course elements seemed to foster students’ participa-
tion in the social norm to explain, there was evidence that specific task and 
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participation structures seemed to encourage both the provision of space by domi-
nant students and empowerment in those with seemingly fragile data science iden-
tities in EDS classroom discussions. In the following sections we respond to re-
search question 2 by presenting each of these supports and plausible identity con-
nections to validate our conjectures.  

 

Task Structures that Supported Making Space 

 The task structures that supported equitable participation and the provision 
of space included decision making, pluralistic, and qualitative task structures. 
That is, in sociopolitical contexts, students were given the opportunity to decide 
for themselves, argue, and challenge diverse ideas related to the ethical decisions 
that they would make as a data scientist or as a citizen. These decisions were 
drawn from their personal experiences and research into the positive and negative 
aspects of the Big Data industry. Notably, positioning students as decision makers 
seemed to be one of the most important structures for inviting diverse students to 
participate more equitably in class discussions. This not only placed the onus on 
the students to argue what they believe is right, but the requirement to argue plu-
ralistically (make arguments both for and against e.g. automated eligibility sys-
tems, facial recognition software, predictive policing, etc.) further pushed them to 
contribute in a manner that went beyond simplistic responses or those intended to 
demonstrate competence. Rather, this task structure enabled students to consider 
perspectives that they may not have otherwise considered, giving value to their 
peers’ diverse perspectives and experiences. As an example, consider the follow-
ing excerpt from the second Reading Discussion where students discussed data 
messiness and its implications for automated eligibility systems like the Family 
and Social Services Administration (FSSA) and Food Assistance Programs 
(SNAP). Here the students not only demonstrated that the social norm to explain 
one’s thinking had become taken-as-shared, but the variability in contributors in-
dicated that some of the more hesitant students may have felt empowered to have 
their voices heard:  

Ashley  
(White female) 

So with these systems [FSSA/SNAP] --I don’t think that we should automate 
it. Cause just because you're eligible, sometimes what you’re given is not 
what you need. Cause these systems, they might give you money, but you 
might like, you might need food instead or a job. You're just giving them 
what they need, like supplies, but you're not giving them a way to survive. 
[...] And if you’re automatically eligible and you're getting services, you 
might not have the incentive to go out [...] and find a job? 
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Sam 
(White male) 

Going off of that um, I think it's important to think about how like --  I think 
most people today, even if they're getting money, [...] like all of us, we 
wanna be productive members of society, right? Even if we get a million 
bucks, I think some of us would still try to do something with that money in-
stead of sit around. So I don't think that giving money through welfare lowers 
people's willingness to work. And in addition to that, I don't think that giving 
welfare money is really a good place to stop. I mean like creating new jobs 
by public works is a great way to go and the government's done that a lot be-
fore to get us out of recessions and what not [...] 

Instructor [Students look for teacher’s response ] Don't look at me, this is y'alls conver-
sation! 

Monica 
(Black female) 

I agree with that point and I was gonna say um the idea that um giving 
money to those in need will stop them from wanting to get a job is a good ar-
gument against keeping the automated systems like they are because they 
don't actually help people in the program, [...] So if we work more on trying 
to help the population that's receiving these [benefits], or even people who 
are denied eligibility-- even giving them resources [...] Something that'll help 
them cultivate skills instead of just trying to push them away with what little 
things we give them. 

As this excerpt shows, the book readings served as a starting point for students 
with fragile data science identities to enter the discussion and make relevant con-
nections to their communities and personal experiences. For example, Monica’s 
reasoning related to insufficient resources for eligible citizens was based on her 
personal experiences and community knowledge of public assistance programs. 
That is, she drew on her observations that people receiving benefits are often 
given minimal support while being denied the opportunity to cultivate life skills. 
Therefore, we conjecture that these task structures may have empowered the girls 
who were uncomfortable speaking out in technical settings the opportunity to con-
tribute in a meaningful way, according to their experiences and identities.  

Consequently, discussions of this nature served two purposes: 1) to open 
the floor for non-dominant students to speak to their experiences; and, 2) to pro-
mote collective understanding of the social positioning of marginalized groups in 
society as it relates to the data science methodology. Yet, an additional point to 
make regarding these task structures is that unlike Critical Mathematics Pedagog-
ies that forefront social injustices of the past or present, the act of making deci-
sions for the future enabled the students in the EDS course to look beyond who is 
the oppressor/oppressed and toward making informed decisions that are not harm-
ful to others. Rather than create a polarizing environment for heterogeneous stu-
dents, positioning students as decision makers in sociopolitical and ethical con-
texts both created a space for students with fragile data science identities to 
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contribute in a meaningful way, and served to develop a unified sense of commu-
nity and caring in the classroom (collective social orientation). Importantly, this 
required that the students consider alternative viewpoints and experiences, and 
use them to develop reasonable solutions to the issue at hand. That is, they were 
required to measure the quality, feasibility, and consequences of their actions 
based on both their personal experiences and their collective understanding of the 
potential implications of data science for different groups in society, constituting 
what we refer to as qualitative task structures. With regard to space, the qualita-
tive task structures deterred students from contributing to show competence, and 
forced them to provide and consider alternative viewpoints in order to promote 
collective understanding.  

Participation Structures that Supported Making Space 

We further noticed that students' active participation in the social norm to 
explain was heavily dependent upon the participation structures that the teacher 
enacted. In particular, whether students were required to participate in groups or 
individually, and whether each student was required to speak out. On day 1, there 
was a noticeable lack of structure to whole class discussions. As a result, the stu-
dents attempted to negotiate the social norm to explain one’s reasoning, recogniz-
ing that at least one student should respond to the teacher’s prompts, but they did 
not show concern for diverse perspectives. In the early lessons, this was evi-
denced by a select few students, primarily boys, continuously responding first to 
prompts. As a result, the instructor implemented small group presentations within 
the whole class discussion to provide structure and encourage non-dominant 
voices.  

Small Group Presentations 

While this participation structure did not necessarily promote equitable 
participation, it did catalyze a peer negotiation of space within those presenta-
tions. For instance, in the context of the excerpt that follows which occurred on 
day 1, students were required to work in small groups to conceptualize the scale 
of Big Data measurement, then report on their findings as a group to the rest of 
the class. While the teacher still had to prompt certain group members to jump in, 
students demonstrated the negotiation of space by deferring their explanations to 
their group members.  

Instructor So group one, please jump in. 
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Moksh 
(Indian male) 

So, uh, we, we just felt like we should go with like the base bases of life, I 
guess. And we chose bases of matter. We chose atom. Then we moved on to 
the molecule and then we thought that we're gonna do a human next. So we 
slowly went to the cells[...]  and I'll let the other guys take over. 

Monica 
(Black female) 

Um, from there we went to tissue and then blood vessels and then the organ as 
a whole, and I'll save the last one for our last member. 

Arjun 
(Indian male) 

Then we did the organ system, the human body, and then groups of people 

Instructor And every individual bite or unit is an atom is that correct?  Awesome. I love 
that. [...] group two? 

Ashley 
(White female) 

So we set it up, um, with the byte being the smallest of the yellow ones [start-
ing with a single grain of sand] 

Instructor I love how you showed your scale through the sizes of the blocks. That's inter-
esting 

Instructor Somebody else from group 2? 

As seen in this excerpt, some of the students began to make space for their peers' 
contributions by explicitly deferring to them in their presentations. Yet, these 
norms were still being negotiated as evidenced by the teacher prompting students 
to jump in and explain (e.g. “Somebody else from group 2”). Furthermore, this 
structure alone did not result in equitable participation as evidenced by males tak-
ing the lead in presentations or by presenting for their entire groups in surround-
ing activities. Consequently, the teacher again modified the group presentation 
participation structure on day 3, explicitly requiring that all students in the group 
present.  

All Students Present 

Enactment of the required participation structure, that all students present, 
resulted in a student to student negotiation that focused not only on the provision 
of space, but on who was afforded that space. That is, dominant students began to 
step back for others to have their voices heard, while quieter students began to 
step forward. By day 7, in their group presentations to the whole class, the stu-
dents required no prompting to step in from the teacher or their peers and demon-
strated variability in presenters, indicating that the students were negotiating the 
social norm to make space from the perspective of equitable participation, while 
the social norm to explain one’s reasoning had become taken-as-shared.  

Support for Individual Participation 
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Outside of small group presentations, we noticed that females were more 
apt to participate early on if participation was an explicit requirement made by the 
teacher (like in the group presentations). However, this requirement is more diffi-
cult to make in a whole group setting where students are expected to report out in-
dividually. This was a point of contention for the instructor as she did not want to 
force students to report out on topics in which they do not feel empowered to 
speak to, but still wanted to resolve issues of inequitable participation in whole 
group discussions. Significantly though, the teacher noticed that after imposing 
the group participation structure in course activities, girls began to participate 
more readily in whole group discussions where a group presentation structure was 
not enacted. Thus, it is conjectured that the group participation structure in sur-
rounding activities may have served as a motivator for those students who typi-
cally sit on the margins of class discussions to speak up in discussions without 
that enacted structure. In addition, a final participation structure that was sought 
by the female students in their feedback, was to integrate small group talk into 
whole class discussions, e.g. affording time for students to confer with their group 
mates before responding publicly to a prompt. According to the female partici-
pants, this allowed them to consider and discuss the prompt prior to speaking out 
in the whole group context, and thus removing some of their feelings of vulnera-
bility.  

Establishing the Need for Meaningful and Equitable Participation 

The process of establishing social norms for meaningful and equitable par-
ticipation requires ongoing attention. For instance, after a breakdown of the social 
norms on day 11, the instructor modified her lesson plan to facilitate a Timed 
Writing activity on day 12 for the purposes of reestablishing the social norms for 
meaningful discourse and to promote students' belief in the need for equitable par-
ticipation. The discussion that ensued was significant because it not only gave us 
evidence of how students framed the idea of equitable participation, but also had a 
significant impact on their ways of participation moving forward.  

In this activity, students were to open a Google Doc, and write continu-
ously for two minutes each in response to eight prompts. The teacher then asked 
the students to respond to the first six prompts verbally as a class. The final two 
prompts were intended as reflective questions that supported the first six, but stu-
dents were not expected to discuss them publicly unless they were comfortable 
doing so. She took projected notes on their responses in order to provide a collec-
tive visual representation of the class expectations for discourse and participation. 
The timed writing prompts are listed in Table 2, followed by our analysis of stu-
dent responses to prompts 6 and identified discursive practices that seemed to 
support their beliefs in the importance of meaningful and equitable participation. 
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Table 2. Timed Writing Prompts 

1. What is your purpose for being in this course? What are your goals? What can you do 
to accomplish these goals? What can your classmates do to help you accomplish these 
goals?  

2. What does it mean to be an academic? What behaviors does this entail? 

3. What does it mean to engage in academic discourse with your peers? What behaviors 
from you and your peers may support academic discourse?  

4. What counts as a “good” question in an ethical data science course? 

5. What counts as a “good” explanation in an ethical data science course?  

6. What counts as meaningful and equitable participation in class discussions and tasks? 
Why is this important? 

7. Do you feel that you meaningfully participate in every discussion/activity? Why or 
why not? If you hesitate to meaningfully participate in every discussion, why do you 
think this is the case? What changes could be made to encourage your meaningful par-
ticipation? 

8. Do you feel that your participation allows for other voices to be heard? Explain. What 
could you do differently to encourage and value the voices of your diverse peers?  

 

Regarding Prompt 6, it was necessary to define the term equity in order to 
help students conceptualize and qualify equitable participation as necessary. Con-
sider the following excerpt from the whole class discussion:  

Instructor What is the difference between the word equitable and the word equal?  

Sam 
(White Male) 

Equitable is just getting what they need, uh, equal is everyone gets the 
same thing. 

 
Instructor 

 
[...] So when we are having equitable participation, what do you think that 
means? 

 
Moksh 
(Indian Male) 

 
When people who speak most speak a little bit less and people who don't 
speak much, speak more. 

 
Instructor 

 
Right? And it just means giving that space. And it's not saying that people 
who speak up need to be quiet and, and not talk the entire time, but it's 
waiting, encouraging others maybe to speak up that don't necessarily speak 
up more often.[...] it's being aware of how your position in the classroom 
or in whatever room you're in, can affect how others communicate, and 
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then being someone who can encourage those others to communicate, or 
vice versa.  It's if you are not necessarily someone who likes to speak up, 
challenging yourself to get out there and, and speak up and ask those ques-
tions and share your opinion because it's a valid and valuable opinion that 
people should hear.  

 
Richard 
(White Male) 

 
[...] I was kind of thinking like, equitable is like, you give your participa-
tion and you receive like output from other people. 

 
Instructor 

 
Knowledge from others, right? [...] Why is it important to have diverse 
people in different institutions or in different classrooms or in different 
jobs or as data scientists? 

 
Moksh 
(Indian Male) 

 
So that represents the population. So that our values and stuff are repre-
sented. 

 
Instructor 

 
Yeah. Why? 

 
Monica 
(Black Female) 

 
Because like, people from different backgrounds carry like, like different 
experiences with them. So if you don't have one person's experience that 
may be representative of that person's group, then you're missing that kinda 
nuance and those kinds of things that could help your product or whatever 
you're doing, be more fair and equal for everybody else.  

In the excerpt above, the students themselves conceptualize the meaning of equi-
table (as opposed to equal) and apply this conceptualization to the classroom 
learning environment by describing what this means in terms of student behaviors 
(e.g. Moksh explains that equitable participation translates to conversationally 
dominant students stepping back to let others have a voice). The teacher then uses 
this as an opportunity for students to make conjectures about why equitable par-
ticipation is important. Significantly, this discussion served to redefine students 
expectations for meaningful participation such that, rather than place the onus of 
participation on individual students as a means to evidence their competence, in-
telligence, or work ethic (typical of traditional classrooms), as negotiated in the 
EDS classroom, equitable participation must be positioned as essential for the 
promotion of authentic understanding.  

 

Connecting Back to Student Identity 

We conjectured that students’ participation in the social norm to make 
space for others to explain their reasoning is intricately connected to their per-
sonal identities and social orientation. That is, their beliefs about who should have 
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a voice in the classroom depends on their positioning in that space and in society, 
while their obligations for learning (self, peers, society, etc.) (Cobb et al., 2009), 
may dictate how students participate within that space. Thus, to better understand 
students’ motivations for participating (or not) in the social norm to explain one’s 
thinking, we drew on student feedback collected by the instructor throughout the 
course.  

Male Participation 

Findings from these data sources confirmed that despite the enacted task 
and participation structures, elements of students’ fragile STEM identities related 
to gender and culture may have had an effect on their ability/willingness to partic-
ipate in the norm to explain. For instance, our analysis of student participation and 
feedback from the EDS course suggests that, from the onset, males as a collective 
group seemed much more comfortable explaining in class activities, though some 
of the Asian males expressed discomfort in qualitative discussion. This held for 
most task and participation structures and was seemingly stable from the first 
week of classes. Consider the following male students’ responses regarding their 
feelings toward participating at the beginning of the EDS course:  

Oliver  
(Asian Male): 

I did not feel any reservations about participating at the beginning of the 
course. Asian identity likely impacted this, because it’s usually stereotypi-
cal to think that Asians are at the top of the class so it influenced my ability 
to participate.  

Sam 
(White Male) 

I felt pretty good as in school it's pretty normal for me to be active in dis-
cussions so it wasn't too hard for me here.  

Arjun  
(Indian Male) 

At the beginning of the course, I didn't feel much competence in my ability 
to meaningfully contribute to the class/group discussions. This was because 
I didn't know much about data science and its ethical implications. Thus, I 
didn't have a lot of meaningful ideas to share with the class. Hence, I put in 
a lot of effort to understand how data science works and its ethical implica-
tions upon the society. [Additionally] I didn't know my peers that well and 
didn't know how they will perceive my responses. I was very anxious about 
not making a fool of myself, so I refrained from participating.   

 

We conjecture that differences in male participation and their feelings of 
belonging could be due to cultural differences between the males in the course. 
Namely, the White males were comfortable in any setting (potentially speaking to 
their dominant positions in U.S. society) while the Asian males and one of the In-
dian males seemed less comfortable speaking out in qualitative discussions than 
in the more technical lessons. When compared to Sam’s responses, Arjun and 
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Oliver’s responses reflect findings from the literature regarding differences in the 
agentive and communal goals between White and Asian cultures, their positive 
STEM identities, and their cultural emphasis on STEM fields which are tradition-
ally situated in technically, abstract, and/or procedural settings (Riegle-Crumb et 
al., 2020). Thus, it is possible that effects of the Asian minority myth or the “good 
at math and science” stereotype are internalized by Asian males to favor “mascu-
line” technical educational settings. At the same time, such designated identities 
also convey Asian males as ““passive, compliant, and apolitical” (Riegle-Crumb 
et al., 2020, p. 106), qualities that are societally projected as positive characteris-
tics that align with their academic and occupational success but restrict them from 
being comfortable in sociopolitical settings.  

In addition to males’ generally high levels of participation, we also ob-
served a noticeable lack of space given to others, namely females, in class discus-
sions. At the beginning of the course, class discussions were largely dominated by 
four White males and one Indian male. Gradually, as participation and task struc-
tures were modified to allow more space for their quieter peers, some of the fe-
males began to take up that space either by their own volition (Monica) or by de-
signed participation structures from the teacher (e.g. all group members must pre-
sent). However, while navigating participation norms and structures, the dominant 
males continued to control, albeit subtly, by consistently presenting first or con-
tributing most to group presentations. Importantly, this did not seem to be a con-
scious move on the part of these students. Rather it seems more likely that their 
conditioning from performance-based classroom environments that promote quick 
responses, coupled with their agentive goals, may have played a role in how they 
participate in class discussions. That is, their comfortability with, and motivation 
to prove their competence and ability in what they would typically consider a 
competitive environment (Abele et al., 2007; Ridgeway 2001).  

It is further conjectured that the males in the EDS course may have con-
sciously or unconsciously viewed their female counterparts as less competent 
(Grunspan et al., 2016), as evidenced by the males consistently taking the lead or 
presenting for their female counterparts. That is, the males either placed them-
selves in a superior position according to their agentive motivation to show com-
petence, or in what they may have considered a supportive group role from a 
communal standpoint. With that being said, after the Timed Writing activity in 
week 3 (discussed in a subsequent section) there was evidence that dominant stu-
dents were beginning to think deeply about the space that they afford to others. 
For instance, consider Andrew’s (White male) statement that   
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I am by no means the leader of every discussion and the most frequent speaker, but still 
speak more than a handful of other students in this class. I think this is because I don't 
like silence, but that is just an excuse and more conscious awareness will make it very 
easy to just wait for other voices to be heard.  

Female Participation 

With regard to the girls in the course, our findings were analogous with 
the STEM identity literature which states that the designated identities of females 
in STEM impact both the self-efficacy of the females themselves and the social 
expectations of their peers. In the context of the EDS course, this in turn seemed 
to affect the girls’ feelings of subordination and their ways of participating in 
classroom activities and norms. After noticing the lack of participation from fe-
males in class discussions in the first two weeks of the course, the teacher at-
tempted to understand the girl’s hesitations by conducting a small focus group 
discussion between class sessions. Responses included that they (1) felt others 
knew more about the subject and thus preferred to listen, and (2) were fearful of 
being wrong in front of classmates and/or the teacher. Thus, the collective female 
students’ perceptions of others knowing more about the content and thus having 
more important contributions contributed to their lack of confidence in participat-
ing in the norm to explain their reasoning during whole group discourse. How-
ever, like for the males, the females demonstrated different ways of participating 
in and negotiating this social norm, supporting that self-efficacy and participation 
in data science settings are not only gendered but cultural as well (Riegle-Crumb 
et al., 2020).   

At the beginning of the course, the White females’ lack of participation 
appeared to stem primarily from their feelings of incompetence regarding their 
data science and sociopolitical knowledge in relation to their peers and the 
teacher. That is, they did not want to seem less intelligent or able, by saying 
something wrong.  

Faye  
(White Female) 

At the beginning of the course, I did not feel very competent in my ability 
to meaningfully contribute to discussions in class. This was because I knew 
little of the subjects being discussed, since I had no previous experience in 
data science.  

In contrast, Aashvi, the sole Indian female in the course, felt very comfort-
able with the data science content but felt more discomfort in the sociopoliti-
cal/ethical discussions and with public speaking in general. In addition, she cited 
her discomfort sitting away from her friends in cases where small groups were as-
signed, indicating a potential internalization of the gendered, racial, and 
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intellectual other stereotype imposed upon Asian females (Shah, 2019; Shrake, 
2006). That is, the model minority and “good at math” stereotypes position Asian 
females as superior to their female counterparts, but as subordinate to her male 
peers in a technical setting. At the same time, like her Asian male peers, she may 
be viewed as passive and apolitical, potentially speaking to her discomfort with 
public speaking and sociopolitical conversations (Riegle-Crumb et al., 2020, p. 
106). 

Aashvi  
(Indian Female) 

At the beginning of the course, I felt very competent in my abilities in 
meaningful contribution to the class because I had a little prior knowledge 
in the field of data science.[...] In the middle of the course, I realized that 
the class discussions were more than just specific knowledge of the field 
of data science. It was also about the impact of data science to the people 
around the world [...] which I wasn't very well versed in. As a result, I felt 
a little less confident in my abilities to meaningfully contribute in class 
discussions. However, towards the end, after the encouragement from the 
instructor and feeling more confident about myself, I felt more propelled 
to express my opinions.  

Unlike the other females in the class, Aashvi’s prior knowledge related to data 
science contributed to her feelings of competence at the beginning of the course. 
Yet, her observed lack of participation in the norm to explain her reasoning during 
class discussions resonated more with her expressed discomfort speaking in socio-
political contexts. Thus, Aashvi’s negotiation of the norm to explain her thinking 
was intimately tied to her feelings of competence both with the technical and 
qualitative course content and in relation to her peers.  

Finally, Monica, the sole Black female in the course, again participated 
differently than the others, likely due to her cultural positioning. At the beginning 
of the course, she felt few reservations about participating in class discussion, but 
felt much more comfortable discussing sociopolitical topics than technical ones. 
Like Asian females, Black females deal with the effects of intersectional margin-
alization (Crenshaw, 1991) and stereotype threat (Spencer et al., 1999) in STEM 
classrooms. In contrast however, Black women are simultaneously subordinated 
based on gender and race to both their White and Asian counterparts (Riegle-
Crumb et al., 2020). While it could be expected that this would impact her partici-
pation and performance in a negative way, Monica demonstrated resilience to 
such stereotypes through her agentic and communal motivation. Namely, she no-
ticed a lack of participation from other females which catalyzed her motivation to 
speak up and dismantle the male dominated discourse that had taken a hold on the 
class. 
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Monica  
(Black Female) 
 
  

I felt obligated to participate for the other girls in my class. I noticed that 
not a lot of them spoke up and I felt that if I talked more, they would even-
tually do the same. 
  

Thus, she was determined to make herself heard if not for herself (agentic motiva-
tion and personal empowerment), then for her female peers (communal motiva-
tion). She first took up this space in the sociopolitical/ethical discussions where 
she felt that she had more experience/knowledge, speaking to the effect of the task 
structure on her sense of empowerment.  

Identity Connections to Task Structures 

The argument for implementing decision making, pluralistic, and qualita-
tive task structures in data science learning environments is related to the gen-
dered and cultural positioning of students in those spaces and in society. Cur-
rently, women are positioned on the margins of the STEM disciplines and as sub-
ordinate to men in society (Ridgeway et al., 2004). To foster a sense of belonging, 
it is therefore imperative to provide opportunities for girls that support their ways 
of knowing and learning (like Monica above). For instance, Carol Gilligan, a pio-
neer on gender differences in moral development argues that girls tend to be more 
connected thinkers with a desire for understanding, relevant experiences, and dis-
course while prioritizing selflessness and caring for others (Gilligan, 1982; 1993). 
As such, activities which promote qualitative and ethical reasoning could be ar-
gued as essential for girls’ development of self-efficacy in mathematical or tech-
nical settings. For instance, consider Monica’s feedback related to qualitative task 
structures.  

Monica  
(Black Female) 

In the beginning of the course I felt very incompetent in my ability to con-
tribute in our discussions about data science because I knew nothing about it. 
I knew that others knew about the topic and felt that it would be better if 
people who knew what they were talking about dominated the floor. When 
we talked about ethics, I felt more competent because that is an area I know 
a lot about.  

Monica’s comment here is indicative of the opportunities afforded to the 
mathematics education community by the data science methodology. Generally 
speaking, data science sits at the intersection of mathematics and statistics, com-
puter science, and disciplinary knowledge. It is used daily by a myriad of entities 
across the globe to make impactful decisions in society. In a classroom context, 
the seamless integration of sociopolitical and ethical issues into the data science 
curriculum (i.e. the notion that data science cannot be studied separately from the 
target population of the dataset), allows instructors to encourage students at 
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different levels of understanding to contribute to the discussion. That is, students 
who may not yet feel comfortable speaking to the technical components, can 
speak to the impact of data science and BDA within their own communities. This 
serves both as a means to increase their confidence and sense of belonging, as 
well as promote collective understanding of the differential impact of data sci-
ence.  

While activities that promote qualitative and ethical reasoning seem to 
benefit students with fragile identities, such activities are often uncomfortable for 
males and other students of relative privilege (e.g. White females) in the STEM 
disciplines. However, we argue that engaging students from dominant groups in 
qualitative tasks may support their development of a collective social orientation 
as well as serve to dismantle the privilege hazard in the STEM disciplines due to 
their required consideration of the effects of their technical products and new-
found experience navigating diverse conversational spaces. In sum, qualitative 
task structures provide a space for the typically masculine and/or relatively privi-
leged students to discover their affective qualities.  

Walter 
(Asian Male) 

I thought that the readings gave me an insight on data science that I haven't 
considered beforehand. They provided real life examples and perspectives 
and allowed me to understand the adverse effects of not considering ethics 
while investigating data.  

James 
(White Male) 

Ethical Dilemmas in Data Science, Ethical Task, and the Documentaries al-
lowed us to analyze different points of view, and discuss among people with 
varying life experiences.  

Meredith 
(White Female) 

In the Readings and Ethical Dilemmas assignments, I got to see real world 
examples of how big data is used and think about whether or not it is being 
used in an ethical way [...]. The readings showed examples where people are 
being affected [...] and how big data is pretty much screwing up so many 
people's lives, which I didn't even know was really an issue before starting 
this course. Just seeing these real life examples opened up my eyes to things 
that I didn't know were happening in the world. 

 

Importantly, enacting decision making, pluralistic, and qualitative task structures 
is not enough to promote equitable participation. While the task structures them-
selves seemed to foster student empowerment by allowing a space for them to 
speak to their experiences, it did not guarantee that they would be afforded the 
space by their peers to do so. Rather the teacher must also be intentional about the 
participation structures that are enacted to create space until its need becomes in-
ternalized by the students.  

Identity Connections to Participation Structures 
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 The participation structures that supported students’ equitable participa-
tion in data science activities and discussions included first, implementing a small 
group reporting structure where all students are required to present. This structure 
allowed non-dominant students the space to have their voices heard, while pro-
moting the provision of space by dominant students. With regard to students’ rela-
tional and fragile identities, requiring that all students present in a group reporting 
structure helps to establish the notion that all students’ contributions are important 
and valid. 

In the context of whole group discussions, especially those situated in 
technical or rigorous mathematical activities, non-dominant students further bene-
fited from engaging in small group talk prior to reporting out. From these stu-
dents’ perspectives, small group talk reduced their feelings of incompetence be-
cause they were given a chance to both think, and talk through the topic before 
being required to speak on it. This simple structure served to reduce their feelings 
of vulnerability, and empowered them to have their voices and perspectives heard. 
With that being said, it was also essential to decenter the authority in the class by 
positioning the students and instructor as co-learners, and by consistently remind-
ing students that “no one here is an expert”. Rather, we are all there to learn and 
discuss the myriad of ways that data science can impact humans and ecologies, 
drawing on the diverse perspectives and experiences in the room, in order to de-
velop feasible solutions that reduce harm for the future.  

Furthermore, as evidenced in their timed-writing responses, many of the 
students began to consider their positioning in the classroom in relation to their 
peers (navigating their privilege, participating to encourage others, stepping back 
to encourage others, using their peers as a source of knowledge, etc.). This was a 
salient finding since, as Cobb and colleagues (2009) argue, shifts in the students 
thinking about participation and learning are related to their self-identified obliga-
tions for doing so. Findings from the post-course feedback form related to partici-
pation revealed that by the end of the course, students felt obliged to learn and 
participate for others (collective social orientation), likely contributing to the in-
crease in equitable participation. Significantly, the majority of students’ obliga-
tions from the beginning to the end of the course shifted to include one or both of 
their peers and society, as evidenced in student responses that follow:  

Oliver  
(Asian Male) 

I included my peers for the end of the course because of how I realized 
that me participating in class would help my peers possibly gain new ideas 
about a certain topic and pushes them to also contribute to discussions. 

Sam  
(White Male) 

Thinking deeper about the actual content of the course led me to realize 
who really benefits from this. 
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Monica 
(Black Female) 

I felt obligated to participate for, specifically, the other girls in my class. I 
noticed not a lot of them spoke up and I felt that if I talked more, they 
would eventually do the same. 

Faye 
(White Female) 

I developed relationships with my teacher and my peers, and so my obliga-
tion to contribute on their behalf increased. In addition, I realized that data 
science affects society quite a bit, and so I felt obligated to contribute so I 
could make a difference in society hopefully in the future, and help others 
understand some of the things I learned. 

On a final note, the results of this study indicate that the process of taking 
up social norms for participation and discourse are neither the same for all gen-
ders or across cultures. Thus, it is imperative that students are not only a part of 
the conversation in which the norms are developed, but that they serve as both 
leaders and beneficiaries. For instance, in the Timed Writing activity, the act of 
students first reflecting on their purpose for being in the course (i.e. to learn and 
transform society) and what it means to meaningfully and equitably participate, 
enabled them to engage in a collective discussion about their own needs and the 
needs of their peers in an academic discussion. This discussion served to remove 
the impetus to individually perform and instead learn for collective understanding 
and the betterment of society. Finally, collaboratively framing equitable participa-
tion as a means to achieve collective understanding functioned as a key discursive 
move for fostering students' beliefs in its importance. For instance, in a preceding 
section, we discussed the teachers’ hesitation toward calling on specific students 
in classroom discussions. A key solution to this issue came in the form of stu-
dents’ contributions being treated as diverse and legitimate knowledge that serves 
to amplify collective understanding of the topic at hand. As a result, the teacher 
was able to comfortably call on specific students because it came from a place of 
seeking a valuable perspective for others to consider. As time passed, the students 
began to internalize this framing and typically quiet students began to contribute 
without prompting to have their perspectives heard. 

 

Implications and Conclusion 

 As demonstrated in this paper, a Cultural Participation Orientation towards 
analyzing and refining educational design elements can support the negotiation of 
social norms for equitable participation in ethical data science classrooms. Given 
that students participate differently and according to their fragile, relational, and 
designated identities in STEM spaces, it is the teachers’ responsibility to develop 
a cultural awareness of herself and her students and select course design elements 
that facilitate opportunities for learning which both honor and empower those 
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students, and foster collective learning for the class. In addition to the design 
structures offered in this paper, we argue that by facilitating a space where stu-
dents with diverse intersecting identities are able to co-create a hybridized learn-
ing environment, educators are positioned to analyze student participation struc-
tures and modify classroom practices to support participation and meaningful dis-
course from students with different backgrounds. Importantly, and in contrast to 
the Cultural Alignment Orientation, this hybridized space is not intended to reflect 
the practices of bounded outside communities, but is instead developed by the stu-
dents, for the students, in that particular space, and may not translate outside of 
that environment.  

On a final note, with regard to privileged student populations, the inten-
tional discursive moves and designed structures of the EDS course enabled the 
dominant students to reflect on their positions both in society and in the classroom 
as well as to value and encourage the voices and perspectives of others. Thus, it is 
essential to accept that privileged students are very capable of giving space, but 
they need the impetus to do so along with ongoing opportunities to reflect on why 
it is important. However, creating such an environment entails explicitly attending 
to the design elements that privilege some and restrict others in the classroom, in-
dustry, and societal contexts. Continued commitment to such initiatives by educa-
tors may help to dismantle gendered notions of STEM and data science success, 
as well as promote a communal social orientation both within and beyond the 
classroom. As a culminating point, consider the following course takeaways from 
select students:  

What is your biggest takeaway from this course related to you as a learner, collaborator, human-
being, etc.? 
 
Walter 
(Asian Male) 

That seeking help is not something I should be afraid of. I feel like [Instruc-
tor] created an environment that allowed us to comfortably ask questions and 
I really appreciated it. 
  

Andrew 
(White Male) 

This course has helped me become more confident in forming opinions and 
participating in academic discussions. I have been very unproblematic and 
un-opinionated for most of my life but this class (content and people) have 
helped me be less indifferent. 
  

Faye 
(White Female) 

My biggest takeaway [...] is probably learning to try to share my viewpoints. 
It was discussed a lot in the course how important it is to share my viewpoint 
because different viewpoints are valuable. I hope in the future I will be more 
willing to speak up and communicate better. 
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Aashvi 
(Indian Female) 

My biggest takeaway [...] is to showcase my opinions. I learned that it is 
very important to partake in discussion and talk about my opinions so that 
others and I can gain more insight and learn new information. 
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