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Data increasingly mediates how we understand the world. As such, there is growing

interest in designing initiatives to help young people learn about data—not only the

techno-mathematical skills necessary to work with data, but also the dispositions

needed to participate in data-centric ways of knowing and doing. In this article, we

argue that as this educational goal is pursued, it is important to attend to the

normative scripts that are often associated with data, and how they relate to learners’

perspectives and prior experiences. We do this by examining two initiatives that

aimed to help young people learn about data and its “real-world” applications by

engaging them in participatory mapping activities, directed toward the study of local

community challenges. We argue that when there are mismatches between students’
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realities and how reality is described to work in data science, making the time and

space to examine these contradictions can lead to a robust engagement with data

science and its applications. These findings have implications for how we might

better design tools and learning activities that connect data science with the broader

contexts that frame young people’s lives.

Data increasingly mediates modern life, with implications for how the world is

shaped and understood across a range of human activities. As such, there is

growing interest in helping young people learn data science (e.g., Berman

et al., 2018) and how it might be applied to various contexts and domains central

to their lives. In this article, we argue that as this goal is pursued, it is important to

examine the various scripts1 that surround data science, and how some of the

values and expectations embedded in these scripts can shape data science practice.

A growing body of research has found that situated approaches to data science

education can bring these scripts to the surface, creating both tensions and

possibilities within data science education. On one hand, situating data science

in familiar, contexts can help learners connect their local and experiential knowl-

edge to new disciplinary ideas, build technical, methodological and spatial reason-

ing skills, and develop a more critical perspective toward the places they inhabit

(e.g., Elwood & Mitchell, 2013; Enyedy & Mukhopadhyay, 2007; Lanouette, Van

Wart, & Parikh, 2016; Philip, Schuler-Brown, & Way, 2013; Rubel, Hall-

Wieckert, & Lim, 2017; Taylor & Hall, 2013). On the other, a situated approach

can also lead students to challenge some of the assumptions that surround data

science—particularly when data-centric forms of participation do not account for

students’ existing knowledge, experiences, and positionalities. For instance, stu-

dents may already be quite knowledgeable of phenomena, such as residential

segregation, that data science activities are intended to illuminate (Enyedy &

Mukhopadhyay, 2007). Students may also reject the idea of data-informed deci-

sion-making, citing decisions instead made on the grounds of existing authority

and power. They may reject conclusions drawn from data that do not resonate

with their experiences and values (Rubel et al., 2017). They may also find that the

assumptions embedded in data-centered activities neither reflect their notion of

their local community nor their vision of how they might want to participate in

helping their community (Philip, Way, Garcia, Schuler-Brown, & Navarro, 2013).

In short, while situating data science in familiar contexts can be a productive way

to learn about data, it can just as easily present challenges to data-centric ways of

knowing and doing which are important to acknowledge and understand.

This article examines the role of scripts in data science education by con-

sidering a key site of situated data science practice: managing public resources,

1Common-sense descriptions of data that imbue values and assumptions of the world, elaborated

in the Conceptual Framing.
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including air, water, schools, parks, community centers, transportation, and

housing. This process is technically, politically, and logistically complex, shaped

by formal and informal procedures, policies, and laws that are often mediated by

data-intensive practices (Elwood, 2006). It also involves negotiating divergent

priorities across diverse political constituencies, amid unequal power relations.

This context, because it is data- and people-intensive and because it has such

a profound impact on individual and community wellbeing, offers a situated

way for young people to learn about data, and to examine whether and how data-

centric ways of knowing figure into broader civic efforts.

In this paper, we consider two projects where young people participated in various

data-intensive practices including participatory mapping (Chambers, 2006), partici-

patory sensing (Burke et al., 2006), and community ethnography (Calabrese Barton&

Tan, 2019) as a means to understand and advocate for important shared local public

resources.Our analysis of these projects is guided by the following research questions:

1. What were the prevalent scripts around data in each project and how did

they emerge?

2. How did the negotiations surrounding these scripts shape students’

engagement with data science?

In the sections that follow, we expand upon our conceptual framework, and

describe the varied project contexts, design activities, and supporting tools. We

then examine the different scripts that surfaced during the two data science-

focused projects and how emergent tensions were negotiated. We conclude by

discussing implications, considering not only how data science is introduced to

young people but also how student critiques can be productively integrated into

shaping a more robust and critical data science.

CONCEPTUAL FRAMEWORK

Scripts, Counterscripts and Third Spaces

To help us examine why scripts matter and how they might be productively

navigated within young peoples’ learning activities, we draw on Gutiérrez,

Rymes, and Larson’s (1995) notion of scripts, counterscripts, and third spaces.

Gutiérrez et al. define scripts as familiar and comfortable ways of knowing and

acting in the world, which vary across contexts, cultural communities, and power

relations. They demonstrate this idea by examining an activity in a high school

classroom, where the teacher (an actor with more positional authority) implicitly

defines being “knowledgeable about the world” as someone who knows the Los

Angeles Times headlines. The authors ask us to consider how this definition is so
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easily taken as a given, and why it so neatly intersects with the teacher’s own daily

practice. They argue that certain cultural practices that constitute “knowing about

the world” have become dominant or “transcendent”—defined by people who are

in a position tomake these determinations oftenwithout even noticing.With noway

into the learning activity and no opportunities to negotiate what counts as knowl-

edge (given the teacher’s seemingly immutable script), students create their own

counterscripts, using the teacher’s words for jokes and side conversations.

However, these clashing scripts which each have something to say about the

world from a particular perspective also have the potential to “refract” and bend

one another into a “responsive/collaborative” script, or “third space” (Gutiérrez

et al., 1995, p. 465). When this happens, new opportunities open up for genuine

dialog across multiple knowledges, expectations, and values, thereby shifting

what counts as knowledge within a social practice. While this third space is

neither stable nor sustainable—more of an ideal than a steady state—these

momentary shifts in perspective have the power to change how people think,

thereby shifting the transcendent script, and culture itself.

Social Valences of Data

Scripts are also examined in the science and technology studies (STS) literature.

As Boyd and Crawford (2012) note, data science is often described in terms of

its potential to advance human understanding and inform action. Fiore-Gartland

and Neff (2015) elaborate on this idea by deconstructing these normative data

science scripts into smaller units of analysis, which they call the social valences

of data—common expectations and values that explain how and why people

gather, interpret, and marshal data toward particular goals. The authors argue

that these valences can be assembled in different ways as data practitioners

make sense of their work. In this article, we examine three of these “valences,”

which we found to be prevalent across both projects:

1. Discovery: the idea that new forms of data analysis, applied to bigger,

more diverse datasets, can lead to important insights and discoveries.

2. Actionability: the idea that data-driven discovery can subsequently be

used to improve efficiency, service delivery, and lives based on facts.

3. Truthiness: the idea that data-backed ideas carry more authority over

other ways of knowing, regardless of the validity of the analysis.

Within our projects, these three valences worked together to constitute

a version of the normative data science script, namely that data science can

help produce and discover knowledge that can in turn be used to inform

principled decision-making and action. However, just as the teacher’s “current

4 VAN WART ET AL.



events” script described above reflected a privileged vantage point, this norma-

tive script also imbues beliefs about the world. Specifically, while this data

science script might hold true in certain situations, data-centric ways of knowing

also have a long history of being used by more powerful actors to authorize,

maintain, and amplify unequal power relations (versus ameliorating them) (see

Scott, 1998, for an extended discussion). Moreover, even when “everyday

people” do engage in data-driven knowledge production efforts toward their

own goals (e.g., farmworkers working to ban pesticides that are making them

sick), their findings and their lived experiences are often dismissed as “unscien-

tific” or irrelevant (see Irwin, 1995, for a review). To summarize, scripts about

data tend to be optimistic and ahistorical, and typically do not attend to the

broader social, political and historical contexts that also underlie action and

change. As such, these scripts, when invoked in the “real world,” have the

potential to reify deterministic beliefs about data, while at the same time

dismissing people whose life experiences do not align with this depiction of

the world.

Local Ground: Designing for a Third Space through Digital Participatory

Mapping

In designing for this third space ideal, Gutiérrez and Jurow (2016) argue that

the activities and goals of learning, namely the means and the ends, must both

be reconfigured so that students can make meaningful connections across

contexts and between “everyday” and “scientific” forms of knowledge (Gutiér-

rez & Jurow, 2016; Vygotsky, 1978). We argue that participatory mapping

offers one avenue to integrate these knowledge forms, allowing communities

to collectively take stock of the places they live (Chambers, 2006) and locate

themselves within a broader social and historical narrative. By allowing people

to represent the many perspectives, critiques, and visions that they have, in

relation to a place with a partially shared history and culture, the goal is to

document and engage multiple knowledges and perspectives through data,

toward a collectively negotiated end (Chambers, 2006). Digital mapping

technologies enable a different set of place-based knowledge production activ-

ities, such as detecting patterns, sampling environmental features, and broadly

disseminating findings. By bringing participatory mapping, data, and geospa-

tial technologies together, we conjectured that we could create a context

through which “everyday” and “scientific” knowledges could be brought into

dialog, by supporting key data science activities (e.g., constructing data,

conducting analysis, making inferences), and bringing the resulting analyses

and representations to bear on students’ local neighborhoods and communities

(Enyedy & Mukhopadhyay, 2007; Rubel et al., 2017; Taylor & Hall, 2013).

SCRIPTS AND COUNTERSCRIPTS IN COMMUNITY-BASED DATA SCIENCE 5



To support this vision, we designed and implemented Local Ground,

a participatory digital mapping tool (Van Wart & Parikh, 2013) that aimed to

support youth bringing their own knowledge and histories of their local neigh-

borhoods and communities into conversation with new data scientific techniques

and disciplinary ideas. Central to the Local Ground design was supporting

youths’ engagement in the full range of data science activities, including defin-

ing a data protocol, collecting and analyzing data and visualizing and sharing

findings. Local Ground was also designed to support multiple “everyday” and

“scientific” forms of data, including photos, audio recording notes and drawings

as well as more traditional data types such as spreadsheets and quantitative

sensor data (Van Wart & Parikh, 2013). To date, several research groups have

used Local Ground across multiple youth action research projects in the context

of larger instructional designs with their own pedagogical and curricular goals.

METHODS

In this article, we engage in a case study analysis (Yin, 2014) of two projects

involving youth’s data science activities. This analysis came out of a larger

research project that involved designing mapping- and data-related software

technologies to support project-based learning experiences. We began this

research with a belief that data science could be an important tool for commu-

nity empowerment, and that helping local community-based organizations to

learn about data was a critical part of this agenda (a version of the normative

script of data science). Both the first author (a white female) and third author (an

Indian-American male) had experience designing and building data-related

technologies for public, private, and nonprofit institutions, and wanted to learn

from youth educators and organizers working on the ground. The second author,

a white female, had experience in design-based research and qualitative analysis.

Our data sources include the first author’s field notes (Lofland, Snow, Anderson,

& Lofland, 2005), audio and video recordings of group activity, facilitators’

digital and written instructional artifacts and student-created artifacts, such as

their field notes, drawings, photographs, charts, graphs, maps and final presen-

tations (see Table 1).

Case A: The Air Quality Project

In our first project, the first and third authors worked with a five-week summer

science program to support high school students as they conducted an air quality

study of the regional transit system using particulate matter sensor data (Van

Wart, Lanouette, & Parikh, 2016). The program’s mission was to design
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TABLE 1

Data Collected for Each Project Group

Case Duration Data Analyzed

Air Surveyors 5 weeks(5 days/week for 3 hours) ● Field notes
● Students’ photos and notes
● Screenshots of data visualizations using Local Ground
● Transcript of final presentation
● Instructional materials and curriculum

Park Planners 16 weeks(2 days/week for 1 hour) ● Field notes
● Participants’ posters, photos, notes using Local Ground
● Transcripts of 3 final presentations

7



community-based science experiences for middle- and high-school youth living

in underserved communities that could help them develop an understanding of

important scientific concepts as well as an appreciation of how scientific

research could contribute to addressing issues relevant to students’ lives. The

cohort we studied included 11 students between the ages of 15–18 years old,

self-identifying as follows: Latino, Chicana, Mexican (7), African American (3)

and Filipina (1) (see Visintainer, 2017, for additional analysis of this project).

Students attended one of three large public urban high schools in the region,

where 75–80% were eligible for free or reduced lunch. Several students enrolled

in the program to make up science credits needed for high school graduation

requirements. The lead instructor, Mark2 who self-identified as a white male,

had designed and taught environmental science programs for several years.

Case B: The Park Planning Project

In our second project, the first author worked with a workshop-based city planning

course, taken by undergraduate and graduate students, at a large public university.

The goal of the course was to engage high school and university students in a “real

world” city revitalization effort, which encompassed a public housing development,

the nearby park, school, and community center. Serving as mentors, university

students (including the first author) worked with two 11th grade social studies

classes, twice a week for 16 weeks, during their regularly scheduled class time.

Approximately 60% of the high school students were identified as Latinx, 30% as

Black or African American, 8% as Asian/Pacific Islander, and 1% as White/other.

80% of students were eligible for free and reduced lunch. The university students

were a mixture of fifteen undergraduate and three graduate students, who self-

identified as White (10), Latinx (4), and Asian (4).

Data Analysis

To analyze our data, we carried out two cycles of iterative coding (Saldaña,

2016), with the help of an undergraduate research assistant using MaxQDA, an

audio and video coding software. In our initial round of coding, we attended

primarily to data science activities across the different phases of each project:

(a) framing questions and opening activities, (b) gathering and analyzing data,

and (c) sharing findings and making recommendations. We began our coding by

attending to how each project was initially framed and how data was positioned

within each project, using the first author’s field notes and the curriculum

documents. Next, we examined students’ data collection and protocol design

2All names are pseudonyms.
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activities (e.g., developing categories, keen observation), which we derived from

field notes and from students’ own data and notes. Next, we coded data

pertaining to students’ data analysis, including student-generated artifacts (pos-

ters, notes, collages, models), transcripts of in-class presentations and discus-

sions, students’ written reflections, intermediate charts and graphs, and the first

author’s field notes. Across these multiple sources, we noted students’ different

types of data analysis (e.g., filtering, zooming, map making). Finally, we coded

students’ final project presentation transcripts, attending to how students com-

municated and marshaled data to garner support for their arguments and

priorities.

From this initial analysis, it became clear that the scripts that surrounded each

of the projects, and students’ responses to them (including students’ counter-

scripts) were fundamentally shaping students’ experiences with data. Therefore,

we did a second round of coding that attended to these scripts—noting whether

any data valences (Fiore-Gartland & Neff, 2015) showed up within the projects

and any counterscripts that emerged, given actors varied values, experiences,

and goals. The authors and research assistant coded in parallel, and later

discussed codes and themes together until they reached agreement. Examples

of these codes, including scripts, counterscripts, and data practices, are grouped

into three data science phases of each project and are presented in Table 2 (Air

Quality project) and Table 3 (Park Planning project).

FINDINGS

To show some of the ways in which the project scripts and data practices were

emergent and mutually constitutive, we have organized our findings chronolo-

gically by case. Within each case, we focus on three broad data practices: (a)

framing questions and activities—where each project was introduced to stu-

dents, (b) gathering and analyzing data—where the bulk of the data science

activities happened, and (c) sharing findings and making recommendations—

where students reflected on their findings and what they meant. As

a convention, we have bolded the focal scripts and counterscripts, some of

which are paraphrased based on field notes and curriculum documents, and

italicized the valences within these scripts (e.g., discovery, actionability,

truthiness).

Case A: Air Quality Project

We begin by examining the Air Quality project, which followed a fairly “tradi-

tional,” quantitative data science process, but which nonetheless revealed

SCRIPTS AND COUNTERSCRIPTS IN COMMUNITY-BASED DATA SCIENCE 9



TABLE 2

Air Quality Project: Scripts And Data Science Practices

Example Scripts

Example

Counterscripts Data Science Practices

Phase 1:

Set-up

Facilitator(s): “Science is a process of gathering and

analyzing data to understand human and

environmental health.” [D]Community Partner(s):

“Data can compel decision-makers to listen [T] and to

act.” [A]

Piloting the sensors, doing sampling, visualizing

results, brainstorming causal relationships

Phase 2:

Fieldwork

Facilitator(s): “Look out for potential causes of

particulate matter.” [D]

Designing and adjusting the sampling strategy,

sampling, taking notes/photos

Phase 3: Data

Analysis

Facilitator(s): “Making charts and calculating summary

statistics is a way to formally present scientific

findings.” [T]

Filtering data, authoring data visualizations

(histograms, scatterplots, and heat maps),

calculating summary statistics, researching

explanatory relationships

Phase 4:

Presenting

Decision-makers: Your findings are not scientific [T]

Student: “You cannot make a change [A] if you don’t

know there’s a problem.” [D]

Student: “Keep

buggin ‘em ‘til

they change it.”

[A]

Pamphlets, presentations, scientific posters

The valences (embedded in these scripts) are coded as follows: T = Truthiness, D = Discovery, A = Actionability

1
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TABLE 3

Park Planning Project: Scripts And Data Practices

Examples of Scripts Examples of Counterscripts Data Practices

Phase 1: Introducing

the project

Facilitator(s): “Civic participation

involves doing research [T] and

working across constituencies to effect

change.” [A]Student: “We’re young,

energetic, know the area, and have

fresh ideas.” [A]

Student(s): “Why do we have to work on

a random park?”Student(s): “They’re

not going to listen to us [T] or use our

ideas” [A]

Students writing about their own

experiences with public space

(personal experience as data)

Phase 2: Doing

fieldwork

Facilitator(s): “Data helps you to

understand the opportunities and

challenges [D], and to communicate

them to others.” [T]

Student(s): “We already know about this

park. Why are we here?” [D]

Taking notes (drawing on maps, written

notes), taking photos, discussing

observations and what they meant

Phase 3: Data

Analysis

Student: “Our park will create jobs, it will

create artistic diversity, it will be all of

these things all wrapped up into one

little park;” [A]

Student: “We need a welcoming gate so

people won’t be like … that’s only for

white people.” [A]Student: ”We need

places to feel free … and protected.”

[A]

Content analysis (via interpretive posters),

class discussions of neighborhood

investment vis-à-vis resource

constraints; constructing new visions

(informed by data and experience)

Phase 4: Presenting Decision-makers: “We want to hear your

ideas”Decision-makers: “we want to

know that you went through a process”

[T]

Student: “Man, who’s cutting the grass?”

[A]

Data (mostly photos) only used when

arguing for a particular public

investment (benches, trees, community

programs, etc.)

The valences (embedded in these scripts) are coded as follows: T = Truthiness, D = Discovery, A = Actionability

1
1



several of the scripts and counter scripts that might surround knowledge pro-

duction efforts that are directed toward effecting change.

Framing Questions and Activities

The Air Quality project was initially conceptualized as a way to give students

from underserved Bay Area communities the opportunity to participate in

rigorous, hands-on science experiences that could be brought to bear on their

lives and communities. To do this, the sponsoring organization partnered with

a local environmental justice organization made up of residents and volunteers

living in West Oakland, a predominantly working class, African American

neighborhood adjacent to the Port of Oakland. Volunteers from the organiza-

tion met with students during the first week of the project and described their

neighborhood health advocacy initiatives and the role of data within them,

including a successful effort to pass a city ordinance that banned diesel-

burning semi-trucks from idling in residential neighborhoods. During these

meetings, they explained that data can be an activist tool for effecting

change, and invited students to join their ongoing air quality monitoring

efforts, lending them several scientific-grade air quality sensors to conduct

a study of their own. Through this process, the organizational volunteers

established a pervasive script within the project that positioned data-driven

knowledge production as a way to lend authority (truthiness) to civic advocacy

(actionability).

Mark, the facilitator, also introduced an additional script during the first

week, which positioned data science as a tool for discovery that could have

significant consequences for community health and well-being. As he taught

students to use the sensors, he invoked the discovery valence by saying (para-

phrasing): “Any of you can make a scientific discovery with these sensors. You

never know what you’ll find, or when you’ll find it.” Mark subsequently

challenged students to see what they might discover for themselves by walking

around the neighborhood with the sensors. Taken together, these mutually

reinforcing scripts framed the purpose of the data science activities and the

potential contributions each student could make.

The discovery valence appeared to resonate with students from the begin-

ning, leading to inventive sampling methodologies and attention to extreme

values. For example, during their first data collection activity, where students

first piloted the sensors, students went out of their way to direct the sensors

toward car exhaust fumes and dust from a leaf blower to find out how

various emissions sources impacted air quality (in contrast to just walking

around the block as Mark had instructed). These experiments turned into

a spontaneous game that continued throughout the project: Who could cap-

ture the most extreme measurement? Given their curiosity about the sensors

12 VAN WART ET AL.



due to the invisibility of air quality, the creativity of their sampling strate-

gies, and their mysterious air quality spikes visible in the Local Ground

visualizations (Figure 1), students seemed invested in the idea of discovery

and what could be learned from the sensors.

Gathering and Analyzing Data

The discovery valence continued to shape students’ process of formalizing

a sampling strategy, building directly from students’ own curiosities (e.g., the

impact of temperature, cloud cover, underground versus above ground,

proximity to freeways, trees, and water on air quality). Students split into

teams and rode the subway trains to their respective destinations, sensors in

hand. By the end of their very first day of sampling, they identified what

would come to be their key finding—the air in some of the underground

transit stations was noticeably unhealthier than anywhere else along the

transit system (see Figure 2 below). Mark cautioned that in order for this

discovery to be taken seriously, it was necessary to understand what was

actually causing the anomaly, and to demonstrate that their discovery was

a regular, systematic pattern (truthiness). The overarching valence therefore

shifted from one of discovery to one that emphasized proof and verifiability

(truthiness).

Students’ emphasis on proof and verification (truthiness) in turn motivated

varied data science practices including designing and revising their data proto-

col, repeat-sampling, and seeking out and documenting potential causal relation-

ships. For example, each team assigned themselves a designated note taker and

photographer to document potential factors that might influence air quality. One

student, Maya, meticulously documented her observations at 30-second intervals

as she rode the train, noting multiple potentially relevant variables on her

notepaper, including how stuffy each train car felt and the number of passengers

per car.

FIGURE 1 Map and scatter-plot view of particulate densities gathered by students during pilot

sensor activity.
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FIGURE 2 (a) Students’ geo-referenced, transcribed notes of their field observations (b) Scatter-

plot of two transit stations, showing a regular pattern of unhealthy air.
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Sharing Findings and Making Recommendations

The truthiness valence remained dominant as students worked to communicate

the importance and regularity their findings to various stakeholders. To do this,

students used Local Ground to transcribe and link their field notes (Figure 2a) to

particular measurements, so as to connect their sensor data with what was

happening when the sample was being collected. With the help of Mark and

the first author, students also used Local Ground and Tableau Public3 to create

summary statistics, histograms, heat maps, and scatter plots (Figure 2b) to be

used in various presentations.

As students shared their presentations with family and friends, the action-

ability valence became salient, namely the idea that data can be a tool for

effecting change. However, this script was also challenged as students and

audience members discussed whether and how their findings might lead to

action and change. For example, as Leonard shared:

The reason for us doing this project … is because we want to inform the people

who have asthma and explain to them exactly what they’re breathing in—because

it can kill you and help them fix it by talking to the [transit authority].

…Forme, personally, I want to follow up on this project by having someone come every

few months or whatever, and take samples of the trains, and compare to other data that

we have before… and you can actually tell if they listened towhat youwere saying. And

if it decreased, you would know that they changed something about the transit system,

but if it increased, that means that you have to keep buggin’ them until they change it.

Leonard, who figured the transit authority would probably have to be regularly

monitored (“bugged”) through continued data collection and analysis, therefore

tempered the idea of actionability with a caveat: data can be a tool for effecting

change—with persistence and other tactics.

Following Leonard’s presentation, another student, Melanie, used scatterplots

(Figure 2b) to show the regularity and extent of the discrepancy between above-

ground and underground stations (truthiness). “As you can see,” she said, “[the

underground station] had more than 20 times the particulate matter concentration as

[the above ground station]” (Figure 2b). This tactic had an immediate impact,

prompting an audience member, Temina, to challenge the idea of actionability:

I don’t know why we’re measuring air quality with what the results you guys have

come up with in your research, there’s nothing being done about it! When I hear in the

mornings, at 5 in the morning, that it’s a “Spare The Air” day, I don’t know what that

means. Because it use to be that you didn’t have to pay a fee to get on the [transit line].

3https://public.tableau.com.
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And so, what good is it doing us to know!? And I think that’s one of the questions that

maybe tomorrow, or when you guys get to D.C., you can lobby and ask.

In Temina’s view, public support for air quality protection was actually shrinking

as knowledge of the issue continued to grow, building on Leonard’s questioning

remarks: Can data be a tool for effecting change? She also suggested that

students take the transit authority to task by questioning them directly. Lelton,

another student, responded to Temina by defending the actionability valence:

You cannot make a change, if you don’t know there’s a problem, so therefore you

have to recognize it, and allow others to acknowledge it, so therefore the process

of coming up with a solution can be even possible.

While agreeing that data-driven evidence did not inevitably lead to change, Lelton

also argued that “acknowledging” problems and spreading awareness was not

insignificant. Their study was creating the preconditions necessary to begin the

process of solving larger social environmental challenges.

Following the presentation to friends and family, students put the ideas of

actionability and truthiness to the test by presenting to regional transit and port

authority staff. According to Mark (we did not attend this presentation), stu-

dents’ ideas were well received by workers at the Port of Oakland. However,

staff at the transit agency (who were implicated in the findings) dismissed

students’ findings as “unscientific.” That said, students found other outlets for

their work that were more receptive, including authoring and presenting a poster

at the American Geophysical Union’s (AGU) annual conference, and sharing of

their findings with a national online news website.

Summary

In the Air Quality project, an early discovery of an air quality hazard (discovery)

pushed students to examine the regularity and extent of the issue (truthiness) and

the factors that might be causing it. These pursuits motivated numerous data

science practices: revising the study design, sampling, data analysis (sorting,

filtering, visualizing, and calculating summary statistics), and eventually present-

ing to various scientific, municipal and community audiences. Through this

process, students ultimately constructed their own idea of how data might support

action should the transit agency ignore their findings (actionability), conceptualiz-

ing it as a way to help others understand the problem, or as a vehicle to hold the

transit agency accountable, should their findings be ignored.
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Case B: The Park Planning Project

The Park Planners’ engagement with data was primarily qualitative. While

qualitative inquiries are not typically considered “data science,” several of the

project scripts and counterscripts were surprisingly similar to those that surfaced

for the Air Surveyors. As such, this case offers a useful point of comparison

regarding how different forms of data and different ways of positioning the

value of data might influence students’ data science practices.

Framing Questions and Activities

The organizers of the Park Planning project worked with the City Manager’s

Office and the Housing Authority to craft a question that young people might

be uniquely positioned to answer, given the city’s ongoing projects and

priorities. The question focused on an ongoing revitalization effort, and

asked: How could the public housing development, nearby park, school, and

community center be made to feel more connected to one another? To

introduce the project, Shawna, an employee of the City Manager’s Office

and long-time Richmond resident, met with students, explaining that the city

wanted them to participate in the revitalization effort and make recommenda-

tions the city could implement (actionability). University mentors (including

the first author) elaborated on this idea in subsequent in-class discussions,

pointing out that the high school students had a wealth of local knowledge and

ideas, as both young people and local residents, which were valuable but often

overlooked within the planning process. Together, the mentors and the City

Manager’s office aimed to communicate that students’ ideas and perspectives

mattered, and could help guide the revitalization effort (actionability).

Some aspects of this script resonated with students, and particularly the idea

that their own knowledge and experiences were a valuable asset that gave them

an important perspective on the community. As one student, Carla, expressed in

an early written reflection: “We have young, fresh ideas. We know the neigh-

borhood better. We have connections there. We know what we want so we know

what we need in the space.”

However, many students were deeply skeptical of the projects’ goals and the

actionability valence that undergirded it, voicing several counterscripts that

challenged the premise of the project. For instance, in a class discussion

following the meeting with Shawna, students questioned whether anyone

would care about, act on, or take their ideas and findings seriously. Students

also criticized the relevance of the projects, questioning why they had to work

on these problems, given the many other values and priorities they had. For

example, one student wrote in an early reflection, “Why are we spending money

on a random park? Why not our school? (see Figure 3)”
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Gathering and Analyzing Data

During a subsequent field trip to the revitalization site, mentors introduced the

role of data collection in the project, explaining to students that data could be

used to systematically document and communicate needs to others (truthi-

ness), which was necessary to effect change (actionability). Mentors gave each

student a paper map of the neighborhood and a worksheet to document the

space, with prompts asking about which features of the environment made the

space healthy and inviting as well as unhealthy and uninviting.

That said the site visit only gave students new material to critique the logic of

the project. For instance, several students expressed in their written notes that

they found it “random” or “boring” being asked to walk around and document

the park and surrounding neighborhood, asking: Why are we here?! Moreover,

students were confused about what they were supposed to document, given that

nothing was particularly noteworthy about the space from their perspective:

What do we even write down? To them, the story was clear. They were standing

in an unmaintained park. What was the value of systematically documenting it

(truthiness) when there was nothing else new to say about it?

Mentors responded to students’ counterscripts by asking them to elaborate on

their criticisms and record them as field notes (i.e. data). They asked students:

“What about this park makes it boring or random? What would you like to see

here? What do you know about this place?” The mentors argued that there were

specific, observable aspects of the space that made the park and surrounding

neighborhood feel a certain way, which were important to document in order to

ground their subsequent designs and to justify particular design choices to

decision-makers (truthiness). Thus, a kind of re-mediated (Gutiérrez & Jurow,

2016) notion of truthiness emerged, which encouraged students to document

their criticisms (i.e. counterscripts), interpretations, and observations about the

surrounding natural and built environment. Both perspectives were positioned as

FIGURE 3 Students question the city’s priorities, given their own priorities for their

community.
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important, valid forms of data. As a result, most students eventually participated

in the activity, documenting their feelings about the park (e.g., that it was

“boring” and “abandoned”) alongside empirical notes (e.g., “the fences are

ugly” and “there are signs of alert everywhere”) These data were added to

Local Ground, so that they could be visualized together (see Figure 4).

The re-mediated script, which now included a more expansive notion of

truthiness, continued to guide students’ data practices after returning from the

field. During one activity, a poster-making session directed toward synthesizing

and presenting their findings, students placed their ideas for the park and

neighborhood (mostly drawings) alongside images (from their field notes and

photographs) of things they wanted to change. For instance, one student wrote,

next to a photograph of a partially intact chain linked fence: “We need places

that have more trees and bushes that look nice. If we could have a place that we

have to be free and not scared to go outside. And feel protected.” Another

student drew a picture of a sign saying “Welcome to Richmond, City of Peace,”

which he pasted next to a photo of a sign, taken by a student, that read: “NO

Loitering, drinking, begging, soliciting. Subject to fine” (Figure 5).

FIGURE 4 Planners document their qualitative data using Local Ground.
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Thus, students’ data analysis expanded to include additional ways of know-

ing—observations, personal experiences, feelings, perceptions, and so forth—to

describe and symbolize their larger aspirations: feeling safe and free; being

surrounded by beautiful and peaceful things; and having youth employment

opportunities. Whereas data analysis had originally been positioned by mentors

as a way to raise important issues to decision-makers, students’ directed their

data analysis toward internal sensemaking—to collectively articulate

a (partially) shared set of concerns, experiences, and hopes for the city.

Sharing Findings and Recommendations

As students moved from analyzing the existing park and neighborhood to envision-

ing a future one, data science—broadly defined as a confluence of observations,

experiences, memories, and hopes—made way for design. Students’ counterscripts

fell off, and students became noticeably more invested in the subsequent activities

leading up to the presentation—taking on many different self-appointed roles (e.g.,

crafting designs, poems, speeches, digital- and paper-based data displays, and

spoken word performances), and attending several optional design sessions where

mentors met with students after school. Six different student teams prototyped their

visions for the park and neighborhood by creating a series of physical models and

maps. In presenting her team’s model to the class, one student, Cindy, shared: “Our

park will create jobs, it will create artistic diversity, it will be all of these things…

all wrapped up into one little park.” Mario, another teammate, added: “and we’ll

have play structures for little kids, a skate park, and a welcoming gate—so people

won’t be like … ‘that’s only for white people.’” Using Local Ground, these future

visions were overlaid on an aerial image of the existing park (Figure 6), offering

a way to re-frame the “random” space with their own beautiful vision of what it

might become.

FIGURE 5 Sample images taken from posters created immediately following fieldwork.
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On the day of the presentation, a student, Jonah introduced the students’

message at City Hall, to the City Manager’s office and the Housing Authority:

The presentations you are about to see are the product of hard work, dedication,

and a true desire for change. We have investigated, we have mapped, we have

analyzed, and we have discussed what [the neighborhood] looks like today and

what we think it can become. We want change. We want to be heard. We are

young, but we are RICHMOND—Real Intelligent Community Helpers Modeling

our Neighborhood’s Diversity. We are Richmond.

Following Jonah, over a dozen students presented—describing their respective

visions for the neighborhood, but using data only to the extent that it advanced

a particular design recommendation. Through photographs and descriptions

(i.e. data) of existing challenges (truthiness), students suggested that the city

invest in community assets—a skate park, a community center, a “graffiti

wall,” beautiful winding pathways, and water features. They also asked for

simple things, such as trashcans, someone to cut the grass, permanent bath-

rooms instead of porta-potties, streetlights, and moving the methadone clinic

away from the children’s playground. However, while the city officials praised

the students for their energy, ideas, and dedication, when the park was

revitalized a year later, many of students’ most innovative ideas were not

implemented.

Summary

For the Park Planners, students’ rejection of scripts that involved discovery,

actionability, and truthiness led them to leverage the representational and

FIGURE 6 Local Ground allows images to be overlaid, annotated, and combined with other

data. In this example, a representation of students’ ideas for a park is overlaid on satellite imagery.
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communicative aspects of data to systematically examine a world they already

knew, and to creatively explore and present alternative visions. Moreover, rather

than doubling down on a cheery make a change with data and design! script,

facilitators including the first author became more aware of and therefore open

to reconfiguring the data activities to be more geared toward supporting student

communication and representation of youths’ perspectives. Through these tacit

negotiations made possible thorough a structured-but-flexible participatory map-

ping process, students and facilitators were able to learn from each other. As

students provided facilitators with a reality check, facilitators helped structure

students’ analysis and design process, and helped them to understand how their

ideas were still relevant to the broader context of the neighborhood revitalization

effort, thereby creating a third space.

DISCUSSION

We have presented two situated accounts of data science learning, noting the

rich data science activities that young people engaged in, and the negotiations

that went into making the various data science scripts meaningful in light of

three prominent data valences (discovery, actionability, and truthiness). In this

section, we revisit the efficacy of these scripts, and consider how they might be

re-mediated to better account for students’ lived realities amid larger structural

forces.

Re-mediating Scripts that Invoke Truthiness and Actionability

As we saw in the findings, the actionability and truthiness valences were tightly

interleaved in both cases: data was positioned as a way to justify and lend

credibility to students’ ideas and recommendations when presenting to public

agencies. However, public agencies were not compelled to act on students’

“data-driven” findings/recommendations in either case. For the Park Planners,

although students presented compelling evidence that the park was not being

adequately maintained by the city and offered many wonderful suggestions for

improving it, their favorite design ideas (e.g., a community “graffiti wall,” an

amphitheater, and a youth-run snack bar) were not carried forward (or even

seriously considered).

It might be tempting to explain this outcome by invoking the truthiness

valence: if students’ had only backed up their recommendations with more

and better (quantitative) data, then perhaps they would have been more convin-

cing to decision-makers. However, the Air Quality case challenges this idea as

well. Despite engaging in repeated, quantitative sampling involving the
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collection of over 100,000 air samples and producing a scientific poster that was

accepted as valid science by the American Geophysical Union, the Air Sur-

veyors’ findings were still dismissed by the transit agency on the basis of not

being sufficiently “rigorous.”

These outcomes challenge a data science script that tightly couples data-

driven knowledge production (truthiness) with change (actionability), absent

larger shifts in power relations. Whereas students were able to control how their

data were gathered, framed, and presented, they could not control whether their

findings were viewed as authoritative by public agencies (truthiness), nor how

local resources were allocated (actionability), at least in the short term. This

finding is important, given the presumed importance of data science as

a privileged epistemic form (e.g., Irwin, 1995; Philip, Schuler-Brown et al.,

2013). From a pedagogical perspective, these cases suggest that it is important

to understand the limitations of data-driven argumentation, and to use this as an

opportunity to consider the broader social, political and economic contexts

within which these arguments are enacted.

These cases also provide us with insight into how data might play a role in

meaningful action, where “action” is more broadly construed. In the case of the

Park Planners, while students were initially skeptical of any change narrative,

they eventually found meaning in their project by examining local injustices

through data collection and analysis, formulating their own visions for their

neighborhoods and communities, and collectively working to voice ideas and

concerns to decision-makers (a form of action). Along the same lines, the Air

Surveyors eventually formulated a notion of meaningful action that entailed

generating awareness (a precursor to change) through data and holding the

transit agency accountable through regular monitoring. While convincing public

agencies to act was not the sole purpose of students’ efforts, we argue that

students’ interactions with the agencies motivated them to produce rigorous,

compelling findings (truthiness), focus their message, formulate their overarch-

ing goals (actionability), and decide how they wanted to go about achieving

them. One implication of these findings is that taking a first step toward

a broader goal can also count as meaningful action. Moreover, determining

what meaningful action means is something that can be discovered through

tension and struggle, and can even be formulated in opposition to an initial idea

that does not resonate.

Re-mediating Scripts that Invoke Discovery

Another prominent script in both cases was the idea of data-driven discovery:

that through data science, new insights could be generated. For the Air Sur-

veyors, the discovery valence aligned with students’ experiences of the project.
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With the help of sensors and data analysis software (Tableau and Local

Ground), students were able to discover a genuine air quality hazard, share

this finding with local agencies and the AGU, and participate in every aspect of

a very data-intensive knowledge production process. However in the Park

Planning project, the project script needed significant re-mediation: students

viewed the status of the revitalization site as self-evident and obvious. Whereas

surprise and mystery undergirded the Air Quality project, many of the Park

Planners perceived that they were being asked to discover things they already

knew from their everyday experiences. However when the discovery frame

transitioned to one that involved taking stock of the site and connecting obser-

vations to broader themes in students’ lives (a form of truthiness), it appeared to

become more meaningful.

Implications for Data Science Education

In this article, we have examined how young people engaged in data science, in

the context of civic advocacy, with particular attention to the role of scripts and

counterscripts in shaping data science practice. We argue that while some

version of a normative script may always exist in data science activities, the

resonance and relevance of this script depends on a number of situated factors.

Providing avenues for students to critically examine these scripts, and reorient

them as needed, is an important aspect in the design of data science experiences

for young people. While more research is needed to examine how these negotia-

tions might be better supported, we highlight three aspects of our digital

participatory mapping process that we believe were particularly generative:

Engaging in Data Collection

Our findings illustrate that many of the most consequential (Gutiérrez & Jurow,

2016) data activities—including collectively analyzing the environment, think-

ing systematically about gathering information, articulating hypotheses, and

even negotiating the very purpose of the project—happened as students gathered

and analyzed data in the field. While data collection is often conceptualized as

a rote activity that precedes the “real thinking,” these case studies demonstrate

that being in the field supported a collaborative, embodied way to develop

a collective data protocol and a common analytic framework and also hash

out the larger goals of the projects.

Studying a Context You Already Know

Our findings also suggest that digital participatory mapping and sensing can be

a productive way to bring students’ own local knowledge and critical perspec-

tives to bear on a number of key data science practices and concepts (Elwood &

24 VAN WART ET AL.



Mitchell, 2013; Rubel et al., 2017), and wrestle with some of the value proposi-

tions and contradictions inherent in data science (Philip, Schuler-Brown et al.,

2013)—namely the efficacy of evidence-based argumentation and the idea of

data-driven discovery. In doing so, we must remain cognizant that local, situated

contexts are not simply sources of intuition to leverage for learning with and

about data, but also complex, personal, and sometimes painful settings with long

histories.

Reframing “discovery” as Systematic Inquiry

These cases also show us that the data-science-as-discovery valence can cer-

tainly lead to a productive learning experience with data, as we saw with the Air

Surveyors. However, systematically and collectively confirming one’s pre-

viously held knowledge and beliefs is also a powerful way to affirm one’s

own knowledge and perspectives, which might otherwise be dismissed (Irwin,

1995). While the Park Planners may not have discovered anything they didn’t

already know, similar to Enyedy and Mukhopadhyay’s (2007) findings, collec-

tively revisiting and analyzing the familiar helped them to reorient the project,

develop confidence in their ideas, build solidarity, and formulate and share

a collective message.

The task of situating data science often becomes one of finding generative

intersections between domain-specific knowledge (e.g., science, mathematics,

social science) and data-related methodologies, so that data science can be both

an end and a means of learning. However, as critical data studies and learning

scholars also remind us (e.g., Irwin, 1995; Philip, Schuler-Brown et al., 2013),

the value propositions inherent in data science do not always hold for people

who occupy non-dominant subject positions, nor does the world solely operate

on the basis of a well-reasoned argument. Therefore, we contend that providing

opportunities for students and instructors to examine these scripts—through

activities that are open-ended and invite re-mediation (Gutiérrez & Jurow,

2016) and where each party has the agency to shape the nature and direction

of the activities—can be a powerful way to make data science learning relevant

and meaningful to a diverse cross-section of learners, with the potential of

generating a third space.
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