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Figure 1: Story Builder allows students to organize scatter plots, data maps, web pages, images, text, and other media into
narratives that describe how their analysis and findings unfold over "moments" in time.

ABSTRACT

We describe the design of Story Builder, a tool to support adoles-
cents in building interactive multimedia stories that integrate data
analysis and visualization with text, images, and other multimodal
resources. Story Builder is a plug in for the Common Online Data
Analysis Platform (CODAP), a free, online, open-source drag-and-
drop interactive data analysis system. Based on early prototyping
conducted with several 7th grade classrooms, we sought to design a
tool that would allow students to (a) integrate their data investiga-
tions with relevant personal and contextual information; (b) record
the step-by-step process and rationale of their data analysis; and (c)
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reflect on and share these contextual and process-oriented elements
of data analysis work with others. A major goal of Story Builder is
to encourage students to consider and incorporate personal, social,
and scientific considerations during data analysis.
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« Applied computing — Interactive learning environments;
Education; - Human-centered computing — Visualization sys-
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1 INTRODUCTION

There is growing interest in integrating data literacy and data sci-
ence throughout the K-12 curriculum [6, 8, 15]. One practice that is
increasingly common in the professional world, and is generating
enthusiasm from educators, is data storytelling [19]. In data sto-
rytelling, the presentation of data and statistics are coupled with
other visual and narrative elements to explain what is done to data
during the process of analysis, why such analysis is important, and
to communicate to a broad audience the results and implications of
said analysis.

The Writing Data Stories project (NSF IIS-1900606) seeks to intro-
duce students to data storytelling by encouraging them to articulate
their personal and social connections to data as they simultaneously
engage with the statistical patterns contained therein. In doing so,
our project recognizes that a great deal of conceptual and personal
work goes into students’ initial preparation and exploration of data.
For example, students may seek a grounding in the data by filtering
and searching a dataset to find specific records that represent them-
selves or other familiar information [18, 21]. Or, they might want to
reduce the complexity of their initial investigation by focusing on
only a few key attributes of a large dataset, expanding their investi-
gation later [7]. These decisions are not merely about "preparing"
or "cleaning" data, but also represent some of the ways that stu-
dents build relationships to data and leverage their background
knowledge to drive exploration [12, 17, 22]. However, it is difficult
to capture these process-oriented aspects of data work in most
spreadsheet or exploratory visual data tools. The Story Builder tool
allows students to capture and reflect on snapshots or "moments"
of their process as they transform, analyze, visualize, interpret, and
communicate the results of large-scale scientific datasets. We have
been developing and testing the Story Builder tool to support stu-
dent investigations related to socioscientific topics including health,
climate, and local ecosystems.

2 THEORY AND RELATED WORK

The Writing Data Stories project, and the design of Story Builder
specifically, are inspired by literature in both science and statistics
education that emphasize the need to introduce students to data as
evidentiary texts. The science education literature, for instance, has
demonstrated that it is important for students to understand how
data can be made useful for the needs that arise in their own course
of investigation, rather than for a predetermined goal [16]. While
much research has explored how this can be done by having stu-
dents collect their own data, less has explored how students might
approach large, pre-existing datasets as resources that they can
re-construct and re-represent for purposes of analysis. However,
working with such large existing datasets is central to science prac-
tice [5]. When working with externally-sourced data, practitioners
must decide whether those data are relevant to their questions,
and what types of changes, visualizations, or reorganizations are
required to make them useful [13].

This transformation and visualization of datasets through can
be thought of as the reading and writing of data in new ways that
communicate particular investigations and findings. This treatment
of data is consistent with research that has explored the use of
provided datasets in statistics education, as a means to develop
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learners’ capacities to engage in what Tukey called exploratory data
analysis [20]. Most such work, suggests it is important to emphasize
provided data not as a static resource but rather something to learn
from [3] and use in argument [2]. It is also consistent with what
Duschl refers to as transitional practices of science, encoded and
communicated through “data texts” that describe how evidence is
turned into explanations (including through data manipulation; p.
208) [4]. Importantly, this involves having students explicitly reflect
on their work with data including how data were generated, their
processes of analysis, their predictions, and their interpretations
[14].

Importantly, Story Builder is intended to support a more integra-
tive and intentional weaving of students’ personal contexts with
scientific and mathematical study. This approach is consistent with
the constructionist tradition within the child-computer interac-
tion literature, which highlights the importance of perspective and
meaning-making in learning with digital tools [1, 11]. We further
complement this interest in the personal with an interest in the
social, particularly the historical and political contexts in which
socio-scientific issues unfold. Drawing from interdisciplinary the-
ories of literacy development, particularly among marginalized
youth [10], one goal of integrating the personal, social, and sci-
entific is to expose and make available for analysis the tensions
between formal and informal discourses as a means to interrogate
power.

3 THE DESIGN OF STORY BUILDER

Story Builder seeks to support students in approaching data as
a text and a source of argumentative evidence by providing an in-
frastructure for students to (a) integrate their data investigations
with relevant motivational and contextual information; (b) record
the step-by-step process and rationale of their data analysis; and
(c) reflect on and share these contextual and process-oriented el-
ements of data analysis work with others. It is a plug-in for the
Common Online Data Analysis Platform (CODAP; accessible at
codap.concord.org), a free, online, drag-and-drop data analysis and
visualization tool designed for novice data analysts from early ado-
lescence into their early college years. We begin this section by
providing a brief description of the CODAP platform, then describ-
ing the specific features of the Story Builder tool; a more complete
and detailed description of CODAP’s features can be found in [9].

3.1 The Common Online Data Analysis
Platform (CODAP)

CODAP allows users to load one or more datasets by dragging and
dropping any CSV data file onto the screen to create a "CODAP
Document". A dataset can be viewed as a table, or or as a stack of
"case cards" that describe each record as if it were written on an
individual index card (Figure 2).

Once a dataset is loaded, young analysts can add one or more
scatterplots or maps to the document to visualize and explore their
data. When a scatterplot is first added, it displays dots (each rep-
resenting a record in the dataset) scattered randomly in the graph
space. They can organize the plot into a visualization of their data
by dragging and dropping attributes (column names) from the
dataset onto the axis they would like to appear. Scatterplots can
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Figure 2: An example of the table and case card views of data
records in the standard CODAP view.

also include statistical overlays that provide visual indicators of,
for instance, the mean, median, or line of best fit for a given set
of data, depending on how those data are visualized. If a dataset
includes geographic information, students can also create maps and
drag-and-drop attributes to colorize the map accordingly. When
one or more records in a dataset are selected, the corresponding
visual representations of that record are also highlighted to allow
for analysis across visualizations (Figure 3).
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Figure 3: An example of the standard CODAP interface, with-
out Story Builder. Records corresponding to the countries
of Oceania are highlighted in the table, map, and graph
through "hotlinking."

CODAP also allows students to transform their data using any
number of well-known data transformation actions such as cal-
culating new variables, grouping data hierarchically, filtering or
sorting their dataset, and more [7]. As they work, students can save
their "document" as a particular arrangement of windows including
the dataset, graphs, maps, and other elements. This functionality is
similar to an Excel spreadsheet where the final state of the spread-
sheet can be saved and re-opened, but all elements of the document
remain interactive and can be further manipulated.

3.2 Story Elements

Earlier versions of CODAP without Story Builder allowed for a
limited number of other multimodal elements to be added to a
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document including web pages, images, and text. As we developed
Story Builder and consulted with learners, designers, and educators,
we have expanded the type and richness of elements that can be
added to better support fully multi-modal storytelling. This includes
more robust support for adding and resizing images, adding a rich
text editor, and introducing the capability to add video and audio
recordings as CODAP elements. Each story element appears in a
window that can be moved, resized, and even stacked over other
windows on the screen.

3.3 The Moments Bar

The core innovation behind Story Builder is that it introduces a tem-
poral dimension to a CODAP document so that students’ work with
data can be captured, edited, and retold as a series of "moments."
Moments can be thought of as snapshots of a CODAP document as
students move through their analysis process. As students conduct
data investigations, their moments may capture and allow them
to reflect upon, explain, and share actions such as transforming
data; adding, deleting, or moving elements on the screen; creat-
ing and revising graphs and maps to discover new relationships;
and developing media and text explanations of their motivations,
decisions, and interpretations. They preserve the identity of partic-
ular windows over time, so that as windows are moved around on
the screen, made smaller or larger, or moved to the foreground or
background, these actions are animated to document the flow and
continuity of analysis. Students can put moments into a preferred
order using a drag and drop "Moments Bar" in order to construct a
narrative that brings together these motivations, decisions, findings,
and interpretations (Figure 4).

Because moments capture a variety of changes ranging from
adjusting the location of elements to significant transformations of
data, there is a great deal of flexibility in how a Data Story unfolds.
Once students are satisfied with their data story, they can "lock” the
moments bar and make their CODAP document available to others
as a standard CODAP file. Locking a Data Story allows viewers
of the document to click through and interact with each moment,
without editing or overwriting any of the saved work done by the
original author. All of the data, visualizations, and other media
in Story Builder are still interactive after they are captured in a
moment, even when the story is locked. This allows others who
are reading a peer’s data story to engage first hand with the data
and claims contained therein.

4 ONGOING EVALUATION AND EXAMPLES

The Story Builder design is based on preliminary research we con-
ducted with 7th grade students in several science classes in a public
school that served high proportions of Latinx and emerging mul-
tilingual students in a working class suburb of the U. S. state of
California during Fall 2019 and Spring 2020.

During that study, we piloted two units in collaboration with
the classroom teacher. Importantly, the very foci of these units,
and the datasets selected for each, were identified by the teacher
who had developed her instruction for the year around the themes
of diabetes and climate change. We collected student written and
digital artifacts from all consented students, and video recorded
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Figure 4: An example of a CODAP Document with the Story Builder plugin activated. The moments bar (top) allows students
and their audience to move through a data story temporally, while still being able to interact with the visualizations, maps,

and media.

instruction from the back of the classroom. We also collected ad-
ditional audio and/or video recordings of daily activities from 2-4
focal groups per classroom (a total of 11 student groups). We also
collected screen recordings of all focal group interactions with the
CODAP tool.

In the first unit, students explored a dataset consisting of com-
mercial cereals and interrogated the extent to which the dataset
(and common narratives and advertisements about breakfast in
the United States) did or did not reflect their actual breakfast con-
cerns and choices. The datasets included information from over 70
popular cereals’ nutrition labels, and students also analyzed com-
mercials and other marketing materials for several of the featured
cereals. Part of the motivation for this focus was to allow students
to bring in knowledge from prior lessons about the impact of the
sugar lobby, economic access, and marketing techniques (such as
the manipulation of serving size to make cereals appear healthier)
on consumers’ food choices. Students then added new records to
the dataset to represent their own home breakfasts, as well as vari-
ables in the dataset that mattered to them (such as taste or price)
before analyzing the data to justify their selection of a healthy and
accessible breakfast choice.

In the second unit, students explored patterns of climate change.
They began this investigation by identifying personal "special places'
anywhere in the world, and exploring how those places may have
already been impacted by climate and extreme weather events
through news stories and web search. Examples of students’ se-
lected "special places” included parents’ and families’ countries of
origin, homes of family members, favorite vacation spots, or places

students would like to visit some day. The unit was disrupted by
COVID-19 shelter-in-place orders, however, the intention was that
students would then locate their special places within a global
dataset, and begin to compare carbon emissions and climate indi-
cators among the countries where those special places are located
within their own student groups. Through this personal investiga-
tion, students would then be supported in eventually expanding to
global comparisons in order to evaluate the inequitable distribution
of who is most responsible (via emission of carbon and other green-
house gases) and most vulnerable (due to temperature anomalies
and poverty) to climate change.

4.1 Initial Prototyping of Story Building
Activities

Our current version of Story Builder is informed by early data
storytelling activities on paper, in digital Google Documents, and
using the standard version of CODAP. These activities included
interviews with peers about the data analysis process, open-ended
stories about special places and other connections to datasets and
the issues they represent, and daily observations of students as they
conducted analyses using CODAP and worked to justify and record
their process. Together, these observations identified what supports
would be necessary for students to develop narrative accounts of
their data explorations. In particular, we recognized the need for the
following features, which have been incorporated into the current
version of the Story Builder plugin:

o Rich text that encourages and supported student explana-
tions for conclusions drawn from data;
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e Multi-media elements that encourage personalization of data
stories;

e "Replay-ability" so that students could refine and continue to
interact with data and patterns identified during particular
moments during their analysis process.

4.2 Model Data Stories

We are developing a suite of example Data Stories using the current
version of Story Builder to be used as models for youth. We are
seeking to support a diversity of story types (in terms of modality,
scope of analysis, and topic) that all illustrate the blending of per-
sonal experience/perspective; social issues; and principled analysis
and presentation of patterns data. For example, the story featured in
Figure 1 documents the impact of the COVID-19 pandemic on coau-
thor and undergraduate research assistant Damaris Hernandez’s
family. It uses these experiences to motivate an exploration of the
disproportionate impact of COVID on Latinx families in California.
Other example data stories unpack the close analysis of only one
dataset, with a focus on process. For instance, the data story featured
in Figure 4 begins with an in-depth exploration of the impact of
warming temperatures on the country of Lebanon. It then uses
different data story moments to compare CO? emissions of people
in countries with low poverty rates versus those in countries with
high poverty rates using the same graphs highlighted differently.

4.3 Ongoing User Testing

We are currently beginning to test Story Builder with adolescent
youth ages 10-14. We also look forward to using this tool during a
series of workshops this summer that explore local datasets related
to environmental justice issues including pollution, health, industry,
race, and class.
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