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Abstract: In this demo, drawing from Kafai and Proctor’s (2021) framework, we propose an
informed, situated, and critical approach to data literacy, and present Dataland, a block-based
language and computational notebook system we are developing for young learners to create
engaging and interactive data narratives. Addressing the three framings of computational
thinking—cognitive, situated, and critical-Dataland aims to help learners gain basic knowledge,
invite them to bring in personal experiences, and encourage them to critically reflect on data.
Dataland is a combination of three key parts: easy-to-use block-based programming, narrative
support inspired by environments like Jupyter Notebook and blogging tools, and interactive
projects that engage learners through puzzle-solving and puzzle-designing. Dataland is critical
and unique in its ability to help learners both get familiar with data and reflect on their social,
cultural, and epistemological implications in a fun and flexible setting.

Introduction

The past few years have seen steadily increasing interests in engaging young people, specifically middle and high
school students, in data literacies (Lee & Wilkerson, 2018) . While such endeavors used to focus on teaching
solely technical concepts and skills, more recent works have shifted from teaching individualized cognitive
elements towards forming situated knowledges (identity, community, practice, and participation) and reflecting
on critical contexts (broader social and cultural formations) (Kafai & Proctor, 2021). As computation and data
become increasingly involved in social life and public discussions, scholars and the general public alike are
reexamining how data gets created, narrated, and mobilized, and existing tools have been revamped and extended,
encouraging learners to incorporate personal, social, and pedagogical considerations into data analytic works
(Dourisch & Cruz, 2018; Feinberg, 2017; Wilkerson et al., 2021).

In this we see an opportunity to develop Dataland, an educational system for data programming and
storytelling. In its core design, the system incorporates all three key framings that Kafai and Proctor (2021) argue
for--cognitive framing, situated framing, and critical framing. We have thus developed an informative,
approachable, and flexible system that invites and encourages young learners to 1) understand how data-centered
tools and statistical knowledge work, 2) bring such understanding into conversation with their lived experiences
and personal interests, and 3) reflect on the relations between their work and the broader society: racial and gender
profiling, cultural appropriation, social engineering, criminalization, colonization, etc. In all, we develop
Dataland to approach data literacy in an informed, situated, and critical way.

To show how Dataland works, in our proposed demo, we intend to present its core programming
grammar, prototype interface, and sample data stories. Best described as a codeblock-and-notebook system,
Dataland is designed to be an organic combination of three key parts: easy-to-use block-based programming for
data analyses and visualization, narrative writing environment inspired by computational notebooks and
contemporary blogging tools, and interactive components that engage learners through puzzle-solving and
potentially puzzle-designing. As a result, Dataland is unique in its ability to help students both get familiar with
data and reflect on their social, cultural, and epistemological implications in a fun and flexible setting.

Background

Kafai and Proctor (2021) define three major framings—cognitive, situated, and critical-of computational thinking
in this way: the cognitive framing sees learning as the acquisition of knowledge and skills, orienting the learner
towards career requirements; the situated framing sees learning as identity formation through participation in
disciplinary practices, so the emphasis is to encourage creative output and social engagement; finally, the critical
framing sees learning as developing an understanding of how realities are shaped, under which framing the major
goal will be to create strategies against marginalization and oppression. For Kafai and Proctor, all three framings
are key to educational efforts in computational thinking, and in our project, we similarly strive to approach data
literacy education in an informed, situated, and critical way.
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Dataland, gaining its namesake from the early constructionist notion of "Mathland" (Papert, 1980) aims
to acquaint young learners of informed, situated, and critical data literacy in a hands-on experience. Working with
Papert’s argument that the best way to learn and know a language is by being immersed in its natural environment,
we also argue that learning data literacy by real-world use, instead of learning by grammar and vocabulary, is the
natural environment for the kind of learning we hope to approach.

In Dataland, the informed (cognitive) aspect of data literacy is approached through the design of a low-
floor, wide-wall visual coding environment. According to Papert (1980), living in a computer-based learning
environment where the language of mathematics is the natural medium of communication, learners will soon pick
up fluency in mathematics just like people living in France picking up the French language. Similarly, immersing
learners in an approachable, exploratory environment where they can play with data as a construction material
allows learners to naturally engage with the fundamental knowledge and skills underlying data analytic tools. In
this way, Dataland allows learners to casually and immersively engage with abstract ideas that pertain to data
analysis, fulfilling the first cognitive framing.

To step beyond the basic knowledge and skills, Dataland also addresses the situational aspect of data
literacy. To do this, we design and develop Dataland’s sample data story with the concept of empathetic
perspective taking in mind. One example along this line is the feminist-inspired DoggyVision environment Kelly
et al. (2020) that allows family participants to explore what a dog may see through its eyes. This idea of
perspective-taking as an everyday exercise in empathy speaks a lot to the value of affect-situated, emotional, and
embodied responses-which is usually left out of the abstract, scientific hierarchy of knowledge. Being able to take
the perspective and empathize is a key step towards situated knowledge.

Finally, to address the critical framing, Dataland’s narrative functions are designed with epistemological
pluralism in mind. Employed by Turkle and Papert (1990) discussing the feminist approach to computer science
education, epistemological pluralism argues for a re-evaluation of different styles of scientific thought and
different ways to approach a computational object. Turkle and Papert especially argue for concrete, non-
hierarchical, painterly and "soft" ways of using programming codes and user interface components, instead of
seeing them only in the conventional, supposedly "hard" logics of engineering. By incorporating narrative
elements into data analysis, Dataland actively engages with epistemological pluralism and invites learners
to reflect on the nature of data.

Building upon these previous works, Dataland aims to help learners gain the basic cognitive
understanding, while stepping towards situated and critical ways of knowing. Kafai and Proctor (2021) imagined
that different communities will come up with different articulations of computational knowledge, approaching the
knowledge as an integral part of broader social reality, and adapting the knowledge to local needs. To achieve this
goal, we propose, learners must immerse themselves in the environment, recognize their personal experiences,
and relate to each other in a reflexive, critical way. In Dataland, immersion, empathy, and reflection are made
possible by the presence of narrative and interactive components, which we describe next.

System Design

The idea of engaging young people in analyzing and visualizing data in ways that connect to their personal
interests has been explored in learning and design research before. For example, the Quantified Self movement—
a global trend where sensors on mobile and wearable technologies are used to collect data on one’s own everyday
activities—has been seen as a rich environment for learning with and about data (Lee, 2013). The Common Online
Data Analysis Platform (CODAP) (2014) system allows students of grades 6—12 to access and explore data from
a wide variety of sources. Dasgupta and Hill (2017) designed Scratch Community Blocks, a system built on top
of the Scratch programming environment and online community (Resnick et al., 2009) that allowed Scratch
community members to access, analyze, and visualize their own data from the Scratch online community.

Language design

Data operations in Dataland are centered around tabular data that can be imported with a button click. Currently
Comma-Separated Values (CSV) files can be imported. In a way similar to Scratch, the programming language
in Dataland uses visual blocks to represent programming primitives in the code editor. Programs in Dataland are
constructed by dragging and snapping together blocks which have specific shapes to allow for only certain
possibilities of composition—this minimizes the possibility of syntax errors. The block-based Dataland
programming language supports, in addition to standard programming constructs (e.g., conditional statements,
arithmetic operators), capabilities for selecting, filtering, and aggregating data, as well as capabilities for
generating visualizations. In contrast to Scratch Community Blocks, whose sole focus was data from the Scratch
online community, Dataland provides a more general grammar for accessing and working with data.
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We draw from design principles used for Scratch, especially those articulated by Resnick and Silverman
(2005) in the design of the data selection, filtering and aggregation capabilities of the Dataland programming
system. For visualization capabilities, we draw from Wilkinson (2005) and related work by Satyanarayan et al.
(2017) which systematically examines the elements of statistical graphs and establishes a high-level syntax to
produce a wide variety of graphs from a small set of well-chosen basic specifications. In Figure 1 we show the
programming language in action, with the resultant visualization output.

Figure 1: Dataland’s programming interface. The data table (a) shows the Palmer Islands penguins dataset (Horst
et al., 2020). The code (b) filters the data and produces a scatter plot shown in (c).
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Narrative data: Notebook interface and a sample data story

Beyond the block-based coding interface, we have been exploring ways to make data narratable and relatable for
learners throughout our research. Our goal is to emotionally engage learners in a personal, embodied way. This
emotional dimension, we hypothesize, can be approached through storytelling, whether fictional or non-fictional,
and doing this will be key to opening up towards situated and critical knowledge. This is suggested by the fact
that a popular genre of projects in Scratch are games and interactive stories, and we also draw inspirations from
various mini games on Code.org, the SQL Murder Mystery game made by Knight Lab at Northwestern University
(Park & He, 2018), as well as computational notebooks like the popular Jupyter Notebok, and blogging tools like
WordPress (WordPress.org, 2021). It is also worth noting that researchers are also designing and testing a new
Stories Builder plugin for CODAP, which allows users to build some level of structured narratives (Wilkerson et
al., 2021).

In our design process, we developed the notebook interface and the sample data story iteratively and
side-by-side. In the sample data story, we tell the fictional story of a penguin working with human researchers to
find their lost cousin, and for this project we crafted a semi-fictional dataset based on the Palmer Islands Penguin
research dataset (Horst et al., 2020). In the prototype interface, this story is organized in chapters and sections as
if in a novel or a blog, with interactive data-based puzzles at the end of each section. Solving these puzzles with
data blocks will move the narrative forward, thus providing an engaging experience for learners. This structure
also allows the story to be divided into multiple web pages, potentially providing an extra level of interactive
storytelling in further developments.

Moreover, when building the story itself, we aim to encourage learners to critically examine the original
Palmer Penguin dataset. What does it mean to define species and sex? What are the stakes of scientific data
gathering? What knowledge is normalized, flattened, or entirely left out of the process? Because the story is told
from the first-person perspective of a penguin, we are able to use their lines to ask such questions against human
characters, confronting and challenging learners to rethink the implications of the original dataset.

Demo

For the virtual demo, we will use the video-conferencing system used by the conference to answer questions and
interact with participants. We will include a 1-2-page PDF virtual “handout” for participants of our demo and a
link to the PDF will be shared through the chat feature of the video-conferencing system. The handout will include
web URLs to access the working system, as well as a brief description of the project and our contact information.
We recommend using the Firefox or Chrome browsers to access the system. We intend to demonstrate two aspects
of the system, the code editor, and the stories interface. For the code editor, we will provide a few sample projects
that are intended to highlight the capabilities of the data-focused part of the programming system (e.g.,
visualizations, data aggregation/grouping, data filtering). Participants will be also free to create their own projects
or modify existing ones. For the notebook interface, we will invite participants to engage with the Penguins data
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story and complete the prompts. We hope that these interactions will catalyze conversations between us and the
participants in our demo.

Future Developments

We are currently planning young learner workshops to evaluate Dataland, which will provide our project with
more on-the-ground empirical inputs, and we hope to use such inputs towards fully fleshing out Dataland as a
tool for informed, situated, and critical data literacy.
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