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Abstract

Despite data’s pervasive role in modern society and the growing em-
phasis on K-12 data literacy, students struggle with core data trans-
formations. SQL—curricular centerpiece despite known limitations—
motivates our design of an educational relational programming lan-
guage that natively streamlines visualization pipelines and thereby
offers visual feedback on data transformations. Through this ap-
proach, we aim to foster more accurate mental models of how
data transformations relate to visualizations, enabling learners to
better make sense of data. We will evaluate this work using design-
based research methods.
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1 Context and Motivation

Data has become central to modern life, yet many people still strug-
gle to interpret and reason with it, especially in cognitively demand-
ing contexts [24, 28]. This has made data literacy an increasingly
important educational goal, encompassing the ability to read, ana-
lyze, and argue with data [7, 23].

As data science education expands, research has increasingly
focused on K-12 learning opportunities that help students interpret
and create data visualizations [4, 9]. Data visualization literacy—the
capacity to understand and produce graphical representations of
data [6]—is central to making sense of complex information and
developing critical, data-driven thinking [10].
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However, the field remains underdeveloped, and students of-
ten struggle with core data transformations like joining, grouping,
and aggregation—central to data analysis and visualization [17-
19]. Much of this work has centered on SQL!, which remains an
important tool in data science practice and education [16, 18].

Against this background—and motivated by recent critiques of
SQL’s limitations [3, 22, 27]—we aim to reconsider relational pro-
gramming language design from both theoretical and pedagogical
perspectives [8, 11, 21].2

2 Background

Data visualization literacy—essential for interpreting and producing
graphical representations of data [6]—has been defined through con-
ceptual frameworks like Munzner’s What-Why-How [21]. These
frameworks position visualization as central to data literacy, en-
abling people to explore, reason about, and communicate insights
through data storytelling [1, 20]. Yet teaching visualization remains
difficult, particularly in K-12 contexts where learners must integrate
data concepts, computational tools, and visual reasoning [4, 9, 10].
Within the broader field of data science education, these challenges
are well-recognized [12, 14, 24].

Programming provides a promising pathway for developing data
and data visualization literacy. Accessible, inquiry-based environ-
ments help students manipulate, analyze, and visualize data through
code [7]. Such practices bridge statistical reasoning with computa-
tion and support deeper conceptual understanding, allowing learn-
ers to construct their own data analyses and create graphical repre-
sentations [15, 25, 26].

Recent educational tools increasingly integrate visual feedback
on intermediate computational steps, leveraging notional machines
to help learners understand how data transformations lead to graph-
ical representations and supporting the development of accurate
mental models of data pipelines [13, 17]. At the same time, research
suggests opportunities for reconsidering programming language
design to better align data transformations with visualization work-
flows and educational needs [3, 8, 11].

3 Research Goals and Methods

Given the difficulty students face in reasoning about data pipelines
due to the implicit connection between data transformations and

! Although “data scientists often use multiple tools and create custom ones for specific
purposes” [14], Python, R, and SQL remain among the most widely used program-
ming languages in computational data science [7]—with SQL serving as the primary,
universally supported language for structured data processing [27].

2This extended abstract summarizes our ongoing work. We make full details, materials,
and prototypes available on osf.io/3kwth [2].
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visual outcomes, our goal is to develop a theoretically grounded ed-
ucational relational programming language that simplifies core rela-
tional programming features and integrates visualization pipelines
from both theoretical and pedagogical perspectives [8, 11, 21].

In doing so, we also seek to explore the pedagogical integra-

tion of visual feedback on data transformations into existing learn-
ing environments [13]. While design-based research methods are in-
tended [5]—including theoretical assessment based on notional ma-
chines [17], expert interviews, and iterative classroom pilots with
pupils and first-year university students—the precise methodologi-
cal framework remains under consideration.

4 Contributions

Driven by the belief that, in a data-centric society, it is essential for
all individuals to become literate in working with, understanding,
and interpreting data [6, 7, 23], we

(1) promote research and practice in data science and data visu-
alization education by developing a theoretically grounded
educational relational programming language [8, 11, 21];

(2) propose a pedagogical approach that integrates visual feed-

back on data transformations to support learners’ mental mod-

els [9, 13, 17]; and

(3) provide empirical insights into novice learners’ understand-
ing of data transformations and visualization pipelines via
qualitative studies [5].
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