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Abstract: This tech demo introduces key enhancements to MoDa: A free, open-source web
based modeling and data analysis system designed to support students in making sense of
complex systems. MoDa is a domain-specific, block-based computational modeling tool that
allows students to build models side-by-side to real-world data. Our latest enhancements
include integrating quantitative data in the system using the Common Online Data Analysis
Platform and Activity Player to support structured data-rich investigations, allowing students
to use a wider variety of real-world data sources to refine their model toward reproducing
important features of system behavior both gualitatively, by reproducing important visual and
dynamic behaviors, and quantitatively by allowing closer comparison of patterns,
relationships, and variability.

Introduction & Motivation

A central goal of science education is for students to interpret patterns in complex phenomena in the world and
reason about potential causes underlying them. Sense-making of scientific phenomena and proposing solutions
to problems often begins with finding patterns in data and attending to variability in those patterns. Students'
lives are filled with such patterns (e.g., The water seemed warmer at my beach this summer - is it getting
warmer everywhere?) and sources of variability (e.g., My cousins, who live across the country, aren’t noticing
higher water levels - why might that be?). Once initial trends emerge, students can propose causal mechanisms
to explain the observed patterns.

Typically, modeling activities at the K-12 level engage students in making observations of a real-world
phenomenon, constructing models that seek to explain or predict system behavior, and then validating and
refining those models based on comparisons to the real-world phenomenon. Most often, such comparisons are
qualitative—the simulation is compared to the visual and behavioral characteristics of the real-world
phenomenon (Schwarz et al., 2009), with less attention to its mathematical and probabilistic aspects. However,
there is growing evidence that attending to the quantitative characteristics of systems and their corresponding
models can deepen student engagement. For example, deeper analysis of statistical features of real-world data
can introduce students to important ideas about variability and error that can then be incorporated into models
(Lehrer & Romberg, 1996; Lehrer & Schauble, 2004). Conversely, juxtaposing data produced by simulations
with data generated in sensor-equipped laboratory settings can encourage students to use patterns to validate and
revise their models (e.g., Blikstein, 2014; Bumbacher, 2019; Fuhrmann, 2018). Similarly, prompting students to
reason about quantitative details of simulation output, such as random noise, supports them in connecting the
micro and macro level behaviors of a system (Wilkerson & Wilensky, 2015). We extend this work to explore
comparing simulated data to real-world data collected in situ, particularly large-scale public data streams.

MoDa is a tool to support integrating computational modeling and multiple forms of data analysis,
including large-scale public quantitative data, in ways that are adaptive and responsive to teachers’ and students’
needs. As a domain-specific, block-based modeling toolkit with embedded support to compare students’
constructed models to real-world observations side-by-side (Wagh et al., 2022; Fuhrmann et al., under review)
our latest design of MoDa adds support for quantitative and statistical analysis, through integrating students’
model output and real-world datasets. In particular, it integrates with the Common Online Data Analysis
Platform (CODAP), a web-based data analysis tool designed for middle and high school students, and widely
used in schools (W. F. Finzer & Damelin, 2014).

Because integrating this variety of modalities and evidence sources requires careful coordination, we
are designing MoDa with a variety of highly adaptable features so that units can be adjusted in response to
students’ and teachers’ immediate classroom needs. Below, we describe three aspects of this new design
iteration: (1) A user interface for creating domain-specific agent-based blocks; (2) Exporting data from student
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models into CODAP for comparison with quantitative real-world data; and, (3) Leveraging Activity Player to
support modular technology development in order to respond to teacher and student needs.

Quantitative Analysis of Models
Data explorations support student reasoning about scientific relationships, patterns, and variability (Rivet &
Ingber, 2017). Students engage in such explorations when they construct, analyze and use data. Because “data”
can take many forms including simulation output, student-generated measurements, and public data (Lee &
Wilkerson, 2018), it is crucial for students to understand how different “data-texts” can work together to explore
scientific phenomena and the different functions they serve toward building models (Duschl et al., 2021). It is
also critical for students to attend to variability in the data so they can reason about patterns and associated
levels of certainty in a phenomenon (Lehrer & Romberg, 1996; Lehrer & Schauble, 2004). Figure 1 features a
block library focused on modeling air quality, along with the resulting simulated data and real air quality data.
MoDa is inspired by work on agent-based modeling (ABM) in education, and NetLogo in particular.
ABM supports reasoning about causal mechanisms and probabilistic factors at the individual level, and
simulates the behavior of elements in a complex system at different levels of analysis using simple probabilistic
rules (de Jong et al., 2013; Wilensky & Resnick, 1999). By creating and studying these models, students can
examine how population-level patterns emerge from individual-level processes (Wilensky & Reisman, 2006),
supporting reasoning about mechanisms (Dickes et al., 2016; Hsiao et al., 2019) and probability (Abrahamson et
al., 2006).

Figure 1. The new design iteration of MoDa integrates domain-specific programming (left) with CODAP to
allow model output (top right) to be analyzed and compared with real-world data (bottom right).
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Data explorations and ABM are complementary practices. Both data explorations and ABM are rich
scientific activities that involve multiple practices highlighted in science education reforms (e.g., NGSS Lead
States, 2013). Uniting these practices through a coherent technology and curriculum has the potential to support
students in reasoning about patterns in complex phenomena and their underlying causes in new ways.
Emphasizing the probabilistic nature of systems, and the inexact science of extracting meaningful patterns from
“messy” data, also aligns with important emerging ideas in computing education (what Tedre et al., 2021 call
“CT 2.0”). Though our focus is on developing scientific models from data rather than machine learning, the
emphasis on deriving meaning from data, parallel processing, and assessing the “correctness” of a model as
evaluating its “accuracy at modeling some selected features of a phenomenon” are foregrounded in an approach
that brings together quantitative data analysis and agent-based modeling. However, integrating these
perspectives and levels of analysis is not straightforward for students and requires careful design and scaffolding
(Wilkerson & Wilensky, 2015). That is what we aim to do through this work.

Responsivity to Teachers’ Pedagogies and Student Ideas

Introducing multiple sources of data across multiple scientific practices can be pedagogically challenging. To
support teachers and students to meaningfully engage in this complex work, we aim to be attentive and adaptive
to teachers’ needs and students’ ideas as they engage in this ambitious work. To do this, we draw on the notion
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of responsivity in technology design: Being responsive (Robertson et al., 2015) to students’ ideas through the
design of a computational environment (Walkoe et al., 2017).

In prior work, we have considered how responsivity could be built into computational environments by
designing for relatively rapid changes to the environment to reflect students’ ideas (Wilkerson et al., 2015). We
identified multiple forms of responsivity ranging from renaming, adding, or removing existing blocks to better
align with student ideas to extending out an existing blocks to enable students to pursue new investigations
beyond the intended design to modifying the definition of a particular block, allowing for “finer tuning” of
students’ models. We believe that attending to responsivity in this current project is especially important. When
working with real-world data, these types of responsivity can allow students to tap into the everyday language
they may use to describe patterns, explore the quantitative dynamics of systems, and model more subtle
differences between otherwise qualitatively similar patterns. Moreover, because integrating quantitative data
analysis and ABM is pedagogically challenging work, enabling teachers to modify the computational
environment to tailor to their students’ ideas can help them better support their students.

Goals & Technology Design

To combine the scientific practices of quantitative data exploration and ABM into a flexible platform, we are
integrating data explorations in CODAP (Common Online Data Analysis Platform) with ABM in MoDa into a
curriculum wrapper called Activity Player (The Concord Consortium, N.D.). The latest design of MoDa runs on
a lightweight agent-based simulation engine called Atomic Agents (McNeill, 2022/2025). It can export
simulated data directly into CODAP using Activity Player provides a platform to house MoDa and CODAP
components, enable data transfer between the two so that simulated data can be directly compared with
real-world sources, and provides curricular support infrastructure surrounding these technology components.

User Interface for educators to create domain-specific agent-based blocks

An underlying vision for the latest iteration of MoDa is to democratize access to creating and modifying block
libraries to support agent-based modeling investigations in classrooms. Our conjecture is that this can enable
educators and educational designers (including teachers) to support modeling investigations that are responsive
to students’ ideas in ways that go beyond the research team’s intent.

To support this, we have been developing a visual interface to create and adapt domain-specific blocks
(Figure 2) to design a block library for a particular unit. The interface is intended to support multiple levels of
responsivity so that a user without much prior coding experience can modify names of entities, variables, and
behaviors in the library, or remove blocks as needed, while users with more coding expertise could also modify
the code for an existing block or generate a new block.

Figure 2
The interface for block creation (Under development)
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Besides supporting block creation, we are envisioning additional ways to make MoDa responsive to
teacher and student needs. For instance, earlier implementations of MoDa enacted block unpacking: Students
being able to inspect, and modify the definition of a particular domain-specific block (Eloy et al., 2025). We
envision making it possible for educators to select which blocks to make “unpackable” based on which
mechanisms they would like their students to explore. For instance, depending on whether a teacher wants to
focus on mechanisms for ozone production and/or dissipation, they can select which specific blocks to unpack
so students can do a deeper dive into those specific scientific ideas (See Figure 1).
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Simulating and Contextualizing Quantitative Data using ABMs and CODAP

To enable students to compare quantitative data from their ABMs with real world data, we are building an
interface to export simulated quantitative data generated by students’ ABM directly to CODAP for further
exploration. This function builds on work that has embedded and exported data from simulations directly into
CODAP (W. Finzer, 2014; H.-S. Lee et al., 2014), further coupling such exports with real-world comparative
datasets. To allow for flexible use of these functions across contexts, students will be able to export (as relevant)
one or more of the following kinds of data from their ABM: (1) Population data such as the number of a type of
entity (e.g., “particles” in Figure 1); (2) Data about the environment in the form of “patch” variables; and (3)
Sensors embedded in the model (e.g., a probe collecting data) or global reporter variables relevant to an activity.

A central goal of the project is to support students to compare patterns in quantitative data from the real
world and their ABMs for sense-making of mechanisms resulting in those patterns. In contrast to simpler
systems, doing this in complex systems often involves connecting aggregate quantitative patterns to microscopic
mechanisms that are described at a different unit of analysis - that of the agent. Hence, it is vital that each
aggregate dataset exported from an ABM to CODAP be associated with the corresponding agent-level
mechanisms that produced it. Our hope is that this can help students validate which agent-level mechanisms
resulted in relevant aggregate trends that best match the real-world data. We are working towards providing this
agent-level context to a dataset about the aggregate system in CODAP in two ways: (1) Enabling students to
record and export visual data in the form of a video-recording of an agent-based simulation run; and, (2)
Enabling students to “tag” their model code to the dataset in some way. Collectively, these can provide a context
for students to compare quantitative trends in data to examine underlying agent-level mechanisms.

Modular Design/Integration of Technology Components

To enable responsivity to teachers’ pedagogical needs and students’ ideas, we will leverage the built-in
modularity of Activity Player through both the design of the technology and curriculum. The technology
described here around integrating ABM and quantitative data consists of four modular components: (1)
Blocks-based ABM code; (2) The simulation; (3) Quantitative data from an ABM exported to CODAP; and (4)
Real-world quantitative data represented in CODAP. Using Activity Player, we are currently exploring how
these components can be combined in different ways to support a range of pedagogical and curricular goals. For
instance, to support comparison of trends and variability in data from ABM and the real world, (3) and (4) can
be adjacent (See Figure 1). On the other hand, to support code reflections (Wagh et al., In review), (1) can be
used independently to ask students to predict what trends a model would result in (Figure 3a), or multiple model
outputs can be combined to have students predict what output a program would result in (Figure 3b).

Figure 3a & 3b
(a) A code reflection for students to make a code prediction; (b) Comparing outputs from two model runs
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Conclusion

This tech demo presents the most recent design iteration of MoDa, a tool to support integrating computational
modeling and quantitative data analysis in ways that are adaptive and responsive to teachers’ and students’
needs. At this tech demo, participants will be able to interact with the Activity Player-based MoDa system. They
will have a choice of exploring data and building models related to key air quality or water quality dynamics.
They will also be able to preview accompanying curricular documents we are developing for the environment.
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