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In this project, we will design and implement a tool set to enable a live programming workflow
for working on simulations with heterogeneous objects in an educational setting. To support a
large variety of object behaviors, the tool set will be based on the entity component system (ECS)
architectural style.
In the course of this project, we will review the problem domain of programming-based learning
environments, such as Scratch, Etoys, Kedama, and StarLogo, and the design space of
programming tools for heterogeneous simulations. Based on these insights, we will design,
implement, and evaluate the tool set in the Squeak/Smalltalk live programming environment.

Learning through Live Programming in Simulations

Interactive simulations can be used in teaching to allow learners to validate and reconsider
assumptions they have about, for example, a physics model. Even further, when learners can
develop and program the model themselves, they might discover conflicts between the behavior of
the simulation and their initial mental model, consequently evolving their model further [1]. This
idea of learning-by-programming simulations has been implemented in systems such as Scratch,
Etoys, Kedama, and StarLogo.
To keep the feedback loop between changing the simulation and seeing the effects of changes as
short as possible many environments include live programming capabilities so that learners can
change the simulation code while it is running [2].
Further, the existing environments focus mostly on models with either a low number of
heterogeneous objects (for example Etoys) or a large number of homogeneous objects (for

example Kedama). As a result, the tools and programming mechanisms are optimized for either
one of these two cases. However, besides these types of simulations there are also simulations for
models which require a large number of heterogeneous objects with changing dynamic behavior.
An example for such a system is a city transport simulation which involves inhabitants, numerous
vehicles of various types, transportation infrastructure, and physical terrain. The behavior of all
these objects additionally may depend on a number of factors such as the time of day or weather
conditions.

Background: The Entity Component System (ECS) Pattern
Simulations with large numbers of heterogeneous objects with dynamically changing behavior can
be built with the entity component system (ECS) architecture pattern. ECS is an architecture
designed to scale the development of simulations with regard to the multitude and dynamicity of
the combinations of behaviors of simulation objects. ECS splits up a simulation object in three
parts: the mere identity (entity), data for each aspect of the object (component), and simulation
logic working on multiple entities (system). A system works on a group of entities which contain a
set of components [3]. The ECS architecture is well suited for interactive simulations for learning
as it explicitly features heterogenous and dynamically changing components. Further, its
performance characteristics allow for a large number of objects.

Challenge: Designing and Implementing Live Programming Tools for ECS
ECS as an architectural style assumes control over the object life-cycle and control flow of the
simulation. Existing live programming tools are not aware of ECS and do not support users in an
interactive workflow when working on a heterogeneous simulation. To design a suitable tool set
for programming heterogeneous simulations with large numbers of objects, we will:
•
•
•
•

Review the problem domain of existing environments for programming simulations
interactively in education
Review the design space of existing interactive simulation programming environments and
ECS tool sets
Design and implement a tool set for educational live programming of heterogeneous
simulations in Squeak/Smalltalk
Document prototypical application scenarios of the tool set and discuss the design with
respect to the determined requirements space
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