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Programming Experience

Do programmers create text that is transformed into running behavior (the old way), 
or do they operate on behavior directly ("liveness"); are they exploring the live 

domain to understand the true nature of the requirements; are they like authors 
creating new worlds; does visualization matter; is the experience immediate, 

immersive, vivid and continuous; do fluency, literacy, and learning matter; do they 
build tools, meta-tools; are they creating languages to express new concepts 

quickly and easily; and curiously, is joy relevant to the experience?

- Programming Experience Workshop



Robot Programming Experience
Programming Experience
    User eXperience (UX) applied for programming (PX)
    UX: users interaction with systems
    PX: programmer interaction with programming systems

Robot Programming Experience (RPX)
    PX for robotic development
    Programmer
        Developer, Operators, Users, etc.



Programming: Difficult => Inefficient
Programming Robots is difficult
    Combination actuators and sensors
    Deep expertise in diverse areas
    Robotic developers are not trained as developers
    …
Then, development of robot programs
    Takes more time
    Requires extra expertise
    Is blurry => not sure when robot will work

    



RPX with Mental Models
Mental Model: Developer’s thoughts
Thoughts into code, then action, then errors
Use mental models to improve RPX
    Mental Model <==> Computational Model
    Coding, Understanding, Debugging, … 



Explicit mental/computation model
State Machines



Understanding State Machines
Static representation / Program
    Dynamic representation?
        Understand execution
        Solve bugs



VizRob: Effective Visualizations to Debug Robotic Behaviors - 2019
https://youtu.be/YVkJhO78Z30
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VizRob: Effective Visualizations to Debug Robotic Behaviors - 2019
https://youtu.be/YVkJhO78Z30

Understanding State Machines
Static representation / Program
    Dynamic representation?
        Understand execution
        Solve bugs

It helps finding hard-to-find bugs



Towards Live Programming in ROS with PhaROS and LRP – 2014
https://youtu.be/svgyA1_DpjI?si=Cb-qNgjYil0tbSJH

Programming State Machines
Using domain-specific properties



Live programming in practice: A controlled experiment on state machines for robotic behaviors - 2019

Programming State Machines
Using domain-specific properties

It does NOT outperform baseline (correct and time)
But devs prefer it

Is there a need to build simpler APIs?
    Maybe current layer is too complex...



Implicit mental/computation model
Imperative Language



Understanding in Imperative Language
Static representation 



Understanding in Imperative Language

Contextual visualizations for debugging collaborative robots - 2024 
https://youtu.be/FffedGoe-fU

Static representation with runtime data
        Understand execution
        Solve bugs



Understanding in Imperative Language

FERAViz: A Visualization Tool for Robotic Program Interpretation for Future Reuse - 2025

Static representation with runtime data
Include domain-specific model
    Robot Arm / Machine Tending



Physical and Software
Complex models



Soft Robots
Compliant Materials
    Instead of rigid bodies
Infinite degrees of freedom

Complex to reason within code
Complex to test

https://youtu.be/yLssUETKmHA?si=upcO7jqCQR4qeGVS



Soft Robots: Models and Runtime Feedback



What is next
RPX



RPX: Does it work?
Depends
    Some studies do not show increase in productivity
    Others show they can help finding difficult bugs
    But they usually show that developers prefer them

Models are always useful
Improving experience can be helpful
Improving experience can reduce cognitive load (or increase joy?) 



RPX: current work
Programming robots with XR

Live programming and soft robots
    Live and reconfigurable languages

Re-program collaborative robots
    We see them, now we program them



RPX: current work
Programming robots with XR

Live programming and soft robots
    Live and reconfigurable languages

Re-program collaborative robots
    We see them, now we program them

Do you need RPX?
    Computational Models (behavior trees)
    Robots (underwater, vehicles, HRI)
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