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ABSTRACT
The objective of this project was to develop a new physics
simulation platform that is integrated in the Dash hyper-
media system and addresses limitations of existing physics
simulation platforms. The new platform has seven simula-
tion types and three interaction modes to target different
use cases. Overall, this project represents a promising start
for an easy-to-use physics simulation platform that can be
integrated in students’ typical workflow and offers differ-
ent interaction modes that allow for both physically correct
animation and animation based on student inputted values.
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1 INTRODUCTION
Labs and live demos are used in introductory physics me-
chanics classes to show students how the principles they are
studying in class apply to the real world. Digital simulations
can be uniquely helpful for reinforcing these concepts by
conveying information that cannot be easily visualized in
the real world, such as visually showing the direction and
magnitudes of forces acting on an object. Digital simulations
are also consistent, easy to set up, and allow for visualization
of ‘ideal’ scenarios.
However, there are limitations to existing digital physics

simulation platforms. Popular, easy-to-use platforms are of-
ten only animated physically correctly versus allowing for
student input. Other platforms allow for students to animate
simulations based on their own equations, but these gener-
ally have a steep learning curve and require programming
knowledge. More broadly, existing digital physics simulation
platforms tend to not bewell-integrated into students’ typical
notetaking and studying workstream, requiring navigation
to a new webpage or application to use them.
This project sought to create a physics simulation plat-

form targeted at college students taking introductory physics
mechanics courses that would address these concerns. This
platform is user-friendly and has a simple graphical user
interface; does not require programming knowledge to use;
offers different interaction modes for physically correct an-
imation versus using student inputted values so as to best
meet students’ needs; and is fully integrated in the Dash
hypermedia system such that students can create and run
different simulations in the same workflow as studying, note-
taking, and completing homework problems.

2 RELATEDWORK
The first major category of physics simulation platforms are
those that are easy for new users to pick up and have user-
friendly graphical user interfaces for separate simulations for
each type of problem. PhET Interactive Simulations by the
University of Colorado Boulder [7], is a particularly popular
example of this type of simulation that is frequently used in
high school physics classrooms. On PhET, dozens of simula-
tions are available for areas ranging from projectile motion
to electrostatics, and students can see these simulations ani-
mated in a physically correct manner using parameters they
can toggle.
However, students generally cannot input their own for-

mulas, and there are navigational limitations as well: simu-
lations are separate from each other and require navigating
between different pages, and even more critically, simula-
tions aren’t integrated in students’ typical notetaking and
studying workstream. Instead, students need to navigate to a
separate website and either have multiple windows open or
switch between tabs in order to run simulations while also
taking notes digitally. Other popular simulation platforms
like myPhysicsLab [6], oPhysics [10], and The Physics Class-
room [9] have the same limitations. This project seeks to
have a structured, easy-to-use interface like these simulation
platforms, while also addressing their limitations.
The second major category of physics simulation plat-

forms are also easy for new users to pick up and have user-
friendly graphical user interfaces, but instead of having sep-
arate simulations for each type of problem, they have a sin-
gle simulation to which users can add any combination of
elements. Platforms like Physion [8] fall in this category.
While extensible, the sheer number of options can become
overwhelming for students and lack sufficient structure, and
again, this category of platforms generally isn’t integrated
in students’ typical notetaking and studying workstream.

The final major category of physics simulation platforms
are more extensible and allow for users to program their
own simulations, but these have a much steeper learning
curve. MATLAB [4], for example requires understanding
the MATLAB programming language. Again, this category
of platforms generally isn’t integrated in students’ typical
notetaking and studying workstream.

Another smaller category of physics simulation platforms
that is worth mentioning is mathematical sketching, which
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uses hand-drawn diagrams that are animated based on writ-
ten formulas. MathPad [2] is one such mathematical sketch-
ing platform. This project also uses the idea of allowing users
to animate physics simulations based on user-inputted forces,
but adds additional structure by having different interaction
modes as well as pre-made simulation types.
In addition to reviewing physics simulation platforms, I

also reviewed non-simulation-based physics education plat-
forms, including HyperPhysics [5] and Khan Academy [3],
to better understand connections between physics topics
as well as understand how physics topics are presented to
students and see example review questions.

3 METHOD
3.1 Design
I started by outlining requirements for the new simulation
platform such that the limitations of existing platformswould
be addressed: the simulation would have an easy-to-use
graphical user interface and include multiple simulation
types in the same app; students would be able to toggle
simulation parameters freely; and the simulation would be
fully integrated in the Dash hypermedia system. I also out-
lined three different simulation modes: Freeform Mode, for
students to see simulations animated physically correctly;
Review Mode, for students to solve semi-randomized prob-
lems; and Tutorial Mode, for students to see a walkthrough
of how to solve different types of problems.
From there, I creating a sketch of a mock user interface

for the platform. Next, I built a demo for a simple projectile
simulation using Typescript, React, and CSS. I used Material
UI for the user interface elements, SVG images for the visual
elements of the simulation, and React hooks in conjunction
with the setInterval() function for basic animation. I chose
a simple design for the visual simulation elements so the
focus would be on the physics. In the interest of prototyping
and debugging quickly, I built out the platform initially as
a standalone app before integrating everything in the Dash
hypermedia system.

3.2 Interviews
Throughout the design and development process, I solicited
feedback from students taking introductory physics classes,
instructors for introductory physics classes, and instructors
for introductory engineering classes. Using this feedback, I
was able to better understand the needs of potential users
and better tailor the simulation platform to fit their needs.
I was also able to directly ask students and instructors for
additional features and simulations they would like to see
added to the platform.

For student interviews, I gave an overview of the purpose
of my project and the purpose of the interview, asked them

questions about their math and physics background, and
asked about any areas within physics they found particularly
challenging. I explained the basic simulation functionality
and asked them to explore the platform for a few minutes,
voicing any questions or thoughts they had as they did so.
Afterwards, I asked them questions about their experience
with the platform, if they would have found the platform
helpful as a student, how they would have used it, and any
additions or improvements to the platform that they would
want to see.

From student interviews, I received feedback on the user
interface and learned what features and simulations would
be valuable to students. Students emphasized the importance
of being able to separate out forces into parallel and perpen-
dicular components, which motivated the development of a
feature to do just that, and an emphasis on separating out
forces in Tutorial Mode. Students were also more enthusias-
tic about Tutorial Mode and less enthusiastic about Review
Mode than expected, which drove increased focus on Tutorial
Mode as development went on.

For instructor interviews, I sent the instructors the simu-
lation demo and explained the basic simulation functionality.
Afterwards, I asked them broad questions about their goals
for student understanding of material, particular concepts
students struggle with, and resources they recommend to
students, as well as more specific questions about their expe-
rience using the platform. Instructor interviews were useful
for getting feedback on the user interface as well as under-
standing what additional features and simulations instruc-
tors would be interested in and that they thought would be
valuable to students.

3.3 Physics Concepts
After exploring existing physics education platforms, review-
ing introductory physics curriculums, and interviewing stu-
dents and professors, I decided to include the following con-
cepts in the simulation platform:

• Vectors
• Kinematics
• Forces
• Newton’s laws
• Free body diagrams
• Momentum
• Circular motion
• Harmonic motion

4 RESULTS
4.1 Architecture
The final simulation platform has seven simulation types
and three simulation modes.
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There are two main components of the simulation plat-
form: the App component that controls the user interface,
and theWeight component that controls the physically-based
animation. Figure 1 contains a diagram with the high-level
code architecture.

Figure 1: High-level code architecture

The physically based animation uses numerical integra-
tion via the classic fourth order Runge-Kutta (RK4) method to
update weight position and velocity at each timestep. Where
ℎ is the timestep size and 𝑥 is the variable to update, each
RK4 update is computed as follows:

𝑑𝑥

𝑑𝑡
= 𝑓 (𝑡, 𝑥) (1)

𝑘1 = 𝑓 (𝑡𝑛, 𝑥𝑛) (2)

𝑘2 = 𝑓 (𝑡𝑛 + ℎ

2 , 𝑥𝑛 + ℎ𝑘12 ) (3)

𝑘3 = 𝑓 (𝑡𝑛 + ℎ

2 , 𝑥𝑛 + ℎ𝑘22 ) (4)

𝑘4 = 𝑓 (𝑡𝑛 + ℎ, 𝑥𝑛 + ℎ𝑘3) (5)

𝑥𝑛+1 = 𝑥𝑛 + ℎ

6 (𝑘1 + 2𝑘2 + 2𝑘3 + 𝑘4) (6)
The derivative of position with respect to time is veloc-

ity; the updated velocity at each timestep is itself computed
using RK4. The derivative of velocity with respect to time
is acceleration; the updated acceleration at each timestep is
computed from the forces that are computed at that timestep
using Newton’s second law (Equation 7).

𝐹 =𝑚𝑎 (7)
Animation calculations for different simulations are dif-

ferentiated only by the forces at each timestep, which helps
make the base platform extensible. For example, a spring
simulation will have spring force and gravity, whereas an
inclined plane simulation will have friction force, normal
force, and gravity.

The following formulas are used for force computations:

Force of gravity =𝑚𝑔 (8)

Normal force =𝑚𝑔𝑐𝑜𝑠 (𝜃 ) (9)
Force of static friction = 𝜇𝑠𝑚𝑔𝑐𝑜𝑠 (𝜃 ) (10)
Force of kinetic friction = 𝜇𝑘𝑚𝑔𝑐𝑜𝑠 (𝜃 ) (11)

Spring force = 𝑘𝑥 (12)

Centripetal force = 𝑚𝑣2

𝑟
(13)

The formula for the force of tension is dependent on the
scenario. For example, the force of tension for a pendulum is
computed by summing the component of the force of gravity
that is parallel to the rod and the centripetal force of the
pendulum.
Due to limitations on how quickly and how often RK4

updates can be computed in the web browser, and the pos-
sibility of simulations being run for a very long time, small
errors could occur and propagate over time. This is of par-
ticular concern for harmonic motion problems, where in
an ideal, frictionless scenario, maximum and minimum val-
ues would be consistent forever. Error propagation would
have the potential to confuse students using the program
who could struggle to differentiate between an inaccuracy in
the program itself versus the program indicating that some-
thing would occur in practice. As such, error propagation
in the platform is resolved by artificially enforcing that the
appropriate maximum and minimum values are met during
harmonic motion simulations.

Before performing an RK4 update, collisions are resolved
by first checking if a weight in the simulation has collided
with a boundary. If a collision has occurred, the weight posi-
tion is updated such that the weight is outside of the bound-
ary. (The simulation timestep is sufficiently small and the
maximum velocities bounded such that this leads to visually
good results.) For perfectly elastic collisions, the normal com-
ponent of velocity with respect to the boundary is reflected.
For inelastic collisions, the normal component of velocity
with respect to the boundary is set to zero.

Weights are treated as particles rather than as rigid bodies,
so principles like rotation and center of mass are not con-
sidered. This is a simplifying assumption that makes sense
for many of the simulations, but these considerations would
need to be incorporated if any simulations requiring them
are added in the future, for example, if a rolling without
slipping problem were added.

4.2 User Interface
Users can freely change the simulation type and mode, and
can start, pause, and reset simulations. They can also change
the simulation speed. When the simulation is paused, users
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Table 1: Simulation Types

Type Description Parameters
Projectile A weight that acts under the influence of gravity Gravity, mass, start position, start

velocity, collision elasticity
Inclined plane A weight on an inclined plane that acts under the in-

fluence of gravity, the normal force, and the force of
friction

Gravity, mass, plane angle, coeffi-
cient of static friction, coefficient of
kinetic friction

Pendulum A weight attached to a massless rod that acts under
the influence of gravity and the tension force from the
rod

Gravity, mass, start angle, rod length

Spring A weight attached to a massless spring that acts under
the influence of gravity and the elastic force from the
spring

Gravity, mass, spring coefficient,
spring rest length, starting displace-
ment

Pulley Two weights connected by a simple pulley that act
under the influence of gravity and tension from the
pulley system

Gravity, mass 1, mass 2

Suspended weight A weight attached to two massless rods at various
angles that acts under the influence of gravity and
tension force from the rods

Gravity, mass, start position

Uniform circular motion A weight attached to a massless rod that acts under
the influence of centripetal force from the rod and has
starting velocity tangential to its path of motion

Gravity, mass, rod length, start ve-
locity

can change relevant simulation parameters like mass, accel-
eration due to gravity, coefficients of friction, angles, and
radii. Position, velocity, acceleration, and momentum along
the x- and y-axes are displayed in a table. Users are also
presented with relevant equations for solving algebra-based
physics problems.
Users can choose to display velocity, acceleration, and

force vectors while running simulations. The latter two op-
tions are particularly useful for simulations involving circu-
lar motion so students can see how each changes over time
with respect to the mass’s position. Users can also choose to
show parallel and perpendicular components of forces with
respect to a relevant axis, which is useful for simulations in-
volving offset angles (e.g. pendulums and inclined planes) so
that students can see, for example, the component of gravity
that is parallel versus perpendicular to the inclined plane.

4.3 Base Platform
Simulations were included in the platform on the basis of
being common introductory mechanics problem setups that
covered a variety of concepts. The available simulation types
are described in Table 1. There are three possible interaction
modes for a simulation type: Freeform Mode, Review Mode,
and Tutorial Mode, each of which targets a different use case.

In Freeform Mode (Figure 2), the physically correct forces
are automatically applied given a simulation type and set
of parameters, and the simulation is animated physically

correctly. This allows students to explore the impact of var-
ious parameters such as gravity, mass, angles, and friction
coefficients on simulation outcomes.

Figure 2: Freeform Mode for an inclined plane simula-
tion

Freeform Mode is particularly useful both for allowing
students to understand what forces exist and how those
forces result in particular motion, as well as for addressing
common misconceptions among students. For example, a
common misconception among introductory physics stu-
dents is that changing the mass of a weight on an inclined
plane will result in the weight going down the plane more
quickly. This misconception can be corrected by a student
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running otherwise similar inclined plane simulations but
with different masses, and noting that the results are the
same. Freeform Mode is also useful for students that want to
mimic homework problem setups in the simulation platform
to verify their understanding.
In Review Mode (Figure 3), students have the chance to

solve example mechanics problem and animate simulations
based on their answers to questions. Problem values are
randomly generated so that students can repeat questions
freely for additional practice. Particular focus is given to
equilibrium states and solving for forces and/or parameters
such that equilibrium is maintained, since this is a problem
type that particularly benefits from simulations, as a correct
answer is clearly indicated by a lack of motion, whereas an
incorrect answer is indicated by motion occurring. Review
Mode is particularly useful for students that want to practice
problems before an exam to ensure they know how to solve
different kinds of problems.

Figure 3: ReviewMode for an inclined plane simulation

In Review Mode, students are able to sketch out free body
diagrams as they work. They can then check how well their
initial free body diagrams align with their final answers,
helping to reinforce understanding, correct any misunder-
standings, and catch certain errors. If students get stuck on a
problem, they can enter the hint menu (Figure 4) by clicking
the question mark icon in the upper right corner of the simu-
lation, or go to the tutorial for that problem. The hint menu
serves a similar purpose as Tutorial Mode, but it’s more tar-
geted and allows students to hone in on the particular part
of a problem they are stuck on.

Figure 4: Hint menu for an inclined plane question

In Tutorial Mode (Figure 5), students are guided through
step-by-step tutorials explaining how to solve particular me-
chanics problems for different simulations, with an emphasis
on understanding what forces are acting on a mass as well as
how to compute those forces. During interviews, instructors
consistently emphasized that they wanted students to have a
deeper understanding of the material than just the ability to
plug numbers into equations; Tutorial Mode was designed to
fit this need. Tutorial Mode is particularly useful for students
that are first being exposed to a new type of problem, and
can help reinforce understanding from experimenting with
Freeform Mode.

Figure 5: Tutorial Mode for an inclined plane simula-
tion

In Tutorial Mode, an emphasis is placed on understanding
parallel and perpendicular components of forces with respect
to a relevant axis, as students noted during interviews that
this was something with which they struggled. For example,
students can visualize the component of gravity that is par-
allel to the pendulum rod versus perpendicular to it (Figure
6).
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Figure 6: Tutorial Mode for a pendulum simulation

4.4 Dash Integration
Dash [1] is a hypermedia system that allows users to create
unbounded 2D canvases that incorporate text, images, PDFs,
webpages, and other types of documents. Having created
their document collections, users can arrange documents,
link between them, annotate them, create presentation trails,
and more. Dash has several existing features that make it
useful for notetaking in STEM classes, particularly equations
and graphs, and integrating the physics platform in Dash
makes it even more useful for notetaking in physics classes.
Integration also has significant benefits for the physics sim-
ulation platform itself.
While the core platform architecture and logic remained

the same, integrating the standalone demo app in Dash re-
quired converting everything from React functional compo-
nents to React class components. The user interface styling
also had to be adjusted to allow for users to have simulations
take up a smaller portion of the browser window.

Additionally, all of the state variables in the original App
class (renamed PhysicsSimulationBox to abide by Dash nam-
ing conventions) were converted to become persistent in
Dash using Dash’s "dataDoc" document property. These vari-
ables include simulation type, simulation parameters, etc.,
and it makes sense for them to persist across browser re-
freshes so users don’t have to constantly set up new simula-
tions every time they open their dashboards. State variables
in the original Weight class (renamed PhysicsSimulation-
Weight to abide by Dash naming conventions) remain local
variables and do not persist across browser refreshes, since
these variables include current position, velocity, accelera-
tion, etc. which can all be trivially reproduced since each
of the simulations is deterministic and behaves in the same
manner each time.

Now that the physics platform is integrated in Dash, users
can freely insert simulations in their dashboards, and impor-
tant simulation parameters are automatically saved when

users update them. Users can take full advantage of Dash’s
features, linking between simulation nodes and other nodes
as well as annotating simulation nodes or including them in
trails. Performance in Dash is maintained, and there is no
noticeable slowdown when running the simulation platform
within Dash versus as a standalone app.

Figure 7: Example dashboard for an introductory
physics student that uses Dash for notetaking in her
physics class, including a projectile simulation with
graphs of acceleration and velocity over time

Dash integration allows for several benefits relative to a
standalone platform. The decision was made to allow for
users to have multiple simulation documents rather than a
single simulation document so users can use simulations in
themanner they findmost useful. Users can thus run as many
simulations as they’d like side-by-side, which is particularly
useful for simulations that are otherwise similar but have
one parameter changed between them to understand the
impact of that parameter of the simulation motion. No issues
were found when running several simulations at the same
time and no noticeable slowdown occurred.

Figure 8: Example dashboard for an introductory
physics student that uses Dash for notetaking in her
physics class, including a comparison between two
spring simulations with different masses
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Users can also take advantage of Dash’s ink tool to aug-
ment simulations, for example, by drawing the maximum
displacement levels for a spring or pendulum. Most critically,
users can integrate simulations in their normal workstream,
by adding simulations to collections of notes they take for
class, and creating expansive dashboards that include notes,
sketches, graphs, equations, simulations, and more.

4.5 Adding New Simulation Types
There are three primary elements for any given simulation
type: the forces at work, the visual elements of the simulation,
and the parameters that users can change. The recommended
process for adding a new simulation is to first add the simu-
lation in Freeform Mode, then add it in Tutorial Mode, then
add it in Review Mode.

Adding a simple simulation to FreeformMode takes around
two hours. In the PhysicsSimulationBox component, a new
option is added to the simulation selection menu, the start-
ing setup is determined, and the applicable user interface
options to alter simulation parameters are added. From there,
a new function to determine forces at each timestep is added
to the PhysicsSimulationWeight component, and any new
visual elements are added to the render function.

Adding Tutorial Mode for an existing simulation generally
takes under an hour. The walkthrough is added to the tutorial
JSON file in a standardized format, and the starting setup is
determined.
Adding Review Mode for an existing simulation is more

time-intensive. First, the question is added to the question
JSON file in a standardized format, and the starting setup is
determined. Then, logic for calculating the correct answers,
logic for checking inputted answers, and logic for variable
generation has to be added.

5 USER TESTING
After building the platform and integrating it in Dash, I
performed a small pilot user testing study to assess usability
of the platform among college students, to see if the platform
met its goal of being easy-to-use and identify any areas for
improvement. With additional time, it would be useful to
also do a larger user testing study to assess student learning
when using the platform.

During the user study, users were asked to perform several
tasks using the platform. They were then asked about their
overall reaction to the platform, the ease of use of the plat-
form, the perceived usefulness of the platform, and if there
were any additional functionality they would find useful.
Questions and tasks were inspired by the user study done in
“Mathematical Sketching: A New Approach to Creating and
Exploring Dynamic Illustrations” by Joseph LaViola Jr [2],
and can be found in Appendix A.

Users generally had little experience with digital physics
simulations, but they found the platform easy to navigate
and use, and they were able to set up and run simulations
after only being given parameters or descriptions of simula-
tions. Users appreciated being able to see vectors visualized
in the simulation and in written form in the table. Users
found Tutorial Mode particularly helpful and referenced us-
ing the instructions from Tutorial Mode to solve Review
Mode problems. Users found the available simulations rel-
evant to introductory physics classes, with several users
requesting a simulation on torque also be added.

Some insights that arose out of user testing are that users
did not notice the hint option in Review Mode and that this
should be made clearer; that certain vectors appeared either
too large or too small and that vector scaling could be better
tuned; that using color coding in Tutorial Mode could be
helpful; and that the user interface for sketching forces in
Review Mode could be made clearer.
Users also thought it would be helpful to either combine

the two dropdown menus for selecting mode and simula-
tion type or move them closer together; that it would be
useful to add period, amplitude, frequency, and maximum
and minimum position, velocity, and acceleration displays
for relevant simulations; that it would be useful to explain
common variable naming conventions; and that it would be
useful to more clearly explain how to derive the parallel and
perpendicular components for a force using trigonometry.
Given time restrictions and the relatively steep learning

curve for the Dash system, user testing was done in the
standalone app. With additional time to get users familiar
with Dash, it would be useful to perform user testing in Dash
as well.

6 COURSE INTEGRATION
In addition to assessing usability among students. I also spoke
with several introductory physics and engineering instruc-
tors to get their feedback about the platform and better un-
derstand what standards it would need to meet for them to
be willing to integrate it in their courses.
In general, instructors found the platform easy to use

and thought students would find it useful. One engineering
professor compared it to the MatLab platform he uses in his
course, noting that this simulation platform is able to expose
students to a simple interface they can alter parameters in
and see results for without having to edit code, and that it
would be a good "first contact" for students before they get
to coding in MatLab.
He also noted the importance of a physics simulation

platform being cross-platform compatible so students can
access it with different browsers, using amobile phone, tablet,
or laptop. The platform was developed primarily in Google
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Chrome on a laptop, so testing for cross-device and cross-
browser compatibility would be useful going forward.
An instructor also suggested that if we wanted to fully

integrate the platform with a course, there would be two
useful paths forward. The first path would be for the devel-
oper to align exactly with an instructor, asking them what
simulations would be useful for their course’s homework
problems and building simulations targeting those scenarios.
This approach is feasible on a small scale, but is not easily
scalable; it takes around two hours for a developer to add
Freeform Mode alone for a simple simulation. The current
structure of the platform code requires that the person cre-
ating the new simulations has knowledge of Typescript and
React, which means that professors without frontend pro-
gramming experience are unable to easily create their own
simulations. Nonetheless, this approach could be useful for
a pilot study.

Another more long-term option to integrate the platform
with a course would be to expose more of the code to in-
structors such that they could personally edit it and create
problems that are relevant for their course. This approach
would take significantly more engineering effort upfront, but
would be much more scalable in the long term.

In the currentmodel, there are only two parties to consider:
the developer and the end user. In this new model, there
would be three parties to consider: the platform developer,
the person building new simulations, and the user of the new
simulations. Pursuing this three party model would require
building an additional user interface for simulation creation,
as well as the logic to convert the inputted information into
simulation code. It would also require a mechanism to easily
share newly created simulations with multiple users.

7 CONCLUSION
In addition to considering methods to fully integrate the
physics simulation platform in courses, there are many other
avenues for future work on this project.
Additional base simulations could be added, for exam-

ple, more complicated pulley systems, collisions between
weights, rotational mechanics simulations, and planetary
motion simulations.
Additional tutorials could also be added that take differ-

ent problem-solving approaches. The existing tutorials are
all based on a forces-first approach, whereas some students
might benefit from seeing other approaches, such as an en-
ergy conservation-based approach.

Additional review questions could also be added for each
type of simulation so that students can get more practice
solving different types of problems.
The Dash integration could also be expanded on. For ex-

ample, there could be enhanced integration with the Dash

graphing functionality such that graphs of position, velocity,
and acceleration over time can be produced automatically to
help students better understand whether a variable changes
linearly versus polynomially versus sinusoidally, as well as
to understand the relationship between position, velocity,
and acceleration. This could be particularly useful for un-
derstanding harmonic motion, comparing otherwise similar
simulations that have one parameter changed, and for un-
derstanding derivative and integral relationships as students
move from algebra-based to calculus-based physics.
It could also be useful to integrate Dash equations with

the simulation platform such that equations for position,
velocity, acceleration, energy, and other variables can be
produced automatically for a given simulation and set of
parameters. Alternatively, Dash equations could be used to
alter simulation behavior, for example, by defining a position
or velocity update function using a linked Dash equation.

Performing calculations within the simulation is another
area that could be expanded on to improve students’ quality
of life, for example, allowing students to compute trigonomet-
ric functions and basic operations within the simulation so
they don’t need to pull up a separate browser tab to perform
calculations.
Overall, there are many ways to build on this project go-

ing forward, and this project represents a promising start
for a user-friendly physics simulation platform that can be
integrated in students’ typical workflow and offers different
interaction modes for different use cases.
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APPENDIX A: USER STUDY QUESTIONS
Do you have any previous experience with digital physics simulations platforms? Which ones, and in what context?

Please navigate to the pendulum simulation in Freeform Mode. Can you use the simulation to show how changing the mass
affects the motion of the pendulum?

Please navigate to the spring simulation in Freeform Mode. Can you use the simulation to show how changing the spring
coefficient affects displacement?

Please navigate to the inclined plane simulation in Freeform Mode. Can you use the simulation to show how changing the
starting angle affects acceleration?

Still in the freeform inclined plane simulation, can you set up an inclined plane with mass 2 kg, angle 30°, coefficient of static
friction 1, and coefficient of kinetic friction 0.2?

Can you navigate to Tutorial Mode for the inclined plane simulation, then go through the tutorial?

Is anything about the tutorial confusing? Is there anything else you wish were included in the tutorial?

Can you navigate to Review Mode for the inclined plane simulation, then talk through how you would try to solve the problem
that appears?

If you got stuck completing the problem, are there any user interface elements you could use?

Is anything about Review Mode confusing? Is there anything else you wish were included in Review Mode?

How easy did you find it to navigate and use the platform?
Easy 1 2 3 4 5 Hard

How much do you agree or disagree with the statement "I would find this platform useful as a student in an introductory
physics class."?

Agree 1 2 3 4 5 Disagree

What did you like about the platform?

What did you not like about the platform?

Are there any additional features you would want to see added to the platform?
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