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Suppor&ng Blind Students with Simula&ons in the Physics Classroom
Goal: Support visually impaired
students to learn physics &
collaborate with peers
PhET Sim: Interactive environment for teaching science and
math. These sims are currently inaccessible to many
students.
Accessibility Solutions:
• Inaccessible mouse input
Accessible keyboard
navigation: Navigate sim and interact with objects by
using assigned keys
• Inaccessible visual outputs
Accessible auditory
descriptions: Screen reader reads out what is on the
screen and what actions are possible, as well as actions
taken.
Previous work [1,2] has been done to increase the
accessibility of simple interactives, but fails to provide
guidance for complex environments such as those in PhET
sims. This project focuses on designing accessible features
for the unpublished sim, Capacitor Lab: Basics, and results
from interviews with blind learners.

Student Interviews with Accessible Capacitor
Lab: Basics Sim

Accessibility features that supplement the
sim – without changing it

After implementing prototype accessibility features for the sim, two blind screen reader
users, Olivia and Carey (pseudonyms), were observed using this sim and asked to “think
aloud.” Below are examples of their interactions. In the screen shots, sim elements
highlighted in red are actively being controlled by the keyboard.

Implicit Scaffolding: PhET uses this as a design technique (e.g., the capacitor
plates have large and center arrows to change plate area and separation) to
encourage students to explore (productive interactions) and address learning
goals, without explicit guidance (e.g. instructions in the sim) [5]. We aim to
preserve the current implicit scaffolding in the auditory descriptions, so that
all students can collaborate, regardless of the presence of a disability.
Capacitor Lab: Basics learning goals:
1. Predict how capacitance changes when the plate area or separation changes.
2. Describe how charge drains away from a capacitor into a light bulb.
3. Explain the relationship between voltage, charge, stored energy, and
capacitance.
These learning goals were used to write a single set of pre and posttest questions,
allowing us to probe the participants’ understanding of the above concepts.

Scene Description: Both users began by
listening to the state of the screen and what
objects were interactive.

Olivia

Goal: Bridge the achievement gap
for students with disabilities

•

•

368,200 children, ages 5-15, reported having a visual
disability in 2014 [3].
• General education classrooms often exclude these students
by completing highly visual and inaccessible learning
activities.
Outcome:
• Students with disabilities achieve lower assessment scores
and are less likely to graduate high school.

US Department of Education, Institute of Education Sciences, National Center for Education Statistics,
National Assessment of Education Progress (NAEP), 2009 and 2011 Science Assessments.

“Disability Statistics from the 2014 ACS”, Cornell University YTI. 2015.

Solution: Students with disabilities who participate in active
learning activities and engage with their peers are more
likely to experience positive learning outcomes and progress
at their instructional level [4].

Finding: With well designed accessibility
features, blind students can use sims to
learn foundational physics concepts

Carey

Explores interactive elements via
keyboard navigation. Finds capacitance
graph.

Cued by auditory description of graph,
begins to experiment with plate separation
and area to understand how capacitance is
affected.

Spends majority of sim use time attempting
to use the voltage meter, whose
implementation she found confusing.

Interviewer suggests switching to the
Light Bulb screen.

In her posttest, Olivia is confidently able
to assert, “[separation of plates] Closer
together and larger [plate area],” will
maximize capacitance.
Utilizes necessary keyboard interactions turns on the light bulb in about two
minutes.

Olivia’s motivation to explore the effects of various sim elements on
capacitance, without instruction, implies that auditory descriptions provided
implicit scaffolding that cued productive interactions.
• Intuitive implementation of the battery, capacitor, and circuit switches
allowed Carey to quickly illuminate the light bulb and accomplish a goal of the
sim without distraction from frustration or confusion.
• Both Olivia and Carey gained confidence in the topic of changing
capacitance.
• Both increased their use of sim specific vocabulary (e.g., electrons, flow,
circuit) in their posttest responses compared to their pretest.
Both Olivia and Carey struggled due to unimplemented and unrefined features,
showing that technical challenges can derail the learning experience. It is important
to have well designed and implemented accessibility features to support intuitive
interactions and minimize distraction from the exploring and learning process,
ensuring the content is communicated to all students in a meaningful and engaging
way.
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