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Abstract
The Playful Learning Lab collaborated with Metro Deaf School (MDS) to design and deliver an Intro to Electronics
and Computer Programming course to Deaf and DeafBlind middle school students. Four sets of 6–8 students went
through an approximately 20-day course that met four days a week for 40 minutes per day. The content of the class
focused on electrical circuits and computer programming. Lessons covered topics such as conductivity, closed/open
circuits, series/parallel circuits, and coding. Students were introduced to the Scratch computer programming language
and Makey kits. The development and delivery of the course was a collaborative effort between Metro Deaf School
staff and the undergraduate student researchers in the Playful Learning Lab. The class was a project based mix of
lectures, projects, and hands-on assignments. In this presentation we will share the lessons learned by designing, and
delivering, this course.
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An Introductory Course in Electrical Circuits
and Coding for Deaf and DeafBlind Middle Sch-
ool Students

Metro Deaf School (MDS) in St. Paul, Min-
nesota is the first Deaf charter school in the
United States, opening in 1993. The school
serves students in the Twin Cities and Western
Wisconsin from ages 2 to 21 who are primar-
ily Deaf, DeafBlind and Hard of Hearing stu-
dents, often being visual and/or tactile learn-
ers. All students who attend MDS have In-
dividualized Education Plans (IEPs) and fall
under the special education category, defined
by the Minnesota Department of Education as
students who “have a disability and need spe-
cialized instruction” (Minnesota Department of
Education, n.d.). At MDS, students are in-
structed in American Sign Language (ASL) and
English is primarily taught through print.

The Playful Learning Lab (PLL) is an under-
graduate student research lab at the Univer-
sity of Saint Thomas in St. Paul, Minnesota.
Members of the PLL come from a variety of
majors such as education, engineering, and psy-
chology. Student researchers collaborate to pro-
mote learning through play on projects such as
Circus Science (Roche et al., 2020), The PLAY-
ground (Monson et al., 2020), and OKGO Sand-
box (Schumacher et al., 2020). The PLL fre-
quently collaborates with community partners
such as The Minnesota Children’s Museum, Tw-
in Cities Trapeze, and Metro Deaf School.

The PLL has been working with MDS for over 8
years, starting with after-school STEAM work-
shops for students to engage in engineering
projects outside their normal curriculum (Kas-
per et al., 2016). In 2020, the PLL worked
with MDS to host an online PLAYground camp
for students in the wake of the COVID-19 pan-
demic (Monson et al., 2021). Ongoing research

through this collaboration include teacher work-
shops exploring the Scratch programming lan-
guage through videos presented in ASL and
LEGO Spike Prime with their students.

Course Development

Curriculum Goals

In this collaboration, our goal was to design and
assist in teaching a 16-21 day Intro to Electron-
ics and Computer Programming class to Deaf
and DeafBlind middle school students in four
rotations of 7 students each (N=28). These
classes provided hands-on materials to encour-
age learning through play, implemented inquiry-
based learning, and gave students the time to
explore and undergo their own learning process.
The first portion of the class focused on en-
gineering and circuits. This was taught using
Squishy Circuits (Peppler et al., 2018; Johnson
et al., 2010) and Paper Circuits from Brown
Dog Gadgets. The topics covered series and
parallel circuits, open and closed circuits, switc-
hes, and basic vocabulary including batteries,
LEDs, conductors, and insulators. Topics also
included safety relating to circuitry.

The second portion of the class was centered on
the Scratch programming language (Resnick et
al., 2009). The first lesson introduced students
to the coding language before allowing them to
explore the online Scratch community and to
create their own coding projects. Video tutori-
als were used to introduce projects to students
and serve as a guide if they needed help. The
coding lessons included animating your name,
creating a chase game, and a final project of
creating their own game using a Makey Makey,
an invention kit designed to allow conductive
objects to serve as computer control inputs, as
a game controller.
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Planning the Course

During the month of January 2022, student re-
searchers and faculty partners began to develop
content for the Intro to Electronics and Com-
puter Programming class. The development
team, consisting of mechanical and electrical
engineering, education, and entrepreneurship
perspectives, brainstormed key electrical engi-
neering and computer programming concepts
to cover in the course. It was important for
our team to include student researchers with
varying levels of content knowledge to refine
and simplify the curriculum in a way that was
appropriate for middle school students. One
method of this refining process involved asso-
ciating key topics with everyday objects and
images, connecting potentially abstract content
with relatable, concrete concepts. For exam-
ple, when introducing the idea of electrical cur-
rent we compared it to water flowing through
pipes. This focus on key topics, and key vo-
cabulary words, was supported heavily by the
classroom teacher. Because the classroom had
open wall space, we created large-print vocabu-
lary posters to put on the wall of the classroom
for the students to reference.The teaching team,
which included the student researchers, faculty
partners, and the classroom teacher, focused
the curriculum around pre-existing interactive
activities to provide students a way to associate
their experiences with the electrical engineering
and computer science content.

The coding activities utilized in the second half
of the course were centered around the lessons
and activities on the Scratch website and the
Creative Coding Curriculum (Brennan et al.,
2011). We selected activities and ideas that
would inspire students to have the flexibility
to creatively express themselves and develop
their problem-solving skills. The diverse back-
grounds and disciplines of the teaching team

helped to break down the concepts to simple,
concrete ideas that could be emphasized in the
curriculum as it was being developed. During
the planning phase, it was crucial for us to in-
clude hands-on activities that would reinforce
the content of the curriculum to provide the
students the opportunity to learn through play.
To evaluate the success of this course, we took
two approaches: responding to the needs of the
students in real time (further explored in the
discussion section) and evaluating interest and
confidence in the subjects covered as well as
concept knowledge before and after the course.

Method

On the first day of each of the four rotating
sessions of the course, each session with 7 stu-
dents each (N=28), students were given a pre-
sentation on the process of the course and the
researcher’s goal of evaluating student interest
and confidence in subject skills through the
course. They were also given information on
assent and consent forms, approved by the In-
stitutional Review Board at the University of
St. Thomas, were sent to parents. Students
who assented were given a pre-test consisting of
fourteen 5-point Likert scale questions on sub-
ject interest and confidence, and eight fill-in-
the-blank concept questions pertaining to elec-
trical engineering and computer programming
with a provided word bank (See Appendix A).

The exact same post-test was given on the final
days of the class while students were finishing
their final projects. The students were informed
that these tests would not impact their grade
and were for research purposes only. The pre-
and post-tests were then analyzed to determine
if students’ attitudes and interest towards engi-
neering and computer science changed through-
out the course as well as students’ knowledge
of the content. The subject interest questions
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were recoded into disagree (Strongly Disagree
and Disagree), not sure (Neither Agree or Dis-
agree), and agree (Strongly Agree and Agree).

Quantitative Results

Due to absences resulting in missing pre- and
post-test data, subject interest questions use
data from 18 students and the concept ques-
tions use data from 13 students. To test the
significance of the pre-test scores compared to
the post-test scores, we used a paired-samples
t-test. We also adopted a significance level of
0.1 due to low statistical power caused by the
small number of participants for both the inter-
est questions (N=18) and the concept questions
(N=13). There was not a significant change be-
tween pre-test (M=45.75, SD=8.17) and post-
test (M=45.93, SD=8.27) scores for subject in-
terest and confidence, t(12) = 0.186, p > 0.1,
two-sided. To determine changes in interest
question responses, we looked at the frequency
for each category. Students indicated agree-
ment more often in the post-test (42.6%) than
in the pre-test (35.2%) for engineering interest
and ability questions (See Figure 1).

Figure 1

Engineering Question Agreement Frequency

Students indicated agreement less often in the
post-test (58.3%) than in the pre-test (63.9%)
for math interest and ability questions
(See Figure 2).

Figure 2

Math Question Agreement Frequency

It is important to note that although agree-
ment frequency decreased in the math post-
test, there were more of those who were not
sure (22.2%) compared to those that disagreed
(16.7%). Students indicated agreement less of-
ten in the post-test (22.2%) than the pre-test
(27.8%) for the computer science interest and
ability questions (See Figure 3).

Figure 3

Computer Science Agreement Frequency
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Similar to the math results, there were more
students that were not sure (40.7%) in the post-
test than students who disagreed (35.2%). Stu-
dents indicated agreement more often in the
post-test (57.4%) than in the pre-test (53.7%)
for problem-solving interest and ability ques-
tions (See Figure 4).

Figure 4

Problem-Solving Agreement Frequency

There was a significant increase between the
pre-test scores (M=1.08, SD=1.38) and the post-
test scores (M=4.46, SD=2.11) for the concept
questions, t(12)=6.034, p < 0.1, one-sided (See
Figure 5).

Figure 5

Total Mean Score of Concept Questions

Note: Each question was scored as either 0 =
incorrect or 1 = correct. There were 8 questions
total. The minimum score possible was 0 and
the maximum score was 8.

Students not only had more correct answers in
the post-test, but wrote something in the an-
swer space which was frequently left blank in
the pre-test. Each concept question had more
correct answers after students took the course
(See Figure 6).

Figure 6

Mean Score of Individual Concept Questions

Discussion

Results Summary

It can be hypothesized that students answered
more questions correctly when the content con-
tained recurring visual images, as in the lessons
on circuit types and components.

Accessibility Learnings

As discussed in the Curriculum Goals section,
it was important for us to notice student re-
sponses to the design of the course and address
their learning needs by adapting our teaching
methods. Because the course was created by
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hearing individuals, this step was important to
make the course accessible for all students. One
example was our slideshow used to teach lessons
which needed to be viewer friendly, particularly
for DeafBlind students. Our original design uti-
lized an engineering themed slideshow, which
was heavy on background images and colors in
the templates. This, however, proved to affect
the lack of clarity of the slides due to busy de-
sign graphics. With guidance from the class-
room teacher and a faculty partner, the slides
were redesigned - including changing the back-
ground and text colors to that more suitable for
DeafBlind students, larger font sizes, and clear
visuals for important concepts.

As the school year progressed and the teach-
ing team was able to teach more students, more
adaptations were required to ensure all students
could use the materials. In the fourth group
of students, for example, one student had diffi-
culty with fine motor skills and was not able to
manipulate the supplies to complete the paper
circuit activities.

Figure 7: Demonstration of an accommodation created for
a student to be able to participate in the Paper Circuit
activities. Student researchers wrapped the conductive
tape around popsicle sticks that the student was able to
manipulate with the help of their paraprofessional.

In searching for a solution for this student, our

researchers came up with putting the conduc-
tive tape on popsicle sticks the student could
move around and manipulate much easier (See
Figure 7). With the help of the student’s para-
professional, they were able to complete the ac-
tivities and explore the circuits using the pop-
sicle sticks to connect the battery to the LEDs.

Another unexpected change was moving the
course online, as the school went to distance
learning due to an increase of COVID cases dur-
ing the first week of the 4th rotation. Two days
prior to this change, the teaching team, as well
as school teachers and paraprofessionals, pack-
aged and distributed a week’s worth of materi-
als for the students to ensure all students had
the tactile tools used to instruct the lessons.
This distribution was important as we recog-
nized the possibility of students not having ac-
cess to the same materials at home as used in
the classroom. Additionally, the teaching team
had their own set of materials to help the teach-
ing team demonstrate the concepts and activi-
ties over Zoom. The flow of the class changed
while online to accommodate for technical diffi-
culties and the time needed for students to work
at their own pace. We did experience technical
difficulties with administering the pre-test for
rotation 4 through Kami, which allowed stu-
dents to annotate a digital version of the test
accessibly.

For this online format, the teaching team spent
some time on the first day going through our
bag of materials as a class, which engaged the
students and sparked excitement and curios-
ity for the activities we would be working on.
While sharing the slides on the screen, a team
member angled their camera to demonstrate
the concepts taught using Squishy Circuits dou-
gh and LEDs. With the adjustment in the du-
ration of the class, we were intentional about
giving students additional time to participate in
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the activities at home. When we saw that stu-
dents were stuck while building, the classroom
teacher pointed out different approaches stu-
dents took and emphasized the idea that there
was no “right way” to approach the activities
in class. This creative thinking was embraced
by the students. One student, for example, did
not have insulating dough in their materials, so
they came up with the innovative idea of using
a plastic lid as their insulator in our Squishy
Circuits activity.

Limitations

The Course

To begin, we wanted to note that these Deaf
and Hard of Hearing students were assessed by
a survey and course created by hearing individ-
uals. While we intended to create a course that
was optimal for these students, we recognize
that there may have been shortcomings in the
resources and content.The ASL signs needed to
teach the content were not widely known in the
community we worked with. This allowed for
us to collaborate with the classroom teacher to
create ASL signs to describe series and parallel
circuits, some of the most common vocabulary
used in the class. When the students were tak-
ing the post-test, many of them were able to ex-
plain the concepts correctly in ASL, but could
not remember the English word to write on the
test. Similarly, we observed that students were
better able to understand concepts when multi-
ple visuals were present and repeated through-
out the content. Especially in the lessons on
circuit types and components, more students
were able to correctly identify the circuit images
in the post test out of the other concept ques-
tions. We correlate this finding to the increased
and repeated use of visuals in the lessons on cir-
cuits and the importance of visuals in successful
learning of Deaf and Hard of Hearing students.

The Study

Due to the COVID-19 pandemic, the class had
unpredictable student absences leading to in-
complete data collection for all 28 students. This
reduced number of participants could impact
the validity of the results as well as the differ-
ences in instruction received in the first week of
rotations 1-3 (in-person) vs rotation 4 (online).
The questions for the subject interest section
of the pre- and post-tests were created by the
authors, and there may be a limitation in in-
ference validity. The present study represents a
first attempt to represent the success and need
for this course in Deaf and DeafBlind education.
We feel that further research examining acces-
sible teaching methods and data collection may
open possibilities for further work and research.

Conclusion

The development and implementation of the In-
troduction to Electronics and Computer Pro-
gramming course was a stepping stone to ac-
cessible STEM and computer science courses
for Deaf and Hard of Hearing students. We
gained valuable insights on how students feel
about the topics they are taught and the influ-
ence of our instruction methods on the students
and their learning. Through our research, we
reinforced the idea that Deaf and Hard of Hear-
ing students benefit from the inclusion of mul-
tiple visuals when learning content, especially
new content in complex content areas. Students
also benefit when they have the full signing vo-
cabulary of the content area, something that is
sometimes lacking in STEM content (Bigham
et al., 2008). Deaf and Hard of Hearing stu-
dents require attentive and accessible materials
to assist them in learning and understanding
content, and we hope to continue to meet these
needs through empowering children with play-
ful education.
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Appendix A

Subject Interest Questions

Engineering Questions

1. I could be an engineer.

2. I like engineering.

3. I am good at engineering.

Computer Science Questions

1. I could be a computer programmer.

2. I like computer programming.

3. I am good at computer programming.

Math Questions

1. I like math.

2. I am good at math.

Problem Solving Questions

Note: Underlined words were fill-in-the-blank
with answers being present in a word bank.
I like learning how things work.

1. I am good at learning how things work.

2. I like using my hands to make things.

3. I am good at using my hands to make things.

4. I like problem solving.

5. I am good at problem solving.

Note: All questions were rated on a 5-point
Likert scale where 1 = “Strongly Disagree”
and 5 = “Strongly Agree”.

Concept Questions

1. Electricity flows in a circle.

2. Conductors are materials that allow elec-
tricity to flow.

3. Insulators are materials that do not allow
electricity to flow.

4. LEDs are a part of a circuit that light up
when electricity flows through them.

5. Switches are a part of a circuit that can
change from open to closed or from closed
to open.

6. In coding, a loop will repeat your code.

7. Label what kind of circuit the picture shows.
Series

8. Label what kind of circuit the picture shows.
Parallel

Note: Underlined words were fill-in-the-blank
with answers being present in a word bank.
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