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PBL model to solve this real-life prob-
lem by reverse engineering 3D models
of hand prosthetics to develop a usable
finger prosthetic. The amazing thing
that happened in this experience was
the amount of interdisciplinary learn-
ing that occurred because we chose to
use a PBL model. The student-centered
approach we took allowed our stu-
dents to examine the anatomy of the
human hand including all the bones,
ligaments, and tendons, and compare
their own anatomy to the structures of
the prosthetics. Furthermore, the stu-
dents utilized research skills in learn-
ing about the hand and how to create
and print the prosthetic.

As we tell the story of what hap-
pened with these gifted students, we
will share the structures that supported
the gifted learning experience. Our
central learning target was to increase
students’ understanding and ability
to engage in the engineering design
process. We defined that process as
follows, in alignment with current
research that calls for students to
engage in inquiry by critically think-
ing about the problem as they navigate
the engineering design process and col-
laboratively create alternative solutions
(Hill et al., 2018):

* Ask: Identify a problem or ask
how a system can be improved.

* Imagine: Collect ideas and data
about possible solutions and
improvements.

* Plan: Develop a set of procedures
and plan for how the solutions and
improvements will work.

* Create: Design and manufacture
solutions and test their effective-
ness in solving the problem or
answering the question.

* Improve: Revise and recreate
the solution for effectiveness and
efficiency.

In teaching the engineering design
process, we engaged an interdisciplin-
ary PBL instructional design model
that allowed students to drive the ques-

tioning and creation as they engaged
in the engineering design process.

WHAT IS PBL?

Approaching this challenge, we
decided to utilize a PBL model for
teaching. Although there are various
approaches to PBL, we focused on
developing the project around the
Gold Standard model from PBL Works
(Buck Institute for Education, 2020).
This model has seven elements that
surround the core learning goals. We
believe that learning goals are central
to the construction of any curriculum
and that identifying outcomes prior
to the enactment of teaching sets the
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teacher up for success. As we facilitated
this PBL, we emphasized the central
learning outcomes explicitly so both
the students and teacher participants
had a clear view of where the process
would take us.

CHALLENGING PROBLEM
OR QUESTION

The first design element of Gold
Standard PBL (see Figure 1) is an
overarching problem or question. We
started with a big question that would
be the driving force for our project,
“How can we help our community
through making?” that quickly nar-
rowed to, “Can we use the engineer-
ing design process to create a working
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prosthetic?” You will notice that the
question is open-ended and encour-
ages additional student inquiry. This
leads us to develop smaller inquiries
that help reach the goal of answering
the big question and solving the prob-
lem. We want the big question to moti-
vate students, but be obtainable. PBL
Works says that the question needs to
be at the appropriate level for the stu-
dents (Buck Institute for Education,
2020). To challenge gifted students,
teachers should know their students’
interests, readiness, and talents and
work collaboratively with them to craft
the big goal-centered question (Reis &
Renzulli, 2015).

SUSTAINED INQUIRY

The next element in the PBL model
is sustained inquiry. The questions
students develop over the course of a
PBL experience sustain the project and
deepen the connections they can make
with the content. In our example, the
four students began asking how the
previous creations worked and how
they mimic the working of an actual
human hand. They asked about the
physics that made a prosthetic hand
work, and they asked about the skills
they would need to learn to redesign
and adjust in Computer-Aided Design
(CAD) software. As the project pro-
gressed, we kept asking questions and
learning through the process—notic-
ing that the questions stemmed from
a variety of disciplines (Cotton, 2019).

The teacher’s role in our sustained
inquiry was to scaffold the knowledge
and skills that were essential for stu-
dents’” success in the project. At the
end of each session, we examined the
questions and struggles the students
had and planned explicit teaching for
the next session that focused on devel-
oping each individual student’s knowl-

edge and skills.

AUTHENTICITY

The element of authenticity in a
PBL design is the defining factor in
creating a student-centered learning
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FIGURE 1. Gold Standard PBL. From Buck Institute for Education (2020),
Gold standard PBL: Essential project design elements, retrieved from https://
www.pblworks.org/what-is-pbl/gold-standard-project-design. Copyright Buck
Institute for Education. Reprinted with permission.

experience. The challenging problem
or question and learning experiences
must be set in the context of the stu-
dent and, in an ideal situation, the
students’ prior experiences, perspec-
tives, and passions would be central
to the structure of the problem as well
as the process of learning and finding
solutions. Authenticity also connects
the curriculum to the real world. This
is what separates other projects from
a PBL. The Gold Standard PBL is
designed to have a real-world impact
beyond the four walls of the classroom
in which it occurs. As we designed our

PBL around creating a finger pros-
thetic for a real person, our students
were able to buy into the challenge.
They saw a picture of a real person who
they could help and they were excited
to volunteer for the task.

STUDENT VOICE AND CHOICE
If the authenticity of context
defines the student-centered learning
experience, student voice and choice is
how the PBL maintains student buy-in
and deepens learning. In PBL, students
are co-learners and decision-makers
with the facilitators as they navigate



and work toward answering the overar-
ching question or problem. Facilitating
agency in the learning process allows
students to take responsibility for their
skill acquisition and increases their
motivation.

Our gifted elementary students
were quite inquisitive, and they were
invested in the process, so allowing
them to have ownership in decision
making was easy. To increase voice
and choice, when we encountered a
problem or had an idea, we wrote it
on chart paper in our maker space and,
later, we discussed what new knowl-
edge and skills we needed and how we
would approach learning these things.
For example, one student suggested we
build a hand in virtual reality. As a
group we agreed to have the student
try to virtually recreate the hand with
Google Blocks. The attempt was not
successful, but the choice was collec-
tive, and the young learner appreciated

group for both students and teachers
is essential to the PBL process as well.
This allows for deep conversation
about both process and products. As
a group, we reflected on the progress
we had made and identified the next
steps we might take for each meeting,.
We considered how we contributed
to the group and we asked all the
co-learners to self-evaluate in relation
to the learning community. Finally, we
reflected on the end product and how
both our process and product could
be improved.

CRITIQUE AND REVISION

Along with reflection, ongoing
learning in a PBL hinges on critique
and revision. Students need the oppor-
tunity to give and receive feedback
throughout the process about the qual-
ity of the products and the connections
to the overall goals of the PBL. This
feedback can be from peers or any of

Students need the opportunity to give
and receive feedback throughout

the process about the quality of the
products and the connections to the
overall goals of the PBL.

the opportunity to try. Furthermore,
he developed a greater understanding
of the constraints involved with cre-
ating detailed items in virtual reality.
This is one of many examples of ways
the group of students worked through
the PBL together as a community of
learners with their eyes on the goal.

REFLECTION

As teachers, we understand
the value of reflection. We know
it increases metacognition and
informs decision-making abilities.
Incorporating reflection as a collective

the stakeholders involved in the PBL.

We scheduled our PBL around
group meetings during which we
paused and provided feedback as a
group to each other. Starting with
our initial meeting when we all shared
our wonderings about prosthetics, we
stopped at the end of each hour to
share what each person was working
on and provide feedback to each other.
Additionally, students shared informal
critiques with their peers and facilita-
tors throughout the process.
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PUBLIC PRODUCT

The Gold Standard PBL Design
requires that the product or solution
to the big problem be shared with the
public. The work and learning that
happens in a PBL does not stay in the
four walls of the makerspace or class-
room but should be shared to the ben-
efit of the community. This increases
the stakes for the learners in a PBL
because what they create in a PBL will
be viewed outside the school context.
For example, it was our intention to
share the created finger prosthetic with
the man who lost his finger. However,
our time together ended before our
working project was completed.

ENGAGING IN THE
ENGINEERING DESIGN
PROCESS THROUGH
REVERSE ENGINEERING

For our PBL, we reverse-engi-
neered the prosthetic to 3D print
the finger. Reverse engineering is the
process of deconstructing something
that has previously been created so
you can understand all about it, mod-
ify it, or rebuild it to solve a similar
problem. This process is used in many
disciplines, including computer science
and computer applications (Martins,
2019), CAD engineering and archi-
tecture (Rueda & Escobar, 2017), and
medicine and genetics (D’haeseleer et
al., 2000). When we reverse engineer
something, we examine all aspects of
its design starting with its functional
purpose and its utilization. The process
we used for reverse engineering aligned
with the engineering design process in
the imagine and plan phases.

The Enabling the Future (2020)
program provides templates of pros-
thetics along with instructions on how
to assemble them for functionality. We
started with one of these templates.
Before the students arrived, we had
3D printed an entire hand and, after
our first collective meeting, we ana-
lyzed the design of each part of the
prosthetic and worked together to
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assemble a printed template. This was a
challenge and took quite a bit of time.
After assembling and struggling with
the template, we redirected to think-
ing about prosthetic fingers. We found
some examples of finger prosthetics
and printed images. Then, using the
experience of assembling the hand and
the research on finger prosthetics, the
students analyzed both designs and
began to redesign using TinkerCAD
(htep://www.tinkercad.com) with
the goal of creating a new prosthetic
finger. As students designed the pros-
thetic finger in the digital space, they
used the physical prosthetic as a guide,
often coming back to analyze how it
worked and the details of the design.
They measured each part of the design
and adjusted their own designs in the
TinkerCAD software.

In our project, the students were
able to print the pieces of the finger
but the pieces they printed did not fit
together correctly to work as a pros-
thetic. Despite the perceived failure,
the students learned content, engi-
neering, technology, and persistence,
and they learned the importance of
working together. If we had spent
another 12 hours together, we believe
(and more importantly, the students
believed) we could have accomplished
our goal of creating a working pros-
thetic finger.

Reverse-engineering is particularly
suited for gifted students because it
utilizes their strengths as inquisi-
tive learners and knowledge builders
(Subotnik et al., 2009). Reverse engi-
neering can help gifted students learn
better teamwork skills and teach them
that learning through failure and per-
sistence is a valuable experience. Many
gifted students enjoy disassembling
toys and objects to see how they work.
Reverse engineering involves disas-
sembling objects to learn about them
and improve the way they function.
Gifted programs can easily incorpo-
rate reverse engineering in their class-
rooms or makerspaces by requesting
donations of old and nonworking
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computers, appliances, phones, and
other types of technology objects. By
engaging in these learning experience,
students could disassemble the projects
while sketching and noting how the
object works. They could then use the
engineering design process to describe
how the object could be improved
to address various problems and/or
challenges, such as being more ener-
gy-efficient, producing less waste and
being more environmentally friendly,
and costing less money to make. An
example of a lesson plan focused on
reverse-engineering that is appropri-
ate for gifted learners can be found
at hetps://www.teachengineering.org/
activities/view/csu_reverse_activityl.

WHAT DID WE LEARN
FROM OUR EXPERIENCE?

There were so many learning
moments in our experience. From the
teacher perspective, we learned about
enacting both PBL and the engineer-
ing design process with gifted students.
We also learned about the structures
of prosthetics and the time and detail
needed to successfully design and cre-
ate working finger prosthetics. We
learned that making is inherently
experiential and that failure should be
expected. We failed a lot, but we also
learned from each failure.

The students who engaged with us
also learned. They learned about the
anatomy of the human hand. They
learned about the physics, the pushes
and pulls, that are needed to make a
prosthetic work. They learned about
measurement and scale as well as how
to use additive manufacturing. They
learned how to collaborate toward a
common goal, and they learned how
to positively communicate through
failure and reflect on their learning
in relation to their goals. The students
communicated a strong understanding
of the engineering design process.

TEACHING THROUGH
PBL IN GIFTED
CLASSROOM SETTINGS

We are constantly forging a path-
way forward for effective and relevant
teaching in all contexts. This proj-
ect speaks to ways we can invigorate
student inquiry and develop relevant
teaching strategies for gifted students
in various settings. Additionally,
through experience, we recommend
a few strategies for successful imple-
mentation of PBL and the engineering
design process in traditional settings.

PBL AND MIXED-ABILITY
CLASSROOMS

Teaching through PBL in the
traditional, mixed-ability classroom
presents unique challenges for curric-
ulum design and classroom structures.
In particular, we know that there are
foundational knowledge and skills,
based on standards, that must be mas-
tered by our students. This challenge
often pushes classroom teachers to
design the classroom learning expe-
riences around repetitive practice of
lower level skills that will be tested.
This leads the teacher to ask, “How do
I structure teaching through PBL in
my class and still meet the standards?”
Here are a few suggestions for structur-
ing PBL in a mixed-ability classroom.

* Develop a long-term plan: The
constraints of a traditional class-
room require a PBL experience to
last an extended period of time. It
is not uncommon for PBL to last
a full semester in the traditional
classroom.

* Set short-term goals with your
students: As you meet regularly,
set short-term, reachable goals and
track them visually in the class-
room. Post the goals on chart
paper and celebrate each success
as your students reach a goal.

* Structure each class period to
include PBL time: It is easy to get
bogged down in day-to-day struc-
tured learning and lose track of



time. We suggest you structure the
class to have, at a minimum, 10
minutes of PBL focused time. This

could be a whole-group meeting,
or it could be a time when students
are completing an ongoing task or
learning activity that contributes
to short-term goals. When Dr.
Trumble had his students partici-
pate in PBL, he started each class
with a 5-minute warm up, and

presented a mini-lesson and some
practice for 20 minutes. Then, for
15 minutes, the students worked
on their PBL task before coming
back to a whole group meeting
during which he reviewed and set
goals for the next day.

The mixed-ability classroom
poses particular challenges for teach-
ing through PBL, but structuring the
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daily experience can lead to success
and deep learning for all the students
in the class.

PULL-OUT AND PBL

Many schools have programs in
which students are pulled out of a tra-
ditional class to receive gifted services.
Pull-out programs sometimes allow
for more focused time on PBL, either
through meeting multiple times per
week or for an extended time one day a
week. The difficulty in this situation is
dealing with extended times between
meetings. Following are some sugges-
tions for engaging in PBL for pull-out
programs.

* Allow each pull-out group to
have their own PBL: Because
there will be some consistency in
the abilities of students that are
pulled out of the classroom (versus
a mixed-ability group), each group
can have its own challenging
problem or question. This allows
for each group to collaborate on a
problem that they are passionate
about.

* Create a physical project home
space: This is really a good idea
for all PBL projects, but, because
there are less frequent meetings in
a pull-out program, organization
of ongoing projects is essential.
We suggest that as students create,
modify, and iterate products, the
teacher dedicates a physical space
in the classroom for each group to
organize and store products and
project components. Creating
physical space also helps the
teacher in formative assessment
throughout the PBL.

HOMEROOM AND PBL

Students in middle and high
school are often placed in a gifted
homeroom where they meet either
every day or every other day, giving
teachers the opportunity to have fre-
quent interaction and develop a whole
class PBL experience. The amount of
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autonomy in this situation allows for
incredible interdisciplinary PBL teach-
ing opportunities. Following are a few
suggestions that can contribute to the
success of a PBL in a gifted homeroom
situation.

* Differentiate tasks based on stu-
dent interest: A PBL, in practice,
is highly collaborative, but not all
tasks need to be done together.
In your meetings with students,
it is important to evaluate stu-
dent interest in various tasks. For
instance, if you were to replicate
our project in a homeroom sit-
uation, you may have one small
group of gifted learners reverse
engineering prosthetics through
a CAD program while another

small group maintains and oper-
ates the 3D printers. You may even
have some students documenting
the process and creating media
that shares the project to the out-
side community.

* Invite outside experts: The open
structure of a homeroom class and
the extended time students have
to learn through PBL allows for
the inclusion of outside voices.
This provides a great opportunity
for a teacher to invite engineers
to analyze project elements and
contribute their knowledge as
students solve unique problems.
If a face-to-face meeting is not
possible, students can connect to
outside experts virtually. Teachers

can use programs such as Skype
to find experts that match student
needs.

Teaching student-centered PBL in
STEM classrooms can seem daunting,
but the success students find in engi-
neering solutions to authentic problems
can propel them to make an impact
in their community and can connect
them to careers in STEM fields. We
loved seeing the excitement our small
group of students had as they reverse
engineered a finger prosthetic and the
connections they made between anat-
omy, mathematics, and engineering
design processes. We hope you’ll try
student-centered learning through
PBL with your gifted learners.
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