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Welcome

BY THOMAS ROBERTS,
CATHRINE MAIORCA, AND
VIRGINIA R. JONES, DTE

As an organization, ITEEA took time
over the last year to reimagine its
publications. The task seemed very
large, but started with a simple ques-
tion: how can we meet our readers’
needs in the most efficient way possi-
ble? Over the course of six months, a
team reviewed responses to ITEEA’s
communications survey, talked to
each of ITEEA’s councils, and looked
at what other STEM organizations
do. The task force made the recom-
mendation to the board to change
ITEEA’s journals by combining Tech-
nology and Engineering Teacher and
The Elementary STEM Journal into
one larger peer-reviewed practitioner
journal, Technology and Engineering
Education. This issue is the first prod-
uct in making that change.

Teachers and students consistently
share positive views of integrat-

ed STEM education, specifically in
increasing student engagement
and understanding when content is
applied in real-world settings (Rob-
erts & Roberts, 2023). High-quality
integrated STEM learning experi-
ences have open-ended, real-world
prompts that encourage students to
leverage the content knowledge of
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individual STEM disciplines and pro-
vide the opportunity to think critical-
ly and creatively to design solutions
to problems that are meaningful
and relevant. Through participating
in these activities, students devel-
op productive dispositions toward
integrated STEM and the individual
STEM disciplines, critical- and cre-
ative-thinking skills, and empathy for
others, empowering them to make
changes in their world (Jackson et
al., 2021). However, significant barri-
ers to implementing high-quality in-
tegrated STEM learning experiences
remain. As Chris Emdin (2022) ex-
plained, “to improve the conditions
of STEM learning in the US, we must
first acknowledge and sit with the
disaster [the system] has created.
Without reckoning with our misman-
agement of students’ dreams and
potential, we cannot improve STEM”
(p. 127). Improving STEM systemi-
cally would mean properly funding
schools and STEM programs, pro-
viding teachers with professional
development, and deemphasizing
standardized testing and scripted
curricula. While this is a daunting list
that will require collective action, we
can all take action to reimagine how
we approach STEM.

Just as we worked to reimagine this
journal, we challenge you to think
about one small change you want
to make in your sphere of influence
this year. Industry leaders can look
for schools to partner with to pro-
vide resources or opportunities for
real-world connections for students.
State and provincial education lead-
ers could look for ways to support
their STEM teachers. For those



looking for a curriculum to support
STEM teachers, consider becoming
a consortium state for Engineering
byDesign™. This not only provides a
standards-based curriculum to help
teachers but includes professional
development to support teachers in
their implementation. As a system
leader, your sphere of influence is
large and can remove some barriers
many teachers face to implement-
ing STEM.

What changes could district and
building leaders make to better
support implementing high-quality
integrated STEM learning experienc-
es? Maybe there are opportunities
to get creative with scheduling so
that students have more access to
STEM. The days before holidays can
be great opportunities for integrat-
ed STEM activities throughout the
school. Another small change could
be exploring group membership

to ITEEA so that more people can
access member resources such as
the OnDemand Learning Library or
registration discounts to the 2024
ITEEA Conference in Memphis, TN.
Dedicated time and professional de-
velopment opportunities are things
district and building leaders can help
shift to make a positive impact on
the STEM culture.

For teachers, consider trying a
new teaching practice to promote
integrated STEM. If you’re new to
teaching STEM, it can seem over-
whelming. A small idea could be
attempting to build items using
recycled materials that students

can help collect. Or maybe try to
focus on giving students open-end-
ed tasks to unleash their creativity
and problem-solving abilities. Other
teachers may decide to focus on
how students can collaborate and
communicate when participating in
STEM learning experiences. Commu-
nication goes beyond working well
together to include explaining their
reasoning behind design choices,
using data to explain how effective
their design was, and using varied
media to communicate the overall
effectiveness of their product. Yet,
another change could be to intro-
duce students to a variety of im-
portant STEM tools. This can range
from straightedges, compasses,
and spring scales to screwdrivers,
handsaws, and power tools. Having
a clear focus on tools helps students
understand what tool can be used
in specific contexts so that they can
strategically choose which tools to
use to complete tasks.

Making a change to a system

is difficult. The current system
does not value Technology and
Engineering Education, provide
adequate resources for public
schools, and actively ignores
children’s innate brilliance and
creativity by subjecting them to
relentless standardized testing

and scripted curricula. That will
not change overnight. Making a
conscious effort to make one small
adjustment in our practice is a step
in the right direction. Emdin (2021)
reminds us, “Children must be given

the space to think, dream, and work
in order for them to learn. Their work
is to question, discover, and dream.
Our job as educators is to provide
them with the contexts that make
their experience productive (p. 123).”
As we begin this new school year,
we challenge you to pick one thing
you want to try in your approach

to integrated STEM education

this year. Tag ITEEA (Facebook:
ITEEA STEM, Twitter @iteea) on
social media and use the hashtag
#ReimagineTeachingSTEM to share
your ideas. The individual with the
most liked post on Facebook or
Twitter by October 31, 2023, will win
a $25 gift card from ITEEA.
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Welcome to the first issue of ITEEA’s
rebranded journal, Technology and
Engineering Education: Bringing
STEM to Life. We believe this new
publication will meet the needs

of not only Technology and En-
gineering practitioners, but other
communities invested in supporting
integrated STEM education. Incor-
porating great ideas from many
contributors strengthens our profes-
sion in so many ways. The new struc-
ture of Technology and Engineering
Education (TEE) promotes a novel
approach to informing the ITEEA
membership about important devel-
opments and research in our field of
study and the innovative work that
occurs in our labs, makerspaces, and
classrooms. Please let us know what
you think of the publication.

During the months after our very
successful conference in Minneap-
olis, the Executive Committee and
Board of Directors worked to review
and revise our guiding documents.
We renewed our commitment to
make the Strategic Plan a living doc-
ument by updating sections and cre-
ating a sixth goal related to our obli-
gations to recruitment and retention.
In the near future, we will be calling
on our members to assist with the
development of new resources and
identify best practices to attract and
retain a diverse pool of Technology
and Engineering teacher candidates.
The Board of Directors, at its June
meeting also approved revisions to
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ITEEA’s Statement for Diversity, Eg-
uity, Inclusion, and Sense of Belong-
ing (DEIB). These modified docu-
ments can be found on our website:
www.iteea.org.

One of our significant decisions

was to create a new committee

and a new task force to improve

our position in the future. The new
Standards Committee will provide
oversight for necessary revisions and
updates to Standards for Technolog-
ical and Engineering Literacy (STEL).
They will research best practices for
STEL implementation and direct the
development of supporting STEL
resources. All of this work is neces-
sary to make known the power that
STEL can have informing curriculum
decisions and providing teachers
and others with the tools for assess-
ment while fostering an innovative
learning environment.

The Task Force on Membership/
Recruitment/Retention was deemed
necessary as teacher candidate
pools and even established teacher
populations are slowly diminishing.
This is a time of change in Technol-
ogy and Engineering Education, as
it is in other disciplines. We have
faced challenges for years—foremost
is the inconsistent flow of potential
teaching candidates into Technolo-
gy and Engineering Education. This
task force will be comprised of a
cross-section of our membership,
including our student members who
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can provide us with valuable insights
on why they remain or leave the or-
ganization after graduation. We will
also depend on the comments from
veteran TEE teachers so that we can
all promote Technology and Engi-
neering Education in a better, more
positive, and more effective manner.

We cannot leave this important work
to a task force alone! Therefore, my
simple request to ITEEA members

is to identify and mentor students in
your classes who show a passion for
Technology and Engineering/STEM.
Explain to them the importance of
this profession and describe the
fulfillment that you enjoy as you go
about your teaching duties each and
every day. You can also take owner-
ship of the profession by working to
encourage active members to renew
their memberships and encourage
non-members to sign up and join
this exceptional organization. A
focus on empowering our members
will provide us with the important
discussions and significant problem
solving needed from an engaged
membership to keep ITEEA sustain-
able into the future.

Together, we will be most successful
when we work collaboratively as a
unified membership on activities
that strengthen our organization and
demonstrate our value to the world
around us.

| wish you all success and fulfillment
in the school year.
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to life

Lessons
from Dilbert:
Clarifying
Design
Expectations

Introduction

Have you ever asked someone to
do something only to find out later
that they did something completely
different? Communication problems
(e.g., misunderstandings) are one

of the most common issues plagu-
ing the workplace and classrooms
(Nowak, n.d.). As Technology and
Engineering Educators this is some-
thing we have seen often—both in
our classrooms and in those we have
visited—especially when it comes

to open-ended design settings,
which are often “messy” and ill-de-
fined (Westerlund & Wetter-Edman,
2017). In many such instances, we
have provided our students with an
intentionally open-ended design
challenge—hoping to be inspired

by their creativity, ingenuity, and
progression through a design
process—only to find that students
missed the mark and didn’t really
understand what we were hoping
they would do. In these instances,
the students turn in their work (e.g.,
design portfolio, prototype, etc.) and
it becomes very clear that a com-
munication disconnect has occurred.
However, at this point, what are we
to do as the teacher? We can’t start
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the assignment over—it would take
too much time. We shouldn’t fail the
whole class of students for missing
the mark—communication goes both
ways. So, we do the best we can to
provide feedback and grades to the
students. As captured beautifully in
the Dilbert cartoon above (Figure 1),
we are often more willing to simply
move on in light of a communica-
tion failure than we are to address,
fix, and work through the problem
(Markman, 2017).

Design in Technology and
Engineering Education—
The Challenge is
Challenging!

Standards for Technological and
Engineering Literacy (International
Technology and Engineering Edu-
cators Association, 2020) identifies
Design as one of eight standards
driving our field; design is at the
core of the STEL practices of cre-
ativity, critical thinking, optimism,
making and doing, systems thinking,
collaboration, attention to ethics,
and communication. As we engage
students in learning design—whether
it be through a prescripted cur-
riculum (e.g., ITEEA’s Engineering
byDesign™) or other approaches—a
hallmark of Technology and Engi-
neering Education classrooms is
that students are actively engaged
in the design process. Students are
typically challenged to do design
work from problem identification

to solution presentation, all in an
open-ended and ill-defined set-
ting. By definition, this is a messy,
complex space with no right an-
swer. But there is a process (i.e., the
engineering design process) and
students have the potential to de-
velop world-changing solutions (for
example, a Pennsylvania teen devel-
oped a solution to eliminate blind
spots in cars to improve pedestrian
safety; see Harmata, 2019). Still, the
open-ended and ill-defined nature
of the design learning experiences

makes it hard for teachers to lay out
clear expectations and guidance for
students without over-constraining
student thinking or having the mis-
communications described earlier.
As educators, how can we better
communicate expectations at the
start of each design challenge?

Design challenges can overwhelm
and paralyze students who struggle
to see how the challenge might be
solved. Students may feel they could
never develop a solution to the
problem because it is too challeng-
ing, and, as a result, may not even
try. However, as teachers, we know
that students are able to develop
solutions and we often may even
have a “library” in mind of many
previous creative solutions. As edu-
cators, how might we foster design
self-efficacy in students?

Over the years, Technology and En-
gineering Education (TEE) teachers
become experienced at recognizing
good design work and can identify it
when they see it. However, even with
a solution in mind, students don’t
have this luxury and are often left

to wonder what their products and
processes should look like. With all
of these questions, some students
can shut down if they feel they are
not able to be successful: What is
valuable? What is not? Which direc-
tion should | take and how should |
represent my design in my portfolio?
Should I be taking risks in developing
ideas that are innovative or be more
cautious about making sure the prod-
uct works by using well established
materials and processes? Should |
focus on documentation, product
form, function, or all of these?

As teachers we often explain our
expectations as we introduce the
design brief. While students might
actually be listening, students may
have a hard time internalizing these
expectations without context. If
students don’t (or can’t) internalize
how their work will be evaluated,
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what is important (and not), and
what “good” looks like, they will
struggle to generate good work

or sometimes exhaust their efforts
on the wrong aspects of the proj-
ect. As educators, how might we
promote student evaluation skills
so that students can evaluate their
own work as they progress through
the design process?

Learning by Evaluating

To address these concerns related

to design education, the authors are
piloting a design primer called Learn-
ing by Evaluating. The concept of
Learning by Evaluating (LbE) arose
from work in assessment—specifi-
cally, assessment using a technique
referred to as adaptive comparative
Jjudgment (ACJ). A full description of
ACJ, its underpinnings, and the asso-
ciated findings is beyond this piece,
but the reader is encouraged to look
at Pollitt (2072) and Bartholomew
(2018, 2022) for a more complete
description. It is important that we
highlight one key finding of the ACJ
literature: the power of comparisons.
Research over the years has consis-
tently shown that humans are more
comfortable and reliable when mak-
ing comparative decisions than when
making subjective decisions. For
example, there’s a reason that an op-
tometrist shows you pairs of different
prescriptions and asks you to choose
the clearest of the two—if they
simply showed you all the options at
one time and asked which lens was
the right one, your ability to decide
would be severely hampered, in both
ease and reliability. We highlight this
aspect of ACJ because there is power
in paired comparisons above and
beyond the benefits that may come
from simply viewing examples of pre-
vious work (such as in a gallery walk).
As authors, this connection between
ACJ and LbE and the power of paired
comparisons was almost acciden-
tal—while studying methods for
improving assessment techniques of



Figure 2. A student using ACJ to
evaluate peer design work.

teachers, students were engaged in
the practice of evaluating their peers’
work in a paired fashion (through
ACJ; see Figure 2).

Originally, students were engaged
in these evaluations as a means of
investigating how their evaluations
compared with those completed by
the teacher; however, we quickly
noticed that this practice of asking
students to evaluate peer work was
influencing them. Students began
to notice the details in their peers’
work (good and bad), they were
developing the ability to discern
between “good” and “better,”

and they were picking up on the
vernacular used in design (e.g.,
describing subtle differences in
their peers’ ability to “identify cri-
teria and constraints” or “produce
a functional prototype”). These
benefits were strengthened as stu-
dents were asked to verbalize (or
write out) their own thinking while
they evaluated these consecutive
pairs of peer work and selected the
one they perceived as “better.” The
authors’ research (Bartholomew et
al., 2022) identified four main ben-
efits of engaging students in this
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evaluation experience as an inten-
tionally placed primer for learning
in @ design setting, these include:

1. Students are exposed to
previously completed work,
helping them “set the bar” and
clarify expectations around the
assignment.

2. Students identify positive and
negative qualities that they can
later use in their own designing.

3. Students learn the “language
of the field” as they use de-
sign-specific terminology to de-
scribe why one item is “better”
than another.

4. Students solidify their own un-
derstanding of design elements
as they verbalize (or write)
these down in their justifica-
tions for choosing one item
over another.

Building on these findings, funding
was applied for and received from
the National Science Foundation to
test this instructional approach fur-
ther with K-12 students (NSF Grant
#2101235). Specifically, the authors
have been working with teachers
and students in the greater Atlan-
ta area (Georgia, USA) enrolled in
an introductory high school design
class (EbD Foundations of Technol-
ogy). In these classes, LbE has been
situated as a primer for design learn-
ing in a variety of settings, projects,
and classrooms—we are continuing
to explore what works, or doesn’t,
and why. Some of the preliminary
findings, observations, and experi-
ences are shared in hopes that more
classroom teachers can implement
LbE with their own students.

Learning by Evaluating—
How To

Three main pedagogical elements of
incorporating LbE as a primer in the
learning process are suggested:

1. Introducing and orienting stu-
dents

2. Engaging students in a series of
comparisons

3. Leading a classroom debrief
Each will be discussed in con-
text of the Engineering byDesign
Foundations of Technology Unit 5
preliminary challenge: Park Design
with Community Connection. In this
challenge, students demonstrate
their understanding of design while
using CAD software to model a
community park.

STEP 1. INTRODUCING AND
ORIENTING STUDENTS.

Instead of other work that emphasiz-
es assessment at the end of a design
process, we propose situating LbE at
the beginning of a design challenge,
just after providing the students with
the design brief and prior to students
beginning any design work. The first
element of LbE is to introduce and
orient students as preparation for
them to engage in a series of com-
parisons. The teacher might ask a few
questions (perhaps hypothetically

at this point) such as what makes a
good community park? What does
our community need in a park? What
are key features of a community
park? How might we best commu-
nicate our design intentions to share
our park design? After sharing a

few questions to prompt students

to wonder how their park might

look and how they might engage in
designing their park, the teacher can
show students two park designs side
by side and ask which is better (Fig-
ure 3 as a potential example). Some
students might identify the park on
the top because it is more colorful or
the park on the bottom because it
has more green space.

STEP 2. ENGAGING STUDENTS IN A
SERIES OF COMPARISONS.

After a teacher-led discussion on the
qualities of different parks and some
whole-group classroom comparisons
(e.g., using Figure 3), the teacher
can engage the students individually
in a series of comparisons. Students
are provided with access to several
pairs of park designs and asked to
evaluate them by identifying, of the

TECHNOLOGY AND ENGINEERING EDUCATION Bringing STEM to Life 9



Figure 3. Two images of a park for
discussion (Whiting, 2021).

pair, which is best. Student decisions
should be guided by a predeter-
mined criteria (i.e., called a holistic
statement or prompt) from which
they determine which of the two
designs is better. Example criterion
could include ideas such as:

1. Which is more “family-friend-
ly?”
2. Which is more attractive?
3. Which is safer?
4. Which provides better parent
supervision ability?
5. Which could support a wider
age group?
6. Which might be easier to main-
tain?
7. Which fits our community
better?
8. Which is more exciting?
After each comparison, students are
asked: “why”? This provides them
with an opportunity to justify each
decision of one over the other with
evidence and reasoning. Because
there is not a right answer in these

questions or between the examples
provided, students are challenged
to think deeply about what matters
and explain why.

STEP 3. LEADING A CLASSROOM
DEBRIEF.

After the students have had a
chance to individually consider what
makes a “good” park for a com-
munity, the teacher can facilitate a
classroom discussion to both elicit
and solidify the concepts noticed
by the students. We suggest return-
ing to the original questions posed
hypothetically in Step 1 (i.e.,, What
makes a good community park?
What does our community need in
a park? What are key features of a
community park? How might we
best communicate our design inten-
tions to share our park design?). At
this point, students can verbalize,
and internalize, key elements of ex-
isting design work that might serve
to inspire them creatively while also
helping them recognize “good”
design work. With this solidified un-
derstanding of their value structure,
what matters in design, we hypothe-
size that their design experience will
be more informed and thoughtful.

We also anticipate that, in some
cases, the class and the teacher may
have discrepancies in their values
that are revealed by the comparisons
and discussion. These differences are
not necessarily “right” or “wrong”—
often they are simply an expression
of a different understanding, back-
ground, and “lens” through which
the design challenge is viewed. For
example, there may be students

in the class who thought the park
shown on the bottom in Figure 3 was
better. However, perhaps the teacher
thought they had been emphasizing
an ADA-accessible park for which
the grassy field may not be compli-
ant. Alternatively, some students may
have identified the park on the top
as better, while the teacher was envi-
sioning a community gathering place
at the park for children (and adults)
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of all ages. These differences in per-
ceptions of “needs” and “emphasis
area” are valuable and positive—they
provide opportunities for classroom
discussion and the solidification

of design criteria and constraints.
While TEE teachers typically spec-
ify expectations in a design brief,
students may or may not be able to
operationalize what these mean in
practice and the teacher might not
be aware of this miscommunication.
By engaging in a discussion about
which is better and why, the students
and teacher are able to establish a
clearer understanding in preparation
for design work.

Ok Cool—I Want To Try It—
Which Button Do | Push?
Three tools are suggested to bring
this comparative experience to your
classroom on Monday morning: Goo-
gle Slides, No More Marking, and RM
Compare. Each approach has bene-
fits and challenges. Which might be
best for you?

GOOGLE SLIDES:

At the simplest level, the teacher
might put together a slide show
where each slide is numbered and
has two images (student interface
shown in Figure 4). With a label for
each image on the slides, A or B,
students can write down (on paper
or electronically) which is better, A
or B, and why. While this approach is
quick and easy, it yields no analytics
on student responses, nor does it
automate the capturing of student
decisions and/or rationales.

NO MORE MARKING:

No More Marking is a website that
facilitates comparative judgment
for schools with free accounts for
educators (at www.nomoremark-
ing.com/). The student interface is
shown in Figure 5. The advantage
of this tool is that the interface
facilitates the paired comparisons,
and the teacher is provided with a
ranked order of the results (includ-
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Huollstic statement: Which park |s more engaging for families?

Figure 4. Google slideshow student interface.

Figure 5. No More Marking student interface.

ing student comments), which may
be informative for the debriefing
discussion to identify which items
were considered best and worst

by students. Comparison items are
limited to PDFs and need to be
oriented in “portrait” page layout.
Note that the system is not pass-
word-protected, which means the
login is easy, but anyone with whom
you share the link can access the
contents of the session.

To set up a session, teachers should
create a free account and then se-
lect “Create a Custom Task.” In the
“General” settings, the task can be
named, the prompt for the judges
(students) can be posted, and in-
structions for the judges (students)
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can be entered in the field named
“Judge info.” Toggle “use codes”

to “no.” The rest of the settings on
this page can remain as the default.
Be sure to use the “update” but-
ton at the bottom of the page to
save your settings. Next, click on

“1 c. Scan Completed Assessment
and Upload” and select or drag

and drop PDF files for students to
compare. Then, click on “2 a. Run a
judging session” and estimate the
number of judgments you would
like each student to make. Note that
the “candidates” are your items to
judge (PDFs you just uploaded),
and the “judges” are the number of
students you have in class. Experi-
ment with the number of “candidate
judgments” (“how many times will

each item be judged?”) until you
get a reasonable number of judg-
ments per judge (“how many times
will each student be prompted to
compare a pair of items?”). Hit the
“adjust” button to update. When
ready, copy the link provided and
share with students! Students can
select the top middle banner (the
prompt text) to leave comments
about each item explaining their
decision and then select the left or
right side of the banner to indicate
their choice of which is better.

After students engage, the teacher
can click on “3 a. Check your re-
sults.” “Refresh task” first and view
the rank order. Results can then

be sorted by scaled score to see
the rank order with the scale value
being a relative measure of how
different each item was from the
others. The “Infit” measure of an
item indicates the extent to which
judges (students) are consistent

in their decisions comparing items
where lower numbers indicate more
agreement between judges on that
item. For additional information,
the teacher can navigate to “2 a.
Run judging session” and “refresh
task” to see who judged, how much
time judgments took, and judge
(student) “infit.” Infit for a judge is

a measure of how consistent that
student is with others, where O-1is
consistent (this student agrees with
the majority) and a higher number is
less consistent. Controversial items
might be a great place to start the
debrief discussion: What can be
seen in each image that informs our
design? Students with higher infit
scores (meaning they don’t agree
with their peers) might be a great
place to either reteach (if they don’t
understand the expectations) or
learn unique insights for the class (as
they might be “thinking outside the
box”)! Use the “My Tasks” (and then
select “custom tasks”) button to
return to your dashboard.
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RM COMPARE:

RM Education offers a software inter-
face called “Compare,” for which the
student interface is shown in Figure
6. This interface is custom tailored

to facilitate adaptive comparative
judgment and provides a well-de-
veloped user experience including a
mobile-friendly platform. It requires
a login to facilitate secure access for
students and teachers. The inter-
face offers a variety of analytics for
teachers to rigorously interrogate
student decision data. A limited free
version is offered at https.//compare.

rm.com, with a paid subscription
available. To get started, log into
your account and select “Create New
Session” and name the session. In
the “Overview,” “Settings,” “Basic”
tab, the session can be named and
described, and the holistic statement
(prompt for students) can be entered
(don’t forget to “save changes”).
Under the “Feedback” tab, student
comments explaining their decisions
can be enabled at the comparison
level or the item level. In the “Judg-
ing” tab, students can be permitted
to see results and upload their own
items for comparison. Next, in the
“Add Judges” Tab, judges (students)
can be invited by email, reused from
a previous session, or uploaded from
a CSV file (which could be exported
from your LMS software). In the “Add
ltems” tab, webpages, images, PDFs,
videos, or YouTube videos (note RM
Help for YouTube video link format-
ting) can be uploaded for evaluation.
When ready, “Run Session.”

After students make comparisons,
the teacher can review a variety of
data including an overview in the
form of a report. From the “Reports”
tab, choose “Show Report” to access
a rank order with reliability (“how
confident are we in the results of
this session?”) and parameter values
(“how did each different item com-
pare to the others?”). “Judge Misfits”
shows visually and numerically the
extent to which each judge agreed

Figure 6. RM Compare student interface.

1

As educators,
how can
we better
communicate
expectations at
the start of each
design challenge?

J)

with the others (lower numbers
indicate stronger agreement). “ltem
Misfits” indicate the extent to which
judges (students) agreed on individu-
al items with lower numbers, indicat-
ing stronger consensus. With these
data, teachers know which items the
class thought were better, why, and if
any students rated items significantly
differently than other students or if
any items were controversial.

Conclusion

As authors and TEE teachers, the
authors have been experimenting
with the LbE approach since 2016 in
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a variety of elementary, middle, high
school, and university level courses.
Positive findings across grade levels
have shown the potential for using
LbE to improve design experiences
for students. However, we noted two
specific challenges while working
with the teachers and students. One
involves selecting the right items for
students to compare, coupled with
the right criterion statement, and
requires some effort. This effort can
be mitigated in part by using stu-
dent work from a previous semes-
ter, but to be precise, what needs

to be communicated to students
requires deliberate (not Dilbert)
choices about which items explicitly
illuminate the features that might
address student misunderstandings.
For example, a teacher who notices
that students are struggling with
the identification of criteria and
constraints will need to carefully
select examples for comparison that
highlight both positive and negative
examples of this identification. This
collection process for paired com-
parisons can be intense in terms of
effort and time required for success-
ful completion.

Another challenge uncovered in
teacher discussions is the worry that
students might simply copy what
they see on the screen in the paired
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comparisons for their project. In
essence, the students may think they
are being shown the “right” answer
and their job is to duplicate it, which
is not a good example of engaging
in the design process or foster-

ing creativity. Helping students to
overcome this temptation will likely
require teacher intervention and
explicit direction (e.g., during the
debrief section of LbE). Moreover, by
seeing a variety of “good” designs,
and even variety in the character-
istics of those designs, we think
students can be encouraged in their
OWnN process.

Despite the challenges associated
with LbE, overall, the required time
and effort to implement LbE in the
classroom is minimal. Following

the first year of investigation within
Grade 9 Foundations of Technology
under the NSF grant, two main ben-
efits to the approach were noted:

First, this approach supports the
teacher and students in converging
on a shared understanding of expec-
tations, helping to answer the ques-
tion, “What does a good one look
like?” This clarifying experience can
help avoid the Dilbert miscommuni-
cation trap outlined above. A shared
understanding of “good” helps all in
design education settings.

Secondly, this approach can also
support divergent thinking. Spe-
cifically, LbE is useful for fostering
creativity in students in that, as

they view pairs of previous work,
their own thinking, creativity, and
understanding of possibilities are
expanded. In this way LbE is helpful
in answering the question, “What
could a good one look like?” Further,
exposing students to a variety of
ideas may be helpful in overcoming
design fixation—a problem common-
ly encountered with students.

TEE teachers are encouraged to
consider opportunities for LbE in

SEPTEMBER 2023

their own classrooms using one of
the three approaches outlined above.
Clarifying expectations and avoiding
Dilbert-like experiences in classrooms
will make the learning experience
better for teachers and students.

Note: This material is based upon
work supported by the National
Science Foundation under Grant
2101235. Any opinions, findings, and
conclusions or recommendations ex-
pressed in this material are those of
the author(s) and do not necessar-
ily reflect the views of the National
Science Foundation.
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Models for
Integrating
Research into
Tech Ed Projects

Introduction

“I hate research, but this class made
it make sense, like it had a purpose.
| never realized research went into
the design of everything. That kind
of research | can do.” This article
describes the evolution of a senior
capstone course in Technology
Education to integrate and increase
research practices. A southeast-

ern university capstone course for
Technology Education students
went through many iterations due
to instructor changes. Some in-
structors favored research, while
others favored development. In

one effort to improve the research
rigor of the course, an older version
of the course required students to
write a research paper that would
have been synonymous with a final
thesis or research proposal. The next
session of the course supported
individualized research projects. In
the fall of 2018, an instructor at-
tempted to balance research and
development in a course revision
that would change the research lens
toward development. Since 2018, the
course has been taught five times
and had two adaptations due to the
COVID-19 pandemic and university
responses to course delivery. The
pandemic forced in-person classes
to go virtual, requiring the class to

go online for two and a half se-
mesters. As a result, the model for
courses changed. As we re-enter
traditional in-person class meetings,
there are now three methods for
integrating research skills into senior
capstone courses in Technology Ed-
ucation. These methods are themat-
ic-inspired, skill-inspired, and con-
tent-inspired, as described below.

Context

This required undergraduate course
is at a university that licenses
technology education teachers

and provides service courses in
graphics and modeling to design
and engineering majors. There is a
digital fabrication makerspace and a
traditional manufacturing workshop
through which students are able to
prototype and build projects. The
digital makerspace has multiple 3D
printers, a laser cutter, and a vinyl
cutter. The manufacturing workshop
is equipped with a planer, table saw,
miter saw, circular table saw, drill
press, lathe, drills, jigs, sanders, and
other hand tools. Students also have
access to multiple makerspaces

across campus at university libraries.

By the time students get to the
capstone course, they will have in-
troductory, mid-level, and advanced
courses including, but not limited to,
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desktop publishing, digital media,
robotics, materials, lab management,
making and manufacturing process-
es, and design thinking. Students
have become proficient in modeling
software and had the opportunity
for coursework involving AutoCAD,
SolidWorks, the Adobe Creative
Suite, Tinkercad, Revit, and elec-
tronics. Students pursuing teacher
licensure will have taken pedagogy
and methods classes. Most students
enter the course with experience
researching for papers in humanities
courses or scientific research proj-
ects, but research for the purpose of
development is a skill they can use
in future studies or careers (Petrella
& Jung, 2008). This kind of research
involves critical review of informa-
tion and data analysis that helps stu-
dents integrate theory and practice
while deepening inquiry (Healey &
Jenkins, 2009).

Course Goals and
Relationship to STEL

The goal for the course project is

to accomplish as many of the STEL
Benchmarks (Table 1) (International
Technology and Engineering Educa-
tors Association, 2020) as possible
while supporting student agency and
creativity. Each project was crafted
with these intentions and to facili-
tate building of student portfolios



for internships, graduate school, or
resumes for future employment. Each
course model uses rubrics as assess-
ment methods for project milestones
and the final design and assesses
research skills as competencies.

Because of foundational coursework
in materials, modeling, and manufac-
turing, students have had many proj-
ects that were fixed or narrow. Many
of the projects have also been group
projects. Therefore, they have had
more practice doing standards 7AA,
7CC, 7DD, and 2T but less practice
doing standards 1Q, 1R, 2X, and 7Z.
The capstone course project is an
individual project in which students
can show both experience in some
skills and development of new skills.

Model 1: Thematic
Research-Informed
Iterative Design

In the thematic research-informed
iterative design, students devel-
oped and practiced research skills
as they conducted research around
a particular theme. Figure 1 shows
the organization of topics, integra-
tion of research skill practice, and
design schedule. Many themes can

Qbservation & Fleld Work

Mowvioe Data Collentinn

Literature Beview &

Annctoied Bibliagraphy

Quialirative Besearch Methodi

Quentitative Research Methods

Dhafa Collecheon & Anaiyss

be broken down to include specific
content, theory, policy, inclusion,

safety, materials, and supplies topics.

When paired with research skills
through a complementary textbook
or research method activities, stu-
dents are introduced to the discrete
skills involved in research. The two
textbooks that inspired the activities
were How to Do Research: 15 Labs
for the Social & Behavioral Scienc-
es (Gualtney & Peach, 2016) and
Research Methods for Education

STEL BENCHMARK

1Q

Conduct research to inform intentional inventions and innovations that
address specific needs and wants.

Develop a plan that incorporates knowledge from science,

1R mathematics, and other disciplines to design or improve a

technological product or system.

Demonstrate the use of conceptual, graphical, virtual, mathematical,

2T | and physical modeling to identify conflicting considerations before the

entire system is developed and to aid in design decision making.

2X

Cite examples of the criteria and constraints of a product or system
and how they affect final design.

7Y constraints.

Optimize a design by addressing desired qualities within criteria and

7Z | Apply principles of human-centered design.

7AA | lllustrate principles, elements, and factors of design.
7CC | Apply a broad range of design skills to their design process.
7DD | Apply a broad range of making skills to their design process.

(Privitera & Ahlgrim-Delzell, 2019).
These research skills were intro-
duced via labs in class, assignments,
and group activities.

In this course iteration, the chosen
theme was playgrounds. The devel-
opment and design of playgrounds
involves research (1Q) into policy,
safety, equipment, materials, inju-
ries, disabilities, play, and learning.
The final project for the course was
to design and construct a play-
ground with three features for three
different activities that met ADA
minimums and was scaled down

to fit a 10” by 10” square (1R, 2X).
This meant that students would
model (2T) with software multiple
iterations toward a final design, that
could be 3D printed or made with
tools and materials. There was no
budget minimum or maximum and
students were free to select materi-
als or purchase parts with instructor
approval. Students conducted peer
reviews and received instructor feed-
back on design notebooks at each
iteration, spaced two to three weeks
apart within a 14-week semester.
Students could also express their
creativity or personal interests in
sustainability or recycled materials,
interactivity, learning, or accessibility.
Figure 2 shows a final, scaled project
made from a combination of materi-
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i relatives provided data collection
+=] and analysis practice. In this manner,
students were shown how research
informs design.

Model 2: Skill-Inspired
Iterative Design

During the first full academic year of
the pandemic, the normal in-person
class was shifted from hybrid to a
virtual only delivery after beginning
the semester as a hybrid with rotat-
ing groups for in-person meetings.
Students were given three options
for projects under the same theme:
“Virtual (Yet Hybrid) PE” for elemen-
tary kids. Students were allowed

to choose from three options: a
bowling set, golf course, or musical
Figure 2. Student playground models, chairs. The goal of the project was
Course, University. Photo taken by author. for elementary kids to be able to
play in their respective homes but
also have some connection and
interaction with their classmates.

als. Figure 3 shows the course scope
and sequence.

The research skills introduced and Since bowling and golf are sports
practiced included literature review that have both individual and team
for annotated bibliographies, qual- components, this seemed to be a fit
itative data coding and analysis, for that moment. As an option for
guantitative data collection and younger kids, a musical chairs option
analysis, site observations, me- was added. The bonus challenge
mo-ing, and interviews. Field trips was to send scores to a “class” so
were taken to conduct observations  that it would feel like students were
and have first-person user experi- playing together because they can
ence, and interviews of peers and see everyone’s scores (or status

in musical chairs) and discourage
cheating. The instructor provided ini-
tial golf clubs and toy bowling sets,
which could be modified. These proj-
ects reflected the design of a system
with interactions between multiple
parts, and the instructor provided a
suggested project timeline for each
project option. Students worked
individually in their homes and had
supplies shipped to them. If they
needed 3D printing, they made
arrangements with campus facilities
or emailed files to the instructor who
printed at home or on campus and
set up hands-free delivery proto-
cols. The projects were divided into
two-week milestones that students
could complete in the most appro-
priate order for their circumstances.
The criteria and constraints for the
project are shown in Table 2.

Students were informed that there
were no specific skills mandated to
learn, but that the skills they learn
would be based on their project
goals and implementation. If they
could design an object that was
not electronic or did not require
programming, a Rube Goldberg-in-
spired product was allowed and
encouraged. If they needed to build
something that used electronics

[ Final Procuct ]

Figure 3. Playground Design Course Timeline. Source: Author.
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Figure 4. Skill-inspired Research
Design Model Overview and Artifact
Schedule. Source: Author.
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PROJECT

BOWLING BALL
THAT KEEPS SCORE

GOLF CLUB THAT
KEEPS SCORE

VIRTUAL
MUSICAL CHAIRS

Constraints

_

Must have a physical ball
and pins*

Must identify sensors or
mechanism by which pins
will be identified and have
a status of standing or
knocked down.

Must have a physical golf
club and a hole*

Must determine sensors/
mechanism by which
strokes will be identified
and have a status of putt,
ball, and hole.

Design something that

can be put on a chair at a
home but does not change
the chair.

Music is controlled
remotely

BONUS

The score is sent to a “virtual” class so everyone can see the

Sends a signal to the teacher

CHALLENGE

others’ scores and no cheating is possible.

that the student sits down.

* You can buy a toy version to alter or make it.

*  Prototypes can be made at home or in the lab.

¢ All code must be commented on and wiring documented with schematics.

« All graphics must be original or altered substantially and renamed.

or programming, they may have

to learn parallel and series circuits,
switches, sensors, and program an
Arduino. Often those skills were
wiring, IR or Bluetooth sensors, IF/
THEN statements, FOR loops, and
nesting commands. In this manner,
the students were not taking an
explicit robotics, mechatronics, or
programming course, but they could
learn basics from instructor-led topi-
cal sessions and additional research.

The research involved in the skill-in-
spired iterative design meant
students had to research and

select sensors that helped them
accomplish their design plan and
then develop the skills necessary

to construct their design. Students
conducted analysis of quality of sen-
sors, accuracy, and failure rates. They
collected data in design journals and
made design decisions based on
testing results and revisions to the
systems involved in the project.

Because the students had a variety
of background skills and diverse
project plans and timelines, the
instructor added self-assessment
opportunities to the assessment
rubrics to support students’ project
management and metacognition.
Students would rate themselves

against the rubric and provide con-
text about their two-week progress
and its relation to overall project
goals. Peer reviews were conducted
virtually, synchronously, and asyn-
chronously and students offered
feedback and recommendations for
improvements based on successes
and challenges. Since this course
was completely virtual, Flipgrid was
the platform used to facilitate peer
reviews online. Online peer assess-
ment provided more opportunity for
feedback from multiple peers and
provided solutions to challenges and
encouragement (Lu & Law, 2011).

Model 3: Content-Inspired
Iterative Design

One semester during the COVID-19
pandemic was completely virtual. The
project for this semester was a pivot
towards more multimedia-based
projects. Students had no access to
the prototyping spaces and student
projects were impacted by shipping
and supply chain issues during the

in person-turned-virtual semester.
The dependency had to shift from
physical equipment and hardware
towards software and media equip-
ment. Students had access to univer-
sity licenses for some software used
in courses, so the instructor went

with a completely graphics-based
project. This semester’s project chal-
lenge was to develop an animation
and static images artifact around a
particular content. Students were

to select a topic within a theme and
research content that they would
then have to use multimedia skills to
teach K-12 students via animation.
The technology skills they would de-
velop included scripting, storyboard-
ing, graphics, audio, and editing
towards animation (Figure 5).

This animation had no minimum

or maximum time limit and would
be published on a course YouTube
channel. To keep students engag-
ing their graphics and making skills,
they had to make a static images
artifact to accompany the animation.
The static images artifact allowed
students freedom and flexibility to
be creative and externalize their
understanding (Moran & John-Stein-
er, 2003). The artifact also facilitated
production of a tangible object that
could be printed and would alleviate
the requirement that products be
developed using tools in the shop.
There was no requirement that
students’ projects had to be profes-
sionally printed, so they could make
images or generate the artifact by
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COMNTENT-INSMRED ITERATIVE DESIGM

Research Content

; Scripts
| Pr-n;e-.-t Repart

@
| project feport | | TR 1
3 p Prup-crn-gnr:
audio c L Resaarch Skill C |

Figure 5. Research Skill
Content-
Inspired | ""’J'“““M
Research Etatic images Project
Design Model.
Source: Author.

hand with supplies they could ac-
quire or purchase.

providing a chance for nuance and
explanation that might not be doc-
umented in project reports. Each
stage of the project had its own ru-
bric, allowing students to progress at
different rates for different aspects
of the project.

The topic for the semester was
common childhood illnesses or
injuries since there was a trend to
teach about health and science

in response to the pandemic to
improve public health literacy. Stu-
dents chose topics such as asthma,
allergies, braces, eyeglasses, diabe-
tes, leukemia and chemotherapy,
and broken bones and x-ray ma-
chines. They researched biological

Application for Middle and
High School Teachers

In each of these methods, students
had their own research and devel-

opment journey. There was a com-
mon set of research skills that they
learned and practiced. Though this
was an undergraduate capstone
course, middle and high school
teachers can use similar models for
class projects. These projects were
conducted over a semester of 14
weeks where students met for 110
minutes twice a week, so those with
block schedules could have compat-
ible timeframes. Undergrads self-re-
ported working for approximately
three to 10 hours per week outside
of class, according to university
expectations for three-credit courses
and their personal technology or skill
goals, so project work time ranged
from 300 to 750 minutes per week.
For middle and high school teachers
who have instructional time every
day, the projects can be broken
down into subunits where discrete
research and development skills

are taught in class. Table 3 shows
minutes of instruction for different
project lengths and meeting times.

Teachers have a few options for how
these can be deployed in their class-

Your
Estimated
Soore

Your
Lcore rationale [or MFA if not
applicable to your project).

All background images have
been uplosded,

All images have bean
created and edited into the
arimaticn.

Al transitions are smoath
and complete.

The animation & complete.

and anatomical concepts, cellular
processes, and treatment options. Factor o *
Then they chose software (free, = | Mo background
subscription-based, university-pro- g bt | hmatom o
vided) and researched techniques R uf‘wdrd = uploaded
. . .. TS
to accomplish their vision. Such ot N
P . ) um“?" ave Some images have
examples of static images artifact © | beenuploaded | T e
. inbo main
included board games, flash cards, £ animation and/or edited.
brochures, comic books, puzzles,
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vided templates for project reports
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and rubrics for project components. % amimation T
Students submitted project reports § | (ooumd s moving | animation has been
images) has created snd edited,
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weeks for peer feedback. They
also had project reflection rubrics _ Thera is ro
for project components (anima- 3 | et | Mo
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ofganization process in one
spat (table or screenshots of

file hierarchy is ok) with

flenames, Nloweharts, or
tabiles indicating
riflatiorshaps. This is
included in preject repart
deliverables section.

Figure 6. Rubric for Animation Reflection. Source: Author.
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PROJECT LENGTH SEMI-WEEKLY (MIN) DAILY (MIN)
Block (14 weeks) 120 60
Year-long 45 60
Quarter (8 weeks) 45 90
Trimester (10 weeks) 40 75

rooms. If they want to make projects
like these individual end-of-year or
portfolio projects, they can docu-
ment individual skills acquisition and
will see student-level competencies
evolve, but they will have to manage
and assess more projects. If teachers
want students to work in groups,
there will be fewer projects to man-
age, but teachers will have to make
smaller assignments to ensure that
each individual student within the
groups practices the skills. Teach-
ing and supporting peer review will
give each student the opportunity
to brainstorm ideas, present alter-
native solutions, reflect, and offer
critique without prominent voices
silencing others (Falchikov, 2003;
Topping, 2018). During the hybrid
and virtual course deliveries, using
Flipgrid for video submissions and
commenting opened the door for
shy students to display their thinking
and get celebrated by peers. Flipgrid
also provided an archive so students
could revisit peer feedback asyn-
chronously.

SOFTWARE

The undergraduate students have
had courses in SolidWorks and

the Adobe Suite, but middle and
high school kids may have to start
with Tinkercad as a free entry-lev-

el browser-based 3D modeling
software. Cloud-based modeling
and computer-aided design (CAD)
software may be most efficient for
classroom teachers because it will
not require particular hardware
requirements and operating systems
and only require an internet connec-
tion (Junk & Spannbauer, 2018). If
teachers want to use other software,

they will need to consult school and
district IT to get costs for site licens-
es or educational discounts and see
what technology requirements are
necessary to support the software.
SketchUp has moved to a subscrip-
tion model but is free with a G Suite
or Microsoft education account.

COST

The undergraduates did not have

a course textbook, so money that
would have been spent on a textbook
was shifted to their projected maxi-
mum project budget of approximate-
ly $50, depending on design. Stu-
dents building the playground rarely
spent more than $20 for materials.
Students who chose the golf club,
bowling, or musical chairs project
spent approximately $25-40 for an
Arduino Uno and the cost of circuit
sensors and parts unless they pur-
chased an Arduino or ELEGOO Uno
project kit ($60-120) or had a micro-
controller from a previous course.
Students using the Adobe Creative
Suite for animation had software
costs of $20 per month unless they
chose another route via free software
for their project.

There are a few ways to reduce proj-
ect costs. Teachers can reduce proj-
ect costs with bulk orders of PLA
3D filament, which averages 20 to
30 dollars a roll. Ten rolls of filament
(approximately $300-$500) should
last for a significant amount of time
if physical projects are scaled to fit
on 10” by 10” squares. Teachers can
also purchase Legos®© to have dura-
ble, non-consumable supplies. Golf
clubs were acquired from Good-
will or consignment shops for one
dollar each. Used bowling pins can

be purchased from bowling alleys.
For class sizes up to 25 students,
that averages about $25 per project
unless students deconstruct or alter
the golf clubs or bowling pins.

STEL STANDARDS APPLIED TO
MIDDLE AND HIGH SCHOOL

The STEL standards for Grades 6-8
and 9-12 are included in Table 4.
Middle school students will apply
the design process (7Q) and refine
design solutions that address criteria
and constraints (7R) as they move
through revisions to their iterations.
As they research, they will discover
human factors in design and create
solutions to problems (7S). They will
evaluate strengths and weaknesses
of different design solutions (7U)
when they conduct peer reviews and
assess design quality (7T). As they
sketch and model using software,
select materials, and make using
workshop equipment or 3D printing,
they will determine benefits and
opportunities associated with differ-
ent approaches to design (7P) and
improve skills necessary to design
successfully (7V).

High school students will apply

all of the middle school standards
and expand them. They will apply
a broader range of design and
making skills to their process (7CC
& 7DD) because they will have had
more practice with different soft-
ware and equipment.

Conclusion

Students often fail to understand
the impact of research on every-
day life and have underutilized
skills that impact them as lifelong
learners. Courses that typically
involve making may not explicitly
teach how research impacts design.
This article describes three mod-
els for developing research skills
while practicing and expanding
making skills in technology educa-
tion classes. The examples given
complemented course delivery
and access to software and lab or
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STEL 7 DESIGN IN TECHNOLOGY AND ENGINEERING EDUCATION

6-8 7P. lllustrate the benefits and opportunities associated with different approaches to design.

6-8 7Q. Apply the technology and engineering design process.

6-8 7R. Refine design solutions to address criteria and constraints.

6-8 7S. Create solutions to problems by identifying and applying human factors in design.

6-8 7T. Assess design quality based upon established principles and elements of design.

6-8 7U. Evaluate the strengths and weaknesses of different design solutions.

6-8 7V. Improve essential skills necessary to successfully design.

9-12 7W. Determine the best approach by evaluating the purpose of the design.

9-12 7X. Document trade-offs in the technology and engineering design process to produce the optimal design.
9-12 7Y. Optimize a design by addressing desired qualities within criteria and constraints.

9-12 7Z. Apply principles of human-centered design.

9-12 7AA. lllustrate principles, elements, and factors of design.

9-12 7BB. Implement the best possible solution to a design.

9-12 7CC. Apply a broad range of design skills to their design process.

9-12 7DD. Apply a broad range of making skills to their design process.

workshop spaces available during
the pandemic. Middle and high
school teachers can change project
scope and scale based on middle
or high school grade level and
available software and equipment
resources. These project challenges
can be very engaging for students
of all ages, from middle school
through university. On final presen-
tation day, a student reflected, “The
research part was more fun than |
expected. | made something | could
never have imagined.”
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IDEAS FOR SECONDARY INSTRUCTION

Experiences of

Incorporating Virtual
Modeling in Technology

and Engineering

Classrooms S

Virtual modeling applications have
increased in education settings to
demonstrate complex concepts
(Perets et al., 2020; Kumar & Shumar,
2017). Five secondary technology
and engineering educator experienc-
es were recorded and thematically
analyzed. Reflecting on the success-
es and challenges of teachers using
virtual modeling in the classroom
enables the development of innova-
tions in student learning and teacher
professional development programs.

Virtual modeling allows users to
utilize interactive digital tools, such
as interactive digital simulations,
computer-aided design (CAD), and
digital renderings, to simulate and
test ideas (Kumar & Shumar, 2017).
The impacts of virtual modeling
include an increase in spatial visu-
alization skills and STEM content
knowledge, leading to an increase
in self-efficacy in STEM applica-
tions (Shu & Huang, 2021). Virtual
modeling applications have grown
due to technology improvements
and have become a strong focus
within STEM education, including
technology and engineering cur-
ricula, pushing a need to possess
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knowledge of digital environments “Demonstrate the use of conceptu-

and tools (Perets et al., 2020). al, graphical, virtual, mathematical,
) . . and physical modeling to identify

Virtual MOdelmg in STEL conflicting considerations before

Standards for Technological and En- the entire system is developed and
gineering Literacy (STEL) provides a to aid in design decision making.”
model supporting the development (ITEEA, 2020) Virtual modeling

of technological and engineering aligns with STEL through technology
literacy to enhance STEM education and engineering education projects
(ITEEA, 2020). Virtual modeling such as CAD bridge design, electric
tools align closely with grade band vehicle simulation, and CNC router
benchmarks of STEL, such as 2T, operating software (see figure 1).

* STEL 2 Core Concepls of Technology and Engineering
— o 2T. Demonstrate the use of conceptual, graphbeal, virmeal,
mathematical, and physical modeling to identify conflicting
considerations befose the entire system is developed and 1o aid in
design decision-making
& STEL 7 Design in Technology and Engineering Education
o TOL Apply the technology and engineering design process,
e TV |||1|1rmc esserdinl skills neCEssry o -‘lbg'..'cxn.l'nll}' :Ic\.ign
o 7Y Optimize a desizn by addressing desired qualities within criteria

andl comstraints,
o TAA Mustrate principles, elements and factors of design,
o TOC. Apply a broad range of design skills to their design process.
& STEL R Applying., Maintaining, and Assessing Technological Proucts
and Systems
2@ Bl Use devices o controd l..-ul1m1h:sg:iul syslems

—

o B0 Develop a device or system for the marketplace.

Figure 1. Examples of Virtual Modeling Projects with Associated Standards for
Technological and Engineering Literacy.
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Virtual Modeling

and STEM Skills

Student preparation for a STEM
workforce depends on early ex-
posure to tools that support the
development of technological and
engineering literacy (ITEEA, 2020).
Tools include 2D and 3D modeling
software used in the classroom,
which involves the virtual modeling
of complex STEM concepts that can
positively impact students’ content
knowledge of STEM subjects (Urban
& Falvo, 2016). An increased under-
standing of STEM content knowl-
edge leads to academic success,
which can increase STEM self-effi-
cacy (Roberts et al., 2018; Whalen
& Shelley, 2010). STEM self-efficacy
contributes to promoting per-
sistence in STEM degree programs.

When used to present multiple per-
spectives or representations of STEM
content, virtual modeling positively
impacts the spatial visualization of
the learner (Fatemah, 2020). Spatial
visualization is the mental manipu-
lation of 2D and 3D designs and is

a vital skill that contributes to suc-
cess in STEM fields and can improve
through training (Sorby, 2009). When
teachers provide early opportuni-
ties through virtual modeling, they
provide students with experience
developing skKills that can increase
preparedness in a STEM workforce
(Van Laar et al., 2020). These expe-
riences are not achievable without
associated challenges that need
attention during implementation.

Challenges of Virtual
Modeling in Classroom

A commonly reported challenge is
that teachers must develop a sense
of proficiency with the software to
effectively apply it in the classroom
setting (Marklund, B. B., & Taylor, A.
A., 2016). A lack of teacher profi-
ciency in virtual modeling software
in a classroom leads to low student
proficiency in using the tool in and
beyond the classroom (Marklund,

B. B, & Taylor, A. A, 2016). Another
challenge is assuring that software
supports classroom content and ob-
jectives (Marklund, B. B., & Taylor, A.
A., 2016). While students may enjoy
the experience of applied software
in a classroom, their experience will
not strongly impact their learning of
course content if there is inefficient
relation to objectives or standards
(Marklund, B. B., & Taylor, A. A., 2016).

There is a need for components such
as computers, power, input devices,
and output devices to run virtual
modeling software in the classroom.
Regardless of how great the soft-
ware may be, it will not be advanta-
geous to the classroom if adequate
devices or funding are lacking. This
study gained input on teachers’ ex-
periences incorporating virtual mod-
eling to understand how to navigate
such obstacles. The study’s research
question is: How has virtual model-
ing impacted classroom experiences
from the perspective of secondary
technology and engineering educa-
tion teachers?

Methodology

Through a multiple case study
approach using semi-structured
interviews, this study gained the per-
spectives of teachers’ experiences
applying virtual modeling projects
to students. Teacher accounts came
from a purposeful sample of five
middle and high school teachers

who instruct at least one course on
technology, engineering, and design
education. Teachers received a list
of interview questions, as shown in
Table 1, before the discussion. They
were not asked the questions in suc-
cession during the interview so that
a natural conversation could occur.
After the interviews, an analysis of
transcripts of the recorded inter-
views was conducted, leading to the
coding and development of themes.

Results

After analyzing the interview tran-
scripts, as detailed in Figure 2, five
themes emerged as common among
the teacher interviews: (1) positive
student engagements, (2) promot-
ing STEM skills, (3) accommodating
to classroom needs, (4) challenges,
and (5) resources.

Discussion

POSITIVE STUDENT ENGAGEMENT:
Teachers identified that, during
virtual modeling projects, students
remained engaged in the lesson
because they could instantly ob-
serve the impacts of their design
changes. The instant gratification of
designing, testing, and improving
their design maintained students’
engagement in exploring different
avenues of expressing creativity,
communicating the impacts of
design decisions, and experiencing
the effects of applied problem-solv-

Explain why and how you have used virtual modeling in your classroom.

Why did you choose to use virtual modeling
versus traditional modeling methods?

What were some challenges in using virtual modeling in your learning
environment, and how did you navigate such challenges?

What do you identify as being positive and negative elements of incorporating
virtual modeling into a learning environment?

What skills and resources do you see necessary for you (teacher) and students
to effectively incorporate virtual modeling technology into a classroom
effectively?
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Positive Studeni
Engagement

® % B & % ® @ ® @

Opporunities 1o demonstrate student creativily.

Increased capability toe commumicabe am idea that would be difficult to do physically

Stlents have mone fun and take projects funber when using vimual modeling.

Vimual modeling added students in developing soft skills.

If & stodent were struggling. amother student would step in and demonstrate or belp.

Has the capability 1o meet students’ learning needs. Beading alowd or ranslating languages.
Allows for the practice of mu.lhlu,'-‘h.;.mnnl_' and dn;'xi;'.:u.mg with imsiami resulis,

Provides multiple ways 1o engage students in problem-solving.

Sudents can collaborate and each student §s responsible for 8 major part of the virual modeling

Susdents practice the real-world application of the engincering design process and tools,
Teachers witnessed students praclicing colluboration and commanication technigues.
Teachers use virtual modeling 10 practice documenting problem-solving.

Sidents can test and improve thelr design solutions,

Virtual modeling is supported by indlustry micro centification.

Suwdents can use virmal modeling 10 becomse cenified in applications,

Accommadating
Classroom MNeeds:

Virtual modeling enabldes a simipler method of demonsirating complex concepls.

When discussing complex technology and engineering concepts, vimeal modeling enabled
teachers o demonsirate 10 studens o clanify their umderstanding.

Wirtual modeling is accommodating 10 a wide range ol standards and classroom needs.

Very accommodating v leamning studenis” needs,

Students can complete projects with reduced stress of being al the same level or abilily as peers.
Virual modeling reinforces concepts beamed in the wechnology and enginecring classroom.

Compankes may charge an anmual licensing fee. Cosily softwane can be a barrier.

* Teachers and students need necess 1o adequate eguipment, permissions, and approvals

Wirtual modeling shoubd challenge students, but the overall expericnce shouald not be

OVETW h:lmlng oF negative

Incorporating virtual modeling inlo the classromm reguires teachers 1o practice from students’
perspectives o understand possible challenges.

Schools should have one-on-one computing capabilities

Proficiency requires time, professional development, and previous knowledge

Proficiency is needed in icachers and students

Virtual modeling software needs 1o meet the range of abilities in each classroom.

STEM pannerships, grant opporiumities, industry parinerships, and organizational funding,
Higher education institulions enable teachers o access sofbware or can identily types of virual
muosdeling to use in the classroom

Corporate partnerships can provide virtual simulations and content 1o betler prepane students for
the automated manufacturing industry.

Flexihility in time and tools allowed teachers 1o overcome challenges.

It is impoant that leachers make or bocate and use pre-made Wwlorials for studemts b use 3 their

own pace while using the vinual modeling software.

Figure 2. Identified Themes of Incorporating Virtual Modeling in a Technology and

Engineering Classroom.

ing approaches. Additional positive
student engagement occurred when
students developed an increased
understanding of STEM concepts
through teachers’ application of dig-
ital renderings and demonstrations
generated through virtual modeling.

Success in STEM involves increasing
one’s content knowledge, self-effica-
cy, and ability to apply related skills
(Roberts et al.,, 2018; Whalen & Shel-
ley, 2010). As identified in responses
from the interviews, engagement
occurs through peer support, where
students help each other accomplish
various steps in the application of
virtual modeling. Teachers identified
that several times, students would
answer each other’s questions on
how to change a setting in software
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or use a particular tool. The use of
instructional guides in the form of
videos, text, or images, engaged
students in utilizing resources as
needed for success in real-world
applications of STEM tools.

PROMOTE STEM SKILLS:

Positive student engagement in
technology and engineering educa-
tion courses promotes the develop-
ment of technological and engineer-
ing literacy. Industries place so much
value on literacy development that
they sponsor virtual modeling soft-
ware and hardware installation into
educational environments and offer
associated certifications to prepare
future workforces.

Teachers communicated that they
employed virtual modeling in their

classrooms to enable students to
practice communication and col-
laboration skills along with problem
solving and design processes. Since
virtual modeling extends students’
capabilities, it also allows them to
think critically with reduced lim-
itations to modeling their ideas, as
shown in Figure 3, which demon-
strates virtual modeling in the design
of an electric vehicle model and the
communication needed to wire the
associated circuit. From all of these
STEM skill experiences, students can
gain knowledge of applied technol-
ogy and engineering standards and
therefore gain early STEM experienc-
es and establish a STEM identity.

With the ability to design through
the digital rendering of ideas, stu-
dents can view their solutions from
multiple perspectives, positively
impacting their spatial visualization
skills. Spatial visualization skills are
a strong predictor of success in
technology and engineering courses
and careers, which can be enhanced
early in education through virtual
modeling. Responses from teachers
during the interviews reinforced that
virtual modeling supports the pro-
motion of STEM skills.

ACCOMMODATING
CLASSROOM NEEDS:

Teachers could incorporate virtu-

al modeling into their classrooms
and STEL because of the range of
content virtual modeling accommo-
dates. Since tools in the classroom
must be associated with course
objectives, it is beneficial that virtual
modeling meets a wide range of ed-
ucational objectives. With increas-
ingly intuitive virtual modeling soft-
ware, it has become simpler to use
such tools in classrooms. There is an
ease of use in incorporating virtual
modeling in classrooms because
some students have familiarity with
how to use computer tools. Finan-
cial barriers decrease when using
low-cost virtual modeling software
that does not require high-end ma-
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Figure 3. Students Design an Electric Vehicle Prototype Using Virtual Modeling Tools.

chines. Examples are software such
as TinkerCad, Google Sketchup, and
West Point Bridge Design. These

are free-to-use and available online;
some can function on already-avail-
able devices such as Chromebooks.

As identified by teachers, virtual
modeling reduces barriers such as
time, material availability, and fund-
ing. A highlight was how teachers
could safely and quickly demon-
strate complex events, such as
chemical reactions, through virtual
modeling to clarify understanding.
One teacher stated, “Using a simula-
tion, | can have students adjust light
type and direction to observe the
effect it has on a solar panel.” Virtual
modeling in the classroom reduces
time and costs in setting up com-
plex, expensive demonstrations.

As identified in STEL, extending
students’ capabilities is a cru-

cial objective in technology and
engineering education (ITEEA,
2020). Students participating in
these courses function at different
levels of capabilities, and the use
of virtual modeling allows teach-
ers to meet the diverse needs of
students. Virtual modeling software
can align with various levels of
ability, from novice to expert. Since
several guided resources exist, as
identified in all interviews, students
can engage with the lesson at their
level and pace using the guides and
tutorials as references. A teacher
highlighted that “the software can
read to the student and can trans-
late to multiple languages when
describing the simulation.”
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Challenges

Teachers highlighted challenges they
experienced when incorporating vir-
tual modeling into their classrooms.
A strongly highlighted challenge by
previous studies and teacher inter-
views assured that students had
access to hardware and software. A
teacher stated, “no matter how great
the software is, it cannot be used in
the classroom if there is not the right
equipment.” Schools struggle to
provide even essential tools to class-
rooms, including computers. Not all
virtual modeling requires high-end
machines, but essential components
include a computer, input devices,
output devices, power, and possibly
network connectivity.

Without these system components,
virtual modeling is not able to have
an impact on the classroom. Obtain-
ing such equipment or permissions
can be challenging due to funding,
product availability, or administrative
approval. Even when schools can
provide the equipment, it can be
challenging to ensure each stu-

dent has a device for one-on-one
computing since such practice can
provide an in-depth virtual model-
ing experience. Teachers use free or
reduced-cost software to increase
the incorporation of virtual modeling
tools into technology and engineer-
ing education classes since several
education programs face con-
strained budgets.

The achievement of proficiency is a
common issue in integrating STEM
software, as supported in teacher
interviews (Marklund, B. B., & Taylor,
A. A., 2016). All teachers had to set
aside time to gain proficiency and
ensure student success in using the
software. Several teachers have to
do this training in their own time

in addition to their current duties.

It may be a solution to offer or
fund more professional develop-
ment opportunities through various
platforms using virtual modeling
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tools. Incentives for participating in
such professional development can
include paying teachers during sum-
mers to complete online or in-per-
son professional development on
virtual modeling in their curricula or
providing licensure renewal credit.

As students were engaged in
virtual modeling in the class-
room, it was essential to challenge
them in a problem-based learning
experience. However, teachers
shared that requesting too much
of students’ use of virtual mod-
eling can overwhelm them. “If
students struggle too much with
the software, they will not remain
engaged and, therefore, not benefit
from the lesson,” a teacher stated.
When introducing new software to
students, they can become over-
whelmed with just learning the ba-
sics. Because of this, some teach-
ers found it challenging to make a
problem-based project too difficult
or not difficult enough. Flexibility
or differentiation in what students
had to produce enabled teachers
to overcome this challenge or proj-
ect complexity.

An additional challenge was having
to manage students working at var-

ious levels. While it is excellent that
virtual modeling accommodates a
diverse range of needs in students, it
can pose a challenge when students
need the attention of various levels.
Teachers identified tutorials, on-

line videos, and guides, as well as a
peer-support system as solutions to
this challenge.

Resources

It was identified in each interview
that teachers heavily relied on
resources that came in a variety of
formats. The number of tutorials
and guides on virtual modeling in
educational and professional set-
tings has grown as the software
used in the classroom has increased.
Each teacher said they used tuto-
rial guides for students to follow
while working with virtual modeling
tools. These tutorials were either
made by the teacher, shared by a
colleague, or found online and came
as pictures, text, and video. Tutorials
enabled students to practice ele-
ments of self-regulated learning by
using the guides when they ran into
an obstacle, had to learn a new task,
or refreshed their memory on how to
accomplish a task.

Other vital resources that teachers
relied upon in the classroom were
the students. Each teacher identified
how they witnessed multiple in-
stances where a student would have
a question or be struggling with a
task and another student would be
able to resolve the situation with-
out the teacher having to draw
attention from another student. A
teacher said, “I love that while | was
helping a student and saw a hand
raised across the room, their friend
or neighbor would jump up and say

| had that same problem and then
go help them.” This collaboration not
only helped the teachers but also
supported the development of peer
support and communication skills.

The ability of flexibility and persever-
ance was a resource identified in in-

terviews because changes will occur
due to unexpected technical errors
or other challenges. Teachers stated
that test-running equipment in the
classroom reduces the chances of
such challenges occurring. As with
technology and engineering courses,
such challenges can act as educa-
tional opportunities for students to
learn adaptability and the applica-
tion of resources.

Bringing outside perspectives into
the classroom is of great importance
for student development. Teachers
can partner with universities, com-
munity organizations, or industries
to obtain funding, project ideas,
guest speakers, equipment, or gen-
eral support to reinforce their use of
virtual modeling in the classroom.
Most teachers discussed partner-
ing with universities or companies
through a research experience for
teachers (RET) program, where they
learned about current virtual model-
ing tools and practices. As identified
by teachers, additional partnerships
can occur in the form of program
sponsorship or management from
external sources. These learning
resources for teachers can provide
access to equipment and ideas they
can incorporate into the classroom
and establish a stronger self-efficacy
in their practices in a technology and
engineering education environment.

FUTURE RESEARCH AND
PRODUCT DEVELOPMENT:

The experiences and perspectives of
teachers applying virtual modeling
can act as information resources in
developing professional develop-
ment and curricula for technology
and engineering courses. Under-
standing that teachers have a limited
budget encourages using free or
reduced-cost software that can run
on basic machines yet still provide
positive student engagement while
promoting STEM skills. Partnerships
through universities, community
organizations, and industries can
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provide virtual modeling resources.
Providing intuitive software while
covering various topics encourag-
es teachers to use industry-related
tools in their curricula. Knowledge
of the associated challenges that
teachers may experience can en-
able preparation in reducing such
stresses. Preparation steps include
providing professional development
opportunities that promote profi-
ciency with virtual modeling tools.
First-hand experiences through pro-
fessional development can increase
teachers’ associated content knowl-
edge and self-efficacy of STEM tools
that can ultimately transfer to stu-
dent success in STEM applications.

Conclusion

Described experiences of how virtual
modeling has impacted the tech-
nology and engineering classroom
from five middle and high school
educators resulted from semi-struc-
tured interviews. Insight from these
perspectives provided knowledge
associated with virtual modeling
and acted as a resource for future
program development and research.
Five themes of what teachers con-
sidered to be the largest impacts in
the application of virtual modeling
in the classroom were (1) positive
student engagement, (2) promoting
STEM skills, (3) accommodation of
classroom needs, (4) an awareness
of challenges, and (5) accessing re-
sources. Knowledge of these themes
enables future programs, teachers,
and curricula to be aware of virtual
modeling’s impacts in a STEM edu-
cation setting. As technology trans-

forms in physical and digital formats,
technology and engineering class-
rooms must model the real-world
applications of such tools.
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Growing
Grit Through

Challenge

There have been significant and
intentional efforts to address the
quality and quantity of science,
technology, engineering, and math-
ematics (STEM) instruction in K-12
classrooms for over 25 years (Kel-
ley & Knowles, 2016; Thibaut et al.,
2018). STEM careers are high pay,
high growth clusters that contribute
to the economy, quality of life for

all citizens, and national security,
making STEM education a national
priority as a way to fill workforce va-
cancies and provide equitable career
opportunities for all students. It is
important that the available jobs of
today and tomorrow in STEM fields
are filled with qualified personnel.

It is also important that all students
have the opportunity to pursue
STEM careers if their interests and
skills align with those clusters (Hall &
Miro, 2016).

Students decide during their early
K-12 experience where their inter-
ests lie and whether or not they
are “good” at STEM subjects. It is
important to introduce elementa-
ry school students to integrated
problem solving approaches be-
cause they help develop interest in
STEM and provide a foundation for
the sustainability of STEM interest
through the K-12 circuit (Sanders,

20009; Kloser et al., 2018). Elemen-
tary school classrooms are also

ideal settings to nurture curiosity
and allow students to explore the
world around them, further develop-
ing necessary skills for STEM ca-
reers. Middle school classes should
strengthen students’ academic core
and establish supportive and safe
learning environments (Indiana
Department of Education, 2013).
Risk and failure are fundamental

to advancement and breakthrough
thinking (Marshall et al., 2011). Middle
school teachers should continue

to help students develop interest
and self-confidence in STEM. High
school STEM courses should begin
to help students narrow their focus
to specific career clusters while
bridging the divide between student

BY CARRIE HUTTON AND TRACY MIS

interest and the skills and knowledge
required to pursue a STEM major in
college (Valla & Williams, 2012).

Grit is a term that has become inex-
tricably linked with rigorous STEM
education. Grit is also closely linked
with a growth mindset. Hacisalihoglu
et al,, (2020) stated, “Growth mind-
set refers to the students’ belief in
improving their own academic suc-
cess with a combination of effective
study strategies and effort” (p. 1). In
order to develop a growth mindset,
students must have grit, which is
defined as the ability to keep trying
after failure (Hacisalihoglu et al.,
2020; Bazelais et al., 2016).

Fortunately, grit is a characteristic
that can be learned and practiced.
Bazelais (2016) stated that grit
“entails working strenuously toward
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challenges, maintaining effort and
interest over years despite failure,
adversity, and plateaus in prog-
ress” (p. 34). Learning by doing is a
commonly accepted best practice in
STEM classrooms and often includes
risk and sometimes failure. When
students learn how to fail and then
get back up through challenges,
they build grit. When grit leads to
success, it gives students an intellec-
tual level of self-satisfaction, which
may lead to intrinsic reward, thus
gratifying students through grit.

Grit is an important skill for STEM
careers particularly since workers
are often required to solve problems
that did not previously exist. This
article will explore how grit is grown
through social, mental, and physical
challenge in a middle school STEM
classroom in Northwest Indiana.

An appropriate level of challenge

is required to help students devel-
op and practice grit. Because the
appropriate level of challenge is
different for each student, it is often
beneficial to allow them to create
their own challenges. The goal is to
get students to rely less on someone
else pushing them, so they find the
motivation to challenge themselves
and build grit in the process. The
middle school classroom teacher dis-

cussed in this case study has 25 years
of experience. Based on observations
made during their career, the follow-
ing practices contribute to develop-
ing an optimal level of challenge:

¢ High expectations from the
teacher.

« Time constraints for projects
in order to create a sense of
urgency.

* Rubrics that make it difficult to
earn an A or B on a project.

¢ The requirement to work in
groups and select group lead-
ership roles.

¢ Providing students with oppor-
tunities to fail and then guiding
them toward success through
reflection.

* Providing students opportuni-
ties to go beyond the basic task
and create their own level of
challenge.

¢ Providing high levels of differ-
entiation for the product, scor-
ing, and methods of instruction.

Norms regarding challenge and

grit are established on the first day
of school. The discussion begins
with how challenge and grit are
related and defined. The discussion
is balanced, and the teacher and
students work together to establish
a common understanding. Students
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often begin with the concept that a
challenging class can be attributed
to a demanding teacher who assigns
a great deal of work and difficult
tests. That simply isn’t the case in a
productive and safe STEM learning
environment. The ultimate goal of
immediately establishing a common
understanding of challenge is to
help students buy into the idea that
they should challenge themselves
instead of waiting for someone else
to push them.

The teacher in this case study
further cements the concept of
challenge and the development of
grit in their classroom by presenting
icebreaker examples and tasks that
are quick, difficult, open-ended and
push students out of their comfort
zone. For example, students are
asked to give a verbal explanation to
the class about the proper tech-
nique to make a paper snowflake.
Another example is to give students
several random items to design and
construct a pencil for a person with
a broken thumb. A third example is
to give students a basic task with a
near-impossible time frame in which
to complete it. After students com-
plete each activity, they are applaud-
ed, celebrated, and receive a pat on
the back because they accepted the
challenge. Challenges and struggles
are discussed openly and often and
viewed as a badge of honor. If a
student stated, “that was easy” the



response is “how, then, can we take
this to the next level through itera-
tion and push ourselves”?

Another way to promote challenge
and the development of grit is to
provide students with opportunities
to create and demonstrate their own
level of challenge. Since not every
student defines challenge the same
way, it is important to offer a menu
of possibilities. A “self-evaluation”
critigue leading to future iterations
of improvement is one way students
can define their own challenge.
Speaking publicly in front of the
class or instructing peers on how to
approach a task is another way stu-
dents can demonstrate a self-chal-
lenge. Students can also experiment
with relevant technology beyond
what is given in class. Lastly, stu-
dents are encouraged to go beyond
the level of 80% on assignments in
order to earn a grade of A or B.

Project Lead the Way curriculum
includes a Pull Toy project (PLTW,
2022). The project requires stu-
dents to use the engineering design
process to design, build, and test a
pull toy that employs at least three
mechanisms. The goal is to learn
about mechanical systems, which
relate to several Technological and
Engineering Literacy Standards
including “Design in Technology and
Engineering Education” and “Core
Concepts of Technology and Engi-
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neering” (International Technology
and Engineering Educators Associa-
tion (ITEEA), (2020). The classroom
in this case study structures the

Pull Toy project as a tiered project.
Students work to meet the challenge
level predetermined by the teacher.
Projects that earn a grade of A or

B have a level of difficulty that only
a very limited number of students
could achieve. The high-average
student ideally achieves 80%. Along
with the tiered aspect of the assign-
ment, there is also a “Grit” score.
Extra points for grit are earned by
not giving up and working to solve
the problem themselves.

“Go Beyond” (GB) points are also
used to incentivize students to earn
scores higher than 80%. GB points
are awarded to students who go
outside of their comfort zone in
order to “enhance” their projects.
Some examples of enhancement
include presenting their final prod-
uct, instructing the class on a task
they have mastered in an effort to
help others, and creating an added
challenge using practices associated
with the technological and engineer-
ing literacy standards such as sys-
tems thinking, creativity, making and
doing, critical thinking, collaboration,
and communication (ITEEA, 2020).
GB points allow students to create
their own challenges, giving them
ownership in how they develop grit.

The classroom teacher in this case
study works tirelessly to provide
students with examples, instruction-
al videos, helpful hints on trouble-
shooting and to ward off issues that
may arise during the course of each
project. They are also careful to avoid
providing too much support because
it removes situations where students
should struggle and figure things

out on their own. When teachers
become like overprotective parents
who remove obstacles and chances
to fail, they negate opportunities for
students to build resilience and grit.
Students need opportunities to fail in
safe learning environments.

A survey was administered to stu-
dents at the end of the course in

this case study. When students were
asked what they felt their biggest
accomplishment was during the
term, their responses fell into two
categories. The first was being able
to use their imagination and create
freely, which led to an increased
amount of time and effort invested
in the task. The second was the feel-
ing of success and accomplishment
when they overcame a difficult task.
When students were asked what
would make the class more challeng-
ing, their responses fell into three
categories. The first was to require
more work and provide less time to
do it. The second was to provide less
support, allowing students to fail and
figure things out on their own. The
third was to be sure assignments
were presented in a way that Google
could not answer. Students know
that if they can Google an answer, it
is not a challenge.

The survey responses seem counter-
intuitive, but they support the best
practice of inquiry-based learning in
STEM classrooms. They also support
the development of grit through
challenge. Grit is an essential charac-
teristic in K-12 STEM classrooms, but
more importantly in STEM careers.
When students experience a setback
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or failure, instead of attributing it to
a lack of innate ability they need to
have the resilience, determination,
and grit to persevere until they suc-
ceed, even if that means changing
course (van Aalderen-Smeets et al.,
2019). Partnering with students to
define challenges was an effective
way to help students in this case
study grow their grit.
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ELEMENTARY STEM IN ACTION

Computational
Thinking Friends

By exposing students to computational
thinking and helping them to strengthen
these skills at a young age, they can be
better prepared to thrive in an increasingly

complex world.

BY JESSICA YAUNEY, SCOTT R. BARTHOLOMEW,
VERONICA WUTHRICH, AND EMERSON ELYA

Computational Thinking
Computational thinking is a prob-
lem-solving approach that involves
breaking down complex problems
into smaller, more manageable
parts and using systematic, al-
gorithmic processes to develop
solutions. It is a way of thinking
that is essential for anyone who
wants to work with computers and
it is becoming increasingly im-
portant beyond computer science,
including business, medicine, and
science (Wing, 2006). Computa-
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tional thinking has been called the
“thought process of the future”
(Papert & Resnick, 1996), and it is
seen as a critical skill for students
in the 21st century. This can help
them develop a better understand-
ing of the world around them and
prepare them for a future in which
technology will play an even more
central role. Computational think-
ing is not just about developing
computer programs, but it is a way
of thinking that can be applied to
any field (Grover & Pea, 2012).

TECHNOLOGY AND ENGINEERING EDUCATION Bringing STEM to Life

According to Wing (2006), compu-
tational thinking involves abstrac-
tion, decomposition, algorithmic
thinking, pattern recognition, data
representation and manipulation,
automation, and evaluation. Howev-
er, there is a large amount of variety
in how computational thinking is
defined and categorized (Shute et
al., 2017). This article focuses on
four of the most commonly included
elements of computational thinking:
abstraction, decomposition, algo-
rithmic thinking, and pattern recog-
nition. By using these elements in
combination, problem solvers can
develop the skills necessary to tackle
complex problems.

Friends Who Help Us
Educational mascots are used in a
wide range of educational contexts
to teach children concepts in a
relatable and fun way. Smokey the
Bear is one of the most recognizable
examples. He has been used since
1944 to promote wildfire prevention
(Ballard et al., 2012). A similar exam-
ple is McGruff, the crime dog used
by the National Crime Prevention
Council to increase crime aware-
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ness and personal safety since 1980.
Before these iconic mascots, books
used similar concepts with Clifford
the Big Red Dog (1963), Paddington
Bear (1958), Corduroy (1968), and
Black Beauty (1877). More recently
the same phenomenon has been
used on social media with “will pow-
er” representing Johnson City Power
Board (Caufield, 2011) and @water
having over 500,000 followers (@
Water, n.d.).

As the authors searched for a way
to bring computational thinking
into the elementary classroom, they
designed computational thinking
friends to help students learn about,
remember, and apply computation-
al-thinking skills. Below is an intro-
duction to each of the four friends
they created: Abs the Abstraction
Detective, Al Gordo the Algorithmic
Thinking Chef, Pat the Pattern Rec-
ognition Cat, and Deco the Decom-
position Zombie.

Abs the Abstraction
Detective

Abstraction in computational think-
ing refers to the process of isolating
the essential features of a problem
and ignoring the non-essential
details. The goal of abstraction is to
simplify complex systems and make
them easier to understand, analyze,
and solve. Students are encouraged
to “zoom in” on the most pertinent
aspects of a problem with Abs the
Abstraction Detective. She always
has her magnifying glass to help her
find the essential features. Students

were assisted in their debugging
process by remembering to zoom in
to “find out what was the problem
with” their project. Students even
used their learning with Abs to help
them summarize and identify the
climax in their literacy activities.

Deco the

Decomposition Zombie
Decomposition is a fundamental
aspect of computational thinking
that involves breaking down com-
plex problems into smaller, more
manageable parts. The goal of de-
composition is to simplify complex
problems and make them easier to
understand, analyze, and solve. By
decomposing a problem, problem
solvers can identify and isolate spe-
cific subproblems, and then develop
solutions to those subproblems,
which can then be combined to form
a complete solution to the original
problem. Students enjoy learning
about breaking down or decom-
posing with their friend Deco the
Decomposition Zombie who may be
falling apart themselves but is great
at taking problems apart and put-
ting them back together. Students
reflected on the value of computa-
tional thinking and decomposition
saying things like “there were times
like when the night light had a really
big code and it was kind of hard to
try to put it all together. But then
when | broke it up and took it one
step at a time it got easier. That’s
awesome.”
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Al Gordo the Algorithmic
Thinking Chef

Algorithmic thinking involves
organizing a complex activity into
smaller steps and using those steps
to create a solution. Algorithmic
thinking is designed to help develop
systematic, repeatable, and automat-
ed processes for solving problems.
One of the most common types of
algorithms that students are familiar
with is a recipe (Rankin et al., 2019;
Lineberry et al., 2020). Students
understand the step-by-step nature
of cooking and thus our computa-
tional thinking friend for algorithmic
thinking is a chef named Al Gordo.
Students can combine what they
learned about zooming in from Abs
and breaking down problems with
Deco with what they learn from Al
Gordo to identify and formalize the
algorithms needed to solve their
problems. One student reflected that
“the computer is like really interest-
ing, and | mean like you could just
tell a person to do this, and they just
usually do it but with the computer
you have to put all these specific
codes together to make sure that
the computer knows what you want
it to do [...] kind of like Al Gordo.”

Pat the Pattern
Recognition Cat

Pattern recognition is a key as-

pect of computational thinking

that involves identifying patterns,
trends, and relationships in data and
systems. By recognizing patterns,
problem solvers can develop more
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effective solutions to problems. Pat
the Pattern Recognition Cat is the
computational thinking friend who
helps students in this case identify
patterns like the spots or stripes
on some of our favorite big cats.
Pattern recognition can be used to
identify similarities and differences
in data and it can be applied to a
wide range of applications. Stu-

dents can use abstraction to identify
phenomena, pattern recognition to
identify how the phenomena func-
tions, and then algorithmic thinking
to generalize the solution. Students
were able to use pattern recogni-
tion while building step counters to
identify that with “the step counter
[...] every time you shake it or take a
step it goes up by two.”

Conclusion

Computational thinking is an essen-
tial skill that is most easily exercised
in STEM fields but can also play a
role in other areas. According to
Bell and Lunt (2011), computational
thinking provides individuals with a
structured and systematic approach
crucial for addressing complex prob-
lems in STEM fields. Computational
thinking is particularly useful in data
analysis, modeling, and simulation

Table 1. Examples of Computational-Thinking Activities

and can be used to understand and
solve complex problems in fields
from biology to engineering and
finance (Margolis & Fischer, 2002).
While computational thinking skills
can be used in the activities you
already complete in your class,
additional activities that directly re-
inforce computational thinking skills
are provided in Table 1 as sugges-
tions. A lesson plan is also included
in Tables 2 through 5 and can be
used to introduce our computational
thinking friends. By exposing stu-
dents to computational thinking and
helping them to strengthen these
skills at a young age, they can be
better prepared to succeed not only
in computer science and engineering
classes in secondary education but
can also be better prepared to thrive
in an increasingly complex world.

peanut butter on it.

COMPUTATIONAL | ACTIVITY

THINKING SKILL NAME BECRERI

Algorithmic Thinking | Peanut Butter The concept most often introduced with this activity is that computers do
and Jelly exactly what they are told and nothing more. Students are asked to write
Sandwich instructions for how to make a peanut butter and jelly sandwich and then

are able to watch the funny results as their teacher or parent follows their
instructions, e.g., forgetting to take the bread out of the bag before putting

static.zerorobotics.mit.edu/docs/team-activities/
ProgrammingPeanutButterAndJelly.pdf

Algorithmic Thinking
and Abstraction

Graph Paper
Programming

that use binary.

Students are invited to draw pixel art on graph paper by using the following
instruction “language” for movement and drawing:

vt o> 5

You can extend this activity by adding color to the “language.”

Then students can be introduced to Image Representation and how a set of
rules are followed so that all images can be broken down into instructions

code.org/curriculum/course2/1/Teacher
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Algorithmic Thinking | Flowcharts Students can be prompted to create a flowchart to

and Decomposition provide instructions for any task from making friends
or playing a board game to getting home from school

or fixing a light. Flow line

This process requires students to break down larger
tasks into its parts.

Students can swap algorithms with a partner or work in
a group to improve their algorithms.

£y
]
<>

Abstraction Think Outside Thinking abstractly is a difficult concept for many young children to grasp,
the Box so one of the easiest ways to teach them is by comparing abstraction to
“thinking outside the box.” | draw a box filled with nine dots and give my class
the following rules:

¢ You must draw four straight lines that connect all dots.
¢  You can't lift the marker once you start.
* | remind them to think outside of the box.

Then | have the students come up to the whiteboard and try to solve the
puzzle. Once a handful have tried, | share the solution.

Pattern Recognition Sphero Indi These robot cars detect color tiles that they pass over and complete the
and Abstraction instruction that the color is tied to. For example, pink cards tell the car to
turn left. By playing with the cards and the cars, students can recognize the
patterns and determine an abstract set of rules.

https://sphero.com/pages/sphero-indi

Decomposition and Gauss Ask students to determine the sum of the numbers between 1 & 100 in 30
Pattern Recognition seconds. When they can’t, you can walk them through decomposing the
problem into a series of easier problems and recognizing the pattern:

200 +1?
199 + 2?
198 + 3?

letstalkscience.ca/educational-resources/backgrounders/gauss-summation

Pattern Recognition Coin Sorting When presented with a pile of coins, prompt students to select one and
and Algorithmic provide a plan for how they will gather only those coins. Students will identify
Thinking color, size, and/or other attributes to help them identify the proper coins.

www.stem.family/2018/04/24 /sorting-coins-with-a-pattern-game/
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Decomposition Dance Moves Students can break down the elements of a dance move in order to learn
a new step or teach someone else how to do the step. The lawnmower,
sprinkler, shopping cart, or thriller can be fun moves to start with. You can let
students suggest or even make up other dance moves to try.
Decomposition, Digital Students are invited to design a visual representation of a scene they are
Abstraction, Pattern Storyboards familiar with from media that takes advantage of electrical and coded
Recognition, and components to control lights, movement, and sound with the help of
Algorithmic Thinking micro:bits. (Bartholomew & Yauney, 2022)
Decomposition, Micro:Bit Micro:Bits or other similar hardware devices allow students to create
Abstraction, Pattern Challenges programs to control physical components like servos or lights. An extremely
Recognition, wide range of activities can be created ranging from a beating heart to
Algorithmic Thinking walkie-talkies.
Grade Level Grades 1-5
Lesson Title Computational Thinking Friends
Big Idea Computational thinking fosters problem-solving skills and logical reasoning in young children,
helping them think more critically and systematically. Learning computational thinking at an early
age lays the foundation for future technological literacy and helps students develop skills that are
essential for success in a rapidly evolving digital world.
Enduring *  Abstraction, Decomposition, Algorithmic Thinking, and Pattern Recognition are important

Understandings

computational-thinking skills that can be supported in early elementary school.

* By introducing these skills through a helpful friend, students are more likely to remember
and apply them.

Purpose of Lesson

In the lesson, students are invited to strengthen their computational-thinking skills. Students
learn about and work with friends who help them remember specific aspects of computational
thinking.

Instructional Time

30 minutes or more depending on activities implemented

Learning Objectives

*  Students will be able to identify abstraction, decomposition, algorithmic thinking, and
pattern recognition as elements of computational thinking.

*  Students will be able to provide examples in which each of these skills was useful in problem
solving.

Standards-Based
Assessment

*  Formative assessment

»  Student understanding can be checked by asking students to narrate their process
during computational thinking activities.

* Summative assessment

»  Students can be asked to recount a way computational thinking helped them in the
activities or to imagine a way it could have been helpful.

Lab/Classroom
Safety and Conduct

* All of the described activities pose limited risk to students.

*  For classes where students have nut allergies, peanut butter can be replaced with sunflower
butter.

Technologies and
Other Material
Resources

Different activities have different resources and technologies. Links are provided following each
example activity.

TECHNOLOGY AND ENGINEERING EDUCATION Bringing STEM to Life




Table 3. Lesson Standards

FRAMEWORK FOR P-12 ENGINEERING LEARNING

Engineering
Habits of Mind

Creativity: Students strengthen their pattern recognition skills, allowing them to identify new
patterns or relationships or imagine new ways of doing things.

Systems Thinking: Computational-thinking skills allow students to recognize and solve problems in
systematic ways. Algorithmic thinking is heavily important within systems thinking.

Engineering Quantitative Analysis: Computational thinking including abstraction and pattern recognition assists
Practice students in analyzing and drawing conclusions from data.

Engineering Engineering Mathematics: Computational thinking skills are embedded in and necessary to be
Knowledge successful mathematicians.

STANDARDS FOR TECHNOLOGICAL AND ENGINEERING LITERACY (STEL)

Standards *  PreK-2 Grade Band
»  Core Concepts of Technology and Engineering (2A, 2D)
¢ 3-5Grade Band
»  Core Concepts of Technology and Engineering (2F)
»  Applying, Maintaining, and Assessing Technological Products and Systems (8D)
Practices e Critical Thinking
¢ Systems Thinking
Contexts ¢ Computation, Automation, Artificial Intelligence, and Robotics

¢ Information and Communication

NEXT GENERATION SCIENCE STANDARDS (NGSS)

Practices

Using Mathematical and Computational Thinking

Analyzing and Interpreting Data

COMMON CORE MATHEMATICS STANDARDS (CCSS MATH) FOR MATHEMATICAL PRACTICES

CCSS.MATH.
PRACTICE.MP1
Make sense of
problems and
persevere in
solving them.

Mathematically proficient students start by explaining to themselves the meaning of a problem and
looking for entry points to its solution. They analyze givens, constraints, relationships, and goals.
They make conjectures about the form and meaning of the solution and plan a solution pathway
rather than simply jumping into a solution attempt. They consider analogous problems and try
special cases and simpler forms of the original problem in order to gain insight into its solution.
They monitor and evaluate their progress and change course if necessary.

CCSS.MATH.
PRACTICE.MP2
Reason abstractly
and quantitatively

Mathematically proficient students bring two complementary abilities to bear on problems
involving quantitative relationships: the ability to decontextualize—to abstract a given situation
and represent it symbolically and manipulate the representing symbols as if they have a life of their
own, without necessarily attending to their referents—and the ability to contextualize, to pause

as needed during the manipulation process in order to probe into the referents for the symbols
involved.

Table 4. 6E Lesson Plan
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ENGAGE

The purpose of the ENGAGE phase is to pique student interest and get them personally involved in the lesson, while pre-
assessing prior understanding.

There are many engaging ways to begin discussing computational thinking but one of the most popular is the Peanut
Butter and Jelly Sandwich. If allergies are of concern any nut butter can be used. If students are already familiar with this
activity, then you can select one of the options provided in the Explore section.

Invite students to independently write instructions for how to make a peanut butter and jelly sandwich. (10 min)

Allow 2-3 students to volunteer their instructions to be tested. Follow their instructions precisely. Here are some
common mistakes in student code. (10 min)

¢ Forgetting to instruct you to get the supplies.

¢ Forgetting to instruct you to open containers including bread and jars.
*  Not specifying how much peanut butter/jelly.

*  Not specifying where to put the peanut butter/jelly.

. Not specifying how to orient the bread before putting them together.

EXPLORE

The purpose of the EXPLORE phase is to provide students with the opportunity to construct their own understanding of
the topic.

Providing students an opportunity to apply the lessons they just saw in a similar context can be useful.

The Coin Sorting, Dance Moves, Graph Paper Programming, Gauss, and Flowchart activities given above can be selected.
Invite students to work collaboratively to complete one of the tasks. (15 min)

EXPLAIN

The purpose of the EXPLAIN phase is to provide students with an opportunity to explain and refine what they have
learned so far and determine what it means.

Introduce students to the Computational Thinking Friends. Discuss each of the skills they teach us and point out an
example of that skill’s usefulness in the Explore task that was just completed. (15 min)

ENGINEER

The purpose of the Engineer phase is to provide students with an opportunity to develop greater depth of
understanding about the problem topic by applying concepts, practices, and attitudes. They use concepts learned about
the natural world and apply them to the man-made (designed) world.

Digital Storyboards can be designed and built to use Micro:bits to illustrate a scene from a student’s favorite media
(movie, book, television, etc.).

Teachers can decide to provide students with blank illustrations to add electrical components to or allow students to
draw their own illustrations. Students identify locations for lights (10 min/60 min).

Students connect the lights to a Micro:bit. Students select and implement code that determines the behavior of lights
and the Micro:bit (30 min).

ENRICH

The purpose of the ENRICH phase is to provide students with an opportunity to explore in more depth what they have
learned and to transfer concepts to more complex problems.
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As students just barely began using micro:bits with their Digital Storyboards, they can expand their knowledge of coding
by completing challenges using Micro:bits. A single activity can be selected and completed in 20 minutes or students
can explore many options over multiple hours. Here is a list of sample ideas:

« Digital Dice

*  Water Reminder

e Stop Light
* Hand Wash Timer
e Catapult

«  Jeopardy Buzzer

*  Thermometer

« Night Light

*  Musical Instrument

¢ Step Counter

* Beating Heart

*  Show Your Emotions
*  Walkie Talkies

EVALUATE

The purpose of the EVALUATION phase is for both students and teachers to determine how much learning and
understanding have taken place.

In our experience, the topic of computational thinking is so complex that the most effective evaluation method is to
interview or discuss each of the computational thinking areas with students. As this is usually not possible due to time
and resources an alternative is provided.

Students can be prompted to write an introduction to their assigned computational thinking friend. They can be
prompted to include how that friend helped them complete the computational thinking activities they completed in this
unit. These introductions can be in the form of slideshows, portraits, or speeches.

POTENTIAL FOLLOW-UP ACTIVITIES

Computer Programming is one of the most common and clear applications of computational thinking. It can be
extended into an entire course. There are many options for programming ranging from Hour of Code and Scratch to
Spheros and Micro:bits.

Table 5. Vocabulary List

Computational Thinking

A way of thinking like a computer to solve problems.

Abstraction

Simplifying complex ideas by focusing on the most important parts and ignoring the
details that aren’t necessary.

Algorithmic Thinking

A way of thinking about problems that involve breaking them down into smaller, more
manageable steps that can be solved using a set of instructions.

Algorithm

A set of instructions or steps that tell a computer or person how to solve a problem or
complete a task.

Pattern Recognition

The ability to identify similarities or patterns in data, images, or ideas.

Decomposition

Breaking a problem down into smaller, more manageable parts or steps.
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Landscaping Korean
STEM Education

as Teachers and
Researchers in the Field
of Technology and
Engineering Education

Introduction

In terms of the rapid development of
science and technology, the future
society will be very different from
the present, and great attention

is being paid to anticipating and
preparing for it. Many countries
around the world are interested in
innovative development in the field
of science and technology and are
making great economic investments
and educational efforts. On the
other hand, school education should
focus on helping students develop
core competencies required by this
future society and preparing them to
demonstrate their full competencies
in the future society. As part of these
efforts, many countries have started
STEM education policies and are
actively and diversely implementing
policies at the national level.

In Korea, STEM Education began in
201 as the term STEAM education
and is now being used as a term
called convergence education. Kore-
an STEM Education is relatively well
realized as an education policy as
Korea has a strong national curricu-
lum and various practical strategies
to match. However, this policy creat-
ed many challenges and difficulties

for teachers and researchers. To
solve these issues, research has been
conducted to revise and supplement
the convergence education policy
every year. This manuscript exam-
ines how convergence education
policy in Korea began and devel-
oped, and what challenges it faced
from the standpoint of teachers and
researchers in the field of Technol-
ogy Education. In other words, this
paper consists of an overall intro-
duction to convergence education

in Korea and the current status and
reflection on convergence education
from the standpoint of Technology
Education.

Based on the results of recent re-
search on convergence education
policy in Korea, the authors intend
to describe recent trends of conver-
gence education in Korea from the
beginning by actively utilizing the
results of interviews with teachers
and data from several government
projects in which the authors partici-
pated. All teachers interviewed were
given pseudonyms.

Launching Korean STEM
Education

Around the world, STEM Education
has been introduced and developed
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to suit individual education sys-
tems and national circumstances.
Similarly, since development and
innovation in the STEM field is an
indicator of national competitive-
ness, many countries have been
interested in STEM Education and
have promoted various educational
policies (Kwon & Park, 2021). STEM
education must be an educational
policy that is attracting attention in
terms of students’ benefits through
the convergence among subjects
in schools (e.g., students’ academic
achievement, learning motivation,
attitude, interest in career, etc.) and
preparation for future education
(Kang, 2019). Based on the results
of these accumulated studies and
social needs, each country started
its STEM education policy.

In Korea, an educational policy
called STEAM Education was an-
nounced in 2011 by combining ele-
ments of STEM Education and Arts,
which had already been announced
in other countries. Specifically, when
defining STEAM Education, Kang
(2019) added the term integrated in
front and defined it as follows.

Integrated STEAM education in
South Korea is an approach to



preparing a quality STEM work-
force and literate citizens for
highly technology-based society
by integrating science, technolo-
gy, engineering, arts, and mathe-
matics in education (p. 2).

In this definition, the concept of Arts
includes fine arts, liberal arts, lan-
guage arts, etc., and targets all sub-
jects in the school. However, since the
term STEAM itself is too reminiscent
of a specific subject, STEAM Educa-
tion has a tendency and narrowness
to focus on a specific subject within
the national curriculum.

Interview with Mathematics
Teacher Suhak (pseudonym): “/
was really looking forward to it
after the announcement of the
policy that STEAM is an attempt
at convergence between subjects
at school, but | was a little upset
to see that STEAM gives more op-
portunities only to science teach-
ers in our district.”

Interview with technology teach-
er Hyukshin: “There are T and E
in STEAM education, right? As a
technology teacher, | heard that
there are various projects and
training for STEAM teachers, so |
was very excited. However, in the
early days, science teachers took
precedence, and official docu-
ments and information only went
to the science department. | was
really upset.”

Developing Korean
Convergence Education
After the STEAM Education policy
was initiated by the STEAM Educa-
tion vitalization plan announced in
201, the Korean government fo-
cused on providing a foundation for
fostering human resources equipped
with both scientific and technologi-
cal knowledge and artistic sensibility.
In addition, keeping in mind the con-
fusion and intolerance of the term
STEAM, the term convergence talent
education was selected and used for

a short time through a national poli-
cy title contest. STEAM education is
a convergence education to improve
students’ convergence thinking and
problem-solving ability and strat-
egies such as operating research
and leading schools by region and
supporting teacher research groups
were used to vitalize STEAM Educa-
tion. In addition, the Korean govern-
ment promoted a lot of budget and
detailed policies to vitalize STEAM
Education based on “strengthening
knowledge information and con-
vergence education” as a national
task (Lim, Kwon, 2020). Afterwards,
Korea will develop a revised national
curriculum in 2015 that emphasizes
fostering creative convergence-type
talents with upright character
through core competencies required
by future society (MOE, 2015). In
2017, while establishing a mid- to
long-term plan for convergence tal-
ent education (2018-2022), teachers
and students strengthened their
STEAM Education capabilities and
focused on spreading STEAM Edu-
cation to the field.

However, recently, the Korean gov-
ernment prepared for future edu-
cation through the Comprehensive
Plan for Convergence Education
(2020-2024) and focused on laying
the groundwork for convergence
education, which changes the par-
adigm of learning based on educa-
tional achievements so far, to settle
down and spread in schools (MOE,
2020). Figure 1 shows the vision and
promotion strategy that are the ba-
sis for proceeding with convergence
education policy.

The Korean government prepares
for future education through con-
vergence education and wants to
change classes (students, teachers),
classrooms (space, technology/
tools), and local society (collabora-
tion, culture). First, the strategy for
changing the class was to actively
introduce learner-centered teaching

methods such as flipped class and
PBL to students, and to strength-
en the expertise of convergence
education through various training
systems and teacher convergence
learning community support for
teachers. As a strategy to change
the classroom, the main promo-
tion strategy is to create a conver-
gence-type future learning space
and to secure and spread a place
for convergence education that
can be shared in various places by
preparing a foundation for conver-
gence education using advanced
technology. As a strategy to be
together with the local community,
there is a convergence education
culture that connects and cooper-
ates with schools and local commu-
nities through the establishment of
convergence education experience
centers for each region and spreads
a convergence education culture of
empathy and consideration.

Key Challenges of Korean
Technology Education
toward Convergence
Education

At the beginning of the introduction
of STEAM education, many tech-
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Fostering convergence-type talent eguipped with core competencies to
respond to the future soclety

s 3

Realizing convergence education that fosters solld basic competencles

Building convergence education infrastructure by advanced technologies

Establishing convergence education ecosystem for ALL

=

Promotion Strategies

Expanding students' participation in self-directed convergence education

Strengthening teacher’ professionalism in convergence education

Building a space and environment where convergence education is realized

Diversifving convergence education through advanced technologies

School system support that realize convergence education

Convergence education network establishment with school and regions.

Convergence educatlon culture that empathizes and cares

nology teachers and researchers
expected greater interest in and
awareness of Technology Educa-
tion as people in charge of T (tech-
nology) and E (engineering). As a
result, although many people have
succeeded in knowing what T is, the
lack of identity of technology in the
national curriculum was still there.
There is no independent subject
called technology in Korea, and the
current status of technology sub-
jects in the 2015 revised curriculum,
which is the current curriculum, is
shown in Table 1.

As shown in Table 1, technology as
an independent subject does not
exist in the current curriculum (MOE,
2015). From elementary school to
high school, technology constitutes
roughly half the amount along with
home economics (Lee, Ham & Kwon,
2020). However, in elementary
school, information and agriculture
are included in the technology area,
but there are very few parts that can
be linked with middle school purely
in relation to technology. Overall, in
the national curriculum, technology
is not recognized as technology and
engineering because of its sub-

ject name, and it is always fighting
against incorrect perceptions and
misconceptions due to the identity
of the subject. However, it is true
that through the STEAM education
policy, other subject communities

in many schools have shown many
guestions and concerns about the
existence of T and E. Also, they

are asking a lot of questions such

as “Who can teach Engineering at

SCHOOL GRADE | ELEMENTARY SCHOOL

MIDDLE SCHOOL

HIGH SCHOOL

Subject Name

Practical Arts
Economics

Technology and Home

Technology and Home Economics
(General Selective)

General Engineering
(Career Selective)

General Intellectual Property

(Career Selective)
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school while showing interest in
Engineering?” Korea’s national cur-
riculum clearly states that technol-
ogy teachers can teach engineering
general subjects in high schools, but
technology teachers cannot teach
engineering subjects in schools

due to the shortage of technology
teachers in high schools. High school
curriculum has presented enough
needs for including engineering
classes, but the supply of teachers is
not enough (Lee & Kwon, 2021).

Interview with the Leader of
Technology Teachers: “As the
president of the Korean Tech-
nology Teachers Association, the
most unpleasant thing is that the
value and importance of technol-
ogy education is not highlighted
due to structural problems such
as subject names. Even if only the
problem of subject name, such as
Technology and Home Economics,
could be separated and recog-
nized as technology, | think that
many of the misperceptions and
identity problems of Technology
Education would be resolved.”

Thanks to the slightly improved
awareness of technology, the Korean
educational community paid atten-
tion to the values of technology and

engineering through many exem-
plary technology teachers, and this
provided a good opportunity to
publicize Technology Education well
through convergence education.

Positioning Technology
and Engineering within
Korean Convergence
Education

KOREA TECHNOLOGY TEACHERS’
ASSOCIATION INCLUDES
ENGINEERING!

To take the place of Technology and
Engineering in convergence educa-
tion, many technology teachers and
groups carried out their own cultural
movement of Technology Education
with passion. As an active expres-
sion that technology teachers can
teach engineering, the Korea Tech-
nology Teachers Association (KTTA)
changed its official name to the Ko-
rea Technology Engineering Teach-
ers Association (KTETA). The KTETA
made great efforts for the position
of Technology and Engineering in
convergence education.

In particular, the government secured
a position as a technology teacher
by protesting giving opportunities to
participate mainly to science, math-
ematics, and information teachers in
the government’s promotion plans

such as teacher research groups and
professional development or train-
ings. As a result of the 39 executive
committee members’ votes, 38 voted
in favor of including Engineering in
the group’s name.

KOREAN CONVERGENCE
EDUCATION CASE 1: STUDENT—
DIRECTED PROJECT

While implementing the conver-
gence education policy, the Korean
government tried to promote proj-
ect-type education in which stu-
dents can choose their own learning
topics and learning processes. An
excellent example of a student-led
project in the comprehensive plan
established by the government is the
technology class at Yeongdeungpo
High School. There, the technology
class is based on problem-based
learning, where students select a
problem-solving topic and design,
produce, and evaluate it as a team
project (Figure 2). In convergence
education, many educational com-
munities have considerable interest
in student-led projects of technol-
ogy classes and are showing great
interest in the effects through them.

Interview with Science Teacher
Tamgu: “One of the new things
[ learned through convergence

Figure 2. Semester Final Product in Yeongdeungpo High School. Building a self-driving car (left) and building RC car hacking and

racing rail (right).
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Figure 3. Teachers’ Professional Learning Community. Using the class design card (left) and positively influencing others by
sharing collaborative convergence class design outputs (right).

education is my understanding of
technology teachers. Before, | was
not interested in school life at all, but
| found out that technology teachers
have always been doing student-led
activities and projects, and it was
good to share advice about conver-
gence education class activities with
technology teachers.”

The whole process of learning is to
create a page for each group using
the internet site, record the process
in detail in the cloud, and finally
announce it. This class can be said
to be an excellent class example in
high school and an essential class of
technology.

KOREAN CONVERGENCE
EDUCATION CASE 1: TEACHERS’
PROFESSIONAL LEARNING
COMMUNITY

For convergence classes to take
place properly in schools, it is nec-
essary to create a self-sustaining
collaborative culture in which teach-
ers of various subjects cooperate to
research, develop, and share con-
vergence education contents. As a
practical strategy for convergence
education, the Korean government
is expanding and supporting the

operation of self-sustaining con-
vergence learning communities
among teachers. In the case of the
Cheongju Solbat Middle School
learning community, which is cited
as an excellent case in the Com-
prehensive Plan for Convergence
Education, technology teachers
were the focus, and in their classes
design, execution, and sharing were
spontaneously created. Since 2016,
this middle school has been imple-
menting convergence project class-
es to cultivate future core compe-
tencies (Figure 3). As an expert and
technology teacher of convergence
education, the performance and
composition of leading the com-
munity of convergence education
teachers in a school for four years
are very excellent and worthy of
being an example, so they are dealt
with in depth in the comprehensive
plan for convergence education.

Wrap Up and Discussion
New talents are required according
to social changes in the era of the
4th industrial revolution, and ac-
cordingly, the demand for changes
to the existing traditional education

44 TECHNOLOGY AND ENGINEERING EDUCATION Bringing STEM to Life

method is growing. Increasingly,

the importance of learning and the
role of school education in foster-
ing interest have been emphasized,
and the ability to discover and solve
problems based on convergent
thinking rather than fragmented
knowledge is also emphasized. Amid
these changes, many countries
around the world have introduced
STEM education policies, and Korea
has also implemented STEAM edu-
cation for the same purpose. For a
broader convergence education for
all, the term convergence education
is used rather than STEAM. Through
the introduction and growth of
convergence education, from the
standpoint of technology education,
there was an advantage that it could
receive interest and attention from
other subjects, but the problem of
the identity of Technology Educa-
tion and the situation that was still
concentrated in a specific subject
was a big issue.

Nevertheless, in the recent compre-
hensive plan for convergence educa-
tion by the Korean government, the
representative case among the cases
for each action plan was the practice
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Summer professional development in KTETA.

of technology teachers. Specifically,
as an example of a teaching method
for convergence education, the case
of student-led project learning or PBL
class was selected, and the philosoph-
ical practice of the technology teacher
was outstanding. In addition, conver-
gence education was a good exam-
ple as a community of class design,
practice, and sharing led by tech-
nology teachers as an example of a
school-level teacher community. Last-
ly, the Technology Teachers Associa-
tion recently changed to the Korean
Technology and Engineering Teachers
Association by adding engineering

to its name. The steady practice of
technology teachers and the active
driving force of the KTETA provided

a good opportunity to position T and
E in convergence education amidst
difficulties and challenges. Korean
Technology Education groups should
concentrate on advertising the values
and benefits of Technology Education
through Technology and Engineering
cultural movement.
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Ira E. Compton, lli

MS Technology and Engineering Teacher CTE

Williston Middle School
North Dakota

Ira Compton grew up in a smaller
North Dakota Farming Community.
He was shaped by great mentors in
Boy Scouts, sports, and church, as
well as by his parents. He is an avid
hunter and enjoys his friends and his
community of teachers.

How would you describe your
Technology and Engineering teaching
philosophy?

Theory lessons that are established
with the students bring out more
successful lab projects and life learn-
ing past middle school.

Do you have a favorite “success story”?

When students approach me after
middle school and tell me | made a
difference in their young lives.

If you could pass on any wisdom to
your students, what would you share?

A good work ethic is needed
throughout your life. Stay focused,
move forward, and make it happen!

What’s the best advice you’ve been
given about teaching Technology and
Engineering?

Build a relationship with your classes
and teach to their level and at a pace
set for them by the CTE teacher.

46 TECHNOLOGY AND ENGINEERING EDUCATION Bringing STEM to Life

What’s the most challenging
aspect of teaching Technology and
Engineering?

Teaching middle schoolers spatial
reasoning and design features that
are layered by standards.

If you could take the students on a
field trip to anywhere in the world,
where would you take them?

To the Toyota Motors Headquarters
where students can learn about
managing vehicle design and good
quality control.

What career would you choose if
you were not a Technology and
Engineering teacher?

Social work or manager at a hard-
ware store like Ace.

What do you consider to be

your “superpower”?

Structure in planning and learning
what works and what does not
with teens.

What does being an ITEEA
Teacher Excellence Award winner
mean to you?

| have improved and want to keep
learning as a teacher.

SEPTEMBER 2023
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Zach Glennon

Technology Education Teacher
Moultonborough Academy
New Hampshire

Zach works with middle and high
school students as their Tech Ed
teacher and as a theatre co-advi-
sor. He was born and raised in New
Hampshire and enjoys spending
time outdoors. He is an avid board
game player.

How would you describe your
Technology and Engineering teaching
philosophy?

Problem solving is all about learning
how to fail and to try again in a differ-
ent way until success can be found.

Do you have a favorite “success story”?

My favorite success story is that my
students were tasked with creat-
ing five large dragon heads for She
Kills Monsters. They had to design,
plan, and execute the project. They
started to do it one way and had to
try again a couple of times to make
their designs work. The students
were challenged by their own de-
signs. They tried, learned, and then
succeeded after several attempts to
complete their dragon heads.

If you could pass on any wisdom to
your students, what would you share?
It is okay to fail, you just need to
keep trying until you succeed.

What’s the best advice you’ve been
given about teaching Technology and
Engineering?

Play to your strengths and have as
much fun with the projects as the
kids do.

What’s the most challenging

aspect of teaching Technology and
Engineering?

Helping students understand that it
is okay to fail. That they just need to
get up and try again.

If you could take the students on a
field trip to anywhere in the world,
where would you take them?

If | could take students anywhere in
the world, | would take them to an
out of state championship robotics
competition. There students could
see first-hand problem-solving solu-
tions in real time during the match-
es, while also being able to check
out the problem solving that is
going on in the pits to fix the robot
or what they did to get their robot
to that point.

What career would you choose if
you were not a Technology and
Engineering teacher?

If | were not a technology and engi-
neering teacher, | would be a produc-
tion manager for a regional theatre.

What do you consider to be your
“superpower”’?

Adapting to multiple curveballs that
are thrown at me.

What does being an ITEEA

Program Excellence Award

winner mean to you?

Being an ITEEA Program Excellence
Award winner means, to me, that
the program is being recognized
for the flexibility of the school and
students to try something new, and
that the new thing is working for
everyone involved.
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ITEEA’s Now Offers
s Annual Global Design Challenges

— for Elementary and Secondary STEM Students!
Deadline: December 15, 2023

In 2008, the U.S. National Academy of Engineering (NAE) identified 14 Grand Challenges for Engi-
neering in the 21st Century, which were designed to cause students and educators to think about
solutions to the big challenges affecting all of our lives. It’s now time for your students to get in on the
action and show the world that they can solve big STEM design problems as well.

The Process: STEM students from around the world will work in small design teams to solve a GDC
outlined below. They will be required to document the process with a simple portfolio that describes
the problem-solving processes undertaken, the products developed, results of product testing, as
well as the final product presentation. Photos and descriptions of proposed solutions will be posted
on ITEEA social media accounts and ultimately, the winning teams can present their solution during
the ITEEA Conference in Memphis, TN at the STEM Showcase on March 8, 2024. The teams will also
be featured in the May 2023 issue of this journal.

Fifth Global Design Challenge for Elementary STEM Students

Challenge: | am going out of town and no one is available to care for my dog. | need some type of device
to consistently dispense water. Can you work as a small group to create a device that can help automati-
cally dispense water? This device should be simple to use, easy to fill, and keep the water bowl consistent-
ly full for three days. .r@

Learn more at https://tinyurl.com/ITEEAGDC2023 @
ITEEA Elementary STEM Council

FIRST-EVER Global Design Challenge for Secondary STEM Students

Challenge: Can you work as a member of a small design team to develop a better product or tool that
can be used to accomplish a task while using only solar power to generate the required electricity?
Select a tool or product that has not traditionally been powered with solar energy—one that most

designers would consider impossible. ,
g al®

Learn more at https://tinyurl.com/ITEEAGDCSS2023 x\\§
Secondary STEM Council

For questions about the Global Design Challenge contact
Jessica Nyden at jenyden@uark.edu or Michael Daugherty at mkdO3@uark.edu.

Deadline: December 15, 2023



KELVIN® Kel-Air"
Air-Powered Dragster
ELECTRONIC Launcher

Launcher w/ Class View Timer™ & Track
(24 ft. L in three 8 ft. L sections), start/finish
gates (pre-wired), hand controller set, [50]
dragster kits and [2] portable air compressors.
841564 ... U.S. Shipping is $500 $2,995
840814 Economy Original Launcher Only ..$245

KELVIN®
Solar

Racer™
with
Wood Base
Kit includes: solar motor, solar
cell with alligator leads, battery holder, wheels,
axles, tube holders for axles, washers, gear set,
wood base and instructions.

KELWIN

EDUCATIONAL INNOVATION

KELVIN® catalogs feature
many subjects like: Flight,
Rocketry, Boats, Cars,
Architecture, Engineering,
Design, Manufacturing,
Kre8® Modeling, S.T.E.M.
Labs, Publications, Storage
Units, Project Parts &
Materials, Robotics,
Electronics, Science,
Alternative Energy (like
Wind and Solar),
Hydroponics and more.

Download catalog PDFs
at www.kelvin.com

KELVIN®
Rubber &%
Band
Glider
with
13in. o
wide  —
Wing Span

Kit includes: pre-cut balsa sheet,
nose hook propeller, wire and wheels. Works

KELVIN® Jumbo
Foam Cutter

Extra large foam cutter with
a cutting area that
measures 12 x 18 in.
Features guide for
straight cutting.
Arm can be easily
tilted for cutting
angles. Comes
with starter set
of [5] assorted
foam blocks,
on/off switch,
power indicator, plug and DC power supply.

842546 Assembled w/ On/Off Switch ........ $135

KELVIN® Balsa StiKutter™

e Cuts balsa up to 3/16in. T

e Long handle

¢ Moveable guide

® Built-in protractor
for angles.

e Clear finger
protector with

g THEELVIN®
. oRIGINAL
no stop on the right side. :

Compact 4-1/2 in. sg. base has holes for

841236 Kit ... $11.450r $10.25 ca/10+  With Rubber Band PowerPole™. Requires glue.  mounting. Blade is replaceable by the teacher.
841415 Bulk Pack of 20 ...$8.75 Per Kit $175 283693 Kit ................ $9.450r $8.95¢a/20+ 990198 .. $9.95 or $8.95 ea./10+
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Not your average 3D Printer!

www.fablicator.com

Proudly Designed & Manufactured in US.A.
by K&L Services Group Inc.

Offices@ 215 N.8th Street Allentown, PA 18102
PH: 610-439-3230 or sales@fablicator.com

Additive
Manufacturing
Workstations
for Industry and
Education
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#ReimagineTeachingSTEM

Educators: consider trying just one

teaching practice to promote integrated
STEM. Making a conscious effort to make
one small adjustment in our practice is a step
in the right direction.

As we begin this new school year, Technology
and Engineering Education’s editorial team is
challenging you to pick one thing you want to
try in your approach to integrated STEM
education this year. Tag ITEEA (Facebook:
@ITEEA STEM, Twitter @iteea) on social
media and use the hashtag
#ReimagineTeachingSTEM to share your
ideas. The individual with the most liked post
on Facebook or Twitter (now X) by October
31, 2023, will win a $25 gift card from ITEEA!
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Call for proposals for a Special Issue of Technology and Engineering Education

The editorial team of Technology and Engineering Education: Bringing STEM to Life, ITEEA's
peer-reviewed practitioner journal, is seeking proposals for a special issue to be published in Janu-
ary 2025. The editorial team is interested in proposals that will focus on current issues for integrated
STEM education and technology and engineering education for a large audience. The journal’s read-
ership includes elementary teachers, middle school teachers, high school teachers, college profes-
sors, administrators at local, district, state, and national levels, and industry professionals.

Detailed information and the process for proposing a special issue can be
found at https://bit.ly/ TEESpeciallssue or by scanning the QR code at right.

All proposals are due by October 1, 2023 and decisions will be made by
October 31, 2023. For questions or more information, please reach out to
Thomas Roberts at otrober@bgsu.edu.

Introducing ITEEA’s S
Secondary STEM Council! k\\g

ITEEA’s Secondary STEM Council (SSC) is a new
collaborative network of educators dedicated to the
advancement of technological and engineering literacy

at the secondary level. Serving specifically middle and high
school teachers and administrators, SSC will provide
instructional materials, in-service professional
development (PD) workshops, and technology and
engineering activity curriculum packages. Further,

Council members will have access to a community of peers,
where they can discuss and share new ideas,

challenges, and opportunities unique to secondary educators.

Already an ITEEA Not yet a member?
member? Scan the QR code Scan this QR code to

to sign in and add an SSC create an account and join
membership. today!

Have questions or want to learn more? Email ssc@iteea.org.
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Welcome to the New ITEEA Website

We have a new look! "_”é;:l:EEA
NS

ITEEA has spent 2023 moving to a new membership service and website provider
and we have a brand new look and updated technology in an effort to better serve fonal Technology and Engineering iz =

all our members and users. We hope that you'll enjoy it as much as we already do.

iteea,org

In order to get the most out of your member experience, you will need to create a new login. Your previous
username and password will not work on the new website (however, your membership, councils and journal
subscriptions have been carried over). Please follow the steps below to get logged in.

With your new login, you will be able to:
e Register for ITEEA events

e Update your profile information

e View/Pay Invoices

e Access ITEEA resources

e and more!

To create your new login:
e Go to www.iteea.org/login
e Enter your email and follow the prompts.
e If the email entered is connected to your profile (your old login email address), you’ll be prompted to set
your new password.
e If the email is not recognized, please contact iteea@iteea.org so that we can get you set up with your
previous account.

Legacy Data:

While your membership data, purchases and subscriptions have moved over to our new system, many of your
legacy records, such as: event participation, years active in ITEEA, headshots, and biographies will not be. If you
need any of this legacy data, please contact iteea@iteea.org by the end of the year to receive an export of this
data. Note: This data will no longer be accessibly by the end of 2023.

EbD BUZZ Users:

If you were using your ITEEA account in order to login to your BUZZ Dashboard, you should have received an
email about your new login procedure and credentials. You will not be going to www.iteea.org to login any lon-
ger. If you have questions or did not receive new credentials please reach out to ebdbuzzsupport@iteea.org.

Online Learning Library
ITEEA’s Online Learning Library resource is being transitioned during the month of August and is planned to go
live at the end of the month.

We sincerely hope you find our new website layout and member experience easier and smoother to use as we
continue to make ITEEA the best it can be for our members. If you have any questions or issues please do not
hesitate to contact us at iteea@iteea.org for assistance.



’ A | ‘.
Use STEM Skitls S50 0 e vour | o5

_toChange Lives Sgum " WY Students! "<, = %%
:,.:_-;' = =
Hey Teachers! Are you Iookin for an

Inspirational
STEM Project?

Since 2019, more than 100 teams across
the United States have taken the REACH
Challenge, where students use
| their STEM skills to cre-
] ! . ate adaptive and assis-
/' / tive technology to help
change the lives of those
— around them. Teachers
\ receive an Educators
/—\ Toolkit with slides, videos,
< | worksheets (online and pdf
- versions), and activities on:
e Adaptive & Assistive Technology
e User-Centered Design
* Empathy
* Listening Skills for Data Gathering
* Prototyping Tips & Tricks
¢ Intellectual Property 101
Projects can be submitted to ITEEA for an
opportunity to earn awards for your STEM
program. Change someone’s life...take the
REACH Challenge today!

“Probably “Providing a human centered
design challenge for students
the most  ings in another perspective

rewarding that students don't often get

experience and builds empathy for others.

: The lessons were well planned

of my life.” and easy to use. Such a great
Miles opportunity for students!”

STEM Student Jennifer O’Gorman

REACH Challenge STEM Educator - Olathe, KS
Winning Team ,.RE.AQH g'hallenge Winning Team 2020




