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Abstract—K-12 teachers seek examples of relevant and appro-
priate content that engages a diverse audience for their courses.
Naturally, teachers may look to universities for inspiration
and even curriculum and course content. In this innovative
practice paper, the researchers worked with an urban public
high school that had an existing partnership with our home
university; this was a natural place for high school teachers
to find educational examples. Our university recently created
a novel introductory robotics course which the leadership at
the partner high school saw as an attractive model for an
11th grade engineering course. To help create the high school
engineering course, we facilitated participatory design sessions
with various educational stakeholders who had varying visions
for the course; these stakeholders included high school teachers,
university faculty, educational researchers, and undergraduate
students who had previously taken the university robotics course.
In this paper, the authors explore the ways in which ideas from
the participatory design sessions shaped the first iteration of
the engineering course. A design challenge the authors faced
was incorporating the stakeholders’ competing and sometimes
contradictory visions for the course into instructional materials.
In this paper, we present these methods of integration as a model
for others seeking to adapt university engineering courses for a
high school context.

Index Terms—participatory design, K-12, robotics, engineering
curriculum, computer science education

I. SEEKING AUTHENTIC ENGINEERING EDUCATION
EXPERIENCES FOR K-12

Recently, there has been an increased interest in want-
ing to integrate engineering into kindergarten through high
school (K-12) across the United States [1]. This interest in
engineering as a part of the K-12 curriculum is becoming
important for both students and teachers [2]. With the growing
awareness that engineering can be used to enhance K-12
curricula, educators and engineering researchers are beginning
to provide real world scenarios that can help develop students’
problem-solving skills, deepen student participation, and diver-
sify representation [3]. K-12 teachers may find it challenging
to develop engineering curriculum for the classrooms in which
they teach. In the engineering space, this poses the question
of how teachers can integrate an engineering curriculum into
K-12 classrooms, and where they can find examples of the
appropriate content to employ in their curricula? A natural
place to source educational examples is from higher education,
specifically from university engineering curricula, and often

these occur in the form of university-school partnerships.
Partnerships result in easier access to curriculum examples
but can also raise a set of challenges (i.e., accountability,
communication, and creating a shared vision or set of values
among each partner).

We must acknowledge that the fields of software, comput-
ing, and computer science (CS) are lacking diversity in gender,
race, ethnicity, geography, and family income, among many
other barriers [4]. These technical fields are overwhelmingly
male, while the majority identify as either Caucasian or Asian
at both the university and high school levels [5]. Thus, if
we source curriculum context borrowed from industry, we
will be drawing on examples that are from male-dominated
organizations lacking other forms of diversity. These ex-
amples may not send a message of inclusion to students.
In both K-12 classrooms and higher education institutions,
underrepresentation in CS is very evident [6]. Perhaps, if
universities and K-12 educators work together to mirror our
societal evolution [7] towards equality and equity, curricula
can be designed and developed such that the number of
girls and underrepresented minorities who participate in K-
12 engineering education initiatives increases, and curriculum
materials portray engineering in ways that are more likely to
excite the interest of students from a variety of ethnic and
cultural backgrounds [8].

In this paper, the authors present a study that explores the
ways in which ideas from a participatory design session shaped
the first iteration of an engineering course that was being
designed for an 11th grade classroom at a diverse urban public
school. The course proved to be unique as it adopted a project
from a research institution’s novel robotics curriculum. Taking
account of the associated stakeholders (i.e., robotics faculty,
university students who had taken the course before, education
researchers, and teachers at the urban-city high school), this
paper describes the process of engaging K-12 teachers in a
participatory design session process as well as the interactions
between the various stakeholders that influenced the evolution
of course goals. A design challenge the authors faced was
incorporating the stakeholders’ competing and sometimes con-
tradictory visions for the course into instructional materials. In
this paper, we present these methods of integration as a model
for others seeking to adapt university engineering courses for



a high school context.

II. ENGINEERING PARTNERSHIP WITH AN URBAN PUBLIC
SCHOOL TO PROMOTE DIVERSITY

Computer science (CS) remains a highly segregated field in
K-12 education and at university and professional levels. The
authors sought CS and engineering models that would support
partnerships in the local community to promote diversity in
order to increase the success of students throughout their
careers. To create the conditions for more diversity, Goode
[9] encourages K-12 schools to create an alliance between
educational researchers, university CS administrators and in-
structors, and the director of science education in a large urban
district.

The school we partner with in this study had an existing
partnership with the College of Education at the authors’
institution. Through this school-university alliance, the school
had an opportunity to collaborate with the university’s robotics
program [10] that had recently piloted a novel introductory
robotics course (ROB 101). In this section, we highlight the
benefits of school-university collaborations and introduce the
robotics course.

A. School-University Partnership Model

School-University collaborations promote diversity and iter-
atively bring knowledge from various partners in the university
and teachers from within the K-12 community. Partnerships
must often contribute to institutional goals (i.e., designing a
curriculum) while balancing power between all parties. To
create a successful transfer of curriculum, all partners should
add to, learn, and benefit from a shared understanding of
needs, values, skills, and resources that can actively support
both K-12 teachers and students.

The high school we collaborated with was unique because
of its location in an urban city where the school community
district is 2.5 percent White, 82 percent Black, 1.4 percent
Asian or Asian/Pacific Islander, 13.7 percent Hispanic/Latino,
0.2 percent American Indian or Alaska Native, and 0.1 percent
Native Hawaiian or other Pacific Islander. In addition, 0.1
percent of students are two or more races, and 0 percent have
not specified their race or ethnicity. 49 percent of students are
female, and 51 percent of students are male. In the school
district, 58.1 percent of students are eligible to participate in
the federal free and reduced price meal program while 10.5
percent of students are English language learners [11].

When there are partnerships between education researchers
and university administrators [9], faculty, teachers and alumni,
better decisions can be made around the amount and alloca-
tion of resources for programming to attract more students
into STEM. A goal for early exposure to university-level
engineering content in K-12 curricula is to give students a
higher sense of self-efficacy and the confidence needed to
pursue higher education in engineering and/or future careers
[12]. The Robotics program at our institution is committed
to cultivating talented generations of roboticists starting from

their K-12 experience through their continued participation in
the workforce [10].

B. Introducing a Novel Introductory Robotics Course

The Robotics program recently piloted a novel introductory
novel course: ROB 101 – Computational Linear Algebra that
was designed to help students understand that mathematics is
the language of engineering. Coding is what is used to make
students believe and realize math is the language an engineer
needs to speak in order to make systems work; thus, students
learn mathematical content [13].

The undergraduate course used Julia, an open-source dy-
namic programming language. The course content was deliv-
ered in the form of Jupyter notebooks that can be run in a web
browser. Julia’s many features are suited for high-performance
numerical analysis.

The math topics treated in the robotics course were made
operational through computational exercises in the program.
Some topics included in the course were sets of linear equa-
tions, scaling large sets of equations through vectors, matrices,
determinants, and matrix inverses, and LiDAR point clouds.
In our design process, the high school team decided to focus
much of their attention on the first project in Rob 101. The
project asked students to input LiDAR point cloud data from a
robot’s sensors and visualize them. The context for the project
was robotics (e.g., the source for the LiDAR data) but the
content was more about mathematics and computation. The
authors found that this balance (mathematics in a robotics
context, made operational through computing) was appealing
to the high school experts designing their engineering course
in an urban city high school.

The program completed their pilot in the Fall 2020 semester,
where it was recognized that students who participated in the
pilot class were also inspired to take new courses, expanded
or confirmed their engineering fields of interest, joined labs
to conduct undergraduate research, joined project teams in
critical roles, and retained and applied course knowledge [10].

In addition to this, the program will be extending offers
to create Distributed Teaching Initiatives with other Minority
Serving Institutions where they will provide explicit planning
in course offerings to include remote participation of students
from HBCUs, collaborate with students on a summer camp
for high school students, and develop course content online
(i.e., lecture videos, course notes and supporting material).
The department recognizes these initiatives as structured in
a way that can explicitly remove some systemic barriers for
underrepresented students and builds supporting mechanisms
for students to succeed [10].

III. APPROACH

Diverse partnerships bring together many voices and per-
spectives which can sometimes be contradictory to each other.
At the university level, faculty work with students who have
been vetted through a rigorous admissions process, while
working at the frontiers of knowledge to develop new ap-
proaches. Public high schools accept all students of age in their



community with the goal of engaging and educating students
to be successful citizens, while realizing that not all students
will matriculate into university. High School teachers do not
necessarily have the background, knowledge, or experience
of a university robotics faculty member. Thus, a curriculum
should be created that a teacher can successfully use in an
11th grade public school engineering classroom.

In this section we will describe how the tensions were
explored. We played a role in creating participatory design
sessions where teachers could explore a variety of instructional
approaches and technological tools for implementing the novel
robotics curriculum. We describe how the partners collaborated
to successfully draw inspiration and examples from the Uni-
versity robotics course for the high school engineering course.

A. Using Participatory Design as a Research Method

Participatory design (PD) has become a commonly used
methodological approach given its promise of democratizing
the design process, most notably stemming from its origin
in political decision-making. Recent studies have focused on
leveraging PD methods to engage with marginalized and
underserved populations [14] [15] [16], as an approach to
collaborative user-centered activity, beginning its origins in
Scandinavia with trade unions around the 1960s and 1970s
[17]. This history of participatory design research also includes
participatory action research in community development and
action research in schools and in communities [18]. The
researchers use PD in an engineering education context. In
the field of education, there are two goals for PD. One is to
design educational products (e.g., curriculum) while the other
is to ensure usability and utility of the product in these set-
tings. Stakeholders must be engaged in a collaborative design
process where each partner or participant has an equal voice
and opportunity to share their unique expertise in contributing
to the design, implementation, and use of the product [19]. PD
has been used in a variety of studies; some of which include
work that focuses on redesigning class instruction materials,
teacher and student PD in educational technology [20].

In order to determine the needs of the 11th grade engi-
neering course, the authors decided to use PD because: (1)
it is people-centered; (2) it supports empowerment; (3) it
recognizes the inseparability of theory and practice and the
commitment to improving both [21]; and (4) is recognized
by curriculum developers as a tool and methodology to draw
out knowledge. Using these elements, the authors explored the
various needs and wants of the stakeholders, which included
high school math and engineering teachers, robotics faculty,
education researchers and faculty, and current university stu-
dents who had previously taken the undergraduate version of
the course who now act as the course’s teaching assistants.

B. Pre-Interviews with Stakeholders

Designing curriculum can be an iterative process. To do this,
we held pre-interview sessions with each of our partners to
understand their initial thoughts on what technology should be
used in the 11th grade engineering curriculum (e.g., raspberry

pi, desmos, geogebra, and jupyter notebooks). Desmos and
geogebra are both interactive web applications which have
been created for learning and teaching mathematics from pri-
mary school to the university level. In our interview sessions,
an important question we asked was whether the concepts
from ROB 101 would reinforce prior content knowledge about
functions, graphs, and quadratic equations that were learned
in their 10th grade engineering and math courses.

1) Robotics Faculty: Robotics faculty designed the under-
graduate course content; they emphasized authenticity and
integration when simplifying and redesigning content at the
K-12 level. The robotics faculty did not view their students as
special in any way nor did they explicitly recognize a student
had been admitted into the university. They told us:

• A significant benefit of this course was its authenticity,
e.g., “ROB 101 is how math is really done by engineers.”

• They saw that mathematics and engineering naturally
integrated, e.g., “I didn’t realize math and engineering
courses were two different subjects. Adapting ROB 101
for 11th grade engineering sounds like a great plan.”

• They thought that the class was easily learned by anyone
with a high school degree, e.g., “We assume zero pro-
gramming knowledge for ROB 101 students. This way, we
do not need to be worried about what they have learned
so far and give them a chance for a fresh start.”

2) High School Teachers and Education Faculty: The high
school mathematics teachers and education faculty we inter-
viewed were more concerned about the needs and challenges
of public school students residing within the urban city. They
found the robotics curriculum that was being provided by the
robotics faculty inspiring, but recognized their students would
find the math challenging for various reasons as shared below:

• They were worried about how their students thought
about mathematics, e.g., “A lot of students will be coming
with damaged math identities from having a year or two
without a math teacher [due to COVID-19].”

• They saw a value in using technology to support student
learning, e.g., “Having [tools] like khan academy or
desmos will help push their thinking on topics...”

• They were concerned about giving students the opportu-
nity to take the material at a slower pace than the un-
dergraduates with significant revisiting of concepts, e.g.,
“There will be some initial confusion around [certain]
topics but I think that’ll be worked out well with practice
and repetition.”

3) Learning Assistants: Lastly, we interviewed the learning
assistants. The learning assistants were undergraduate students
who had previously taken the university course in its first
offering. We asked them what their experiences were when
they took the class and what they could advise us with as the
authors work to design the high school course. They reflected
on their struggles and told us that “the [course] material
was very hard.” In particular, they found the application of
mathematics for image manipulation most challenging and



provided us with some learning objectives to consider for the
high school course.

From the discussions the authors had with robotics faculty,
high school teachers, education faculty, and learning assistants,
we realized there was a need for algebra to be taught explicitly
in the engineering course. Algebra can be used to support
computational thinking, programming, and contextualizing en-
gineering projects, like sensors, for robotics projects [22].
Undergraduate faculty take algebra knowledge as a given.
Teachers at the school felt that students’ algebra skills would
not be strong enough to go on into the robotics curriculum
without supporting and enhancing their algebra understanding.

Programming can be implemented into mathematics
[23][24], and as appears in the robotics example, engineering
curricula [25]. The point of the programming is to make
mathematics more authentic to the actual practice of engi-
neering. In this way, the programming embedded in the high
school course might become more engaging. The faculty saw
programming as part of the authentic nature of the course;
teachers saw programming as a way to connect mathematics
and engineering together.

While teachers highlighted the need to reinforce algebra in
the design of the high school course, they were uncertain about
how to teach subjects (i.e., image manipulation) without hav-
ing much prior knowledge. The authors provided the teachers
with a task-specific language to support the teachers because
the tools can be used without prior training to complete useful
tasks in a short period of time [26].

C. Learning Objectives to Explore with Task-Specific Pro-
gramming Languages

There were three challenging learning objectives that we
heard from our pre-interview sessions with the learning assis-
tants. They are: (1) equations can be used to describe sections
of a graph, thus, they can also describe sections of a picture;
(2) colors can be specified by using equations; and (3) pixels
can be conditionally selected to test the color value in the given
pixel(s). The task-specific language supporting the learning of
(i) image manipulation, along with (ii) introduction to systems
of linear equations, (iii) vectors, matrices, and determinants,
and (iv) matrix manipulation constitute the four units that make
up the final project for the high school engineering course.

IV. PARTICIPATORY DESIGN SESSIONS TO ADDRESS
INSTRUCTIONAL DESIGN

Due to COVID-19, we were unable to host our two par-
ticipatory design sessions in person. Instead, we held our
sessions online while recording the session over Zoom. We
observed the teachers, our co-designers, and captured data
about their thoughts on learning, usability, and tool preferences
as they interacted with our selection of technology tools. After
each activity topic, and their respective tools, we asked our
co-designers for feedback on how to improve those activity
worksheets.

A. Creating Activity Sheets

In participatory design, researcher observations are tradi-
tionally recorded while participants actively use or work with
an object or tool [27]. After having sessions with our stake-
holders about what they envisioned for the curriculum, the
first author created activity sheet guides using four different,
but simpler, technology tools that could be used to support
learning each of the four units in the curriculum. The authors
looked for tools that teachers could make modifications to in
twenty minutes or less [28] but also familiarize themselves
with the tools easily.

The authors created activities for the participatory design
sessions. These activities were meant to be possibilities for
the high school engineering course. They could be used as-is,
but were not designed to be. Rather, they were meant to serve
as design probes [29]. They served as a concrete instance of a
possible learning activity which the participants could use as a
comparison point in their design discussions. They could talk
about doing something similar, dissimilar, or even addressing
an entirely different learning goal.

Dealing with traditional instruction manuals or guides for
the first time, often takes up a large portion of time, creates
frustration among the user, and can introduce cognitive load
issues [28] especially if they have little to no prior experience
working with technological devices. Instruction manuals tend
to be long; many feel like they do not have the time or need
to get through the entirety of the documentation. Minimal
manuals avert these issues [30] because they are significantly
shorter in length, focus on specific tasks that help the user
become familiar with the tool, reduce the maximization of
user errors, and are more interactive. It is for these reasons
we chose to use minimal manuals (which will be referred to
as activity worksheets) as a guide in the design of the activity
worksheets to scaffold use of the tools.

There were three activity topics we expected teachers to
cover (i.e., quadratics, image manipulation, and matrix trans-
formation). Each topic had between two and three activity
worksheets where each worksheet represented a different
technology tool we wanted teachers to explore (i.e., desmos,
geogebra, julia, and pixel equations). These activities used
in our participatory design session enabled the authors to:
(1) ease the learning process of the technology tools to the
teachers; (2) acquaint teachers with the technology tools and
envision their students using these tools in a class session; and
(3) have conversations around the technology tools after the
teachers had completed the activity worksheets (see Fig. 1).

The teachers were asked to work on the activity worksheets
for ten minutes in our PD sessions. Teachers that finished
their activity worksheet early were given the option to work
on additional sections of the worksheet (i.e., exploring and
going beyond), if they wished. Once the ten minute period
was over, we engaged in further discussion described in the
Data Collection and Analysis section.



Fig. 1. An example of an image manipulation activity worksheet using a
task-specific programming tool.

V. DATA COLLECTION AND ANALYSIS

A. Participants

Our protocol was reviewed by the university’s human
subjects review board, and was judged to be exempt from
further review. We held two participatory design sessions to get
further insight into the teachers’ experiences as they navigated
the activity worksheets. The sessions were recorded, and the
recordings were transcribed by a professional. We had four
participants who were recruited by our on site co-author. Each
participant was given a pseudonym to assure their anonymity.

• Alyx is a curriculum designer and education researcher.
• Wendi is a math education researcher.
• Tiara is a 10th grade engineering teacher.
• Henri is an 11th grade mathematics teacher.

There were three reasons for selecting teachers as our par-
ticipants: (1) they were a primary stakeholder; (2) teachers
were able to give us informed advice from their reflection
on their years of experience working with students. They are
able to make recommendations that are likely worth following
to create learning activities for students; and (3) teachers
happen to be decision-makers which means that activities and
technology tools cannot get adopted without their approval.

B. Analysis Methods

In this qualitative study, the data collection consisted of
recording the participatory design sessions. Interviews were
transcribed verbatim and analyzed thematically [31] to deter-
mine the participants’ unique perspectives of the technology
tools and worksheet activities we provided. Some questions
we asked in our sessions were: “were the tools useful?”, “how
could the tools and activities be improved?”, and “would your
students be able to interact with these tools and activities?”.

The first author identified emergent themes from the tran-
scribed data from the recordings of our participatory design
sessions. Next, two co-authors revisited the data (i.e., interview
log of codes, themes, and quotes) and developed a codebook
that contained overarching themes that illustrated math and
engineering pedagogical practices, values, attitudes, while also
answering the questions that were listed in the Data Collection
section. The co-authors met again to discuss the data and refine
codes and themes over several weekly meeting sessions.

VI. THEMATIC FINDINGS

Our findings are the four themes that emerged from our
participatory design sessions. Based on our study, K-12 edu-
cation researchers and teachers need to focus on the following
aspects: (1) allowing students to explore for priming/comfort;
(2) motivational play; (3) prior knowledge; and (4) self-
efficacy of students and teachers. The themes in this section
have been drawn from multiple quotes. We provide some
quotes as examples from our data.

A. Exploring for Priming

Teachers in our participatory design sessions expressed the
need to take extra time to explore certain features of the



technology tool before they could go on and solve problems
that were given in the activity worksheets. Priming students
can involve showing the technology tools to students ahead
of class time so they have enough time to play around with
the tools and material that they are likely to be assessed on.
Often, priming can be used to (1) familiarize students with the
material before its use; (2) introduce predictability into the
information or activity, thereby reducing stress and anxiety;
and (c) increase student success [32].

• Alyx: “I was playing around with how to make a line. It
took me a little bit to figure that out.”.

Participants were asked to write a quadratic equation, using
the the format noted below,

y = ax2 + bx+ c (1)

by clicking on a series of buttons. Fig. 2, shows the steps
the participants followed in one of our activity worksheets:
Quadratic equations with desmos. In the quote above, Alyx
expresses some difficulty writing the equation because she had
to use buttons in the interface to insert variables and operators
into her equation rather than type them. After playing around
with the buttons for a while, Alyx was able to complete the
task given on the activity worksheet.

Fig. 2. A screenshot of our quadratic equations activity worksheet with the
desmos tool.

B. Motivational Play

Teachers told us that play is often considered an important
part of high school curricula. Motivational playing engages
students in the learning process, increases their attention and
focus, motivates them to practice higher-level critical thinking
skills, while promoting meaningful learning experiences [33].

• Alyx: “If we’re thinking about having students explore
some of the code and point out what they notice and

wonder, for example, it might be that some students may
enjoy doing that after they see what it does”

• Wendi: “I do feel like I got to explore more in Julia. It
wasn’t overwhelming to use Julia for that [activity], even
if I was thinking in another programming language. And
it’s almost where students get familiar with programming
languages...”

The quotes stated above, by Alyx and Wendi, were from their
reflection on using the technology tools the activity worksheets
required. Alyx, with the least programming experience, found
it helpful to play around with technology tools just to see what
happens. In doing so, and because of her, students might be
encouraged to do more with technology tools. Wendi, who has
more programming knowledge, did not feel overwhelmed by
Julia. Because she did not feel overwhelmed, it allowed her
to explore the technology tool even more.

C. Prior Knowledge

The teachers in our participatory design sessions expressed
the importance of revisiting and connecting with knowledge
from previous courses (i.e., 10th grade math and engineering).
In a participatory design session, a teacher mentioned how
they had used a technology tool (e.g., desmos) in a math class
the year before; the teacher was confident that students would
be familiar and have knowledge of technology tools used
from previous courses (i.e., 10th grade math and engineering)
that will support their learning in the 11th grade engineering
course.

• Tiara: “I was thinking a lot about what prior knowledge
that students would need [...]”.

• Henri: “Last year, our current juniors had the most
experience with desmos. I also think that if kids are
already familiar with desmos in some way, shape, or
form, then they can fall back to that if they need to if
they get stuck”.

Participants were asked to solve quadratic equations with
desmos (see Fig. 2). As Tiara was thinking aloud, she was
thinking about what content experience and technology tool
experience students would need to know in order to succeed.
Tiara explained (not shown in quote) that students were
already familiar with desmos because they had already been
using it throughout the year. Because of their prior experience,
students may have an easier time navigating future content
than Tiara did. Tiara had less familiarity/knowledge of the
technology tool. Henri, who was in a different participatory
design than Tiara, echoed similar thoughts.

D. Self-Efficacy

There are [many] teachers who are yet to progress beyond
using technology for their own productivity and creating teach-
ing materials for their students [34]. Teacher self-efficacy is a
teachers’ belief in their ability to effectively handle the tasks,
obligations, and challenges related to their professional activ-
ity. A teacher’s self-efficacy can play a key role in influencing
important academic outcomes (e.g., students’ achievement and
motivation) and their well-being in the working environment



[34]. Because self-efficacy can influence the actions a teacher
chooses to take, especially in the face of impediments, it
suggests that teachers with a higher level of self-efficacy tend
to interpret challenges as opportunities for growth and are
willing to enact sustained efforts, whereas teachers with a
lower level of self-efficacy tend to perceive challenges as
indicators of insufficient abilities and may give up early to
avoid threats to personal competence [35]. An example of a
participant with lower self-efficacy is given below:

• Alyx: “I’m the one least familiar with the contents so I’m
going slow”.

Alyx was working with the desmos tool for quadratics (see
Fig. 4). While working on the activity worksheet, she told us
she would be going slowly, and because of that, she was a
few steps behind from the other participants who were in her
participatory design session. She seemed to compare herself
to others (who had more programming proficiency).

VII. DISCUSSION

This study involved the facilitation, mediation, and obser-
vation between various stakeholders, who also acted as our
co-designers. Sourcing curriculum content from the university
was inspiring to other partners, but the teachers brought
additional perspectives that the university had not accounted
for. We recognize that a successful transfer of curriculum can
only occur if there are shared values between university faculty
and K-12 teachers.

Our stakeholders included university faculty, teachers, and
previous students of the university robotics curriculum. Each
had their own expertise and set of values for how they
envisioned the 11th grade engineering course.

First, the robotics faculty created the course content. Con-
versations between the authors and robotics faculty showed
that they place a strong emphasis on how ‘real’ engineers use
math because it is the [official] language of engineering and
therefore, students need to learn how to speak in mathematics
in order to make systems work. Thus, learning the language
of engineering would make any student a successful candidate
for a technical job in the future. In addition to this, the robotics
faculty also placed value on the authenticity of “real” robotics
when it is being introduced (and simplified) at the K-12 level.

Second, the high school teachers challenged themselves on
how to bring the robotics course to their 11th graders. As they
reviewed the robotics curriculum, they realized that their goal
was to bridge and reinforce certain algebraic concepts (i.e.,
functions, graphs, quadratic equations, etc.) from 10th grade
math and engineering courses to the 11th grade engineering
course. Part of the need for reinforcement of course content
was due to COVID-19. The difficulty when many schools
around the world switched to remote learning environments
was maintaining the interactivity, authenticity, and accessibil-
ity of course materials.

An important finding was that the teachers we worked with
valued making their course content engaging, where the focus
was on play. Robotics faculty, however, do not emphasize play;
instead, they value an advanced audience. Our high school

teachers knew that enjoyment and motivation were important,
and would be evidenced when students were wholly engaging
in the learning tasks [19] without being overwhelmed.

Each of our findings has implications for what we should
consider when adapting university engineering curricula for a
K-12 context.

• Prior Knowledge: If students are given an environment
or technology tool that they have used before, it is more
likely that they will be able to relate both their content
knowledge and their technological expertise. In our study,
teachers reminded us of how students had used desmos
the year before. If students were using it again in the
following year, they would be reminded about when they
used the technology tool for the first time and what
context it was used in. Students would also already be
familiar with the technology tool and thus, may not
struggle relearning the tool.

• Priming: Priming gives students the opportunity to play
with an environment, and is a form of active learning.
When we design activities for students to use in the
classroom, it can help taking into consideration whether
the material content and technology tools students use
are new; they may need time to familiarize themselves
in order to succeed. Experience can help students who
have had little to no exposure to the technology tools
or to the material content being learned. The following
are important characteristics of effective priming: (a) it
should occur in an environment that is relaxing; (b)
the primer should be patient and encouraging; and (c)
priming sessions should be short. It is important to note
that priming is not in the form of teaching, correcting, or
testing [6].

• Motivational Play: Giving students opportunities to ex-
plore might lead to wondering what other equations work,
inputting the equations into the tool, and then making
observations and realizing many other things can be done.
This is a form of active learning that can increase a
student’s focus while motivating them to think critically.

• Self-efficacy: Low levels of self-efficacy can make teach-
ers take up a longer time to make sure they are either
accurate and/or take the time to understand what they
are doing (especially if this would be done in front of
students). An example from a participant with lower self-
efficacy tells us that we need to explore ways in which
we are designing tools that are quick to learn and use,
in order for teachers to be confident teaching advanced
content.

Although innovation in higher education engineering is
a great source for innovation in high school engineering
education, we need to understand that there are differing and
competing values for each stakeholder. This paper points to
the importance of the different values of each of our co-
designers. K-12 teachers placed greater value on connections,
engagement, and play students make with curriculum, while
faculty place a larger emphasis on the authenticity of course



content and career placement. The faculty we worked with did
not really engage or learn about the needs of K-12 students.
The authors coming from the University were thus placed in
the unique position to mediate discussions between each co-
designer in order to negotiate, and make explicit, a shared
set of values for designing new curriculum content for the
11th grade engineering course. The outcomes from these
participatory design sessions are what impacted the curriculum
and adoption of activities.
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