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Toward a more Rightful Presence in Middle School Engineering:
Exploring the affordances of community research-practice-
partnerships.

Abstract
The chronic underrepresentation of students of color in engineering education and the profession
is well documented. The percentage of Black graduates from engineering degrees remain
hovering at 4% [34]. This persistent lack of representation of students of color is entangled with
the norms and practices of canonical engineering, calling into question the nature of canonical
engineering epistemology [10]. At the K-12 level with the Next Generation Science Standards,
engineering is a core and distinct component of the K-12 curriculum [35]. However, few K-12
teachers have had formal exposure to the concepts and practices of engineering [2] and most do
not feel equipped to teach engineering [26]. For students of color across K-16, cultural
dissonance and a lack of community representation are important factors that alienate and
marginalize student engagement in engineering education [10]. Emphasizing the personal
relevance of engineering to students' everyday experiences has been found to be helpful in
increasing student interest in engineering [ 18], [19],[48]. This can be done through a
collaborative effort of engaging in engineering experiences with families, teachers, and students.
Boberiene [14] showed that family engagement improves classroom dynamics and increases
teacher expectations, student-teacher relationships, and cultural competence, regardless of
student’s age groups. In the K-12 context, while parental engagement in school is largely framed
as positive [15], school-centric approaches to parental engagement obscure both the barriers
minoritized parents face in gaining access to participating in these ways [41] and the rich
community wealth that minoritized parents bring to their children’s disciplinary learning [40]. In
this study in a 7 grade classroom at a Title 1 school with a Black teacher, Ms. D, and 100%
students of color, we engaged in a research-practice-partnership with five youth and families to
co-design and enact a 4.5 week-long, engineering for sustainable communities’ curriculum in
middle school science. We ask: How are engineering knowledge and practices co-constructed
during the co-design and enactment of a sustainable communities (EfSC) curriculum within the
classroom and Research-Practice-Partnership meetings? What are the outcomes to students’
engineering experiences? We held three, 90-minute family-teacher-researcher RPP sessions that
bookended the curriculum implementation, with one RPP session in the middle of the enactment
to facilitate dialogue with families and incorporate their feedback. Guided by the Rightful
Presence framework for justice-oriented teaching and learning [8], data was collected and
analyzed via a grounded theory approach [31]. Data Sources included fieldnotes, interviews,
audio recordings, and student/family artifacts from both classroom and RPP meetings. Findings
include: 1) Co-construction of authentic engineering knowledge is emergent and contingent on
familial relationships and technical and social aspects relevant to engineering design: 2) Familial
presence in engineering provides a platform for seeding a student’s rightful presence in
engineering education.



Introduction and Literature Review

The National Research Council (NRC) defines engineering as “a systematic and often
iterative approach to designing objects, processes, and systems to meet human needs and wants”
[38]. Engineering Education is the instruction of principles and knowledge that lead to the design
and analysis of products, processes and systems. In our study with Astro Middle School, we
consider four intersecting domains that backdrop our investigation. These are 1) the history of
engineering, 2) considerations of authentic engineering, 3) family engagement in youths’
education, and 4) K-12 STEM education.

Engineering has been birthed out of the needs of society. In the article, Defining
Engineering Education, Cheville [11] does a comparison of four engineering reports at four
different time points in history to illustrate how engineering education requirements changed
based on the societal needs. Table 1 illustrates the comparison. This is important because this is
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tied to who can participate in engineering. Sociohistorical narratives about what counts as
engineering, what it means to be trained as an engineer, and who can be labeled an engineer can




be traced back to the professionalization of engineering in the late 1800s and early 1900s [55]. In
the mid-1800s, engineering training was primarily through field experiences, namely in the
railyards or on the shopfloor, but by the turn of the century, higher education had become a
central pathway for becoming an engineer [55]. This pathway became a set standard for an
upcoming engineer. By situating engineering training in segregated colleges and universities,
these policies restricted who could become an engineer along racial, gender, and class lines [49].
The history of the professionalization of engineering informs disciplinary narratives today—the
profession continues to marginalize based on class, race, (dis)ability, and gender as reflected in
the continued underrepresentation of Black and Hispanic graduates and women with engineering
degrees [32], [45], [49], [37]. This narrative was developed to imbue engineering with white
masculinity as professional engineers’ preparation shifted from being “in the field” to in the
classroom [39], [47].

Inevitably, the historical narrative of engineering shaped the contours of engineering
education, raising the question of how engineering education might be authentic, how, and to
whom. Authentic learning has been defined in various ways as a clear representation of truth.
This definition poses a challenge: Whose truth? A main concept and usage of authentic learning
is that of providing a realistic problem to solve. This idea of authenticity is apparent in
engineering education. One of the goals of engineering education is to provide real life problems
or workplace problems that could be examined. To address the concern for more realistic
workplace problems in STEM education, the development of tools and frameworks such as
simulations [58] and problem-based learning frameworks [46] were created to provide
workplace-based authenticity. The three major aspects of workplace-based authenticity are (a)
Context authenticity - context resembles real world context (e.g. patient data in medical school),
(b) Task authenticity (including process/procedural) - activities of students resemble real-world
activities (e.g. scientific inquiry or chemical analysis), and (c) Impact authenticity - products of
students are utilized in out of school situations (e.g. collected data are utilized in NASA projects)
[3]. However, this workplace-based authenticity has been based on corporate world norms [4]
that represent the view of Canonical Science Perspective (CSP) [5]. This is important to
illuminate because this study is based on the theory of sustainability with renewable energy
which is an authentic problem. However, it is focused on and driven by the student’s school
community. In a review article conceptualizing authenticity in engineering education, Wang and
colleagues [54] share that there are two other components of authenticity that should be
recognized and could enhance engineering education: (a) Personal authenticity - projects that are
close to students’ own lives (i.e. life-stories of their neighborhood, biodiversity in the forest
nearby) and (b) Value authenticity — personal questions get answered or projects satisfy personal
or community needs. These two concepts resonate with the next component of our study, as
described below.

Family engagement has been defined as parents’ work with schools and with their
children to benefit educational outcomes and future success [21] and a commitment of family
resources to support academic development [43]. The National Association for Family, School,
and Community Engagement (NAFSCE) [36] defined family engagement as a shared
responsibility in which schools and other community agencies and organizations are committed
to reaching out to engage families in meaningful ways and which families are committed to
actively support their children’s learning and development. However, the definition of
commitment and support differs from person to person. Ethnic minority families often engage in
strategies to support their children’s achievement, communicate the importance of education, and



advocate for better educational experiences that are not captured by current frameworks and are
sometimes missed by school personnel [23], [28], [53], [9]. Hill et al. [24] share two examples of
family engagement that may not be recognized by school personnel. First, ethnic minority and
immigrant parents use stories about their own sacrifice help their youth understand the
importance of education, along with exposing youth to manual labor, to demonstrate the utility
and value of education [9], [22], [28]. Second, African American parents’ dissatisfaction with
school was associated with higher levels of parental involvement at home [42]. Families with
language or cultural barriers often feel unwelcome, powerless, and marginalized within their
child’s school [27]. In the K-12 context, while parental engagement in school is largely framed as
positive [15], school-centric approaches to parental engagement obscure both the barriers
minoritized parents face in gaining access to participating in these ways [41] and the rich
community wealth that minoritized parents bring to their children’s disciplinary learning [1].
Boberiene [14] showed that family engagement improves classroom dynamics and increases
teacher expectations, student-teacher relationships, and cultural competence, regardless of
student’s age groups. Parents and other primary caregivers are expected to play an increasing
role in their children’s education and teachers are implored to develop partnerships with families
and to increase families’ involvement in education [12], [30]. Home-based involvement often
includes motivational activities such as supporting children and setting standards or expectations,
socializing children in school behaviors, and cognitive activities such as specifically training
children to read and solve mathematics problems [17], [52]. School-based involvement often
includes volunteering at school, involvement in school governance, helping with afterschool and
extracurricular activities, and communication (parent-teacher conferences & newsletters), [16],
[43], [52].

In this study, we take into consideration the historical narrative of engineering, its impact
on engineering education, including at the K-12 level. There are many challenges for the
integration of engineering into traditional K-12 curriculum. To begin, understanding the
standards for engineering is critical. A common engineering standard that is being adopted is the
Next Generation Science Standard (NGSS). (NGSS) requires educators to shift their practices
from teacher-centered to student-centered to improve student learning [29]. Challenge one,
implementing NGSS requires educators to have domain-specific science and engineering
developing pedagogical content knowledge (PCK), which is necessary to adapt their pedagogical
practices “to allow students to practice and apply the range of skills that scientists and engineers
use when engaged in inquiry and problem solving” [25]. The second challenge, there are certain
pedagogies that align better with engineering education. Engineering science integration models
and education innovations are two types of pedagogies that are commonly used in STEM.
Blumenfeld et al. [13] noted that knowledge acquired by students becomes more meaningful
through asking questions, researching, solving, debating, sharing, analyzing, synthesizing, and
designing during the project period. These components are demonstrated within these two
pedagogy types. The most commonly one used for K-12 are education innovations. An
educational innovation is defined as instructional and curricular elements that have not
traditionally been implemented as part of classroom practices yet but are considered to be
effective for enhancing learning [33]. Nadelson et al. (33) presented nine types of educational
innovations: project-based learning (PBL), student-centered learning, place-based learning,
curriculum integration, integration of instructional technology, family involvement, Inquiry, core
STEM, and 21st century skills. A third challenge to K-12 engineering teaching is that of
connecting students’ lives to engineering content. Researchers note the impact of explicitly



centering the personal relevance to students' everyday experience in K-12 engineering education
[18], [20], [48]. In what they described as “transformative experience” (TE), Heddy and Sinatra
[20] found that paying attention to the interests of students in shaping possibilities for
engineering applications is necessary. Pugh [44] also showed that a transformative experience
occurs when students apply what they learn in school to their everyday life in a way that enriches
their experience. When students apply what they learn in class to their everyday experience, they
are more likely to recognize the personal relevance of the content and in turn their motivation
and achievement will increase [44]. This also reflects students engaging in authentic engineering.

One of gaps that emerged from this literature review is the limited research on the
relationships between the four major stakeholders (students, parents, teachers, and researchers) in
STEM education. Our study brings together these stakeholders who are instrumental to youths’
engineering education experiences. We are particularly interested in how parents, youth and
teachers bring different resources and expertise to middle school engineering. To guide our study,
we draw on the Rightful Presence for justice-oriented learning framework.

Conceptual Framework: Rightful Presence for justice-oriented teaching and learning

The grounding framework for this study is Rightful Presence. Rightful presence, as a
justice-oriented political project, focuses on the processes of reauthoring rights towards making
present the lives of those made missing by the systemic injustices inherent in schooling and the
disciplines [7]. This framework contains three tenets. The first tenet focus is: Allied political
struggle is integral to STEM learning. Within this tenet, the student, and the teacher work
together to challenge and transform what participation in STEM entails in ways that humanize
participation and value students as cultural and whole people [51]. Re-authoring rights has been
used as another name for this tenet. Second tenet is: Rightfulness is claimed through presence:
making justice/injustice visible. The focus of this tenet is recognizing when injustices happen in
the STEM learning environment and addressing them through making them visible. Third tenet
is: Collective disruption of guest-host classroom relationships: amplifying the sociopolitical [8].
This tenet stresses the responsibility of all parties (e.g., more powered teachers and less powered
students) collectively working to seed new, more just norms in classroom teaching and learning
culture. Providing everyone with a certain degree of power in that space. In this study, we are
interested in exploring the ways an engineering for sustainable communities (EfSC) curriculum
that is co-designed with families, might support students’ simultaneous development of
engineering and STEM epistemic knowledge and their rightful presence in STEM. We ask:
(RQT1) How are engineering knowledge and practices co-constructed during the co-design and
enactment of a sustainable communities (EfSC) curriculum that took place in the classroom and
in RPP meetings? (RQ2) What are the resulting outcomes to students’ engineering experiences?

Context

Astro middle school is a Title 1 school where 100% of the student population are
students of color. The student population is on free or reduced lunch. 90% of the student body
and their families face housing insecurity. The teacher we have partnered with is a black African
American woman, named Ms. D, with 27 years of experience as an educator. Ms. D chose the
student participants and their families for the RPP meeting based on their classroom effort,
workmanship, expertise, and their willingness to help other students. These were also the



students who were more reticent in the classroom and Ms. D hoped that participating in the study
would give her students a louder voice due to their quiet nature. All the names presented in this
study are pseudonymes.

Methodology

For this study we utilized a research-practice-partnership [56] approach. We engaged in
research-practice-partnership (RPP) and participatory design methodology with parents, youth,
and Ms. D to co-design and implement an Engineering for Sustainable Community curriculum
(EfSC) across 4.5 weeks of daily 60-75 minutes engineering lessons. The co-design RPP sessions
were Saturday meetings with Ms. D, four participating students and their parents, and three
researchers. Three RPP meetings took place (each 90 minutes), before the start of, in the middle,
and after the end of the curriculum enactment. The co-designed engineering curriculum was
enacted in two 7th grade classrooms (33 students). The EfSC curriculum contained milestones
such as introduction to engineering, sustainable communities, renewable energy sources,
engineering skills-circuitry, community survey (creating and data analysis), engineering design
challenge.

Data sources from both RPP sessions and classroom implementation included field notes,
audio and select video recording, artifacts, teacher, parent, and student interviews. There was
eighteen days of audio recording and fieldnotes of classroom instruction. Student interviews
consisted of four focus groups that utilized a semi-structure format for approximately thirty
minutes in length. The teacher interview was approximately thirty minutes in a semi-structured
format. The selected videos were either of the interaction of the teacher and students, students
and students, or students, parents, and teacher. We engaged in grounded theory analysis [50]
which involved multiple stages and levels of coding based on constant comparison procedures,
guided by the RP framework. There were two researchers involved in the coding process. The
first level of coding involved open coding of the following:

1. Experiences that had prominent performance, in talk and actions, by students and teacher
during the reenactment of the EfSC curriculum that is focused on the middle school community
of Astro,

2. Knowledge and practices that students drew upon during the creation of their engineering
artifacts,

3. Conversations and experiences of the students and their parents related to STEM and
interactions with the community of Astro,

4. Conversations during STEM activities done by students and their parents together during RPP
meetings

Themes that emerged from the open coding included: 1) What students and parents define
and characterize as STEM and engineering; 2) the ways of participation by students and parents,
through the EfSC curriculum and parent RPP meetings; 3) the ways in which concerns about the
Astro community informed students’ engineering designs; 4) how familial interaction affected



the creation and transfer of engineering knowledge. We then engaged in axial coding across the
four themes above, guided by the RP framework, to answer the following:

a. Was there evidence of the Rightful Presence tenets during a prominent performance? If
so, who, where, when, and how?

b. What are the contributing factors that allowed Rightful Presence to take place?

EfSC Curriculum

The EfSC Curriculum [6] an NGSS standards aligned curriculum with two connected,
engineering design units focused on engineering for sustainable communities. The two design
challenges are: 1) Designing and iterating an electric art card for a loved one; and 2) Innovating
and iterating sustainable green-energy powered solutions for the school community. The EfSC
approach directly connects teachers and students to their local school community, and values
learning engineering and doing engineering with and for community towards building a healthier
and more just world. Key science content in this unit included types of circuit and how energy
flows through them, energy transformation and types of renewable and non-renewable energy
sources. Table 2 below gives a snapshot of the key foci across the 10 lessons.

Table 2: Lesson flow and foci of the EfSC curriculum.

O e

Introduction Big Ideas in Engineering for Sustainable Communities Examining & discussing how youth their age use community

Lesson 1: Introduction ethnography as a part of engineering design

2-3 | Iterative Using iterative design cycles to make electric art cards for Generating Community Narratives
Design Cycle 1 | family/friends, powered with green energy sources

Lesson 2: Designing Electric Art

Lesson 3: Sustainable Electric Art

4-9 | Iterative Defining problems and designing solutions through Using community ethnography as a part of engineering design
Design Cycle 2 | community ethnography Surveys & observations of peers & community members

Lesson 4: Engineering Design Cycle Dialogs with community on project ideas/design Observation
Lesson 5: Design Challenge

Lesson 6: Initial Design

Lesson 7: Design Optimization with Community Feedback
Lesson 8: Prototyping Designs

Lesson 9: Refining Your Prototype

10 Community Lesson 10: Sharing Engineering Designs Community Narratives
Sharing
Findings

To answer RQ 1- How are engineering knowledge and practices co-constructed during
the co-design and enactment of an EfSC curriculum in the classroom and RPP meetings? — we



illustrate the importance of localizing engineering within Astro community experiences and
concerns and youths’ families, as central to the co-construction of engineering knowledge and
practices. In addition, porous boundaries between the classroom and RPP meetings facilitated the
mobilities of parental, teacher and youth engineering expertise, widening where engineering
mattered, to whom, and deepening collective, intergenerational community engineering
expertise. In conjunction, we learned how this STEM experience impacted the parents and
students view of one another and future STEM participation. To answer to RQ 2 — What are the
resulting outcomes to students’ engineering experiences?”’, we conjecture on the impacts of
rightful familial presence as vital in students’ own seeding of their rightful presence in middle
school engineering through the EfSC engineering activities. In what follows, we present the
findings first drawn across data types in Section I. Then, we delve deeper into one family —
Willam and his mother Susan, to give an in-depth example.

I. Authentic Engineering toward Rightful Presence
A) Localizing Engineering in the Astro Community.

Making engineering relevant to a “student’s world” allows them a wider on ramp to
develop engineering knowledge and practices that are authentically contoured to their everyday
spaces and experiences. The Astro school community is a part of the student’s everyday world.
Students co-constructed a community survey with support from Ms. D and researchers. Then
they were able to administer the survey to their school community, including students, school
staff, and parents. The survey yielded 190 responses and consisted of the following questions:

1. What category best describes you? (students, staff, faculty)

2. What challenges related to a healthy and happy school/class community do you think are most
important (select 2 or 3)?

3. What other problems related to happy school/class and healthy communities do you think are
important? (open-ended question)

4. What are the most important things we should be thinking about to make sure that our design
idea is environmentally friendly (select 2)?

5. What are your ideas for engineering designs students can make that could help solve these
problems? (open-ended question)

Analyzing the survey data in class, the students learned that many of their peers had the
same concerns as them for their school community (see Figures 1 and 2).



Questions #2: What challenges related to a healthy and happy

school/class community do you think are most important
(select 2 or 3)?
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Figure 1: Results from question 2 of the Astro school community survey

The top five responses for question 2 are: 1) needs to be more fun, 2) needs to be cleaner, 3) need
to feel safer, 4) needs to be more fair, and 5) need to do more things as a class to make a
difference.

Question #4: What are the most important things we should
be thinking about to make sure that our design idea is
environmentally friendly (select 2)?
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Figure 2: Results from question 4 of the Astro school community survey

The top five responses for question 4 are: 1) helps a lot of people, 2) uses recycled materials, 3)
uses renewable energy sources, 4) doesn’t waste materials in the final design, and 5) lasts a long



time. Some of the responses that were given for question 3 are needs, cleaner, safer environment,
bullying, communication with teachers, fun class, and free time.

Through surveying the Astro community, the students were able to identify shared
concerns and discuss the nature of these concerns in Ms. D’s science classroom. For example,
Why is “School needs to be more fun” the top concern? In what ways is school not fun for a
majority of students? What are the consequences of a lack of fun in school to student learning
and well-being, to their health and happiness? How is perpetual unfun-ness lead to an
unsustainable Astro school community? What innovations might students engineer to address
this shared concern?

The innovation design challenge required the students to engineer a functional prototype
of the innovation that addresses one of the concerns in the data analysis and to present to their
innovation to the school community. Students were placed in groups of four or five. Samples of
the innovations are shown in Table 3.

Table 3. Examples of Innovations that were created

Group Concern from Survey Innovation
Zink More Fun Trashket Ball
Sarah More Fun Robot (LED Eyes)

Alaina More Fun Flame Thrower

Mechanical Hand

John Needs to be Cleaner with LED Lights

William Needs to be Cleaner Trash Eater




At the end of the EfSC unit, students hosted a showcase for the school and community guests
that included parents. When reflecting on their EfSC experience, students Alaina and Ken
highlighted the pride they felt in being able to actually create a functioning prototype that
addresses a real community issue:

Researcher: What made you the most proud of from the curriculum?

Alaina: Well, I think it was when people were interacting with the project when I was presenting
it with my group.

Researcher: At the showcase?

Alaina: yes

Researcher: What made you most proud of that?

Alaina: How people were using it. People were throwing the paper balls in the hole. It was cool
to see how many play and how many didn t want to play.

Researcher: Is there anybody else?

Ken: I actually contribute to a project.

Ken and Alaina’s innovation was Flame Thrower to address more fun. Students were also proud
of their engineering knowledge and practices, both designing components of their prototype and
trouble-shooting technical issues for a finished project. As Sarah, John and Zink explained when
asked what they were most proud of in their work for the EfSC unit:

Sarah: “Probably the lights. Because someone had broken it. And we fixed it.”

John: “Finishing the project”

Harold: “The design of the lights. We had five lights. It worked at first and then it stop. Then we
got it working again.”

Zink: “Finishing the project.”

Through these EfSC activities, students were able to author their rights as experts in the
sustainability of their community and engineering design (Rightful Presence Tenet 1). Through
innovating specific, functioning prototypes for community-identified issues. Further, the creation
of the survey and the results made visible the concerns of the students’ school community, many
of which were unjust such as issues pertaining to lack of safety and fairness (Rightful Presence
Tenet 2). Collaboration of the students and the teacher to present the design prototypes and
survey data to the school staff and students’ peers disrupted the typical order of power where the
teacher holds more power (Rightful Presence Tenet 3). In these ways, students were seeding a
more rightful presence in the school community and a rightful presence in their science class as
well.

From this set of responses, the students are sharing how they utilized their technical
knowledge to addressed problems that occurred during and after the construction of their project.
In reference to RQ 1, addressing shared community issues is contingent on students’ developing
engineering knowledge that is in turn being co-constructed through solving specific technical
challenges (e.g., lighting problems) and through communicating to their community how their
innovations work (e.g., showcase presentation). In the act of presenting, community knowledge
is further deepened as the audience learns from the presenter about their innovation and the
presenter learns from audience through their questions, which are important for iterative
engineering design. Below is a comment from Julie during the focus interview. Julie recalled a



moment when a student asked her a question from the showcase. Julie’s group had constructed a
robot that take suggestions for fun activities to do in the classroom. The concern they addressed
was needs to be more fun.

Julie: “During the showcase, one person asked a question about the robot. So, I told them that
for the robot, you can write on a small paper and put it in the front of the robot with the open
hole. Someone asked, what if they don 't put their name on the paper? My mind went blank for a
second. Then I said you can make it anyway. You dont have to write your name on it.”

Julie and her group did not take in consideration if the notes did not have a name on it in the
design of the innovation. She had to decide if it would affect the operation of the innovation.

In reference to RQ 2, the students were not just gaining technical knowledge but other
skills that are required for engineering. Skills such as a team player, completion oriented,
willingness to contribute ideas, problem solving, and leadership. Peter, another student, shared
with us, “I was good at somethings and my team members were good at other things.” By
overcoming the technical challenges and presenting at the innovation showcase, students
experience authentic engineering and may be more open to pursuing STEM experiences further.

B) Localizing engineering within the family

In understanding the student’s community, we also paid attention to how their family
showed up for them in their STEM learning. The RPP meetings gave us the opportunity to
witness how students interact with their families in the context of engineering for sustainable
communities. Since the families who participated all had working parents some of whom had
more than one job, the RPP meetings provided an opportunity for parents to actively engage with
their student’s engineering learning. At RPP meetings parents not only heard, but also saw in real
time and experienced engineering activities for themselves, with their children. As Zink’s father,
James explained, “It’s been good and eye opening. We don't go to school with them. It's easier
for them to come home and hear what they did in school today. and then say okay. But to actual
engage with them and to do it. It gives us a better advantage point of this, what you really did... 1
think it is fun..”

Within these interactions, we witnessed familial resources not typically sought nor valued
in STEM classrooms: families’ cultural wealth, experiences, and knowledge that were relevant to
engineering. These aspects are important because it shows the rich familial resources and
parents’ interest and care for their youths’ STEM learning. At every RPP meeting, one of the
agenda items is to have the parents and students work together on an engineering activity. This
interaction allowed us to explore the relationships between engineering and familial interactions
and the impact of such on students’ engineering experiences. During RPP meeting 1, youth and
parents worked together to build scribble bots without any prior experience, and we saw how
parents and youth each contributed ideas and tackled problems. Another parent, Michael,
described his participation as “a very cool experience. I learned something new. It's kind of
interesting too. It makes me want to do more research.” Another parent, Sandra, exclaimed at the
end of as session, “Why do we have to stop. We are having so much fun!”



At RPP meeting 2, the students and parents worked together to create electric art cards
for someone special in their life, an activity that the students had undertaken in the classroom as
part of the EfSC curriculum. The students had learned how to create three types of circuits
(simple, series, and parallel) within the classroom. Therefore, students were arguably positioned
to take more of a leadership role in teaching their parents how to make an electric art card. The
movement of engineering knowledge and familial knowledge were demonstrated through the
teaching and construction of the art card bidirectionally between students and parents. While
some students did teach their parents paper circuitry, other parents brought their own prior
experiences to bear on trouble-shooting circuits in their cards. When discussing who to make the
card for, parents also contributed important familial knowledge about the potential recipient in
their family whom families wanted to gift the card. Therefore, engineering knowledge and
familial knowledge moved between the classroom and the RPP setting. Laughter and enthusiasm
from both parents and youth were amply present at each RPP meeting. As James puts it in his
reflection of his experience, “I like working with my kid!”

Parents therefore viewed the time at the RPP meeting as a fun but informative time. They
learned that being part of their child’s STEM learning process helps them to understand what
their child is learning and how they can help them, while also reminding parents of their own
interests and expertise. Through engineering with their parents, the students learned that they had
the potential to teach their parents new information, and that they are willing to learn. William
described his mother as “a good student” and Jessica learned that her father had a knowledge set
that she was unaware of, saying “He (her dad) actually knew more than I thought. He was able
to help me troubleshoot why my lights would not come on.”” Another student, Don, appreciated
his fathers help, explaining that “he was supportive and creative.” A major outcome for the
students is knowing that their parents support them and believe in them. Figure 3 and 4 show
pictures from RPP meeting 1 and RPP meeting 2.

The last and final RPP meeting focused on the co-construction of the students’ innovation
design that would address a specific community concern identified through the survey. This gave
the parents the opportunity to support their child’s design plan through asking questions and
engaging in iterative design, as we detail with William and his mother, Susan, in the next section.
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Figure 3. RPP meeting 1 Scribble Bots (a simple, motorized robot that moves on its own using
vibrations to create, random artistic drawings on paper)
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Figure 4. RPP meeting 2 Electric Art Cards

I1. An in-depth example of families Building Together: William and Mom Susan

During the RPP meetings, we were able to witness how parents were a source of support
for the student in the creation of engineering knowledge. RPP meeting 3, parents were able to
help their child navigate through the process and challenges of bringing an idea concept to
reality. During the meeting, the parents were responsible for assisting their child in the
construction of an innovation design. All the materials for the construction were provided.

An example is William, an African-American boy, and his mother, Susan. William and
his peers wanted to address the concern, effluvium problem, which was revealed from the school
community survey. Their concept was named the Trash Eater. The original design was a
mobilized trash collector. This concept could be used in any classroom to collect trash. It
consisted of a parallel circuit with two LED lights that is powered by a solar panel. It was
designed with four wheels for mobility and suction for trash collection. During the RPP meeting
3, the students brought in their sketch-up and the start of their innovation construction. William
explained to his mother the innovation concept with the use of sketch-up. William had not started
the construction and does not have an idea of how to construct the details (mobility and suction)
within his innovation. As he began working with the cardboard for the body, the unsureness of
what the body should look like began to settle in. The challenge for William, is he had very detail
aspects of the design in his mind and on paper but could not translate them into construction.
After moments of quietness and cutting cardboard, he said it could be anything that cleans. He
has a concerned look and so does his mom. She began to show signs of frustration.

William: “It could be anything that cleans”
Susan: “You have to know what are you building in order to build”
Susan: “You can't do a project if you don 't have a plan.”

Susan realized that her son needs help. She told him that even when she does her arts and
crafts, she has a plan and purpose for them. She began take the lead and start defining the
purpose of the innovation based on William’s requirements from the sketch-up. Through this



example, Susan is showing her son that you can refine you design if the initial idea is not aligned
with your criteria. This action is part of the engineering design cycle. She helps him navigate
through this process by asking him a series of questions.

Susan: “What is it supposed to do? It recycle trash/metal? How are we going to fix it? What are
you to do? What do you want to build?”

Susan took a breath and said in a frustrated tone.

Susan: Once trash is collected, where is it going?

William grabs a piece of cardboard, and they begin to work together in constructing the
Trash Eater. With the help of his mother, William’s innovation purpose was still the same but
with a modify design. The mobility and suction was removed from the design. Instead, the
innovation was the combination of a dust pan and trash box. To use it, one would sweep the trash
up the ramp into the box. Once the box is full, then it should be dumped. Through her personal
experience of constructing arts and crafts, Susan was able to help William navigate the
challenges of engineering (concept to reality). Demonstrating to her son that her knowledge base
(cultural wealth) was instrumental in the construction of the Trash Eater. The resulting
innovation was still an example of authentic engineering for his school community.
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Figure 5. Trash Eater Construction

Figure 5 shows the progression of the construction of the Trash Eater to the presentation at the
showcase. Susan made it a priority to attend the showcase.



Discussion

The enactment of the EfSC curriculum gave the students an opportunity to do authentic
engineering through localizing engineering within the Astro community and their families.
Through this enactment, it allowed the students to acknowledge the concerns of the school
community and to provide a solution to them. All three of the Rightful Presence tenets were
demonstrated throughout EfSC experience. The students reauthored their rights from being
observers of their school community to students that were concerned about their community and
who were willing to take action for improvement through engaging in rigorous engineering
design. This action positioned them as experts of their community sustainability and in their
engineering learning-Tenet 1. The injustices students were experiencing as part of going to
school at Astro were made visible through the co-construction and administering of the school
community survey-Tenet 2. Collaboration of the students and their parents at the RPP meetings
and students and the teacher in school to present the design prototypes and survey data to the
school staff and students’ peers disrupted the typical order of power (the teacher being the most
powerful)-Tenet 3. The engineering knowledge students developed were integrated with familial
knowledge at the RPP activities. Through the RPP meetings, students demonstrated to their
family the engineering knowledge they learned and was able to build on that knowledge by
teaching their parents and working together to refine their prototypes-Tenet 1. In this process,
families were able to pinpoint areas they could help more with their student in their engineering
learning-Tenet 2. The disruption occurred when parents and students worked together on the
engineering activities as equals (normally, parents being the more powerful) and exchanged
engineering knowledge. For example, Susan realized her son is detailed oriented in his ideas and
thought process, however, he needs help in bringing those ideas to reality. Her solution is to have
him participate in more STEM opportunities and to help her with arts and crafts. In addition, as
families engaged in the activities, it provided an atmosphere of safeness. This atmosphere mimic
the concept of “At the Table” but with a STEM context. At the table concept is based on the idea
of family coming to the table, “breaking bread” (having a meal) and sharing the thoughts of the
day. It provided a place where tough conversations could be had without judgement. It
symbolizes support and love by making time available for this meeting. In this safe place, RPP
meetings, allowed parents, teachers, and students to share their concerns about the science
learning environment at Astro without judgement. Also, it gave the partnership between parents,
teachers, and students an opportunity to be enhanced in STEM-discipline-consequential ways.
The question arises then: How do we created more opportunities for family engagement in
engineering education for working class families? This partnership has the potential to change
the narrative of what engineering looks like for their students. A new narrative of engineering
being a possibility for the students.

Familial presence during the enactment of EfSC curriculum allowed the students to
reposition themselves as having a rightful presence in their school community and their science
learning. Students reauthored their rights (Tenet 1) in the following ways 1) Being an expert in
the new found knowledge of engineering design, 2) Sharing and teaching engineering expertise
to their family, 3) Being a collaborator with family to construct innovation design, and 4)
Presenting the purpose of the innovation design and the process to the school community. The
parents reauthored their rights as being legitimate collaborators, stakeholders and advocates who
have wisdom and knowledge to bring to the table of their child’s engineering learning. The
injustices that were made visible (Tenet 2) is the injustice of such an environment being



unsustainable was made visible by the students’ community survey data. Rightful presence work
is contingent on allied political struggle involving the more powered teacher and less powered
parents and students (Tenet 3). This study also points to the affordances of positioning parents as
legitimate partners to their children’s STEM learning and how parents could be consequentially
involved beyond classroom walls.

Conclusion

This study showed that authentic engineering with minoritized youth can be designed by
localizing engineering in students’ school community, with familial presence. Such an approach
allowed students to engage in engineering learning that seed their rightful presence in middle
school STEM learning. This way of engineering is a departure from the modes of canonical
engineering by centering youths’ relational ties with their school and their familial ties as
strength and resources on which engineering is contingent. Our study also shows the importance
of more opportunities for families to do engineering together outside of the traditional school
hours. We hope that this study illustrates how such a collaboration might take place and helps
push the field forward as we work towards justice-oriented STEM teaching and learning in
middle schools.
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