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1. ABSTRACT

The purpose of this critical theory paper is to analyze and synthesize important and relevant
prior frameworks, including Engineering for Social justice, feminist Human-Robot Interaction,
Matrix-Guided Technology Power Analysis and Critical Race Pedagogy, to inform social-justice
centered Robotics curricula. As Robotics garners increasing research and industry interest, and as
robotic technology is increasingly deployed in ethically fraught domains such as healthcare and
education, it is necessary to train roboticists to develop justice-oriented agents that help remediate
rather than exacerbate disparities. Unfortunately, opportunities to develop justice-oriented robotics
praxis are severely limited. Indeed, current training resources and tools are insufficient in aiding
such development, as socially just robotics curricula need to prepare students to collaborate with
communities, challenge dominant perspectives in robotics, and examine how racism, sexism,
classism, and other systems of power that shape robotic technology. More broadly, such training
must also prepare students to critically engage with societal topics such as labor, identity, and
power. While existing computing ethics frameworks can guide analysis of algorithms and software,
robotics students additionally need to develop the necessary skills and competency to approach
and evaluate robots as embodied technology. Thus, in this work, we synthesize and analyze the
insights from leading frameworks in critical tech teaching and design. We argue that such curricula
must incorporate key principles in robot design, facilitate considerations of various stakeholders,
encourage students to engage with larger social, socio-technical systems and power dynamics. We
further provide relevant strategies for educators to consult, such as community-oriented ethics
analysis and speculative exercises, which we also translate into learning objectives. Finally, we
introduce the implications of our specific research process for other researchers and educators,
share perspectives on the current state of robotics education, and describe planned future work.
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2. MOTIVATION AND INTRODUCTION

Robots are increasingly entering people’s everyday lives, including diverse and ethically fraught
settings. For instance, robots are now expected to help students learn [1, 2], provide care for
older adults [3, 4], assist communication for people with complex communication needs [5, 6], and
provide support during therapy sessions [7]. Though robots can improve human wellbeing, they
also come with well-known risks, including exacerbating socioeconomic inequality [8, 9], ampli-
fying systemic biases [10, 11], and further reinforcing existing power imbalances [12]. Moreover,
assistive robots in particular present risks such as encouraging over-trust in robotic technology [13],
deteriorating social relationships [14], and harming human dignity [15]. To ensure that robots pro-
vide meaningful benefits to communities, robot design and deployment must integrate assessment
of both potential benefits and harms. This includes not only technical evaluations of safety and
efficiency, but also ethical analyses of how robotic systems may reinforce, disrupt, or reconfigure
existing social structures. As such, it is evident that roboticists must be able to thoughtfully engage
with social justice principles, to understand how issues of race, gender, class, power dynamics and
socio-technical systems shape both the design and the societal impact of robots; and roboticists
should take an active role in guiding robot development and deployment toward justice-oriented
outcomes [16, 17]. For educators, this raises key questions: How can socially just engineering
practices be instilled in robotics students; and what are the key principles that should be
instilled in such students? This work thus explores this research question and presents principles
and tools to help robotics educators implement justice-oriented curricula.

However, answering these questions is difficult for a number of reasons. First, computing ethics
education has traditionally focused on topics from moral philosophy and professional ethics [18,
19, 20]. While these foundations are important, they are insufficient for addressing the unique
challenges posed by embodied interactive technologies like robots. Robots can operate in shared
physical and social environments. As such, robots need to be designed in a way that incorporates
the needs and desires of the community members that robots may directly interact with [21], and
with sensitivity to their potential psychological and societal impacts [22, 23]. This means moving
beyond generalized ethical principles to engage with the lived experiences, cultural values, and
social dynamics of those communities. Second, robots are not just tools. They are often created to
depict humans; yet conventionally, predominantly White and Asian men of higher socio-economic
class are included in the robot design process [24]. A justice-oriented approach to robotics must
actively challenge these dominant perspectives and seek to expand the benefits of robot deployment.
To achieve this, robotics research and design must be sensitive to factors such as race, gender, class,
colonialism, and robots’ broader historical context [25, 26]. Finally, because robots are developed
for specific use cases and contexts, such as education, caregiving, and social companionship,
their design and deployment can impact not only the existing labor structure in their domains of
deployment, but also how people fundamentally work and interact with each other in those domains.
Therefore, roboticists need a genuine understanding of issues of labor that are fundamental to
people’s identity, livelihoods, and power in society [27, 28]. Without this understanding, roboticists
risk perpetuating existing labor injustices or exacerbating inequalities in the name of efficiency or
innovation. This can include robots that perpetuate malignant racial stereotypes [29], perpetuating
sexist behaviors [30, 31], exacerbate economic and social inequality [32, 33, 34], and carry out
oppressive agendas of imperialism and colonialism [35, 36].
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Training roboticists to grapple with the complexity of these intersectional socio-technical issues
is especially challenging. One prominent reason is that Humanities and Social Sciences classes that
highlight and discuss these interactions are among the least available in science and engineering
curricula. As such, robotics educators must find ways within the context of robotics curricula to
provide students with knowledge, skills, and attitude development to enhance their growth as ethical,
responsible, socially just, and inclusive roboticists. However, as discussed above, the intersectional
awareness and knowledge required for roboticists is complex and broad. Therefore, in this work we
aim to provide educators with relevant tools to conceptualize and design justice-oriented robotics
curricula. In particular, we aim to understand:

How can Critical Theories of Feminism, Race, and Social Justice jointly inform a framework
for advancing how students understand, value, and engage in socially just and equitable
design, and provide them with knowledge, skills and attitudes to guide robot designs in
equitable ways?

Specifically, in this work, we first identify four key frameworks relevant to social justice-oriented
robotics curriculum. We then conduct a sereis of workshops with the leading experts in the
aforementioned areas, during which we identify eleven relevant principles and eight strategies for
designing social justice-oriented robotics curricula that help pursue those principles. While the
framework presented in this manuscript is more theory-based, it is a necessary first step and will
guide and inform subsequent projects that involve course design and piloting in specific classrooms.

3. KEY THEORETICAL FRAMEWORKS

In this section, we will first describe the four key frameworks in which our approach was grounded:
Engineering for Social Justice, Feminist Human-Robot Interaction, Matrix-Guided Technology
Power Analysis, and Critical Race Pedagogy.

3.1 Engineering for social justice

Engineering for Social Justice (E4SJ) is a set of engineering practices that aims to enhance human
capabilities through equitable distribution of opportunities and resources while reducing imposed
risks and harms [37]. In particular, E4SJ provides five guiding practices:

1. Listening contextually — Engineers need to listen to and empathize with different communi-
ties’ perspectives, struggles, concerns, desires, and preferences.

2. Identifying structural conditions — These communities’ perspectives must be understood
through the lens of the structural conditions (e.g., racial, gendered, socioeconomic) that
constrain the communities’ opportunities, desires, and aspirations.

3. Acknowledging political agency / mobilizing power — Engineers must understand how com-
munities’ political power and agency (as well as their own) can be mobilized and leveraged
when developing engineering solutions.

4. Increasing opportunities and resources — Engineers should work with communities to
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identify the opportunities (e.g., health, education, housing, and employment) that could be
improved by leveraging engineering solutions.

5. Reducing imposed risks and harms — Engineers should work with communities to identify
how the solution’s potential risks affect community members.

Taking the community-focused approach advocated by the E4SJ framework is critical to the
development of technology that can bring genuine benefits to society. Technologies need to
be designed with specific communities in mind because different communities have inherently
different values and thus different goals. Navigating this tension requires one to clearly specify
the community that’s being designed for, to have an awareness of that specific community, and to
develop a local understanding of that community (or, at least, explicitly building on relevant prior
findings). Failure to integrate community values and perspectives risks inequitable technology that
only prioritizes the values and needs of those who are already empowered by technology, such
as engineers. In this work, we aim to understand how the aforementioned set of E4SJ principles
can be applied in cultivating the next generation of roboticists. Achieving this goal, however,
requires adopting specific practices for analyzing structural conditions, analyzing political agency,
and analyzing connections between engineering solutions, structural conditions, opportunities, and
resources. To achieve this, We argue that Feminist Analysis can provide important complementary
tools that can help adapt these practices in the robotics context.

3.2 Feminist Human-Robot Interaction

Winkle et al. proposed the Feminist Human-Robot Interaction (FHRI) framework [38], which
adapts D’Ignazio and Klein’s Data Feminism to the field of robotics [39], using its definition of
power: “The current configuration of structural privilege and structural oppression, in which some
groups experience unearned advantages — because various systems have been designed by people
like them and work for people like them – and other groups experience systematic disadvantages
– because those same systems were not designed by them or with people like them in mind.”
It is worth noting that while feminism can carry the conventional definition that is antagonistic
of patriarchy, in this context, feminism primarily evokes sensitivity towards power structure and
injustices, which includes but is certainly not limited sexism. Data Feminism encourages the
examination of how data is collected, and how data science tools are used, in relation to who data
science serves and ultimately empowers. Through similar lenses of power, Winkle questions who
gets to design and who gets to benefit and be empowered from the robot design process. The FHRI
framework highlights that designers are not simply makers; They also hold power within our society
that is wielded through and embodied in their robotic designs. FHRI provides guidelines for how
robot designers can examine and challenge existing power structures in HRI both in their robot
designs and in their research practices. More specifically, to examine power, FHRI suggests that
we need to consider the existing power structure (i.e., how power currently operates in the world),
and the context and ecology of the deployment of technology. To challenge power, Feminist HRI
suggests that we prioritize a participatory approach, highlight invisible labor, value and prioritize
diverging perspectives, elevate users’ emotional state, and rethink social and power hierarchies.

While FHRI encourages a particular framework for analyzing power relations, we argue that
roboticists also need to more fundamentally consider the different types of power that are wielded
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at different levels of analysis (for example, what are the different ways that such power dynamic
can interact with user demographics? and how would such power dynamic shape the development
of robotics technology?). We argue that insights from Black Feminist Thought can facilitate this
multi-level analysis of power in the robotics context.

3.3 Matrix-Guided Technology Power Analysis

A key framework from Black Feminist Thought that can help us reason about power in robotics
is the Matrix of Domination [40]: a framework for analyzing how intersecting systems of race-,
class-, and gender-based oppression (inter alia) manifest and can be resisted. Critically, the Matrix
of Domination analyzes four key domains of power: interpersonal, cultural, disciplinary, and
structural: a broader and more nuanced set of domains than is typically considered in robotics.

Leveraging this framework, Williams presents Matrix-Guided Technology Power Analysis (MGTPA)
as a framework that aims to understand, categorize, and disseminate the power that technologists
wield, especially in robotics [41]. This framework is leveraged by Williams in Degrees of Freedom:
On Robotics and Social Justice [42] to demonstrate how Roboticists, through the ways that they
choose to design and use robotic technologies, hold significant power in domains beyond those
typically discussed in the field of HRI. Specifically, MGTPA leverages the Matrix of Domination
to highlight how roboticists wield not only Interpersonal power, but also Structural, Disciplinary,
and Cultural power. MGTPA thus highlights the necessity of examining power comprehensively
and the relevance of the Matrix of Domination for the field of Robotics.

While FHRI and MGTPA provide key analysis tools that allow E4SJ to guide robotics curricula,
there remains a key gap in how to effectively integrate and teach these tools in the curricular
modules used in the training of new roboticists. To achieve this goal, we leverage Critical Race
Pedagogy.

3.4 Critical Race Pedagogy

Tanksley presented an Abolitionist pedagogy (ACRP), which draws on Critical Race Theory to
critically engage with and challenge anti-Black racism within STEM education [43]. Specifically,
Tanksley argues that by incorporating and prioritizing abolitionist ideologies in classrooms, STEM
students, who are future engineers and designers, can approach technology more thoughtfully, and
more importantly, they will be equipped with knowledge and tools to challenge racism and inequality
in existing socio-technical systems. ACRP aims to facilitate a justice-oriented infrastructure, and
encourages educators to design curricula that can guide students to critically evaluate and probe
the technology they might encounter. Specifically, CRP presents five tenets of CRT-informed CS
pedagogy:

1. Acknowledge anti-black racism is pervasive and deeply embedded in our society, and thus
has been codified into technology.

2. Encourage scholars to critically examine the existing dominant narratives, and to push back
against the idea that technology always serves everyone equally.
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3. Commit to actively pursuing social justice by pushing back against all forms of oppression
that are produced on the basis of gender, race or others

4. Recognize that students of color are holders of knowledge and have valuable insights that
stem from their life experiences.

5. Prioritize an interdisciplinary approach that consults scholarship in all relevant fields.
Motivated by these four guiding theoretical frameworks, we set out to identify convergences

between these frameworks, and in doing so, identify overarching principles informed by these
frameworks, and strategies for achieving those principles.

4. METHODOLOGY AND PARTICIPANT BACKGROUND

To identify our key set of principles and strategies, we convened the leading experts on the four key
theoretical frameworks described above. Together, the group engaged in iterative discussions and
workshops to synthesize the four key frameworks in the context of robotics education [44]. Work-
shop sessions were recorded or included note-taking that authors can revisit. Specifically, we began
by conducting a series of workshops introducing each of the frameworks relevant to this project.
During these workshops, the creators of the E4SJ, FHRI, MGTPA and ACRP frameworks led
presentations on their frameworks, describing the frameworks’ development, and their key insights
and recommendations. These creators are also authors of this work, and they all actively pursue
social justice through research and educational praxis at the intersection of robotics, engineering
education, and critical technology studies. As workshop participants, they bring fluency in their
expert domain and their lived experiences as educators. Three participants are based in the US
and one participant is based in Sweden. Then, workshop participants discussed the relevance of
these insights to robotics curricula. Through this process, participants drew connections between
frameworks and identified both common threads (for example, both E4SJ and MGTPA highlight
the importance of acknowledging and analyzing power structures and power dynamics) and distinct
insights (for example, FHRI advocates for explicit consideration of how the physical embodiment
of robots can affect deployment).

Following this step, the authors collaboratively conducted iterative thematic analysis to find addi-
tional connections and points of divergence. Specifically, we identified key principles encouraged
by each proposed framework, identified key strategies used to answer those questions under each
framework, and discussed existing tools and activities that are used or can be used in pedagogical
contexts to pursue each of those strategies. When discussing principles derived from the four key
frameworks, the authors discussed each principle in depth, until reaching agreement about each
principle’s relevancy to the context and goals of justice-centered robotics curricula. Similarly, when
discussing strategies suggested by each of the four key frameworks, each strategy was discussed
and connected back to relevant principles. Conceptually, we synthesize and present the principles
as the important areas that articulate what justice-centered robotics education should attend to, and
the strategies as actionable pedagogical approaches that educators can leverage to highlight these
areas. Finally, the team synthesized these insights into a single overarching framework. In this step,
we revisited the connections between our four key frameworks, and their associated principles and
strategies. The authors discussed principle or strategies with similar definitions in order to discover
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Figure 1: Figure showing the thematic coding mindmap that illustrates connections between prior
work, emerging principles, and relevant tools. The upper-level blue codes represent four prior
works, the middle-level red codes represent eleven principles, and the lower-level yellow codes
represent the strategies. The red codes also show proximity that illustrates the four clusters used in
this paper

possible redundancies that could be eliminated to yield a less complex framework. Overall, this
process yielded eleven key principles grounded in our four frameworks, and eight key strategies for
achieving those principles.

5. RESULTS

In this section, we will now discuss the eleven key principles and eight key strategies that resulted
from this research effort, Fig 1 visually shows the connection between prior work discussed above
and the key principles and strategies. Additionally, Table 2 shows how each prior work informs
and ties into each principle.

5.1 Principles

Our methodology produced eleven key principles, which fell into four clusters, each of which is one
step farther removed from the robot design process as it is traditionally conceived (The mapping
between each of these principles and the four frameworks is shown in Table 2):
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Principle code Engineering For
Social Justice

(E4SJ)

Matrix-Guided
Technology Power
Analysis (MGTPA)

Feminist
Human-Robot

Interaction (FHRI)

Abolitionist Critical
Race Pedagogy

(ACRP)
R1 X
R2 X
R3 X X X
R4 X
R5 X
R6 X X
R7 X
R8 X
R9 X
R10 X X X X
R11 X X X

Table 1: Table showing how each principle relates to key prior work, each cross indicates that the
specific prior work highlights the particular principle

• Principle Cluster 1: Ways that the goals of robot design should be framed,
• Principle Cluster 2: Ways that students should conceptualize and relate to different types

of agents (stakeholders, robots, and themselves)
• Principle Cluster 3: Ways that students should engage with larger social and socio-technical

systems
• Principle Cluster 4: Ways that students should analyze power within those systems.

5.1.1 Principle Cluster 1: Design

The first cluster of principles specify the ways that students should be taught to conceptualize the
goals of robot design.

• Enhance human capabilities (R1): Robots designs should aim to enhance one or more key
human capabilities as delineated in E4SJ framework. Without intentionally considering
human capabilities, robot designs risk serving only the designers, engineers or enterprise
instead of improving human flourishing.

• Increase opportunities and resources for community members (R2): Students should priori-
tize how technology can increase opportunities and resources for the communities that they
aim to design for. While existing robot designs often consider the specific interaction with
the intended user, it is also important to consider how robot designs can uplift the community
that it’s deployed in. For example, if a robot is designed to be stationed in a public library,
instead of merely directing visitors to books or resources, it could encourage them to join
reading groups or participate in library events, which can help nurture community building.

• Reduce risk and harm (R3): Students should aim to reduce the potential risks and harms
associated with robot designs. While robots can bring benefits such as productivity and
companionship, they can also present harm such as unmediated disruption to the workforce
and minimizing human connections. It is therefore critical to consider and minimize potential
harm, to ensure robots can be deployed responsibly.
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5.1.2 Principle Cluster 2: Agents

Goals for attending to different agents (stakeholders, students, robots): In this set of principles,
we zoom out to attend to different agents in different ways, including the roboticist’s self, the robot,
and the stakeholders.

• Acknowledging Agency and the Self (R4): Students should develop the ability to acknowledge
their own agency as future roboticists, and to recognize how their own priorities may interact
with their professional identities. Robots can convey and amplify the priorities of their
makers. A roboticist with normal vision might not consider visually accessible designs
for the robot; in contrast, a roboticist who has experience with disabilities may be more
conscientious in ensuring accessibility in the robot design. It is therefore necessary to
facilitate understanding of student agency and self to help students realize their potential
biases and recognize their personal priorities.

• Encouraging Joy to take care of the self and encourage resilience (R5): Joyful participation
is the key to enabling students to speak up and subvert existing biases and unjust systems.
Conventionally hierarchical class structures can be oppressive. A joyous environment can
help subvert such hierarchy, and help students gain confidence and the agency to challenge
bias or injustice that they may encounter. Moreover, such joy may protect students socially
and emotionally by fostering a sense of community and belonging, which can help students
remain resilient in the face of negative content and events.

• Listen Contextually (Acknowledge and understand community needs (R6): Students should
develop contextual listening skills to help receive, understand, and prioritize the needs and
goals of stakeholders. For instance, robots are often designed to improve efficiency and
alleviate shortages in certain resources. While these can be positive goals, contextual listening
helps ensure that robots are not developed to address hallucinated needs. Importantly,
contextual listening can help provide concrete answers to the question ”Is this a problem that
a robot should solve?”

• Pay particular attention to the embodiment of technology (R7): Robotics students need to pay
particular attention to the current or intended physical embodiment of robots, and to have the
competency to investigate the implications of particular embodiments. Robots are distinct
from tools such as chatbots or interfaces [45], as they often have physical appearances
that resemble familiar social agents such as humans or animals, which facilitate robots
becoming accepted into communities as social agents. As such, a robot’s embodiment and
appearance deserves careful consideration. For instance, the mere size of the robot can
affect trustworthiness [46]. Therefore, it’s important for roboticists to develop particular
competence to investigate the effects of robot embodiments.

5.1.3 Principle Cluster 3: Systems

Goals for engaging with the larger social and socio-technical systems in which technology
exists: In this set of principles, we zoom out further to acknowledge and think about the larger
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social and socio-technical systems in which our work is embedded.
• Acknowledging Social Systems (R8): Students should have awareness of the social system

that surrounds the design, research, production, and deployment of robots. Many application
domains for robots, such as education, manufacturing, and healthcare, exist within complex
social systems. For instance, researchers have developed socially assistive robots that can
improve learning for students who need special education services [47]. However, existing
social structures within special education create barriers in adopting assistive robots in this
context. Special education teachers are often not financially compensated or logistically sup-
ported to complete optional professional development and improve programs, meaning that
they face additional burden when adopting assistive robots in their classrooms. Roboticists
need to therefore recognize relevant social systems and their impact on robotic technology.

• Acknowledging Socio-technical systems (R9): Students should recognize how the social
structures surrounding robotics interact with and shape technical design, deployment, and the
ultimate impact of robotic systems. For example, as manufacturing robots are being deployed
to complete repetitive tasks, the ultimate outcome of deployment depends on how they align
with existing labor structures, including training and safety protocols. If roboticists do not
take into consideration human workers’ technical expertise and collaborative work patterns,
then the introduction of such robots can cause accidents, disruptions, or face resistance [48].
Roboticists must therefore consider how technical choices will interact with broader social
systems, and guide such interaction to ensure robots can deliver true benefits.

5.1.4 Principle Cluster 4: Power

Goals for analyzing and challenging power within those systems: Power is deeply embedded
in robot design, from who defines a problem, to whose needs are prioritized, to who ultimately
benefits from a robot’s deployment. In this set of principles, we analyze and challenge power in
order to loop back and effectively address the goals for robot design.

• Acknowledge Power (R10): Students should be able to acknowledge the power structures that
affect their intended domain, community, and robot deployment. For instance, there has been
much interest in developing policing robots that assist patrol, surveillance, and even arrests.
The larger context of Policing is an institution that was created to (and continues to) enforce
and reify boundaries of race [49], class [50, 51], and gender [52], and robots used by police
are likely to continue to enforce these boundaries, and exacerbate existing power imbalance
and injustice. Roboticists of the future therefore need to develop the skill to acknowledge
and understand how power imbalance can shape robot development.

• Challenge and Co-Opt Power (R11): Students should have the skills to challenge and subvert
existing power imbalances, and to create and channel power to benefit social justice aims.
In the case of policing robots described above, this could mean that roboticists resist the
development of robots that reinforce existing surveillance patterns and instead direct their
technical skills toward technology that supports community safety without continuing the
existing punitive patterns of policing. By intentionally pursuing goals that redistribute power,
roboticists can become leaders and advocates for systems that do not exacerbate oppression.
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Principle code Engineering For
Social Justice

(E4SJ)

Matrix-Guided
Technology Power
Analysis (MGTPA)

Feminist
Human-Robot

Interaction (FHRI)

Abolitionist Critical
Race Pedagogy

(ACRP)
R1 X
R2 X
R3 X X X
R4 X
R5 X
R6 X X
R7 X
R8 X
R9 X

R10 X X X X
R11 X X X

Table 2: Table showing how each principle relates to key prior work, each cross indicates that the
specific prior work highlights the particular principle

5.2 Emerging Strategies

Recognizing the four clusters of principles, we then started to identify and cluster key strategies
employed by educators to pursue these principles. To perform clustering, we connect each identified
strategy to the relevant principles. These connections are illustrated in Figure 1. This step of the
proposed framework is still ongoing, as we intend to further iterate and polish the identified
strategies in planned future work. Thus, in this paper, we provide a few examples of currently
identified strategies, interpretation and how they connect to various principles to illustrate how
principles can be translated into concrete strategies and actions.

5.2.1 Community-oriented Ethical Analysis

Students perform community-oriented ethical analysis of potential robot design and deployment.
Such analysis should involve diverse stakeholders, and more specifically, students should evaluate
if the intended robot design can enhance human capabilities (R1), increase opportunities and
resources for community members (R2), and reduce risks and harm (R3). Specifically in the
context of robotics, such skill is critical as embodied technology carries much higher level of risks
for causing harm. This process and set of priorities can help students move away from abstract
ideals and principles, and move into community-oriented analysis that can help ensure a balanced
consideration of both potential benefits and harms.

5.2.2 Classrooms that encourage community building amongst students

Students form a community with peers to help them recognize how their own agency and priorities
affect their goals (R4), to facilitate joyous participation (R5), and to aid development of their skills
in contextual listening (R6). While communities often appear in the context of intended users or
stakeholders, community building amongst students can also facilitate skill building. In particular,
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robotics courses often focus on learning specific components such as motion planning or perception,
and students can become isolated. By improving community building amongst students, learning
itself can become more joyous. and students can become more comfortable and supported to
explore their own identities as roboticists together with peers.

5.2.3 Classrooms that encourage speculation about technology

Students are guided to speculate about a possible future their intended robot design could enable,
which allows situated exercises around important aspects of the robot design, such as the particular
embodiment of the robot (R7), and the possible socio-technical implications of the intended robot
design (R8) (R9). Robotics is a type of emerging technology, as such, many robotics courses
will envision a possible near future where certain types of robotics technology are not limited to
classrooms or laboratories but are truly ubiquitous. In this way, the nascence of this field almost
inevitably assigns a speculative nature to robotics courses. It is therefore important for students to
learn the necessary skills to competently speculate about possible robot deployment and how robot
designs and socio-technical systems can shape such deployment. This process should help students
and become active narrators instead of passive listeners during the process.

5.2.4 Participatory design approach

Students are guided to follow participatory design principles and methodologies, where they will
get to develop contextual listening skills (R6), and through which process they will acknowledge
the socio-technical context (R9) around robots and to recognize and challenge existing power
structures around robot design (R10) (R11). Participatory design emphasizes collaboration with
community members as co-designers, not just as end-users or passive recipients of technology. In
robotics classrooms, this can include design exercises, game-based design activities, or stakeholder
interviews where students practice contextual listening of community priorities and needs, and
making design decisions that center concrete community voices. For instance, students designing
a healthcare robot might engage not only doctors, nurses, patients, but also family members to
better understand not only functional requirements but also the socio-technical context of care.
By situating robot design within a participatory process, students learn that design is not only a
technical activity but also a blending of values and power. These classrooms can thus help train
students to think critically about whose voices are amplified or silenced in design processes and to
develop tools and strategies to redistribute power.

6. DISCUSSION

6.1 Theoretical and Practical implications

As noted earlier in this paper, our motivation for constructing this framework stems from the lack of
social-justice centered pedagogical frameworks and curricula for robotics education. By drawing
on distinct but complementary prior theories, we synthesize foundational principles and identify
key areas of consideration. We recognize there are ongoing efforts in engineering education
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to depoliticize engineering, where the technical and social aspects are viewed as separate and
independent of each other. In contrast to those trends, in this work, we detail how robotic systems
are inherently socio-technical in the effort to make clear that a depoliticized approach is counter-
productive, as other scholars have also cautioned against depoliticization [53]. We argue that this
framework offers value not only to robotics educators, but also stands to provide a shared structure
for critically examining how technical design, pedagogy, and societal impact are deeply intertwined.

6.2 Limitation and future work

A unique aspect of this work lies in the the construction of the R4SJ framework. During this
process, we brought together a research team composed of researchers from the fields of Human-
robot interaction, abolitionist pedagogy, engineering education and organizational psychology. This
team makeup enabled us to uniquely identify and synthesize perspectives from different disciplinary
traditions. Nevertheless, we acknowledge that we may have benefited from involving an even more
diverse set of stakeholders. Most notably, we note that student perspectives were largely missing
from our research team, beyond the lead author. In future work, we plan to conduct semi-structured
interviews and focus groups that will include both instructors and students, in order to adequately
include and consider student perspectives and needs. We also acknowledge there may be a lack
of practical implications of the frameworks. Although we intend for this work to lay a theoretical
foundation, we plan to incorporate principles and strategies in actual curricula and classrooms to
further extend this work from theory to practice.

A second limitation concerns the replicability of our specific methodology. In order to account
for the complex socio-technical context that surrounds robotic technology, this work builds on
a diverse set of frameworks and expertise. We acknowledge that it is challenging to assemble
an interdisciplinary team like this, and that this difficulty may prevent other researchers and
educators are interested in adopting the methodology used in this work in their own discipline
and field. Therefore, while we believe the interdisciplinary approach was necessary for building
this foundational framework, we plan to further refine our methodology and results in hopes to
benefit more community members within engineering education.

7. CONCLUSION

This work presents a social-justice-centered pedagogical framework for robotics education that
highlights the interplay between technical design and social context. By synthesizing insights from
robotics, engineering education and abolitionist pedagogy, the framework offers educators a shared
structure for critically examining how robotic is taught, designed, and evaluated. We argue that
engaging with these tensions is essential for preparing roboticists to responsibly design technologies
embedded in real-world social systems, and we see this framework as a foundation for ongoing
interdisciplinary dialogue and empirical evaluation.
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