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Robotics Systems Engineering Ethics MiniModule Lesson Plan

Introduction
This course consists of three smaller ethics “minimodules” to be integrated into the curricu
lum for Robotics and Systems Engineering (16450) at Carnegie Mellon University. The
minimodules will be spread throughout the course, although they will be more present
towards the end of the course due to time constraints. Minimodules 1 & 3 will integrate
with lectures 1,6,9 and lecture 20, respectively. Minimodule 2 is flexible and may be place
wherever the professor sees fit. Students will apply ethics concepts learned in this module
to their final projects for the course.

MiniModule #1: The Value of Diversity
The overall goal of this minimodule is to demonstrate to students why a diverse workplace
is important by showing concrete rewards that come from a wellrounded group as well
as the pitfalls and poor design that result from a homogeneous workplace. Diversity is a
key component in the creation of ethical technology, so it is important that all students feel
personally invested in promoting diversity in their future work.

Learning Objectives
By the end of this minimodule, students should…

• be able to articulate the importance of diversity in both experience and background
for engineers involved in systems engineering

• be able to provide concrete examples of how that diversity benefits system develop
ment

Slide Guide (45 minutes)
Lecture 1, Slide 25: YOU! (10 minutes)
In this slide, students introduce themselves to the class. The definition of experience is
expanded from the base material to include “Experience using things that were not made
with you in mind” in order to encourage students to share what they bring to the class
beyond their technical expertise.

Lecture 6, Slide 30: Define Scenario (15 minutes)
This activity, creating scenarios for a given use case, is extended to include both a nominal
scenario and an exceptional scenario. The goal is to get students to think outside the box
and see how their different perspectives help them to find more use cases and create a
more robust product.

Lecture 9, Slide 3: Review (20 minutes)
This activity is intended to encourage students to speak up about their ideas in a group
setting and to value the perspectives of others. Students can expand on the memos they
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wrote for homework and will defend their ideas or explain questions. This activity should
also highlight the importance of listening to other students’ feedback.

PostLecture Assignment
“Improving Fairness in Machine Learning Systems: What Do Industry Practitioners Need?”
(Holstein et. al, 2019) should be appended to the end of assignment 1. Students should
write a 13 paragraph answer to the following discussion question: ”The reading includes
a section on the challenge of ’blind spots.’ What blind spots do you recognize in yourself
that may be relevant to your project? What blind spots do you expect your project group to
have, if you are working with multiple people? Finally, what steps can you take to account
for these blind spots?” Their writeups will be worth 3 points of extra credit.
The final project requirements specifications should be moved back a week, to be due at
5pm the class period before Lecture 8. Meanwhile, the memo to another group about the
requirements for their project should be moved back a week, to be due at 5pm the day
before Lecture 9 so that it can be discussed in class that day.
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MiniModule #2: Idealism vsRealism (80minutes)
The overall goal of this minimodule is to help students identify and adopt innovative, in
clusive, and realistic acceptance criteria. The students will be given a walkthrough of the
philosophy that drives the mindset of setting expectations. They will then apply these con
cepts through two class activities exploring the balance of requirements and expectations
for both a hypothetical scenario and their final project. Engineers play a critical role in the
development of infrastructure that affects society, the environment, and the economy so it
is imperative for students to understand the implications and consequences of deploying
underdeveloped or marginalizing systems.

Learning Objectives
By the end of this minimodule, students should…

• be able to recognize the realist and idealist limitations of ethical intervention

• be able to develop priorities of functional and nonfunctional requirements

PreLecture Reading
Ethics of Artificial Intelligence. (2015). Nature, 521(7553), 415418. Link; https://search
proquestcom.cmu.idm.oclc.org/scholarlyjournals/ethicsartificialintelligence/docview/16
84645373/se2?accountid=9902 (available through CMU VPN)

Slide Guide (20 minutes)
Slide 2: Managing Performance Expectations
Students should understand the importance of knowing the differences between realistic
and idealistic expectations. The goal of this slide is to get students to recognize who and/or
what we plan for and when. These may be rhetorical or students may be asked to answer
these directly.

Slide 3: Managing Performance Expectations
This slide is intended to have the class interact and share perspectives on what is most
important in system design. It is also the first use of the term “marginalizing features.” This
is intentional, as it will allow the professor to explain how certain features of system design
may exclude certain users (e.g. accessibility, physical attributes, etc.) This will allow the
students to reflect on the importance of diversity in engineering emphasized in MiniModule
1.

Slide 4: Outlooks & Perspectives
This slide is not meant to be explored in depth until slide 8. However, it is shown to the
students beforehand to guide their understanding of the context of the four terms to be
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explained in the next 3 slides (realism, idealism, optimism, pessimism). A short explanation
of the diagram as a spectrum of four quadrants will suffice at this point in the lecture.

Slide 5: Idealism vs Realism in Engineering
This slide is intended to give the philosophical background to why we think the way that
we do. Plato’s ideology of idealism is the embodiment of “life is what you make it.” The
key concept with this ideology is that invention is not a matter of if, but a matter of how.
Aristotle developed realism based on the notion that “if everyone cannot be satisfied” or if
“the nonfunctional requirements are unquantifiable” it is best to prioritize the quantifiable
and tangible functional requirements.

Slide 6: Optimism
It is to be assumed that the students have in some way heard and understood the meaning
of optimism. The goal is to showcase the benefits and consequences of optimism. Em
phasize that optimism is not blind, and tit does not imply that all extraordinary ideas are to
be taken at face value (e.g. timeline for projects, perfect functionality, etc.)

Slide 7: Pessimism
It is to be assumed that the students have in some way heard and understood the mean
ing of pessimism as well. The goal is to showcase the benefits and consequences of
pessimism. The key concept here is that pessimism without critical thinking is detrimental
to the success of a project. The students should understand that being skeptical is en
couraged, as it allows uncertainty to be met with thorough questioning (e.g. challenging
assumptions, providing cases where the uncertainty would become a problem).

Slide 8: Outlooks & Perspectives
These perspectives will be the core of the activities to follow later on. Now that the students
are more familiar with the terminology, the professor should go into detail with the perspec
tives represented in each quadrant. The optimistic realist pursues ambitious goals with the
intention of success, but acknowledgement of room for failure. The pessimistic realist is
all or nothing; either 100% success/failure. The optimistic idealist adopts radical change
and pursues high risk/high reward ventures. The pessimistic idealist allows for incremental
change, but is not one to take risks.

Slide 9: Aspects to Consider
This slide presents the four broad categories of stakeholders/interests that are affected
by engineering systems. The main takeaway in this slide is to understand that while these
aspects are important, they may find themselves at a crossroads when they require system
specifications that conflict.
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Slide 10: Discussion (10 minutes)
The discussion is designed to allow students to think both objectively and subjectively about
the four outlooks and perspectives. This will also give students insight on the composition
of their final project team members. Encourage participation and emphasize that there is
no wrong or right answer to this question. The questions will challenge students to assess
their list of priorities with others’.

Slide 11: Outlooks & Perspectives Activity (20 minutes)
This activity is designed to challenge students to strategize on the deployment of an engi
neering system while taking into account both its potential and feasibility. This is done by
using a common application of engineering technology to identify, assess, and set expecta
tions through the lens of another perspective. Once the instructions for the assignment are
understood, reshare slide 8 with the class so that the students may reference the charac
teristics of the four perspectives discussed earlier in the lecture. As the professor monitors
the progress for each group, feel free to interact and question the students’ assumptions
to ensure alignment with their designated perspective.

Slide 12: Outlooks & Perspectives Final Project Activity
Now that the students have had a chance to acquire handson experience developing
system requirements, they will apply this same analysis to their final projects. They may
use the framework on the following slide to reflect on the process they used during the
class activity. This activity is designed to ensure that the students comprehend the limits
of potential while being encouraged to responsibly maximize their resources.

Slide 13: Ethical Analysis
This slide serves as a simple framework for conducting an ethical analysis on system re
quirements and expectations. Exclusionary metrics are features/requirements of design
that can cause foreseeable and/or divisive ethical problems (e.g. unilingual language
processing technologies, cameras being unable to recognize different skin tones, etc.).
The students already understand functional and nonfunctional requirements, but this chal
lenges them to categorize each into what is realistic, what is ideal, and if there is a solution
that could bridge the gap.

PostLecture Discussion (15 minutes)
Students will be asked to evaluate the system requirements adopted for their final projects
using the four steps given in the lecture. Considering the limitations, scope, timeline of
the project, not all specifications are expected to be perfectlyinclusive. The goal here is
to have the students identify the gaps in their designs and be able to foresee potential
marginalizing features that would lead to ethical issues upon deployment.

Page 7



Robotics Systems Engineering Ethics MiniModule Lesson Plan

MiniModule #3: Context & Reinforcing Intent (30
minutes)
The goal of this minimodule is to reinforce that their technologies don’t exist in a vacuum;
they have consequences for the context in which they are deployed. Students need to
understand this, and consequence web diagrams provide a way for them to better predict
what these consequences might be. With this fuller understanding, students will have a
better idea of whether or not they have satisfied their own ethical priorities.

Learning Objectives
By the end of this minimodule, students should…

• Understand the consequences of unethical behavior

• Contextualize their final project’s place in society

• Enumerate ethical priorities and verify that they have been followed

PreLecture Activity
Engineering Ethics: Crash Course Engineering #27 (10 minutes)
This YouTube video provides a comprehensive overview of the ethical values, duties, and
consequences that are bestowed upon the engineering profession. This activity will prime
students to think about ethics at the forefront of design and provides reallife examples of
engineering disasters. Link: https://youtu.be/5KZx81crb48

Slide Guide (10 minutes)
Lecture 20, Slide 16: Aspects to Consider (Review)
This slide is a review of the four categories of [potentially] affected stakeholders/interests
discussed in minimodule 2. Reiterate that while these aspects are important, they may
find themselves at a crossroads when they require system specifications that conflict.

Lecture 20, Slide 17: Intent vs Execution: Drone Technology
The purpose of this slide is to explore the ramifications of transformational technologies
beyond the scope of intent. Students are to observe that there may be uses of their tech
nologies that may either leverage or exploit its capabilities. The students should think
about how to set system requirements in place that will align use with the their intentions
and expectations along with the ”unintended good.”

Lecture 20, Slide 18: Define Scenario
This slide should introduce students to the idea of a “consequenceweb diagram,” a diagram
that shows the way a deployed technology affects and is affected by the outside world.
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We are using a 3D printer as an example because that’s a wellknown technology with
some obvious flaws and benefits (plastic, but open source design). In case the class has
trouble getting started, see Fig. 1 for an example. Another example can be found on
aiandhumanity.org under the gallery tab. This diagram isn’t supposed to be too complex;
it’s just meant to be a demonstration that students can then apply to their own project. The
extra questions should get students thinking about how their technology relates to the rest
of the world.

Figure 2: Possible Web Diagram Concepts

PostLecture Assignment
Now that students know what a consequence web diagram is, they should break into
groups to create one for their own project. The goal is for students to better understand the
possible ripples their project would create, should it go into production. The finished dia
gram can possibly be included in their final project documentation, depending how useful
they find this activity.

Figure 3: Consequence Web Diagram Rubric
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Want more fun? Challenge your students to the
Robotics Systems Engineering Ethics

Refresher Kahoot game!

Figure 4: Robotics Systems Engineering Ethics Refresher Kahoot Game
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