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Work-in-Progress: Development of an Interdisciplinary MOOC that
Introduces the NAE Grand Challenges for Engineering

Abstract

This Work-in-Progress paper describes the development of an interdisciplinary course,
Perspectives on Grand Challenges for Engineering, for the Massive Open Online Course
(MOOC) environment, specifically for Arizona State University’s (ASU) Earned Admission
program. The Earned Admission initiative is the first, and currently the only one of its kind,
which makes college credit available at scale, worldwide. It also provides a pathway to
admission to the university for students who may not otherwise qualify. The MOOC explores the
National Academy of Engineering (NAE)’s Grand Challenges for Engineering and related global
challenges. This course, based on an on-ground counterpart offered at ASU, is designed to also
help students develop the necessary interdisciplinary systems perspective and entrepreneurial
mindset to solve the complex global challenges presented. This course fuses engineering with the
social sciences, asking students to explore the interactions between society and technology,
including the influences of human behavior, culture, economics, ethics, and policy on the
development and implementation of technologies. The on-ground version is currently offered to
engineering students in the NAE Grand Challenges Scholars Program (GCSP) at ASU.

Developing this MOOC involved reimagining and redesigning the face-to-face active learning,
discussion-based course to address the instructional challenges and opportunities presented by a
broader, online audience. It offers numerous ways for students to actively explore the challenges
and related, cutting-edge research efforts from an interdisciplinary perspective. This online
version includes interactive activities, discussions, expert talks, an open-ended project, creation
of a professional digital portfolio, and a research assignment. Students also identify the
competencies, skills, and/or mindset that is needed to tackle the challenges, reflect on their
interests and goals, and determine the next steps they will take toward achieving them. They start
their professional digital portfolio at the beginning of the course and use it to document, reflect
on, and showcase their learning and accomplishments as they progress through the material. The
course was first offered during session A of the spring 2020 semester, with a total of 248
students from 11 countries or regions enrolled.

This paper will describe the course goals, structure, and design, focusing on the aforementioned
fusion of engineering with fields outside the discipline, which helps cultivate a systems
perspective of the Grand Challenges and the engineering solutions that address them. It will also
include insights gained from its design, development, and initial offering, and offer
recommendations for future work.



Introduction

Many institutions across the United States, and internationally, have established an NAE Grand
Challenges Scholars Program (GCSP), which aims to prepare engineering graduates not only
with technical skills, but also with social skills and global awareness. Students in this program
engage in various curricular, co-curricular, and extracurricular activities, all focused on an
overarching Grand Challenges theme, to help them achieve the following five competencies: (1)
Talent competency; (2) Multidisciplinary competency; (3) Viable business/Entrepreneurship
competency; (4) Multicultural competency; and (5) Social Consciousness competency [1]. At
ASU, a Perspectives on Grand Challenges for Engineering course is offered to engineering
students in the GCSP, to help them develop an interdisciplinary perspective on the Grand
Challenges, identify and explore their interests, and develop a preliminary plan for their GCSP
study. The majority of these GCSP students take this course in their first year, and it is the first
of the two requirements to achieve the GCSP’s multidisciplinary competency.

As a part of the authors’ work with the Kern Entrepreneurial Engineering Network (KEEN), an
online version of this course was developed for the MOOC environment, offered through ASU’s
Earned Admission program, a program that offers both college credit at scale, and a chance for
students to earn admission into ASU by successfully completing a prescribed number of courses
and earning a prescribed grade point average. Students pay a small fee and verify their identity to
upgrade from the Audit Track to the Credit Eligible Track. These students can obtain official
university credit from ASU once they successfully complete this course with a C or better.

There was a concerted effort during the course development process to make the material
modular, so that content and/or activities could be shared and used for other purposes both within
the university and at other institutions. While the course modules are interrelated, they can also
stand alone. These modules can be adopted and adapted by other instructors, and integrated into
their own courses and/or GCSP, to reach an even broader audience.

The on-ground version of this course uses a lot of active learning techniques and is discussion-
based, incorporating activities such as mind mapping, debates, role-play-based simulation,
design challenges, and case studies, to help students explore and understand the interdisciplinary
nature of the complex global challenges. Additional detail on the on-ground version of the course
can be found in [2]. This high level of in-person, active learning posed the biggest challenge to
translate to the MOOC. Therefore, in addition to reaping the benefit of modularization for
portability, there was also a strong focus and intent on making the course as interactive and
engaging for students in the online environment as it is on-ground. The following sections will
discuss the goals of this MOOC, course design and structure, and lessons learned during its
development and initial implementation.



Course Description

This 7.5-week, 3-credit MOOC, Perspectives on Grand Challenges for Engineering, introduces
global challenges related to the four themes represented in the NAE’s 21st century engineering
vision: “Continuation of life on the planet, making our world more sustainable, secure, healthy,
and joyful” [3]. It provides students with the opportunity to develop an understanding of local
and global challenges within each of the Grand Challenges theme areas (Sustainability, Health,
Security, and Joy of Living), and to learn about how engineers are trying to address those
challenges. The course also aims to equip students with an entrepreneurial mindset that
complements a technical engineering skill set and drives innovation. It helps to increase students’
awareness of the social complexities involved in meeting the needs of local and global
challenges through engineering and technology. In this course, students actively consider and
evaluate the reciprocal relationship between engineering solutions or technologies and various
aspects of society including economics, politics, environment, culture, and human behavior. The
course enables students to take their first step toward becoming a well-rounded engineer, making
a Grand Challenges area their life’s passion, and tackling tough problems at both national and
local levels. This course counts toward the Social Behavioral (SB) General studies course
requirements at ASU.

The specific course objectives are to

e develop an interdisciplinary understanding of the global engineering Grand Challenges
that human societies face in the 21st century;

e describe the NAE Grand Challenges themes, and learn about ongoing research in all
Grand Challenges theme areas;

e identify opportunities to create added value in the Grand Challenges areas, and apply
customer-focused design and an entrepreneurial mindset to conceptualize a potential
future solution;

e interpret why (and in what ways) a technology or design solution adds value from
multiple perspectives (technological, sociocultural, economic, environmental, global,
etc.), and describe a design solution in terms of its societal value (as well as its technical
features and function); and

e demonstrate an awareness of societal issues (e.g., sociocultural, political, economic,
environmental, etc.) that influence and/or constrain engineering solutions.

The development team took a multimodal approach, employing various activities and
assessments to help students examine the social, cultural, political, economic, ethical, and
environmental factors that could affect the development and implementation of new technologies
to address the challenges. Activities and discussions facilitate active learning and peer-to-peer
interaction in the online environment. Expert talks feature faculty members from various
institutions and industry professionals discussing their research and industry related-work around



specific challenges within each theme and promote deeper understanding of the issues.
Throughout the course, students also work on a project involving entrepreneurially-minded
learning (EML). They identify an opportunity to create value related to one or more of the four
themes; perform customer discovery and needs analysis; imagine and develop a futuristic
solution to address the needs; identify and research current technologies, which, when further
developed, could enable the development and implementation of their futuristic solution; and,
lastly, consider the societal implications of their solution if it were developed and implemented.
To wrap up the course, students determine desired competencies needed to tackle the challenges,
reflect on their own personal interests and goals, and define the next steps they plan to take
toward achieving their goals.

Course Structure, Sequence, and Scope

The course design team included two faculty members who have been involved in the
development and instruction of the on-ground version, along with a team of 1 lead instructional
designer; 2 instructional design associates; a project manager, 2 media producers; a design ops
strategist; a full stack web and data engineer assistant; a multimedia developer; and 1 manager of
online learning. Operating within approximately a year-long timeframe, the faculty members
applied an entrepreneurial mindset and customer-focused process to design and develop this
course. They conducted interviews with directors of GCSP from other institutions to learn about
their needs and gain insight into their experiences with GCSP to maximize the impact of this
MOOC.

The course structure, sequence, and scope was defined based on the information gathered during
customer discovery, consideration of the structure of the on-ground course, and the overarching,
curricular goals. Eight modules were identified, and specific subtopics within each module were
determined. The overall structure of the course is outlined in the table in Appendix A.

Module 0 presents an overview of the course, along with discussion about the value of
professional portfolios. In this module, students also create and set up their own digital portfolio,
using a free website development platform called Weebly. Module 1 introduces the NAE’s 21st
century engineering vision and provides an overview of the global challenges facing society
today. It also introduces students to the interdisciplinary systems approach and entrepreneurial
mindset required to address these complex challenges.

Modules 2 through 5 each center on one of the four Grand Challenges themes: Sustainability,
Health, Security, and Joy of Living. These four modules have the same general structure; each
one first introduces the theme, and then explores specific challenges and solutions in three
related areas. The sustainability and health-themed modules discuss specific challenges and
solutions in developing communities, developed communities, and globally. This helps students



to see similarities and differences between the challenges and solutions both at different scales
and within different types of communities. In the security-themed module, students explore
specific challenges and solutions at a personal level (focused on information security), at a
national level, and, again, at a global scale. The joy of living theme area covers a wide range of
topics, and is closely related to the other three themes. This module introduces three areas to
provide relevant examples: education, joy of living (focused on advanced technologies), and
engineering the tools of scientific discovery and exploration.

Module 6 addresses the importance of considering societal impact from multiple perspectives,
and includes approaches for analyzing and/or predicting the societal impact of technology. And
lastly, module 7 wraps up the course by providing students with opportunities to identify and
discuss the desired competencies, skills, and/or mindset that is needed to tackle the challenges,
and to start considering how they might work to achieve these competencies. The last module
listed in the table in Appendix A is a repository for all material related to the course project, the
Future Solutions project. Students work on this project throughout the course, and are introduced
to relevant material for each of the project stages within the other course modules.

Once the course structure and specific topics had been identified, specific course content,
activities, and discussions were designed and developed. Faculty course designers did not see
themselves as experts on each of the Grand Challenges theme areas or the topics within them,
therefore, they turned their attention to student engagement, developing content, employing
various interactive tools, and writing activities to facilitate active learning and exploration of the
subject matter. The course videos, graded activities and discussions, Future Solutions project,
research, and professional digital portfolio are each discussed below.

Videos

Video material, demonstrating and explaining fundamental concepts, is included in each subtopic
within all the modules. All videos are transcribed, and the transcripts are available to students for
download. In addition to instructor-led video lectures, five application videos were scripted and
recorded using voiceover animation, video clips, and/or static images to introduce concepts in a
meaningful way. The first application video in the course provides a holistic view of the global
challenges, and, similarly, each of the four remaining application videos broadly introduces the
challenges and related engineering solutions for a given theme. The screenshots below show
some of the imagery and animation from these application videos.



Fig. 1. Screenshot of an animation-based application video on global challenges facing society in
the 21st century
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Fig. 2. Screenshot of an animation-based application video, “What is Sustainability?”

The course also includes expert talks, which feature research faculty members and industry
professionals from across the nation discussing the challenges in their fields and their current
research and industry-related work to address some of them. Video interviews on course-related
topics were also conducted with various experts and GCSP alumni. These interviews were then
edited into topical video montages, providing students with multiple points of view. For
example, in one such montage, the interviewees offered their thoughts on what is required to
address global challenges within their fields. Another, exclusively with GCSP alumni, gave
students a peer-to-peer assessment of the value of digital portfolios beyond the life of the course.



Graded Activities and Discussions

A total of 15 graded activities were designed, developed and implemented to help students apply
the concepts and ideas introduced in the lecture videos and to explore more specific challenges
and solutions in the theme areas. These activities incorporated a wide range of active-learning
techniques for the online environment across numerous topics. They offer a medium for students
to learn about the interdisciplinary nature of the challenges and possible solutions in various
areas. The activities were carefully thought out, such that each one focuses on a different non-
technical societal aspect that could influence the development and implementation of
technologies. Examples of non-technical considerations explored in course activities include
human behavior, economics, culture, ethics, policy, and public opinion. To promote engagement
and understanding, the design team frequently incorporated interactive elements, ranging from
video and drag-and-drop exercises to gamification and simulated role play.

For instance, in module 2’s subtopic, “Sustainability Challenges and Solutions in Developed
Communities,” an energy economics game was developed, which simulates some of the
conditions that contribute to economic barriers and opportunities in the energy market and, in
turn, affect the popularity and use of different energy sources. In the game, students play the role
of a utility, and purchase the required amount of energy from 10 different energy sources, under
a variety of economic conditions. Their goal in the game is to meet the energy needs of their
community, and make a profit while keeping the environment as clean as possible. Tariffs, tax
credit, political conflicts, weather events, infrastructure degradation, and technology
advancements are among the types of factors that affect the energy prices throughout the game.
A screenshot of the game can be found in the figure below.

Start Round
Round 1, Day 1
x
Please look at the resources and plan

your strategy. Start the game when you

¥ & are ready.

I | Click to Buy

Power Output

——————————— . % 25 Ge‘:""dm‘ 5 30 Petroleann 5
Output required: 100 MW { $ 150 $ 200 g <
Current output: 0 MW - g = 1\ ¢ i - 3 ]

Climate value: 0/ 200 A

Fig. 3. Screenshot of the energy economics game in the sustainability-theme module



Another interactive example appears in module 3’s subtopic, “National Security Challenges and
Solutions.” This subtopic includes a role-play-based simulation developed in-house, which takes
students through a national security-related scenario. Students play the role of a governor who
makes a series of decisions about the actions they would take in response to a security threat
affecting multiple states. As students make decisions, they factor in interactions between
engineers, businesses, local, state, and national government, humanitarian aid organizations,
media, citizens, and others that are necessary not only to detect and mitigate the current threat
situation but also to prevent possible future threats. Each decision comes with potential risks and
leads to a different consequence, which also impacts their public approval rating. Through this
simulation activity, students have the opportunity to explore the roles that engineers play, and
recognize how engineers must connect and work cooperatively with many other people,
organizations, and institutions to ensure the security of citizens and communities. Figures 4 and 5
illustrate one decision point and one consequence following a decision that appears in the
simulation.

What action would you take next as govenor?

@ Contact the State Agency of Emergency Management

(SAEM) to notify them of the error and to ask
whether any other dams or systems have
experienced errors or disruptions.

Contact the utility companies (i.e., water,
electric) in GoodState, SunState, SkyState,
and MountainState to ensure there have
been no disruptions observed on their
monitoring systems so far. It is important
to ensure that citizens lives are not
disrupted and that businesses are still able
to operate normally.

It's most likely the storm, so you take no action
at this time. The dam’s engineering manager is
already investigating the issue and keeping the
mayor informed, and there are no

pressing concerns right now.

75%

% % %  GOVERNOR'S APPROVAL RATING * X %

Fig. 4. Screenshot of one decision point in the role-play-based simulation in the security-theme
module



You learn that, after talking to you, the SAEM has reported the situation to the FAEM.
The SAEM and FAEM have talked to the governors of the other affected states and
found out that the situation is impacting their states too.

Citizens are experiencing flooding, and some are running low on water, which is
impacting drinking water supplies and farming. The FAEM has sent out resources
to help the citizens in need, providing water, backup power generators and other
supplies where necessary. But this is an urgent situation, and you know they
need to find the cause fast. The SAEM informs you that the FAEM has sent the

FBI out to RuralTown to connect with local law enforcement.

CONTINUE

o

62%

% % %  GOVERNOR'S APPROVAL RATING *x X %

Fig. 5. Screenshot of the consequence of a decision in the role-play-based simulation in the
security-theme module

There are also other types of graded activities included in the course, including, but not limited to
mind mapping activities; ranking the importance of nanotechnologies from a particular
character’s point of view; case studies; a debate about advanced health technologies; design and
redesign of a solution for a low-resource setting; pros and cons lists; and science fiction

prototyping.

To encourage reflection, peer-to-peer interaction, and discussion, 24 graded discussions were
integrated into the course, and students contribute via the Yellowdig platform. Fifteen of these
graded discussions are associated with a respective graded activity to give students a forum to
share their work and insights they gained by completing it. The remainder of the graded
discussions engage students in various topics related to the theme areas such as sustainable
production and consumption, climate change as a security challenge, what contributes to a more
joyful life, etc. To encourage conversation, these graded discussions require both an initial post
and at least one comment to other posts. Students are often asked to include screenshots in the
discussion prompt instructions, and are always invited to use audio, video, and web links, and
images, making for a rich learning experience.

Future Solutions Project

The Future Solutions project invites students to find their passion, exercise their entrepreneurial
mindset, and develop a future solution to fulfill a need or opportunity related to the NAE’s vision
for engineering in the 21st century. In this open-ended project, students identify an opportunity
to create added value for society, develop a futuristic solution, and research current technologies
and trends to show that their solution will be technically feasible in the future. Students also



consider various nontechnical aspects such as social, cultural, global, legal, economic, and
political factors when developing their solution. When considering these societal factors, they
identify the challenges they may face in developing and implementing a solution that will be
technically feasible and economically viable while also creating value for society. They are also
asked to imagine the impact their solutions would have on society if they were to be developed.
Students work on the project throughout the course, completing weekly project assignments as
they work through different phases of the design process including needs analysis, solution
development, exploring technical feasibility, and considering societal challenges and impact.
They showcase their project work in a poster at the end of the course.

Research

After students have been exposed to all four theme areas, they are asked to examine a specific
area of interest in detail in a research assignment toward the end of the course. In this
assignment, students identify and research two specific examples of current research work that
address the challenges in the theme area they are most interested in. They learn about the
technical details of each research work example, and consider the potential societal impact of
that work. They share their findings with the class in the form of a slide deck with speaker notes,
so others can learn about these research work examples.

Professional Digital Portfolio

Students are also asked to reflect on their learning, connect their knowledge and experiences,
infuse that knowledge and experience with meaning, and intertwine it with their own personal
identities, interests, and values in a professional portfolio throughout the course. The portfolio
reflections are included to help students to make sense of their learning in this fast-paced,
dynamic, active learning, discussion-based, guided self-exploratory course experience. Using the
free version of the website building tool, Weebly, students create and contribute to a professional
portfolio, not only to showcase their current and future work, but also to reflect on and assimilate
what they are learning into their everyday lives. An instructor-led lecture and a GCSP alumni
montage in the very first module helps students to recognize the value of creating a professional
portfolio from the outset. There are reflection assignments on each of the 4 themes, where
students discuss 3 main “takeaways,” and how what they have learned has impacted their
perceptions, knowledge, interests, and goals. These 4 assignments are bookended by the creation
of a brief bio, or “About Me” section, and a presentation of their accomplishments in this course
including the Future Solutions project and findings from their research assignment.



Assignments and Grading

Students in the course are either on the Credit Eligible Track or Audit Track. Students on the
Audit Track self assess all their assignments. The graded activities for students on the Credit
Eligible Track are also self-assessed, while all other assignments are staff assessed for these

students. The grade breakdown for all assessments appears in the table below.

Table 1. Grade breakdown for the graded assignments

Item (# of assignments) Weight
Graded Activities (15) 30%
Graded Discussions (24) 24%
Future Solutions Project (5) 25%
Digital Portfolio (5) 15%
Research (1) 6%

Course Implementation

The course launched in session A of the spring 2020 semester, with a total of 248 students from
11 countries or regions enrolled, 148 of whom are on the Credit Eligible Track. These learners
range in age from 14 to 68, and come from a variety of educational backgrounds including
students still in high school, recent high school graduates, those with some recent college
experience, learners returning to school after a long absence, those looking to transfer credit to
their home institution, and those taking the course for personal enrichment. These learners also
have diverse academic interests, ranging from engineering to humanities, social sciences, natural
sciences, and applied sciences. By the end of the second week, 154 learners were active. The
highest number of submissions received for an assignment in the first two weeks was 69 (slightly
less than 50% of students on the Credit Eligible Track).

Apart from their goal of earning college credit and/or admission to the university, these learners
also had a variety of other reasons for enrolling in the course. Learners’ interests range from
expanding their knowledge to advancing their career; from learning about engineering and the
Grand Challenges to learning new and creative ways to implement business ideas in the real
world; from gaining insights on effectively innovating for their customers to developing an
entrepreneurial mindset and becoming a well-rounded person. Some also enroll in the course out
of personal interest and passion, looking to discover new ways to make a positive impact on the
world.



Lessons Learned

The course designers learned a lot and gained many new insights about the course and online
learning throughout the design and development of this interdisciplinary MOOC. Re-envisioning
the active, discussion-based on-ground course for an online environment was a challenge that
presented many opportunities for pedagogical innovation. Some elements of the on-ground
course, such as class discussions and digital portfolio reflections were easily reproduced in the
online environment, using appropriate tools (e.g., discussion boards, website creation tools),
while others such as role-play-based activities had to be re-imagined and created in a new
medium to work effectively. The biggest challenge for re-creating the active learning
environment online centers on inspiring and maintaining student engagement and peer-to-peer
interaction. Although games, interactives, and videos can be created to engage students in
content, encouraging students to actively participate in meaningful discussions with their peers in
an asynchronous, online learning environment is difficult. During the facilitation of the initial
offering of this course, the faculty course design team learned that they must actively monitor the
discussion boards on a regular basis in order to promote effective interaction between students.

Redesigning this course for the MOOC environment provided the course designers with a great
opportunity to re-evaluate its on-ground counterpart as well. Early in the development process,
the course designers were forced to take a closer look at course learning outcomes and content to
ensure they were still important and relevant to the goals of the course. In many cases, when
creating the content for the MOOC, new content was developed and/or significant modifications
were made to existing content, often improving upon and/or updating what existed previously in
the on-ground course. The course designers found these new activity modifications and concepts
presented in the MOOC to be more interesting, relevant, and/or engaging for students, and thus
also integrated them into the on-ground version of the course. Through the design and
development of this MOOC, the course designers not only created a brand-new MOOC, but also
made, and will continue to make further improvements to the on-ground course.

Conclusion and Future Work

This paper documented the design and development of a MOOC, Perspectives on Grand
Challenges for Engineering. Specific course goals, structure, and content was described; insights
gained as well as lessons learned from the development and initial offering of the course were
also shared. This course focuses on the intersection between engineering and topics in other
fields, such as public policy, economics, ethics, culture, and human behavior. Through
participation in various types of activities and assignments, students develop an interdisciplinary
systems perspective of the Grand Challenges, and the engineering solutions that address them.
Students also develop and apply an entrepreneurial mindset, helping them to approach the world
with curiosity and identify opportunities to create value for society.



Through the process of designing, developing, and delivering this course, the instructors have
gained new insights, which have positively influenced the on-ground version of this course as
well. Based on the insights gained from the design and development of the MOOC and
facilitation of its initial offering, many improvements have been made to its on-ground
counterpart to increase student engagement and enhance their learning.

Future work includes finalizing development of an online platform for sharing these course
modules with the broader GCSP and engineering education community, so that they can be used
to educate more students through other courses and experiences. After the first implementation
of the course is complete, student performance and course evaluations will also be examined to
further assess the success and impact of this course, and any necessary improvements will be
made for the future. Additional research studies may also be conducted to further investigate
how students’ experience and learning in this MOOC compares to that of students in the on-
ground course.
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Appendix A. Overall Course Structure

The table below shows the overall structure of the course, including a list of modules, topics, and
subtopics.

Table A1l. Overall Structure of the Course

Module | Topic SubTopics
0 Course Overview and Professional | Course Overview
Portfolio

Professional Portfolio

1 Goals for Engineering in the 21st | Vision for Engineering and Specific Goals

Century in an Interdisciplinary,

Global Context Developing Solutions to Interdisciplinary Societal Challenges

Customer Discovery, Needs Analysis, and Opportunity
Identification

Introduction to the Future Solutions Project

2 Developing Solutions to Make Our | Introduction to Sustainability
Lives More Sustainable

Sustainability Challenges and Solutions in Developing
Communities

Sustainability Challenges and Solutions in Developed
Communities

Global Sustainability Challenges

3 Developing Solutions to Make Our | Introduction to Health
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