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Summary: This analysis critically examines the National Academy of Engineering's (NAE) "14
Engineering Grand Challenges for the 21st Century," assessing their continued relevance and impact
on current technological trends. It explores how progress on these challenges intersects with pressing
global issues like climate change, resource scarcity, and health disparities. The analysis also highlights
emerging trends and technological advancements that are either accelerating progress or presenting
new obstacles in addressing the 14 engineering grand challenges. Finally, the article identifies areas

where further research and interdisciplinary collaboration are crucial to achieving meaningful progress



on these vital challenges.

Introduction: The Enduring Relevance of the 14 Engineering Grand

Challenges

The National Academy of Engineering's (NAE) articulation of the "14 Engineering Grand Challenges for
the 21st Century" remains a cornerstone document guiding engineering research and innovation.
Published in 2008, these challenges—ranging from developing sustainable energy sources to reversing
the effects of climate change—were designed to inspire and focus the efforts of engineers worldwide.
However, over a decade later, their relevance is not only sustained but intensified by the accelerating
pace of global change. This analysis examines the progress made on each challenge, identifies
emerging trends, and explores the crucial role of interdisciplinary collaboration in their successful

resolution.

Analyzing the 14 Engineering Grand Challenges: Progress and

Challenges

The 14 Engineering Grand Challenges are:

1. Make solar energy economical: While significant strides have been made in reducing the cost of
solar photovoltaic cells, achieving widespread adoption requires further breakthroughs in energy
storage and grid integration. The current trend toward decentralized energy systems and smart

grids is directly related to this challenge.

1. Provide energy from fusion: Fusion energy research continues to face significant scientific and

engineering hurdles, though recent advancements offer a glimmer of hope. Continued



investment and international collaboration are vital for overcoming these obstacles. The
development of fusion energy is inextricably linked to achieving sustainable energy goals within

the broader context of the 14 engineering grand challenges.

. Develop carbon sequestration methods: Carbon capture and storage (CCS) technologies are
crucial for mitigating climate change. However, challenges remain in terms of cost-effectiveness,
scalability, and long-term storage security. Advances in materials science and nanotechnology

are crucial for addressing these issues within the 14 engineering grand challenges framework.

. Manage the nitrogen cycle: The overuse of nitrogen fertilizers has significant environmental
consequences. Developing sustainable agricultural practices and innovative nitrogen
management technologies are critical for mitigating these impacts and ensuring food security.
Addressing this challenge within the 14 engineering grand challenges requires integration of

agricultural, environmental, and engineering disciplines.

. Provide access to clean water: Water scarcity is a growing global challenge. Innovative solutions
are needed to improve water purification, desalination, and water resource management. This
challenge within the 14 engineering grand challenges necessitates considering the intersection of

engineering, hydrology, and public policy.

. Restore and improve urban infrastructure: Aging infrastructure presents a significant challenge to

many cities globally. Developing sustainable and resilient infrastructure requires innovative



1.

materials, construction techniques, and urban planning strategies. The 14 engineering grand
challenges highlight the urgent need for improved urban planning integrated with sustainable

engineering practices.

Advance health informatics: The vast amount of health data generated necessitates the
development of advanced data analytics and information management systems. Atrtificial
intelligence and machine learning are playing an increasingly important role in improving

healthcare outcomes as part of the overall solution within the 14 engineering grand challenges.

. Engineer better medicines: Developing effective and affordable medicines requires

advancements in drug discovery, personalized medicine, and drug delivery systems.
Nanotechnology and biotechnology are central to achieving breakthroughs in this area, all

interconnected within the 14 engineering grand challenges.

. Reverse-engineer the brain: Understanding the complexities of the brain is a significant

challenge that requires interdisciplinary collaboration between engineers, neuroscientists, and
biologists. This endeavor, within the framework of the 14 engineering grand challenges, could

revolutionize our understanding and treatment of neurological disorders.

. Prevent nuclear terror: Developing robust and reliable methods for preventing the proliferation of

nuclear weapons is a critical challenge that requires expertise in engineering, physics, and

international security. This challenge, within the broader scope of the 14 engineering grand



challenges, necessitates strong international cooperation and technological innovation.

. Secure cyberspace: Protecting critical infrastructure and sensitive data from cyberattacks is
essential in an increasingly interconnected world. This necessitates advancements in
cryptography, cybersecurity protocols, and risk management strategies as part of the wider

spectrum of the 14 engineering grand challenges.

. Enhance virtual reality: Advancements in virtual reality (VR) and augmented reality (AR)
technologies are opening up new possibilities in various fields, from entertainment and education
to healthcare and engineering design. This technological advancement, firmly situated within the

14 engineering grand challenges, needs further development for widespread adoption.

. Develop advanced materials: Developing materials with enhanced properties, such as strength,
durability, and sustainability, is essential for addressing many of the other grand challenges.
Nanomaterials and biomaterials are key areas of research within this context of the 14

engineering grand challenges.

. Prevent nuclear proliferation: This challenge is deeply interconnected with #10, emphasizing the
vital importance of engineering solutions to safeguard nuclear materials and prevent their
misuse. This requires significant progress in safeguarding technologies within the context of the

14 engineering grand challenges.



Emerging Trends and Interdisciplinary Collaboration

Several emerging trends are significantly impacting progress on the 14 engineering grand challenges:

Artificial intelligence (Al) and machine learning (ML): These technologies are being applied across
many of the challenges, from drug discovery and personalized medicine to optimizing energy grids and
predicting natural disasters.

Nanotechnology and materials science: Advances in these fields are leading to the development of
new materials with enhanced properties, paving the way for solutions in energy, infrastructure, and
healthcare.

Biotechnology and synthetic biology: These fields are enabling the development of new biofuels,
bioremediation techniques, and bio-based materials.

Big data and data analytics: The ability to collect, analyze, and interpret vast amounts of data is crucial

for understanding complex systems and developing effective solutions.

Effective progress on these challenges requires strong interdisciplinary collaboration. Engineers must
work alongside scientists, policymakers, social scientists, and other stakeholders to develop holistic

and sustainable solutions.

Conclusion

The 14 engineering grand challenges remain profoundly relevant in the 21st century. While progress
has been made, significant hurdles remain. Addressing these challenges requires continued
investment in research and development, fostering interdisciplinary collaboration, and embracing
emerging technologies. The successful resolution of these challenges is essential for ensuring a

sustainable and prosperous future for all.

FAQs



. What is the significance of the 14 Engineering Grand Challenges? They represent the most
pressing global challenges that require innovative engineering solutions to ensure a sustainable

and prosperous future.

. How are the 14 Grand Challenges interconnected? Many challenges are intertwined; for
example, developing sustainable energy sources is crucial for addressing climate change and

improving urban infrastructure.

. What role does interdisciplinary collaboration play in addressing these challenges? It's essential;
no single discipline can solve these complex problems alone. Collaboration across various fields

is needed for holistic solutions.

. What are some emerging technologies that are impacting progress on these challenges? Al,

nanotechnology, biotechnology, and big data are significantly contributing to solutions.

. What is the role of government and industry in addressing these challenges? Both play crucial
roles; governments provide funding and policy support, while industry develops and implements

solutions.

. How can individuals contribute to addressing these challenges? By supporting research,



advocating for sustainable practices, and engaging in STEM education and careers.

1. What are some metrics used to track progress on these challenges? Progress varies depending
on the challenge, but metrics often include cost reductions, efficiency improvements, and

broader societal impact.

1. Are there any ethical considerations associated with addressing these challenges? Yes; ethical
considerations are important, particularly regarding the equitable distribution of resources and

the potential risks of new technologies.

1. What is the future outlook for these challenges? Continuous progress is expected, but sustained

investment, collaboration, and innovation are crucial for achieving significant breakthroughs.

Related Articles

1. "Solar Energy Economics: A Review of Recent Advancements and Future Prospects": This
article analyzes the latest breakthroughs in solar energy technology and their economic

implications.



. "Fusion Energy: Challenges and Opportunities in the 21st Century": An in-depth exploration of

the technological hurdles and potential benefits of fusion energy.

. "Carbon Capture and Storage: A Critical Assessment of Technologies and Policy": This article

reviews various CCS technologies and their effectiveness in mitigating climate change.

. "Sustainable Agriculture and Nitrogen Management: A Systems Approach": Examines
sustainable agricultural practices that minimize the environmental impact of nitrogen fertilizer

use.

. "Innovations in Water Purification and Desalination: Meeting the Global Water Crisis": A review

of cutting-edge technologies for water purification and desalination.

. "Smart Cities and Sustainable Infrastructure Development: A Case Study Approach": This article

presents case studies of successful smart city initiatives that have improved urban infrastructure.

. "Artificial Intelligence in Healthcare: Applications and Ethical Considerations": Explores the use of

Al in healthcare, including its benefits and potential challenges.



1. "Nanotechnology in Medicine: Drug Delivery and Therapeutics": This article examines the role of

nanotechnology in developing more effective drug delivery systems.

1. "Cybersecurity Threats and Mitigation Strategies in the Digital Age": A comprehensive overview

of cybersecurity challenges and the strategies needed to protect critical infrastructure and data.

14 engineering grand challenges: Engineering Grand Challenges in Scholar Programs

Ghafour Amouzad Mahdiraji, Edwin C.Y. Chung, Satesh Narayana Namasivayam, Mohammad
Hosseini Fouladi, 2019-02-06 This book explains how Taylor’s University implemented a curriculum
in their engineering program that prepares students to address challenges facing the world. Aim is
to enable Engineers put their knowledge into application to meet the 14 challenges of the century as
outlined by the National Academy of Engineering (NAE) of the United States. The research groups
are organized around the 14 grand challenges for engineering The structure of their syllabi is
organized in a way that they address the 5 core competencies: Research Experience,
Entrepreneurship, Service Learning, Interdisciplinary Curriculum, Global Dimension. It uses the
CDIO educational framework, a project-based learning approach that provides students with the big
picture of engineering. Through this method, students are able to: Master a deeper working
knowledge of the fundamentals of engineering Lead in the creation and operation of new products
and systems Understand the importance and strategic value of research work As the only programe
of its kind outside North America, it offers the brightest minds the opportunity to face real-world
issues and places them on the cutting edge of the engineering world.

14 engineering grand challenges: Grand Challenges for Engineering National Academy of
Engineering, Steve Olson, 2016-05-22 Engineering has long gravitated toward great human
ambitions: navigation of the oceans, travel to the moon and back, Earth exploration, national
security, industrial and agricultural revolutions, communications, and transportation. Some
ambitions have been realized, some remain unfulfilled, and some are yet to be determined. In 2008 a
committee of distinguished engineers, scientists, entrepreneurs, and visionaries set out to identify
the most important, tractable engineering system challenges that must be met in this century for
human life as we know it to continue on this planet. For the forum at the National Academy of
Engineering's 2015 annual meeting, 7 of the 18 committee members who formulated the Grand
Challenges for Engineering in 2008 reflected on what has happened in the seven year since. Grand
Challenges for Engineering: Imperatives, Prospects, and Priorities summarizes the discussions and
presentations from this forum.

14 engineering grand challenges: Concepts in Engineering Design Sumesh Krishnan,
Dr.Mukul Shukla, 2016-10-14 In our endeavor to reinforce and emphasize the benefits of modern
industrial design course to many students across India we are bringing on a small edition of this



book titled “Concepts in Engineering Design” .The subtlety of creation with problem solving
approach is needed to be deeply ingrained into the vast diaspora of Indian students; especially with
emphasis of government on make in India , start up India and zero effect zero defect projects. It is
abundantly clear that classroom teaching has to be up scaled with practical approach and industrial
reasoning. So the takeaway from this course to students, researchers and professional after the
course should be engineering with a systems approach, involvement of design development as a
team, integration of several streams of learning like environmental, physiology etc. into the Concept
of Engineering Design. We wish we are in some manner involved in changing their outlook from
classic learning to professional learning involving them into project based activity, case studies
,resourceful learning etc. They become agents of change for future generations and they grasp the
fact that they can become professional designers and not merely subservient engineers. Good luck.
“The primary objective of the course is to introduce concepts in engineering design to students from
all the engineering disciplines. This course broadly covers the prerequisites for an innovative design
followed by concepts of products design cycle right from planning, designing, manufacturing,
distributing and its usage.”-RGPV

14 engineering grand challenges: 50 Years Of Engineering In Singapore Tao Soon Cham,
2017-10-13 An underpinning force in Singapore's remarkable 50-year transformation into a
sophisticated world-class city, engineering has contributed significantly to the nation's economic,
infrastructural and social developments.A joint publication by The Institution of Engineers,
Singapore, and World Scientific Publishing, to celebrate Singapore's 50th birthday, 50 Years of
Engineering in Singapore brings to life the extraordinary engineering feats across multiple
disciplines and tells the stories of these exceptional engineers who, with their determinations and
courage, turned the little red dot into a jewel of a city. A vibrant record of engineering excellence,
the publication traces the goliath challenges impeding the nation's growth over the past five
decades, and the engineering innovations that brought about wealth creation, higher standards of
living, and enhanced liveability.This compendium covers land transportation (ERP system, MRT and
LRT, roads and buses system); water management and engineering; energy (supply and
maintenance); manufacturing in the areas of electronics, precision engineering, chemical and
pharmaceutical/bio-medical engineering; housing/cities/infrastructure and land use (reclamation and
underground); air and sea hub; and telecommunications, ICT and software.

14 engineering grand challenges: Environmental Engineering for the 21st Century
National Academies of Sciences, Engineering, and Medicine, National Academy of Engineering,
Division on Engineering and Physical Sciences, Division on Earth and Life Studies, Water Science
and Technology Board, Ocean Studies Board, NAE Office of Programs, Board on Life Sciences,
Board on Environmental Studies and Toxicology, Board on Earth Sciences and Resources, Board on
Energy and Environmental Systems, Board on Chemical Sciences and Technology, Board on
Atmospheric Sciences and Climate, Board on Agriculture and Natural Resources, Committee on the
Grand Challenges and Opportunites in Environmental Engineering for the Twenty-First Century,
2019-03-08 Environmental engineers support the well-being of people and the planet in areas where
the two intersect. Over the decades the field has improved countless lives through innovative
systems for delivering water, treating waste, and preventing and remediating pollution in air, water,
and soil. These achievements are a testament to the multidisciplinary, pragmatic, systems-oriented
approach that characterizes environmental engineering. Environmental Engineering for the 21st
Century: Addressing Grand Challenges outlines the crucial role for environmental engineers in this
period of dramatic growth and change. The report identifies five pressing challenges of the 21st
century that environmental engineers are uniquely poised to help advance: sustainably supply food,
water, and energy; curb climate change and adapt to its impacts; design a future without pollution
and waste; create efficient, healthy, resilient cities; and foster informed decisions and actions.

14 engineering grand challenges: Exploring Engineering Robert Balmer, William Keat,
2020-04-30 Engineers solve problems and work on emerging challenges in a wide range of areas
important to improving quality of life; areas like sustainable energy, access to clean water, and



improved communications and health care technologies. Kosky et al's Exploring Engineering
explores the world of engineering by introducing the reader to what engineers do, the fundamental
principles that form the basis of their work, and how they apply that knowledge within a structured
design process. The three-part organization of the text reinforces these areas, making this an ideal
introduction for anyone interested in exploring the various fields of engineering and learning how
engineers work to solve problems. The 5th edition has been revised to better reflect the knowledge
base of incoming freshmen, and new content has been added for several new and emerging
engineering disciplines, such as environmental engineering, cybersecurity, additive manufacturing,
and mechatronics, as well as new design projects - Multiple award-winning textbook introduces
students to the engineering profession, emphasizing the fundamental physical, chemical, and
material bases for all engineering work - Includes an Engineering Ethics Decision Matrix used
throughout the book to pose ethical challenges and explore decision-making in an engineering
context - Lists of Top Engineering Achievements and Top Engineering Challenges help put the
material in context and show engineering as a vibrant discipline involved in solving societal
problems - Companion Web site includes links to several drawing supplements, including Free-hand
Engineering Sketching, (detailed instructions on free-hand engineering sketching); AutoCAD
Introduction, (an introduction to the free AutoCAD drawing software); and Design Projects,
(freshman-level design projects that complement the Hands-On part of the textbook)

14 engineering grand challenges: Engineering Societies and Undergraduate
Engineering Education National Academy of Engineering, 2018-01-12 Engineering professional
societies in the United States are engaged in a wide range of activities involving undergraduate
education. However, these activities generally are not coordinated and have not been assessed in
such a way that information about their procedures and outcomes can be shared. Nor have they
been assessed to determine whether they are optimally configured to mesh with corresponding
initiatives undertaken by industry and academia. Engineering societies work largely independently
on undergraduate education, leaving open the question of how much more effective their efforts
could be if they worked more collaborativelya€with each other as well as with academia and
industry. To explore the potential for enhancing societies' role at the undergraduate level, the
National Academy of Engineering held a workshop on the engagement of engineering societies in
undergraduate engineering education. This publication summarizes the presentations and
discussions from the workshop.

14 engineering grand challenges: Advances in Social and Organizational Factors Peter
Vink, 2012-07-17 An in depth review of social ergonomics- also known as organizational ergonomics-
this book discusses the optimization of sociotechnical systems, including their organizational
structures, policies, and processes. The relevant topics include communication, crew resource
management, work design, design of working times, teamwork, participatory design, community
ergonomics, cooperative work, new work paradigms, organizational culture, virtual organizations,
telework, and quality management.

14 engineering grand challenges: The Story of Industrial Engineering Adedeji B. Badiru,
2018-11-09 Recipient of the 2020 IISE Institute of Industrial and Systems Engineers Joint Publishers
Book-of-the-Year Award Industrial engineering is the profession dedicated to making collective
systems function better with less waste, better quality, and fewer resources, to serve the needs of
society more efficiently and more effectively. This book uses a story-telling approach to advocate and
elaborate the fundamental principles of industrial engineering in a simple, interesting, and engaging
format. It will stimulate interest in industrial engineering by exploring how the tools and techniques
of the discipline can be relevant to a broad spectrum of applications in business, industry,
engineering, education, government, and the military. Features Covers the origin of industrial
engineering Discusses the early pioneers and profiles the evolution of the profession Presents
offshoot branches of industrial engineering Illustrates specific areas of performance measurement
and human factors Links industrial engineering to the emergence of digital engineering Uses the
author’s personal experience to illustrate his advocacy and interest in the profession



14 engineering grand challenges: Project Management for Scholarly Researchers
Adedeji B. Badiru, 2022-12-21 This book presents practical guidelines for university research and
administration. It uses a project management framework within a systems perspective to provide
strategies for planning, scheduling, allocating resources, tracking, reporting, and controlling
university-based research projects and programs. Project Management for Scholarly Researchers:
Systems, Innovation, and Technologies covers the technical and human aspects of research
management. It discusses federal requirements and compliance issues, in addition to offering advice
on proper research lab management and faculty mentoring. It explains the hierarchy of needs of
researchers to help readers identify their own needs for their research enterprises. This book
provides rigorous treatment and guidance for all engineering fields and related business disciplines,
as well as all management and humanities fields.

14 engineering grand challenges: Engineering Systems Olivier L. De Weck, Daniel Roos,
Christopher L. Magee, 2011-10-21 An overview of engineering systems that describes the new
challenges posed for twenty-first-century engineers by today's highly complex sociotechnical
systems. Engineering, for much of the twentieth century, was mainly about artifacts and inventions.
Now, it's increasingly about complex systems. As the airplane taxis to the gate, you access the
Internet and check email with your PDA, linking the communication and transportation systems. At
home, you recharge your plug-in hybrid vehicle, linking transportation to the electricity grid. Today's
large-scale, highly complex sociotechnical systems converge, interact, and depend on each other in
ways engineers of old could barely have imagined. As scale, scope, and complexity increase,
engineers consider technical and social issues together in a highly integrated way as they design
flexible, adaptable, robust systems that can be easily modified and reconfigured to satisfy changing
requirements and new technological opportunities. Engineering Systems offers a comprehensive
examination of such systems and the associated emerging field of study. Through scholarly
discussion, concrete examples, and history, the authors consider the engineer's changing role, new
ways to model and analyze these systems, the impacts on engineering education, and the future
challenges of meeting human needs through the technologically enabled systems of today and
tomorrow.

14 engineering grand challenges: Systems Engineering Adedeji B. Badiru, 2023-09-06 People
want to create a better world and planet; however, where, and how to start remains the question.
Systems Engineering’s problem-solving methodology can help with its ability to answer multiple
questions along with connecting actions and impacts. This book uses the Systems Engineering
problem-solving methodology to frame how each answer impacts the planet when multiple actions
are strung together no matter where they take place. Systems Engineering: Influencing Our Planet
and Reengineering Our Actions illustrates a hierarchical Systems Engineering view of the world with
each individual in mind as a link in the chain. It uses an Industrial Engineering framework for action
implementations and identifies humans’ interconnected actions. The book discusses the
implementation of the Systems Engineering problem-solving methodology and leverages existing
concepts of environmental sustainability. A template is present for personal actions for environment
social responsibility using a Systems Engineering problem-solving approach and focuses on the
foundational use of the trademarked DEJI Systems Model® for action design, evaluation,
justification, and integration. This book is a perfect read for all academic disciplines and all
engineering fields, as well as business and management fields. It reminds us of the Environmental
Foundation of NAE’s 14 Grand Challenges and the part we can play.

14 engineering grand challenges: Grand Challenges in Earthquake Engineering Research
National Research Council, Division on Earth and Life Studies, Board on Earth Sciences and
Resources, Committee on Seismology and Geodynamics, Committee for the Workshop on Grand
Challenges in Earthquake Engineering Researcha—"A Vision for NEES Experimental Facilities and
Cyberinfrastructure Tools, 2011-09-30 As geological threats become more imminent, society must
make a major commitment to increase the resilience of its communities, infrastructure, and citizens.
Recent earthquakes in Japan, New Zealand, Haiti, and Chile provide stark reminders of the



devastating impact major earthquakes have on the lives and economic stability of millions of people
worldwide. The events in Haiti continue to show that poor planning and governance lead to
long-term chaos, while nations like Chile demonstrate steady recovery due to modern earthquake
planning and proper construction and mitigation activities. At the request of the National Science
Foundation, the National Research Council hosted a two-day workshop to give members of the
community an opportunity to identify Grand Challenges for earthquake engineering research that
are needed to achieve an earthquake resilient society, as well as to describe networks of earthquake
engineering experimental capabilities and cyberinfrastructure tools that could continue to address
ongoing areas of concern. Grand Challenges in Earthquake Engineering Research: A Community
Workshop Report explores the priorities and problems regions face in reducing consequent damage
and spurring technological preparedness advances. Over the course of the Grand Challenges in
Earthquake Engineering Research workshop, 13 grand challenge problems emerged and were
summarized in terms of five overarching themes including: community resilience framework,
decision making, simulation, mitigation, and design tools. Participants suggested 14 experimental
facilities and cyberinfrastructure tools that would be needed to carry out testing, observations, and
simulations, and to analyze the results. The report also reviews progressive steps that have been
made in research and development, and considers what factors will accelerate transformative
solutions.

14 engineering grand challenges: Fundamentals of Water Pollution Daniel A. Vallero,
2024-10-25 Water Pollution Calculations: Quantifying Pollutant Formation, Transport,
Transformation, Fate and Risks provides a comprehensive collection of relevant, real-world water
pollution calculations. The book's author explains, in detail, how to measure and assess risks to
human populations and ecosystems exposed to water pollutants. The text covers water pollution
from a multivariate, systems approach, bringing in hydrogeological, climatological, meteorological
processes, health and ecological impacts, and water and wastewater treatment and prevention.After
first reviewing the physics, chemistry, and biology of water pollution, the author explores both
groundwater and surface waters. This is followed by an in-depth look at water quality indicators,
measurements, models, and water engineering. Groundwater remediation, risk assessment, and
green engineering round out the text with forward-thinking ideas towards sustainability. This
invaluable reference offers a practical tool for those needing a precise and applicable understanding
of different types of water pollution calculations. - Includes applications of theory to real-world
problems with personalized and customized examples of calculations to prepare exams, guidance
documents, and correspondence - Walkthroughs and derivation of equations enhance knowledge so
that complex water pollution concepts can be more easily grasped - Explains processes and
mechanisms, providing an understanding of how pollutants are formed, transported, transformed,
deposited, and stored in the environment

14 engineering grand challenges: The International Handbook of FRP Composites in
Civil Engineering Manoochehr Zoghi, 2013-09-26 Fiber-reinforced polymer (FRP) composites have
become an integral part of the construction industry because of their versatility, enhanced durability
and resistance to fatigue and corrosion, high strength-to-weight ratio, accelerated construction, and
lower maintenance and life-cycle costs. Advanced FRP composite materials are also emerging for a
w

14 engineering grand challenges: Human-Centered Al Ben Shneiderman, 2022-01-13 The
remarkable progress in algorithms for machine and deep learning have opened the doors to new
opportunities, and some dark possibilities. However, a bright future awaits those who build on their
working methods by including HCAI strategies of design and testing. As many technology companies
and thought leaders have argued, the goal is not to replace people, but to empower them by making
design choices that give humans control over technology. In Human-Centered Al, Professor Ben
Shneiderman offers an optimistic realist's guide to how artificial intelligence can be used to augment
and enhance humans' lives. This project bridges the gap between ethical considerations and
practical realities to offer a road map for successful, reliable systems. Digital cameras,



communications services, and navigation apps are just the beginning. Shneiderman shows how
future applications will support health and wellness, improve education, accelerate business, and
connect people in reliable, safe, and trustworthy ways that respect human values, rights, justice, and
dignity.

14 engineering grand challenges: Artificial Intelligence and Inclusive Education Jeremy
Knox, Yuchen Wang, Michael Gallagher, 2019-06-13 This book brings together the fields of artificial
intelligence (often known as A.I.) and inclusive education in order to speculate on the future of
teaching and learning in increasingly diverse social, cultural, emotional, and linguistic educational
contexts. This book addresses a pressing need to understand how future educational practices can
promote equity and equality, while at the same time adopting A.I. systems that are oriented towards
automation, standardisation and efficiency. The contributions in this edited volume appeal to
scholars and students with an interest in forming a critical understanding of the development of A.I.
for education, as well as an interest in how the processes of inclusive education might be shaped by
future technologies. Grounded in theoretical engagement, establishing key challenges for future
practice, and outlining the latest research, this book offers a comprehensive overview of the complex
issues arising from the convergence of A.I. technologies and the necessity of developing inclusive
teaching and learning. To date, there has been little in the way of direct association between
research and practice in these domains: A.I. has been a predominantly technical field of research
and development, and while intelligent computer systems and ‘smart’ software are being
increasingly applied in many areas of industry, economics, social life, and education itself, a specific
engagement with the agenda of inclusion appears lacking. Although such technology offers exciting
possibilities for education, including software that is designed to ‘personalise’ learning or adapt to
learner behaviours, these developments are accompanied by growing concerns about the in-built
biases involved in machine learning techniques driven by ‘big data’.

14 engineering grand challenges: Engineering Ethics Deborah G. Johnson, 2020-05-19 An
engaging, accessible survey of the ethical issues faced by engineers, designed for students The first
engineering ethics textbook to use debates as the framework for presenting engineering ethics
topics, this engaging, accessible survey explores the most difficult and controversial issues that
engineers face in daily practice. Written by a leading scholar in the field of engineering and
computer ethics, Deborah Johnson approaches engineering ethics with three premises: that
engineering is both a technical and a social endeavor; that engineers don't just build things, they
build society; and that engineering is an inherently ethical enterprise.

14 engineering grand challenges: Technology Entrepreneurship Thomas N. Duening,
Robert A. Hisrich, Michael A. Lechter, 2009-10-21 Recognizing the unique needs of the technology
startup, Duening focuses on intellectual property development, funding, and marketing/selling more
than other texts in this market. Extensive use of technology examples, case studies, and assignments
keeps the book relevant and motivating for engineering students. Rich in case studies, examples,
and in-chapter elements that focus on the challenges of launching and operating a technology
venture In-depth examination of intellectual property development, valuation, deal structuring, and
equity preservation, issues of most relevance to technology start-ups Extensive discussion of
technology management and continuous innovation as a competitive advantage Addresses the issue
of leading, managing, motivating, and compensating technical workers More time on the
fundamentals of marketing and selling, as these are elements of entrepreneurship commonly most
neglected by engineers and scientists

14 engineering grand challenges: Global Manufacturing Technology Transfer Adedeji B.
Badiru, 2015-06-24 Global Manufacturing Technology Transfer: Africa-USA Strategies, Adaptations,
and Management presents practical strategies for developing and sustaining manufacturing
technology transfers. It is particularly useful for helping developing nations achieve and sustain a
solid footing of economic development through manufacturing. The book examines Afr

14 engineering grand challenges: An Inquiry-Based Introduction to Engineering Michelle
Blum, 2022-09-20 The text introduces engineering to first-year undergraduate students using




Inquiry-Based Learning (IBL). It draws on several different inquiry-based instruction types such as
confirmation inquiry, structured inquiry, guided inquiry, and open inquiry, and all of their common
elements. Professor Blum’s approach emphasizes the student’s role in the learning process,
empowering them in the classroom to explore the material, ask questions, and share ideas, instead
of the instructor lecturing to passive learners about what they need to know. Beginning with a
preface to IBL, the book is organized into three parts, each consisting of four to ten chapters. Each
chapter has a dedicated topic where an initial few paragraphs of introductory or fundamental
material are provided. This is followed by a series of focused questions that guide the students’
learning about the concept(s) being taught. Featuring multiple inquiry-based strategies, each most
appropriate to the topic, An Inquiry-Based Approach to Introduction to Engineering stands as an
easy to use textbook that quickly allows students to actively engage with the content during every
class period.

14 engineering grand challenges: The Routledge Companion to the Future of Management
Research David Crowther, Shahla Seifi, 2023-09-14 The management of organisations continues to
evolve as new priorities emerge and new approaches are developed. Thus, it is clear that research
into business and management will also continue to evolve. This will be in terms of both what is
researched and in terms of the techniques and methods used to conduct research. Such
development will continue into the future and this book highlights evolving areas. It also suggests
new topics which are emerging and new techniques to conduct such research - topics and
techniques that will be of benefit to researchers. The unique focus on the future of research methods
in management, the emergence of topics in contemporary management and sustainability research
and practices, such as sustainability and circular economy, will set this volume apart. With coverage
of new and emerging subjects in management studies such as sustainability, zero carbon, green
market, and circular economy, and the international collaboration with contributors from all around
the globe, this major interdisciplinary reference volume will be of interest and great value to
researchers, academics, and advanced students in the fields of business and management research
and appropriate methodologies.

14 engineering grand challenges: Project Management Adedeji B. Badiru, 2019-05-29 The
goal of the new edition is to continue with a systems view of the world. For a more robust and
worldwide market dissemination, the new edition has changed to a reference book. The project
systems approach to project management, is needed in executing projects across countries and
across cultures, which is a crucial requirement in today's globalized and intertwined economics. The
book uses ample graphical representations to clarify the concepts and techniques presented. The
case examples help to reinforce the topics covered. Several illustrative examples and practice
exercises are included. Each chapter is updated and new chapters include Project Simulation and
Project Templates. A new chapter on managing complex projects in an age of artificial intelligence
adds a unique value to the book. Features Highlights contemporary best practices of project
management Uses a systems framework to integrate quantitative and qualitative tools Offers
illustrative examples and practice exercises Covers project schedule performance appraisal
techniques Discusses the knowledge areas contained in the Project Management Book of Knowledge
(PMBOK) Presents software applications for project management, as well as case examples

14 engineering grand challenges: New Knowledge in a New Era of Globalization Piotr
Pachura, 2011-08-01 To better understand the contemporary world, the world of innovation and
technology, science should try to synthesize and assimilate social science in the development of our
civilization. Does the new era require new knowledge? Does the age of globalization demand new
education, new human attitudes? This books tries to clarify these questions. The book New
Knowledge in a New Era of Globalization consists of 16 chapters divided into three sections:
Globalization and Education; Globalization and Human Being; Globalization and Space. The Authors
of respective chapters represent a great diversity of disciplines and methodological approaches as
well as a variety of academic culture. This book is a valuable contribution and it will certainly be
appreciated by a global community of scholars.



14 engineering grand challenges: Contemporary Ethical Issues in Engineering Sundar
Sethy, Satya, 2015-02-28 For most professions, a code of ethics exists to promote positive behavior
among practitioners in order to enrich others within the field as well as the communities they serve.
Similar to the medical, law, and business fields, the engineering discipline also instills a code of
ethical conduct. Contemporary Ethical Issues in Engineering highlights a modern approach to the
topic of engineering ethics and the current moral dilemmas facing practitioners in the field.
Focusing on key issues, theoretical foundations, and the best methods for promoting engineering
ethics from the pre-practitioner to the managerial level, this timely publication is ideally designed
for use by engineering students, active professionals, and academics, as well as researchers in all
disciplines of engineering.

14 engineering grand challenges: Civil and Environmental Engineering: Concepts,
Methodologies, Tools, and Applications Management Association, Information Resources,
2016-01-31 Civil and environmental engineers work together to develop, build, and maintain the
man-made and natural environments that make up the infrastructures and ecosystems in which we
live and thrive. Civil and Environmental Engineering: Concepts, Methodologies, Tools, and
Applications is a comprehensive multi-volume publication showcasing the best research on topics
pertaining to road design, building maintenance and construction, transportation, earthquake
engineering, waste and pollution management, and water resources management and engineering.
Through its broad and extensive coverage on a variety of crucial concepts in the field of civil
engineering, and its subfield of environmental engineering, this multi-volume work is an essential
addition to the library collections of academic and government institutions and appropriately meets
the research needs of engineers, environmental specialists, researchers, and graduate-level
students.

14 engineering grand challenges: The New Harvest Calestous Juma, 2010-12-30 African
agriculture is currently at a crossroads, at which persistent food shortages are compounded by
threats from climate change. But, as this book argues, Africa faces three major opportunities that
can transform its agriculture into a force for economic growth: advances in science and technology;
the creation of regional markets; and the emergence of a new crop of entrepreneurial leaders
dedicated to the continent's economic improvement. Filled with case studies from within Africa and
success stories from developing nations around the world, The New Harvest outlines the policies and
institutional changes necessary to promote agricultural innovation across the African continent.
Incorporating research from academia, government, civil society, and private industry, the book
suggests multiple ways that individual African countries can work together at the regional level to
develop local knowledge and resources, harness technological innovation, encourage
entrepreneurship, increase agricultural output, create markets, and improve infrastructure.

14 engineering grand challenges: The New ABCs of Research Ben Shneiderman, 2016-02-04
The problems we face in the 21st century require innovative thinking from all of us. Be it students,
academics, business researchers of government policy makers. Hopes for improving our healthcare,
food supply, community safety and environmental sustainability depend on the pervasive application
of research solutions. The research heroes who take on the immense problems of our time face
bigger than ever challenges, but if they adopt potent guiding principles and effective research
lifecycle strategies, they can produce the advances that will enhance the lives of many people. These
inspirational research leaders will break free from traditional thinking, disciplinary boundaries, and
narrow aspirations. They will be bold innovators and engaged collaborators, who are ready to lead,
yet open to new ideas, self-confident, yet empathetic to others. In this book, Ben Shneiderman
recognizes the unbounded nature of human creativity, the multiplicative power of teamwork, and the
catalytic effects of innovation. He reports on the growing number of initiatives to promote more
integrated approaches to research so as to promote the expansion of these efforts. It is meant as a
guide to students and junior researchers, as well as a manifesto for senior researchers and policy
makers, challenging widely-held beliefs about how applied innovations evolve and how basic
breakthroughs are made, and helping to plot the course towards tomorrow's great advancements.




14 engineering grand challenges: Engineering-Medicine Lawrence S. Chan, William C.
Tang, 2019-05-15 This transformative textbook, first of its kind to incorporate engineering principles
into medical education and practice, will be a useful tool for physicians, medical students,
biomedical engineers, biomedical engineering students, and healthcare executives. The central
approach of the proposed textbook is to provide principles of engineering as applied to medicine and
guide the medical students and physicians in achieving the goal of solving medical problems by
engineering principles and methodologies. For the medical students and physicians, this proposed
textbook will train them to “think like an engineer and act as a physician”. The textbook contains a
variety of teaching techniques including class lectures, small group discussions, group projects, and
individual projects, with the goals of not just helping students and professionals to understand the
principles and methods of engineering, but also guiding students and professionals to develop
real-life solutions. For the biomedical engineers and biomedical engineering students, this proposed
textbook will give them a large framework and global perspective of how engineering principles
could positively impact real-life medicine. To the healthcare executives, the goal of this book is to
provide them general guidance and specific examples of applying engineering principles in
implementing solution-oriented methodology to their healthcare enterprises. Overall goals of this
book are to help improve the overall quality and efficiency of healthcare delivery and outcomes.

14 engineering grand challenges: Frameworks for Integrated Project-Based Instruction
in STEM Disciplines Anthony ]J. Petrosino, Candace Walkington, Denise Ekberg, 2024-01-01
Frameworks for Integrated Project-Based Instruction in STEM Disciplines presents an original
approach to Science, Technology, Engineering, and Mathematics (STEM) centric project based
instruction. We approach project based instruction from an engineering design philosophy and the
accountability highlighted in a standards-based environment. We emphasize a backward design that
is initiated by well-defined outcomes tied to local, state, or national standards that provide teachers
with a framework guiding students' design, solving, or completion of ill-defined tasks. In
project-based STEM classrooms students investigate, utilize technological tools, construct artifacts,
participate in debates, collaborate, and make products to demonstrate what they have learned.
Features include deep coverage of four topics in PBI: scaffolding, student-driven inquiry, driving
questions, and development of lessons based on national and state standards. This focus will ensure
a deep understanding by the reader of project-based instruction, which will allow the reader to
create strong and meaningful lesson experiences for their students. An emphasis on student-driven
inquiry will be discussed, including the importance of giving students the cognitive tools, such as
statistical analysis tools, they need to research and inquire about the lesson topic. A breakdown of
what a successful driving question includes will be explained, and examples given. The book will
include strategies for starting the lesson process with ending goals in mind by creating driving
questions and breaking down state and national standards. This book is strongly rooted in research
in the learning sciences about project-based instruction, but will also be designed to be practically
useful to teachers and teacher educators and researchers by bridging research and practice.

14 engineering grand challenges: Systems Engineering in Context Stephen Adams, Peter A.
Beling, James H. Lambert, William T. Scherer, Cody H. Fleming, 2019-06-21 This volume chronicles
the 16th Annual Conference on System Engineering Research (CSER) held on May 8-9, 2018 at the
University of Virginia, Charlottesville, Virginia, USA. The CSER offers researchers in academia,
industry, and government a common forum to present, discuss, and influence systems engineering
research. It provides access to forward-looking research from across the globe, by renowned
academicians as well as perspectives from senior industry and government representatives.
Co-founded by the University of Southern California and Stevens Institute of Technology in 2003,
CSER has become the preeminent event for researchers in systems engineering across the globe.
Topics include though are not limited to the following: Systems in context: - Formative methods:
requirements - Integration, deployment, assurance - Human Factors - Safety and Security Decisions/
Control & Design; Systems Modeling: - Optimization, Multiple Objectives, Synthesis - Risk and
resiliency - Collaborative autonomy - Coordination and distributed decision-making Prediction: -



Prescriptive modeling; state estimation - Stochastic approximation, stochastic optimization and
control Integrative Data engineering: - Sensor Management - Design of Experiments

14 engineering grand challenges: Game Theory for Cyber Deception Jeffrey Pawlick,
Quanyan Zhu, 2021-01-30 This book introduces game theory as a means to conceptualize, model,
and analyze cyber deception. Drawing upon a collection of deception research from the past 10
years, the authors develop a taxonomy of six species of defensive cyber deception. Three of these six
species are highlighted in the context of emerging problems such as privacy against ubiquitous
tracking in the Internet of things (IoT), dynamic honeynets for the observation of advanced
persistent threats (APTs), and active defense against physical denial-of-service (PDoS) attacks.
Because of its uniquely thorough treatment of cyber deception, this book will serve as a timely
contribution and valuable resource in this active field. The opening chapters introduce both
cybersecurity in a manner suitable for game theorists and game theory as appropriate for
cybersecurity professionals. Chapter Four then guides readers through the specific field of defensive
cyber deception. A key feature of the remaining chapters is the development of a signaling game
model for the species of leaky deception featured in honeypots and honeyfiles. This model is
expanded to study interactions between multiple agents with varying abilities to detect deception.
Game Theory for Cyber Deception will appeal to advanced undergraduates, graduate students, and
researchers interested in applying game theory to cybersecurity. It will also be of value to
researchers and professionals working on cybersecurity who seek an introduction to game theory.

14 engineering grand challenges: The New Global Universities Bryan Penprase, Noah
Pickus, 2023-12-05 Reimagining higher education around the world: lessons from the creation of
eight new colleges and universities in Africa, Asia, the Middle East, and North America Higher
education is perpetually in crisis, buffeted by increasing costs and a perceived lack of return on
investment, campus culture that is criticized for stifling debate on controversial topics, and a
growing sense that the liberal arts are outmoded and irrelevant. Some observers even put higher
education on the brink of death. The New Global Universities offers a counterargument, telling the
story of educational leaders who have chosen not to give up on higher education but to reimagine it.
The book chronicles the development and launch of eight innovative colleges and universities in
Africa, Asia, the Middle East, and North America, describing the combination of intellectual courage,
entrepreneurial audacity, and adaptive leadership needed to invent educational institutions today.
The authors, both academic leaders who have been involved in launching ventures similar to the
ones described, offer a unique inside perspective on these efforts. Bryan Penprase and Noah Pickus
show how the founders of new colleges and universities establish distinctive brands in a sector
dominated by centuries-old institutions, secure creative sources of funding, attract stellar faculty
and students, and design appealing curriculums and campuses—all while managing tradeoffs and
setbacks, balancing local needs and global aspirations, and wrestling with challenges to academic
freedom. These new educational institutions include two universities in Asia and the Middle East
built by well-established American parent institutions, others in Africa and North America that offer
holistic reform from the ground up and leverage new technologies to lower costs, and still others
that adapted the American liberal arts model to Asian and African contexts. Their experiences offer
lessons for future founders of new universities—and for those who want to renew and rejuvenate
existing ones.

14 engineering grand challenges: Increasing the Roles and Significance of Teachers in
Policymaking for K-12 Engineering Education National Academies of Sciences, Engineering,
and Medicine, National Academy of Engineering, Division of Behavioral and Social Sciences and
Education, Teacher Advisory Council, 2017-01-01 Engineering is a small but growing part of Ka€12
education. Curricula that use the principles and practices of engineering are providing opportunities
for elementary, middle, and high school students to design solutions to problems of immediate
practical and societal importance. Professional development programs are showing teachers how to
use engineering to engage students, to improve their learning of science, technology, engineering,
and mathematics (STEM), and to spark their interest in engineering careers. However, many of the




policies and practices that shape Ka€12 engineering education have not been fully or, in some cases,
even marginally informed by the knowledge of teacher leaders. To address the lack of teacher
leadership in engineering education policymaking and how it might be mitigated as engineering
education becomes more widespread in Ka€12 education in the United States, the National
Academies of Sciences, Engineering, and Medicine held a convocation on September 30a€October 1,
2016. Participants explored how strategic connections both within and outside classrooms and
schools might catalyze new avenues of teacher preparation and professional development,
integrated curriculum development, and more comprehensive assessment of knowledge, skills, and
attitudes about engineering in the Ka€12 curriculum. This publication summarizes the presentations
and discussions from the event.

14 engineering grand challenges: Engineering Identities, Epistemologies and Values
Steen Hyldgaard Christensen, Christelle Didier, Andrew Jamison, Martin Meganck, Carl Mitcham,
Byron Newberry, 2015-05-30 This second companion volume on engineering studies considers
engineering practice including contextual analyses of engineering identity, epistemologies and
values. Key overlapping questions examine such issues as an engineering identity, engineering
self-understandings enacted in the professional world, distinctive characters of engineering
knowledge and how engineering science and engineering design interact in practice. Authors bring
with them perspectives from their institutional homes in Europe, North America, Australia\ and Asia.
The volume includes 24 contributions by more than 30 authors from engineering, the social sciences
and the humanities. Additional issues the chapters scrutinize include prominent norms of
engineering, how they interact with the values of efficiency or environmental sustainability. A
concluding set of articles considers the meaning of context more generally by asking if engineers
create their own contexts or are they created by contexts. Taken as a whole, this collection of
original scholarly work is unique in its broad, multidisciplinary consideration of the changing
character of engineering practice.

14 engineering grand challenges: Systems Engineering Using the DE]JI Systems Model®
Adedeji B. Badiru, 2022-08-29 While we need to work more with a systems approach, there are few
books that provide systems engineering theory and applications. This book presents a
comprehensive collection of systems engineering models. Each of the models is fully covered with
guidelines of how and why to use them, along with case studies. Systems Engineering Using the
DE]JI Systems Model®: Evaluation, Justification, and Integration with Case Studies and Applications
provides systems integration as a unifying platform for systems of systems and presents a structured
model for systems applications and explicit treatment of human-in-the-loop systems. It discusses
systems design in detail and covers the justification methodologies along with examples. Systems
evaluation tools and techniques are also included with a discussion on how engineering education is
playing a major role for systems advancement. Practicing professionals, as well as educational
institutions, governments, businesses, and industries, will find this book of interest.

14 engineering grand challenges: Essential Diabetes Leadership Laurence D. Chalem,
2009-09-05 Incredibly accessible and straightforward, Laurence D. Chalem's second book, Essential
Diabetes Leadership, is the quintessential overview of diabetes. Whether you or a loved one has
recently been diagnosed with diabetes or whether it is something you have managed for years, this
book provides insight on how to live optimally with diabetes. In this powerful and empowering
treatise, the author traces data from the last three centuries and explains where to find credible
information from all channels of information. Meticulously researched and fully annotated, Chalem's
analysis also investigates the most influential diabetes study in the world. Here is where questions
are answered and diabetics become the leaders of their wellness. Nearly the entire diabetes
treatment industry is biased in favor of their particular interests and that-hands down-the optimal
treatment of diabetes is a diet low in carbohydrates, high in fat, and one that takes the middle
ground in regards to protein.

14 engineering grand challenges: Making Things National Academy of Engineering,
2012-03-01 More than two decades ago, a commission of 17 MIT scientists and economists released



a report, Made in America, which opened with the memorable phrase, To live well, a nation must
produce well. Is that still true? Or can the United States remain a preeminent nation while other
countries increasingly make the products that once were made in America? These questions were at
the center of a forum titled Making Things: 21st Century Manufacturing and Design held during the
2011 Annual Meeting of the National Academy of Engineering. In a wide-ranging and provocative
conversation, seven leaders of business, government, and academia explored the many facets of
manufacturing and design and outlined the many opportunities and responsibilities posed by
manufacturing for the engineering profession. Making Things: 21st Century Manufacturing and
Design summarizes the discussions that took place during the 2011 forum. The report concludes
with a forum agenda and each attendee's bibliography.

14 engineering grand challenges: Space Systems and Sustainability Joseph N. Pelton,
2021-08-13 In his latest book, space scientist, futurist, and educator Joseph N. Pelton explores a
dozen ways that Planet Earth is at “existential” risk, along with the many ways that space systems,
data analytics, and advanced networking systems can help us cope with these global challenges. The
chapters examine in a straightforward way how satellite systems and technol- ogy can drastically
transform fields such as pandemic tracking and global medical responses, cosmic hazard monitoring,
nuclear energy and waste disposal, water and land pollution, tele-education/telemedicine, and
military conflict. Such examples show how orbiting smart systems will play an ever more vital role in
our vulnerable modern world, allowing us to monitor, track, and respond to mounting problems of
the 21st century. Dr. Pelton takes a broad view, probing the social, economic, and regulatory factors
that are crucial to creating a more sustainable “Spaceship Earth.” This book is a call to action,
promoting more organized international collaboration and investment in space technologies that can
enable global change.

14 engineering grand challenges: Sustainability Adedeji B. Badiru, Tina Agustiady,
2021-03-29 Sustainability is one of the most embraced topics nowadays. Everybody is affected by
issues of sustainability. Every organization needs to pay attention to these issues. As long as more
people and more organizations are engaging in business and industry activities, there will always be
a need for sustainability. This book presents tools such as lean six sigma to help sustain results by
using process focused decisions. This book covers tools and techniques of industrial engineering to
promote sustainability. It discusses a systems approach, the evolution of new products, development
of sustainability alliances, and highlights the role of sustainability in advancing organizational goals.
The book also addresses sustainability as a coordinated project using a project management
approach. It includes the interface of humans and technology and presents an integration of
analytics. The book is ideal for all engineering, business, and management fields.
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