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ENGINEERING
" SCIENCES

cience and engineering intersect in a number of ways in both education and

real-world applications. Engineers need to understand how the world works

from a variety of perspectives, including from those of the life, physical, and
environmental sciences. Engineers need the knowledge of scientists and mathema-
ticians to design and make the many devices and systems on which we depend
on a daily basis. At the same time, science benefits from advances in engineering
to develop the devices, instruments, and processes needed to test and understand
the natural world. Science, technology, engineering, and mathematics (STEM) are
intertwined, and each field contributes to the understanding of the natural world
and the development of a wide variety of goods and services designed to enhance
the quality of life.

This intermingling is reflected in the Next Generation Science Standards (NGSS;
NGSS Lead States 2013). The engineering dimension provides a stimulating and
real-world context within which we can understand science and its many applica-
tions, and students are able to develop some sense of where “this stuff is used in the
real world.”

This complex and interdependent interaction between science and engineering
has been at the core of a National Science Foundation—-funded project called Project
Infuse, which was designed to help life and physical science teachers enhance
their teaching of science through the infusion of engineering. Throughout Project
Infuse, we learned a number of important lessons. The teachers were intrigued
with engineering, not only conceptually but also with the many opportunities to
enrich the teaching and learning of science with engineering design projects and
other real-world applications. But there were also logistical challenges involving
such things as selecting and designing appropriate classroom activities, managing
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projects requiring group work and multiple solutions to problems, and the need for
new forms of assessment and pedagogy. So we rolled up our sleeves and worked
with a team of outstanding teachers, curriculum developers, professional develop-
ment providers, and researchers to address these issues. We developed and tested
teacher resources, engineering-infused life science lessons, and assessment tools,
and we pilot tested them with real students in real classrooms. The results yielded
the materials found in this book.

This book was designed to share some of the important lessons learned and
materials developed through this valuable set of interactions. Through our experi-
ence working with an amazing group of life science teachers, we learned which
ideas worked and which did not work. In some cases, we recrafted. At other times,
we discarded and started over. These teachers were instrumental in helping to
formulate the book’s structure and identify information that they thought would
be most useful to other teachers who are working to align their classes with con-
temporary directions in the life sciences.

Engineering and the Next Generation Science Standards

Let’s take a closer look at how engineering has been framed in the NGSS. First, it is
very important to remember that engineering is situated within three distinct but
equally important dimensions to science learning: disciplinary core ideas (DCls),
crosscutting concepts (CCCs), and science and engineering practices (SEPs) (NGSS
Lead States 2013). Collectively, the three dimensions “unpack” and clarify the per-
formance expectations that describe specific areas of student understanding across
the science and engineering disciplines. Throughout the NGSS, the performance
expectations are designed to move learning beyond memorization of factual infor-
mation to a deeper and more comprehensive understanding. Although you may
already be familiar with these three dimensions, it will be helpful to provide a brief
summary as background to our larger discussion of engineering in the life sciences.

Disciplinary Core Ideas

The DCIs outline key areas of knowledge across four main domains: (1) physical
sciences, (2) life sciences, (3) Earth and space sciences, and (4) engineering, technol-
ogy, and applications of science. The NGSS represent the first time that engineer-
ing has been included as a distinct area within K-12 science learning. The DClIs
are designed to establish a carefully selected and manageable set of performance
expectations in each area as students progress through the educational system.
Although the focus of this book is at the secondary level, it is important to note that
the NGSS present the DClIs as a series of grade-level learning progressions, with
engineering design as the central theme of the engineering DCI. At the high school
level, the DCI is captured by standard HS-ETS1 Engineering Design.
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ENGINEERING IN THE SCIENCES

Crosscutting Concepts
The CCCs represent “threads” that are “woven” throughout the standards. Col-

lectively, the CCCs help students make connections between and deepen their
understanding of the DCIs. The CCCs are as follows":

* Patterns

* Cause and Effect

® Scale, Proportion, and Quantity

* Systems and System Models

¢ Energy and Matter

e Structure and Function

e Stability and Change

¢ Interdependence of Science, Engineering, and Technology

* Influence of Engineering, Technology, and Science on Society and the
Natural World

Science and Engineering Practices
The SEPs describe the habits and skills that scientists and engineers use every day

in investigating the natural world and designing and building systems. The SEPs
are as follows:

¢ Asking Questions and Defining Problems

¢ Developing and Using Models

¢ Planning and Carrying Out Investigations

¢ Analyzing and Interpreting Data

¢ Using Mathematics and Computational Thinking

¢ Constructing Explanations and Designing Solutions

¢ Engaging in Argument From Evidence

® Obtaining, Evaluating, and Communicating Information

The developers of the NGSS captured the unique interrelationship between sci-
ence and engineering in the SEPs. Although the actions of scientists and engineers

1 Note that “Interdependence of Science, Engineering, and Technology” and “Influence of
Engineering, Technology, and Science on Society and the Natural World"” are not official NGSS
crosscutting concepts. They are actually NGSS disciplinary core ideas that can also be considered
crosscutting concepts. Thus, the term crosscutting concepts in this book includes “Interdependence
of Science, Engineering, and Technology” and “Influence of Engineering, Technology, and Science
on Society and the Natural World."

ENGINEERING 7 LIFE SCIENCES, 9-12
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may look very similar, they are fundamentally different from each other in the basic
goals or purpose of their work. The primary goal of science is to understand the
natural world and how it works, whereas engineers strive to produce and refine
products and services designed to meet human wants and needs. These similarities
and differences are captured in the SEPs in a way that can help students understand
how the two fields are different.

The NGSS are designed to place the entire educational process (including lesson
planning, student learning, and assessment) at the intersection of these three dimen-
sions. That’s a very tall order! But it’s also a tremendous opportunity to engage
students with important science concepts at a deeper level in ways that help them
connect science to other learning. The “intersection” also helps to contextualize
their learning within the real world of industry, business, research, and careers.
This three-dimensional structure and approach raises the stakes for the teaching,
learning, and assessment of science. It will challenge teachers and curriculum
developers to think of new ways to engage students at a deeper level. For many;, it
will also require a rethinking of how the science concepts and ideas are assessed.

Questions About Engineering in the Sciences

Why Is the Inclusion of Engineering in the NGSS a Good Thing?

What impact do science and engineering have on society and our environment? If
you incorporate engineering into your science classroom, your students will be bet-
ter able to answer that question! Engineering naturally integrates science and math
learning to solve real-world problems. Using a problem-based learning approach
that embeds science content into meaningful contexts is highly motivating for
students. It can deepen science and math learning, target multiple learning styles,
and spark creativity in the classroom. It can also broaden interest and participation
of students in STEM-related careers. But regardless of career choice, exposure to
engineering helps all students gain a better understanding of the technological
world in which we live.

What Is Engineering Design?

Engineering design is an iterative process that involves defining problems,
establishing design criteria and constraints, generating solution ideas, developing
models, testing solutions, redesigning, and refining solutions (see Figure 1.1). It is
important to note that this is somewhat of an oversimplification of how engineer-
ing really works. Engineering design is much more complex than simply moving
from one stage to the next in some kind of prescribed order.
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It is also important to note that other models exist; some of them are less complex,
whereas others contain substantially more detail. For example, NGSS Appendix I
presents engineering design in less detail, condensing the loop shown in Figure 1.1
into three broad components: Define, Develop Solutions, and Optimize. Regardless
of the level of detail given in an engineering design loop, the process tends to be com-
plex and iterative and depends on many factors, including the nature of the problem,
its scope, and even the thinking style of an engineer or the culture of an engineering
firm. As engineers do their work, they often move back and forth between stages
depending on the nature of the design problem. But the model depicted in Figure 1.1
captures the main components of the engineering design process.

Engineers tend to draw from a wide range of knowledge, including science,
mathematics, psychology, sociology, economics, and many other fields. They also
use knowledge that is unique to engineering as well as the “know-how” of techni-
cians and craftspeople. As they navigate through the design process, engineers use
optimization, trade-offs, prototyping, economic analysis, and a variety of other
techniques to address the constraints and criteria of their designs.

Engineering design is most often introduced in the classroom through the use of
a “design challenge” that describes a problem students need to solve. In contrast
with many science lessons, design challenges are deliberately open-ended and con-
figured to allow for multiple solutions. At their best, they require an understanding
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of science and math concepts for solution. As in the real world, the most creative
solutions come when students work together in groups to solve a challenge. To use
this strategy effectively, teachers must assume a facilitative and supportive role,
helping teams of students make connections to the science, interpret results, refine
their designs, examine misconceptions, and, often, extend their learning to broader
social impacts. Design-based instruction and assessment are quite different from a
direct instruction approach and pose challenges for time and classroom manage-
ment. Engineering design challenges are a lot of fun, but implementing them well
will require many teachers to expand their approach to teaching and learning.
Chapter 3 of this book is specifically designed to address these kinds of issues.

Can You Do Engineering in the Life Sciences?

Yes! Bioengineering is a large and growing discipline within the engineering field. A
few of the many applications include the development of artificial implants, limbs,
and organs; new-generation medical imaging techniques; improved processes for
genomic testing; and the manufacturing and administering of drugs. Biological
systems engineering focuses on the development of environmentally sound and
sustainable systems to improve animal, human, and environmental health.
Examples include the conversion of biological resources such as plant materials
and animal waste into value-added products such a biomaterials and biofuels in a
sustainable manner.

Unfortunately, curriculum materials that integrate engineering into high school
life science are not yet widely available. Teachers who want to include engineering in
life science classrooms often need to develop or revise lessons to meet their students’
needs. This book was written to help you do just that! In addition to basic informa-
tion on instructional strategies and assessment (see Chapters 3 and 4), design chal-
lenge ideas for high school-level life sciences are presented in Chapter 5. Clearly, this
approach will not be appropriate for all life science lessons, but it can be a powerful
way of placing science within a rich and authentic problem-solving context.

Organization of the Book

The book is divided into six chapters, beginning with this general overview of
the role of engineering in life science education. Chapter 2 contains a set of six
engineering-infused life science lessons. Our Project Infuse teachers considered
these lessons to be one of the most important components of the book. It is one
thing to discuss how existing lessons might be modified to include an engineering
component or what engineering-infused lessons might look like. But it is much
more helpful if some good working examples can be presented. One of the most
significant challenges throughout the project was identifying life science lessons
that are appropriate and “doable” for secondary-level students. The pilot test
teachers worked very hard to identify a set of lessons that not only are practical
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ENGINEERING IN THE SEIENCES\J A

and appropriate but also cover a representative sampling of life science content.
Some lessons can be easily integrated in the form presented. Others may need to
be adapted. In any case, one of the most important lessons learned throughout the
project was the “power of working examples” and the value of engaging teachers
with curriculum. Our hope is that the lessons will be used, adapted, and refined so
they can serve as the foundation for developing new lessons.

Chapter 3 contains a discussion of practical matters associated with delivering
engineering design challenges and projects in science classrooms. In some respects,
the pedagogy and techniques will be similar to inquiry-based science. In other
ways, the techniques differ significantly. Design challenges are frequently done
in groups with multiple solution possibilities. It is also important to think about
how to strike a balance between science and engineering content. Some challenges
will involve making relatively minor modifications to how science has been taught
and learned. In other cases, the changes will be more demanding and difficult to
do. This chapter evolved from a set of honest, practical, and engaging discussions
conducted between an experienced engineering technology high school teacher
and a group of experienced life science teachers.

Chapter 4 focuses on assessment, which is a “must” in the high-stakes, standards-
based world of education. The goal of the curriculum design and delivery process
is to achieve a close alignment across standards, content, learning experiences,
and assessment. The inclusion of engineering raises some additional issues. What
changes will be needed to assess new engineering-oriented lessons, which often
involve open-ended projects and group activities? Additionally, engineering chal-
lenges tend to focus on process, which shifts the focus of assessment to formative
procedures where process is, in some cases, as important as content.

Chapter 5 is designed to stimulate additional lesson ideas. For many, the inclu-
sion of engineering might be new and seemingly foreign when considering how to
expand the curriculum to include more engineering lessons. Yet with a spark of an
idea, teachers can develop lessons that can be integrated into their classrooms. This
chapter contains a variety of lesson ideas that have the potential to be developed.
For each idea, we have attempted to provide a brief description of what the lesson
might contain and, in some cases, an idea or two about how the lesson might be
configured.

The final chapter contains five engineering case studies developed and used by
Project Infuse. These case studies are designed to ignite classroom discussions on
the nature of engineering in the modern world. Teachers have used case studies in
various ways: to introduce the field of engineering and discuss engineering careers,
to engage students in a discussion of an engineering concept and then explore the
topic more fully in an activity, and to connect the science content to the engineering
content by discussing the real-world examples provided in the cases.
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We hope that the materials and the rich base of experience that they represent
will be helpful as life science teachers seek to engage their students through
engineering-enriched science. The materials are designed to be organic, adaptable,
and, most important, usable.
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