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Foreword

Classroom formative assessment is the most
powerful form of assessment that teachers have
at their disposal to elicit and analyze evidence
of student thinking and, consequently, to
use this evidence to adjust learning strategies
accordingly. When used properly, formative
assessment provides the teacher with a constant
source of information that can be used during
the course of and at the point of instruction.
Similar to a GPS device, formative assessment
is a means to keep the learner “on the path”
by using student feedback as information
to guide and adjust instruction. The probes
detailed within Uncovering Student Ideas About
Engineering and Technology: 32 New Forma-
tive Assessment Probes provide opportunities
for students to engage in self-assessment and
feedback from their peers in the areas of
engineering and technology.

This book is especially timely, since 43
states and the District of Columbia have
now adopted or adapted science standards
based on either the Next Generation Science
Standards (NGSS; NGSS Lead States 2013)
or A Framework for K—12 Science Education:
Practices, Crosscutting Concepts, and Core
Ideas (the Framework; NRC 2012). These new
state standards, which provide guidance for
the development of curriculum, instruction,
and assessment, call for 4/l students, “over
multiple years of school, [to] actively engage
in scientific and engineering practices and
apply crosscutting concepts to deepen their
understanding of the core ideas,” both in the
traditional disciplines of science and in the
field of engineering (NRC 2012, p. 10).

Uncovering Student Ideas About Engineer-
ing and Technology supports the vision of
the NGSS and the Framework by providing

educators with a variety of research-based
formative assessment probes to uncover their
students’ prior knowledge and misconceptions
in the areas of engineering and technology.
This book not only offers tools for teachers
to use to uncover their students’ thinking,
but also provides a foundation to support the
importance of engineering and technology in
the development of student problem-solving
skills and innovative application of science
concepts.

The authors of this book represent a
“perfect storm” of expertise. Page Keeley is
a prolific writer and researcher in the area of
science formative assessment. Cary Sneider
was a member of the Framework and NGSS
writing teams and has worked extensively with
teachers nationwide to bring engineering and
design into the classroom. As a distinguished
engineer, technologist, and university educator,
Mihir Ravel affords his expertise through the
creation of authentic, problem-based scenarios
and situations addressed through the probes.
The product of the collaboration of these tal-
ented experts provides the readers of this book
with a practitioner-friendly guide to infusing
engineering and technology into classrooms
through research-based formative assessment
prompts and probes.

I am honored to be asked to write the
foreword for this book. Supporting educators
in the implementation of three-dimensional
science and engineering standards is mission
critical. Teachers are the key to the positive
change we seek in preparing our students to
become a STEM literate citizenry. Toward
that end, Understanding Student Ideas About
Engineering and Technology goes far in sup-
porting educators through its teacher-centered
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Defining Problems 20

Who Needs - @gw °
It?

Simone recently graduated from college with ) ’T

an engineering degree. She has just been

hired by a company to design its new line

of birdhouses. She knows that every product has a c/ient. The client is usually a person
or group who has a problem or need that requires a solution. Identifying clients is an
important step early in an engineering design process. She asks her friends to help her
identify a client for the birdhouses.

Ling: The client is the person who hired you. Just ask your employer to tell
you as much as they can about what they want the new birdhouses to

be like.

Annapurna: [ think the client is the person who is likely to buy a birdhouse. If you
meet that person’s needs, then your employer will be happy. Go to a
garden shop where they sell birdhouses and ask the customers what they

are looking for.

Deepali: We need to think of this from the user’s point of view. Your client is
clearly the bird that will be living in the birdhouse. Go visit some gardens

and parks to see which birdhouses attract the most birds!
Melvin: I think all three of you identified a client for the birdhouse.

Katrina: I disagree with all of you. The client is someone else.

Who do you agree with the most? Explain your thinking.

Uncovering Student Ideas About Engineering and Technology 127
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20 Defining Problems

¢Quieén lo T

Necesita? Az

Po
Simone se gradué recientemente de la univer- . T
sidad con un titulo de ingenieria. Acaba de K“—IU‘ \ -

ser contratada por una empresa para disefar

su nueva linea de casas para pdjaros. Ella sabe que cada producto tiene un cliente. El
cliente es regularmente una persona o grupo que tiene un problema que requiere una
solucién. Identificar clientes es un paso inicial importante en un proceso de disefio de
ingenieria. Ella le pide a sus amigos que la ayuden a identificar un cliente para las casas

de péjaros.

Ling: El cliente es la persona que lo contraté. Solo pidale a su empleador que
le diga todo lo que pueda sobre cémo quieren que sean las nuevas casas

para pajaros.

Annapurna: Creo que el cliente es la persona que probablemente compre una casa para
pdjaros. Si satisface las necesidades de esa persona, su empleador estard
muy contento. Vaya a una tienda donde venden pajareras y pregunte a

los clientes qué estdn buscando.

Deepali: Tenemos que pensar en esto desde la vista del usuario. Su cliente es
claramente el pédjaro que vivird en la casa para pdjaros. Visite algunos

jardines y parques para ver qué pajareras atraen mds aves!

Melvin: Creo que los tres identificaron un cliente para la casa para pdjaros.

Katrina: No estoy de acuerdo con todos ustedes. El cliente es otra persona.

«Con quién estds mds de acuerdo? Explica lo que piensas.
128 National Science Teaching Association
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Defining Problems

Who Needs It?

Qi i )"T

Purpose

The purpose of this assessment probe is to
elicit students’ ideas about who needs to be
consulted when solving a problem (the client).
The probe is designed to reveal the extent to
which students recognize that the needs of a
number of individuals (in this case an animal
as well) have to be understood when defining
a problem.

Type of Probe
Friendly talk

Related Key Idea

o Identifyinga “client” helps engineers be clear
about whose needs the solution must meet.

Explanation

The best answer is Melvin’s: “I think all three
of you identified a client for the birdhouse.”
As part of the process of defining a problem,
engineers identify the c/ient, which is the indi-
vidual, company, organization, or other entity
that has a need or a problem to be solved that
uses the expertise of an engineer. It is important
to be clear about whose needs will be met by

the solution, and who else may be affected when
the problem is solved. The birdhouse problem
is especially interesting because, in addition to
the person who first identified the need (the
boss), and the person who will make a deci-
sion about whether or not to purchase it (the
customer), there is a third client whose needs
must also be taken into account (the bird). In
engineering, the bird’s position is sometimes
referred to as “the end user.” Melvin is correct
that defining this problem will involve learning
about the needs of all three “clients.”

Administering the Probe

This probe is best used with students in grades
3-12. Be sure students first understand what
is meant by the “client” in an engineering sit-
uation, and how its meaning differs from the
word customer. For older students, in addition
to client, discuss terms like customer, buyer, and
end user—these can all be different people. Have
them think about a situation in which their
parents are the buyers but they are the users.

Uncovering Student Ideas About Engineering and Technology
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Connections to the Three
Dimensions (NRC 2012; NGSS
Lead States 2013)

e DCI: ETS1.A. Defining and Delimiting
Engineering Problems

e DCI: ETS2.B. Influence of Science, Tech-
nology, and Engineering on Society and
the Natural World

o SEP: Asking Questions and Defining
Problems

Related Research

o Several researchers have investigated the
value of using fictional characters in
literature to spark discussion about engi-
neering design. Portsmore, Watkins, and
McCormick (2012) and Watkins, Spencer,
and Hammer (2014) reported on a study
of 24 fourth-grade students who identified
problems the main characters faced in a
fictional story. Pairs of students selected a
problem to work on and designed solutions
to help the characters by engaging in several
types of planning and drawing activities.

e A similar teaching method is described
by McCormick and Hammer (2016), who
reported on a case study of two students
during a fourth-grade engineering activity
in which students framed problems based
on fictional stories that provided “clients.”
The outcomes were encouraging but mixed,
in part owing to variations in how students
framed the task. While in some cases stu-
dents focused on clients’ needs, in other
cases they focused on what they thought
the teacher wanted.

Suggestions for Instruction and

Assessment

o Help students gain insight into the dis-
tinction between cases in which the buyer
of a technology is different from the end
user. For example, ask them to think about

Defining Problems

situations in which parents are the buyers
and the children are the users, or where
someone is buying a gift for a friend who
will be the end user. How should a person
who is designing the technology decide
on the qualities of a good solution? What
if they please the buyer but not the end
user? Or the end user but not the buyer?

o Identify an object that many of your students
use every day, such as a backpack, a smart-
phone, or a common article of clothing. Ask
the students who they thought the object
was originally designed for, what the users
might have said if a design engineer had
asked them how they would use the object,
and what characteristics they thought it
should have and should not have.

o Ask students to imagine they have been hired
by a school supplies company and asked to
redesign an everyday object typically used
in school, such as a cafeteria tray or locker.
Who would they talk to in order to find
out how the task should be defined? What
questions should they ask the person?

o Is the best design always a good choice?
What if the best design costs more money
than the competition? How might an
employer decide if the design that one of
its engineers came up with will actually
make money for the company?
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FOREWORD

ntegrating STEM Teaching and Learning Into the K-2 Classroom is a critically important

contribution toward advancing STEM (science, technology, engineering, and mathematics)

education for two overarching reasons: (1) It blazes a trail for early elementary classroom
practitioners to reflect the latest thinking in STEM, and (2) it provides a means by which early
elementary educators can meaningfully contribute to America’s STEM movement.

The course for STEM education across the United States has been mapped in the report
Charting a Course for Success: America’s Strategy for STEM Education, released by the White House
Office of Science and Technology Policy in December 2018. Readers and users of Integrating STEM
Teaching and Learning by Jo Anne Vasquez, Michael Comer, and Jen Gutierrez can be confi-
dent of a close alignment between the broad consensus of the STEM education community as
reflected in Charting a Course and the research-based insights and practical examples provided
throughout this book. Common threads woven through both publications are the integration
of STEM concepts and principles, the application of classroom experiences to students’ lives, a
priority on equal access to high-quality STEM education for all learners, the development of inter-
personal skills including communication and perseverance, assessment to continuously improve
outcomes, and other hallmarks of STEM education.

Today, STEM education has essentially eclipsed its own acronym to be an educational sea
change from disciplinary silos toward solving transdisciplinary big questions and problems that
converge multiple disciplines, making the enterprise far more interesting to learners. And it starts
early, as Vasquez, Comer, and Gutierrez observe—“there is strong evidence that STEM learning
can and does begin in early childhood classrooms” (p. 7). Thus, Integrating STEM Teaching and
Learning Into the K-2 Classroom provides a superb roadmap.

—Jeff Weld

Executive director, lowa Governor’s STEM Advisory Council;
former senior policy advisor on STEM education,

White House Office of Science and Technology Policy
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CHAPTER 6

DEVELOPING A STEM UNIT
WITH MATH AS THE DRIVER—
STRAW BRIDGES

A square was sitting quietly

Outside his rectangular shack

When a triangle came down—Keerplunk!
“I must go to the hospital’

Cried the wounded square,

So a passing rolling circle

Picked him up and took him there.

—Shel Silverstein, A Light in the Attic (1981)

ridges, forces, compression, and tension—oh, my! Can this vocabulary be for kindergar-
Bten students? You bet! Come along as the “Straw Bridges” STEM (science, technology,
engineering, and mathematics) unit unfolds based on the mathematical standards for

the geometry concepts of identifying, describing, analyzing, comparing, creating, and composing
shapes. Oh, yes. Squares, rectangles, circles, trapezoids, hexagons, cubes, cones, cylinders, and
spheres are all found in the kindergarten mathematics standards. Two very creative teachers from
Broadmor Elementary School in Tempe, Arizona—kindergarten teacher Lori Schmidt and fifth-
grade partnering teacher Joshua (Josh) Porter—have developed and cotaught the following Straw
Bridges STEM unit. The fifth-grade students become “learning buddies” to the kindergarteners

and help them with their engineering projects.

At the beginning of any new curriculum planning adventure there is always brainstorming and
reflection, and as you will read, this was not a canned STEM unit. Yes, Lori and Josh both had
ideas about straw-building activities they had studied, but they took those ideas and developed
their own integrated straw bridge STEM unit. Was it perfect the first time through? No, of course
not. But like all great teachers, they monitored and adjusted their teaching to fit the students’
needs. They also took notes about how to change or enhance the lessons to improve them for
subsequent years.

Integrating STEM Teaching and Learning Into the K-2 Classroom
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Overview of the Straw Bridges STEM Unit

In Lori and Josh’s words

We start the unit planning with a big idea
or engineering task. We look at what we
want students to have as an end product. In
this unit, we started with the kindergarten
math standards as the “driver” From there
we identified the engineering properties
as our “copilot,” the technology needed to
complete the project. We then decided that
the science concepts, while necessary to
understand the forces at work, would not be
the focal point of the learning and therefore
were the “back-seat passengers”

The big idea was to design and build a

bridge using students’ understandings of
various shapes. This was the end product.

But the necessary steps to complete the
bridge design included allowing the stu-
dents to tinker with their own ideas for
design. Each successive lesson reinforced
a concept necessary to build an effective
bridge. Each lesson ended with examples
of successes and failures in the design
phase with reflections to help guide deci-
sions for the next steps in the process.

Once the students have their own ideas
for design, we introduce vocabulary as we
go. Vocabulary is taught with kinesthetic
movements so our English language learn-
ers and nonreaders can still demonstrate
understanding.

DEVELOPING THE STRAW BRIDGE STEM UNIT

Lori and Josh had already decided on their unit’s big idea, which was to have the students design
and build a bridge using shapes that included circles, triangles, squares, rectangles, rhombuses,
trapezoids, hexagons, cubes, cones, cylinders, and spheres. To get to this transdisciplinary task,
they began with the first step in the W.H.E.R.E. planning template, which is to decide on the what
(see Figure 6.1). What standards will be addressed? What content standards and big ideas will the
students need to know and be able to do? What are the desired learning goals for this instruction?
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Developing a STEM Unit With Math as the Driver—Straw Bridges

Figure 6.1. The W section of the W.H.E.R.E. model

W What are the desired results, including the Why would the students care about this
big ideas, content standards, knowledge, and | knowledge and these skills?

skills? » Craft the driving question that will lead to
« List the content standards and what the the development of the integrated tasks
students will know and be able to do. that provide for the application of the

content, knowledge, and skills.

« List the essential questions that can be
answered as a result of the learning.

Having selected the what items in the first step, Lori and Josh began to think about the second
part of the W guidepost—the why. Why would a student care about learning these concepts and
skills? This can be hard to articulate beyond the response “Because it’s in the standards.” Being able to
describe the why can help more clearly define the learning outcome. The why sets the direction of the
instruction and helps craft the driving question that ties together the development of the integrated
tasks to provide for the application of the content and skills. Without having a why, the learning can
become directionless, getting mired in activities without having any real purpose or focus for the
student. And while these activities may be fun and engaging experiences for children, they do not aid
them in developing an understanding of the core ideas listed in the what.

In this example unit, the partnering teachers are from different grades. One of the overall goals
is for the fifth graders to help the younger students with their constructions and learn how to
cooperate with others. For the younger students, working with the older students gives them more
in-depth talking time, as they need to describe their ideas and construction plans to their learn-
ing buddies. Various research studies support the positive effects that the role of mentor-mentee
has on learning. Findings across many subjects have identified learning as an active process that
is highly social and is enhanced by the intentional support provided by more knowledgeable indi-
viduals, whether they are peers, mentors, teachers, or experts in the field.

For the Straw Bridges STEM unit, the main drivers in its development were the kindergarten
geometry standards from the Arizona State Standards (shown in Figure 6.2, p. 50).

Integrating STEM Teaching and Learning Into the K-2 Classroom
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CHAPTER 6

Figure 6.2. The geometry standards for the Straw Bridges STEM unit

Geometry

K.G.A.
Identify and describe
shapes

K.G.A1

Describe objects in the environment using names of shapes,
and describe the relative positions of these objects using
terms such as above, below, in front of, and next to.

K.G.A.2

Correctly name shapes regardless of their orientation or
overall size (circle, triangle, square, rectangle, rhombus,
trapezoid, hexagon, cube, cone, cylinder, and sphere).

K.G.A3

Identify shapes as two-dimensional (lying in a plane, flat) or
three-dimensional (solid).

K.G.B.
Analyze, compare, create,
and compose shapes

K.G.B.4

Analyze and compare two-dimensional and three-
dimensional shapes, in different sizes and orientation, using
informal language to describe their similarities, differences,
parts (e.g., number of sides and vertices/corners), and other
attributes (e.qg., having sides of equal length).

K.G.B.5

Model shapes in the world by building shapes from
components (e.g., use sticks and clay balls) and drawing
shapes.

K.G.B.6

Use simple shapes to form composite shapes. For example,
“Can you join these two triangles with full sides touching to
make a rectangle?”

Source: Arizona Department of Education (2016).

In their description of the planning for this unit, Lori and Josh mentioned using the math stan-

dards as the “driver” What did they mean? For every STEM unit there may be one discipline—or

at the most two disciplines—driving the content standards that are the focus of instruction. In an

integrated unit, the central focus for the learning cannot be all the standards covered. Too many

different standards being introduced at one time can only serve to create confusion for the learn-

ers and interrupt their ability to concentrate on the acquisition of new knowledge and skills. As
described in research cited in STEM Integration in K—12 Education,

Split attention—simultaneously dividing ones attention between competing
sources of information—is cognitively demanding and can be a major obstacle to
understanding and learning. The split-attention effect is evidenced by difficulties
in storing and processing information that is physically separated. (NRC 2014,

p. 84)

Supporting standards can be woven into the learning experiences to provide opportunities for

reinforcement and for extended practice of previously learned concepts. To help with this, we use
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Developing a STEM Unit With Math as the Driver—Straw Bridges

the analogy of a car, first described in Chapter 5. In a four-passenger automobile, there is only one
driver—the set of core standards that the instruction will focus on delivering. These cover the pri-
mary objectives for the unit and drive the learning forward. In your car, the front-seat passenger
represents those standards that may be closely aligned to the driver and are helpful in navigating
the instructional route. The front-seat passenger acts as the copilot to the core standards and influ-
ences the learning path necessary for greater student understanding. This can help provide context

for the learning or make the experiences more rigorous and meaningful.

There may be passengers in the back seat—these are the tangential learning standards that could
be tied to individual activities or the culminating product of the unit. For example, in the straw
bridge unit, students may use a science text or leveled science readers for content acquisition, which
can reflect English language arts (ELA) standards for analyzing informational text. The students will
be practicing those ELA skills, but the primary instruction in the unit is not focused on the teaching
of reading informational text. Or, students might connect their bridge project to issues that affect
their community (whether it is the classroom, the school, or the broader neighborhood), which can
tie to social studies standards, but the understanding of “communities” is not the focal point of the
learning in the project. These are just tangential standards that help deepen the integrated learning
experience beyond the STEM topics. These standards can be opportunities to reinforce previously
taught concepts or a way to introduce an idea that will be explored at a future time.

The geometry standards are the driver or primary focus of instruction for the straw bridge
unit. But as we all know; it is difficult to separate and focus on only a few standards. Therefore, the
beauty of this unit is that it incorporates other standards from both science and ELA. Once you
identify the main content driver that you want to stress and really focus the learning around, there
also will be other supporting standards (passengers) to consider. This is part of your decision-
making process as you begin to think about your STEM unit scenario and start to develop the
W.H.E.R.E. template. Integrated STEM units are just that: integrated with more than one standard
to help reach the answer to the unit’s driving question and to facilitate the completion of the trans-
disciplinary task.

BRAINSTORMING THE STRAW BRIDGE STEM UNIT

Lori and Josh also realized that they could incorporate standard K-PS2-1, Motion and Stability:
Forces and Interactions (see Figure 6.3, p. 52), from the Next Generation Science Standards (NGSS;
NGSS Lead States 2013). This standard was comprehensive enough for them to develop their ideas
of having the students begin to understand pushes and pulls as they examined different shapes
found in bridges. The students were introduced to local bridge builders who used sophisticated
terms such as compression, tension, structure, support, and trusses in describing the images they
shared of how they build bridges. Students’ use of this vocabulary evolved naturally as they tried to
articulate their understandings of why some shapes were more successful than others. All of this
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CHAPTER 6

Figure 6.3. NGSS performance expectation for K-PS2-1

K-PS2-1 Motion and Stability: Forces and Interactions

pulls on the motion of an object.

Students who demonstrate understanding can:
K-PS2-1. Plan and conduct an investigation to compare the effects of different strengths or different directions of pushes and

[Clarification Statement: Examples of pushes or pulls could include a string attached to an object being pulled, a person pushing
an object, a person stopping a rolling ball, and two objects colliding and pushing on each other.]

[Assessment Boundary: Assessment is limited to different relative strengths or different directions, but not both at the same
time. Assessment does not include non-contact pushes or pulls such as those produced by magnets.]

(NRC 2012):

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education

SCIENCE AND ENGINEERING
PRACTICES

Planning and Carrying Out

Investigations

Planning and carrying out investigations

to answer questions or test solutions

to problems in K-2 builds on prior

experiences and progresses to simple

investigations, based on fair tests, which

provide data to support explanations or

design solutions.

* With guidance, plan and conduct an

investigation in collaboration with
peers.

Connections to the Nature of Science

Scientific Investigations Use a Variety
of Methods

« Scientists use different ways to study
the world.

DISCIPLINARY CORE IDEAS

PS2.A: Forces and Motion

« Pushes and pulls can have different
strengths and directions.

* Pushing or pulling on an object can
change the speed or direction of its
motion and can start or stop it.

PS2.B: Types of Interactions

* When objects touch or collide, they
push on one another and can change
motion.

PS3.C: Relationship Between Energy
and Forces

* A bigger push or pull makes things

speed up or slow down more quickly.

(secondary)

CROSSCUTTING CONCEPTS

Cause and Effect

« Simple tests can be designed to
gather evidence to support or refute
student ideas about causes.

Source: NGSS Lead States (2013).

led up to the development of their transdisciplinary engineering design task, which was to have

the student groups build a bridge that could hold at least five or more books without collapsing.

In the primary grades, we find it difficult to separate and focus on only one of the engineering

design standards. It is not that the individual learning objectives of the standards cannot be iso-

lated, but it is difficult to cut short the learning experience when student excitement is at a peak.

What fun is it to talk about a problem or generate a solution without the opportunity to try build-

ing it? How do you foster persistence, experimentation, and self-reflection if you don’t allow time
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Developing a STEM Unit With Math as the Driver—Straw Bridges

for solution improvements? For these reasons, in this primary-grade unit the supporting content
includes all of the engineering design standards (ETS) in addition to the science. There are of
course other content standards, but in this unit, the understandings about geometric shapes will
be held at the forefront of the planning and will act as the driver. The engineering design standards
will play the role of the front-seat passenger.

Math is the main driver for this STEM unit, but as you can see, the engineering design standards
and science are essential secondary or supporting standards (Figure 6.3). These are the passengers
in the STEM car. As Lori and Josh were designing this STEM unit, part of their decision-making
process was to think about the unit holistically, and looking at the standards that needed to be
taught and those that could be used to reinforce previously covered standards helped with the
development. As the overall idea for the STEM unit takes shape, it then becomes a process of
thinking about what interesting or relevant scenario can be crafted, which will lead to the devel-
opment of the driving question. In this case, the students were learning about different types of
bridges, they were using their straws to construct different geometric shapes, they were learning a
rich variety of core ideas and new vocabulary words, and they were building comfort in collaborat-
ing and communicating with each other (see Figure 6.4 and Figure 6.5, p. 54).

Figure 6.4. Students creating their shape pieces prior to bridge
construction
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Figure 6.5. Students beginning construction of the straw bridge

Having decided upon the what and the why, it was now time to put it all together with an engag-

ing scenario that would draw from the essential questions and bring together all the content for
the students. This scenario or storyline helps the students become active participants in the learn-
ing, while the driving question communicates the purpose for learning by providing a real-world
context that the students can relate to. This scenario gives students the opportunity to apply their
key understandings in their transdisciplinary task.

THE SCENARIO

In developing this Straw Bridges STEM unit, the teachers aimed to give students experiences with
seeing shapes, creating models, drawing shapes, and composing composite shapes found in the
real world (math standards K.G.B.5 and K.G.B.6). The students described the shapes by talking
about those found in different types of bridges. From there, Lori and Josh decided to bring this
home with the following scenario:

There was a very heavy rainstorm, and it washed out the bridge to the town. The
families needed to return to their homes. They loaded up trucks with supplies but
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they needed a bridge to cross the river in order to get home. You are part of an
engineering design team that has been asked to construct a new, strong bridge. But
first your design team will need to build and test models to decide on the best and
strongest design for this new bridge.

Now, with a scenario in mind and the content standards in place, it was time to create the driv-
ing question that would tie together the development of the integrated tasks: “How can we design
and build a bridge out of straws with tension and compression so that the bridge does not collapse
when tested?” (see Figure 6.6).

Figure 6.6. Students testing their straw bridge construction

The completed W section of the WH.E.R.E. model (see Figure 6.7, p. 56) provides a descrip-
tion of the planning for the what and the why. It describes the key drivers for the instruction in
the unit.
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Figure 6.7. W section of the W.H.E.R.E. template for the Straw
Bridges unit

W

What
The students will develop an understanding of different geometric shapes through hands-on
experiences where they use these shapes to design and build a bridge.

Main standard (drivers)
K.G.A. Identify and describe shapes.

1. Describe objects in the environment using names of shapes, and describe their
position using terms such as above, below, besides, in front of, behind, and next to.

2. Correctly name shapes, regardless of their orientation or overall size (e.g., circle,
rhombus, trapezoid, hexagon, cube, cone, cylinder, and sphere).

Secondary standards (passengers)

Engineering Design

ETS1.A. Defining and Delimiting Engineering Problems
ETS1.B. Developing Possible Solutions

ETS1.C. Optimizing the Design Solution

Science

Motion and Stability

K-PS2-1. Plan and conduct an investigation to compare the effects of different directions of
pushes and pulls on the motion of an object.

English Language Arts

K.RL.1. With prompting and support, ask and answer questions about key details in a text.
K.SL.5. Add drawings or other visual displays to descriptions as desired to provide additional
detail.

K.SL.6. Speak audibly and express thoughts, feelings, and ideas clearly.

Why
Students can better understand the attributes of different shapes when they are used to solve a
problem. The bridge problem offers a variety of successful design solutions.

Driving question
How can we design and build a bridge out of straws with tension and compression (push and
pull) so that the bridge does not collapse when tested?

Essential questions
Mathematics
* \What geometric shapes can be used to construct an effective bridge?
» What total geometric design used to construct our bridge is most effective?
» \What are the attributes of the different shapes that were used to construct the bridge?

Continued
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Figure 6.7 (continued)

W Essential questions (continued)
Engineering Design

problem?

of the bridge?

structure?

Science

English Language Arts

* \What observations and questions need to be answered before you can solve the problem?
¢ How can the engineering design process be used to find a solution to your design

* How will drawing a picture or creating a blueprint of the design help with the construction

* |s there more than one design that will provide the best solution for the strongest bridge

* How can we best describe how much force we can place on our bridge?
» What simple tests can be used to determine the stability of the bridge?

« Using the design of the bridge, how can you explain, in your own words, the two types of
forces—compression and tension (push and pull)?

Special Thanks

A special thanks to Broadmor Elementary teachers Lori K. Schmidt and Joshua Porter for
opening up their classrooms and sharing the Straw Bridges STEM unit. Following is a bit more
about these two dynamite teachers and how they became interested in implementing STEM

instruction in their classrooms.

In Lori’s words

How did I become interested in STEM? My
daughter is a senior at Northeastern Uni-
versity and majoring in mechanical engi-
neering. My interest in STEM started with
my daughter being in a field dominated by
males. It is very important to expose all
children to STEM, but getting girls excited
about these particular fields has been a

focus of mine since I started teaching in

the 1980s. If I can give my students oppor-
tunities to explore STEM and develop a
passion in this area, then hopefully they
will seek out jobs in a STEM field.

In kindergarten, the vocabulary learned,
the critical thinking processes used, and
the development of fine motor skills are
enhanced greatly by using STEM. In order
to compete in this global world/economy,

Integrating STEM Teaching and Learning Into the K-2 Classroom
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(continued)

we need to start teaching STEM when the
children are very young, and that is why I

started in kindergarten. STEM is fun for me

to teach and for my students to learn.

In Josh’s words

I have been teaching in the Tempe School
District for 10 years and teaching in some
capacity for 17 years. I believe in teaching
to the head, the hands, and the heart to help

develop well-rounded citizens. I focus on

and science classes were not focusing on
science and engineering concepts. My goal
is to develop STEM units based on real-life
scenarios that give children context for the

importance of science, technology, engi-

integrating English language arts, technol- neering, and math. The key to collabora-

ogy kinesthetic learning, art, and STEM to tion comes from children of different ages

create a diverse and innovative classroom. discussing, inquiring, designing, experi-
I think that teaching techniques that are a menting, and reflecting. I believe that

benefit to some will benefit all. learning by itself isn’t fun, but that “fun”

I first began teaching in a STEM- is the byproduct of high-quality learning

oriented way because conventional math experiences!
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Introduction to Chapter 1
Novel Engineering

lot of talk in education focuses on integration—combining subjects in mean-

ingful ways to help students learn and see how knowledge and practices
cross disciplinary boundaries. Novel Engineering, which follows the trajectory in
Figure 1.1, can be taught as part of an English language arts (ELA) curriculum. It
has also been implemented in other disciplines. Most of our research took place in
ELA classes, so that is where most of the examples in this book take place. At first
glance, engineering and ELA may seem like an unlikely pair for integration.

Figure 1.1: Novel Engineering design trajectory
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Chapter 1

On the one hand, there’s engineering, which focuses on solving problems
through iterative design. Engineering also pursues solutions to problems
through careful identification of needs, requirements, and iterative prototyping,
testing, and revision. Literacy, on the other hand, teaches students how to com-
prehend and interpret text to build understanding and how to engage in discus-
sion, both oral and written, about text.

Novel Engineering gives students the opportunity to enter into engineering
design through literature, offering authentic engineering projects that do not
have predetermined, “correct” answers. While working on a Novel Engineering
unit, students engage in engineering by drawing on their past experiences and
understandings of the world and interact with classmates about what’s hap-
pening in the book and what they have built. As students work on text-based
engineering projects, they also engage in productive and self-directed literacy
practices, including noting key details in text, making inferences, and writing
lists and other notes that support the design process. Novel Engineering projects
are therefore interdisciplinary efforts in which students gain experience in both
disciplines.

One of the benefits of Novel Engineering is that it allows teachers to use
some of their literacy blocks for projects since part of the students’ time is used
to interact with the text. Novel Engineering is similar to project-based learning
in that curricular goals address more than one discipline, but it is different from
project-based learning in that it has a specific focus on two disciplines.

This open-ended structure leads to solution diversity among groups within
the same classroom. Although there is a basic framework for doing activities,
there are not specific lesson plans or scripts. We've found, through our research
and interactions with teachers, that by providing a framework for activities,
teachers are able to develop their own content based on books that are already
part of their curriculum. In fact, teachers with whom we have worked have told
us how much they appreciate that Novel Engineering values their expertise
and decision-making capabilities by not giving them highly structured lesson
plans. It is for this reason that we have not included lesson plans in this book.
However, we do include a sample lesson guide on the book’s Extras page at
www.nsta.org/novelengineering.
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Introduction to Novel Engineering

An Overview of Novel Engineering in the Classroom

The best way to begin this book is to sketch out what Novel Engineering can look
like in a classroom. We’ve seen the book Wonder by R. J. Palacio used in several
fifth-grade classrooms and are going to present a composite of these classrooms.
Although there is variety among the classrooms and students, there are many
similarities. Wonder is the story of Auggie, a fifth-grade boy who was born with a
severe facial difference and is entering school for the first time. The book begins
from his perspective and then switches to include the perspectives of the other
characters. The teachers have several learning goals for students that include hav-
ing students think intensely about the characters and the overarching themes of
acceptance and friendship. This requires students to think about multiple charac-
ters’ perspectives and make inferences about their thoughts and feelings. As the
teachers read the book, they pause to give students time to discuss the problems
that arose and to discuss, as engineers, how they might solve those problems.

As groups are engaged in discussion, the teacher walks around the room
and listens to the discussions. One group wants to address the discomfort that
the main character, Auggie, feels while eating in the school cafeteria. Due to his
facial structure, Auggie is very messy when he eats and feels embarrassed. As
two students, Samuel and Mateo, begin to consider solutions to this problem,
it becomes evident that they are drawing on details of the story and making
spontaneous inferences, all in service of understanding the design context. For
example, they describe how they think Auggie feels, cite specific passages in the
text, and infer the reason for those feelings—all of which help them empathize
with Auggie about how it might feel to be bullied. They also generate a map of
the cafeteria based on setting descriptions, consider the social landscape of an
elementary school, and come up with a list of foods that may be easier for him to
eat in public.

The following is an excerpt of a conversation between the two students. The
conversations throughout this book are numbered so that if teachers are discuss-
ing them in groups, they can use the numbers to refer to students’ statements.

1. Samuel:  He doesn’t like to eat with everyone.

2. Mateo: He could just not eat in the cafeteria, maybe in a classroom with a

teacher?

3. Samuel:  No, he is in school to be with the other kids. We need to make
something so he can eat in the cafeteria. What can we ...

4. Mateo: He’ll be afraid people will look at him.

Novel Engineering, K-8 5
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5. Samuel:  We can make something that will let him eat and make it less
messy.
6. Mateo: Okay. How can it be less messy so the food doesn’t fall out?

Maybe something that catches food but blocks his mouth?
7. Samuel: It can be like a fork but hides his mouth.

The following day, the group begins building a device that will help Auggie
eat with less mess. As in most Novel Engineering classrooms, the students are
provided with a list of available teacher-supplied materials when they begin to
plan, which typically include a variety of cheap and recyclable materials such
as tape, paper clips, cardboard, string, and cloth. A suggested list of materials is
included in Appendix A (p. 223).

Samuel and Mateo propose to test their device using a range of foods, such as
a yogurt, apples, and cheese. As they test their device, they are reminded by the
teacher to record their findings in an engineering journal so they can share find-
ings with the class and make changes, if needed, the following day. While sharing
their findings with their classmates, the students describe their design choices
and rationale, the way they tested their design, and how they intend to improve
it. Samuel and Mateo want it to look as much like a traditional fork as possible so
Auggie will not feel self-conscious. With that in mind, they include a small guard
that helps keep food in his mouth.

In many Novel Engineering units, a writing assignment is included as part
of a final culminating activity. In Samuel and Mateo’s class, students have been
instructed to write a journal entry as Auggie, describing how the engineering
solution helped him overcome the problem. The pair of boys write about how
Auggie felt less fear during lunchtime and is now able to talk to a friend at the
lunch table. The students make projections about how their device would help
Auggie gain confidence, which in turn would affect his life. In this example,
Samuel and Mateo organically worked through an engineering design process
(EDP) without being required to follow the process as a checklist; rather, they
were allowed to move naturally through the steps. We will discuss the EDP used
in Novel Engineering in the next two chapters.

After their first Novel Engineering experience, teachers often say that their
students exceeded their expectations. In the previous example, Samuel and
Mateo thought deeply about how Auggie might feel in different situations, such
as eating in a school cafeteria or meeting new people. They also made inferences
from the text and used their knowledge of the characters to project how different
scenarios might play out. The teacher spoke with students as they worked, which
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Introduction to Novel Engineering

provided a strong understanding of what their ideas were around the text, their
design choices, and their construction of the final design.

In addition to meeting ELA goals, students worked collaboratively with part-
ners or group members, communicating their ideas and supporting one another
in the process. Most surprising to teachers, however, is the way their students
act like young engineers. When engaged with the Wonder unit, students think
critically about their designs, present evidence to support their design decisions,
test their ideas, evaluate those ideas, and then iterate to improve their designs.

This example mirrors the experiences of hundreds of teachers with whom
we have worked. Teachers consistently indicate that the integration of engineer-
ing and literacy is synergistic and powerful. Stories provide complex settings
(engineering design contexts) and characters (clients) with real problems and
needs, and the students’ desire to help those characters by designing functional
engineering solutions motivates a deeper reading and understanding of the texts.
Most important, students become excited about what they are reading, writing,
designing, and building! This excitement in turn helps them make strides in both
engineering and literacy, as well as in their abilities to work together, think cre-
atively and analytically, and communicate their ideas.

Novel Engineering provides a structure for students to do engineering while
simultaneously working in the content areas. Books, short stories, and nonfiction
texts can offer a broad context for engineering design problems that are com-
plete with built-in constraints and criteria. In Novel Engineering, students read
and identify engineering problems in the books or other texts, consider charac-
ters as clients, and then use details from the story to build functional solutions
to address the characters’ problems. An example of student-generated problems
based on students’ work with the book Danny the Champion of the World can be
seen in Figure 1.2 (p. 8).

Books can range from picture books appropriate for kindergarteners to more
complex novels for older students (see Table 1.1, p. 9). Although we will talk
about the literacy and engineering portions of Novel Engineering as distinct
tasks, students actually see them as part of the same task and bounce back and
forth between them minute by minute. Including a hands-on piece is more time
consuming, but one of the benefits of Novel Engineering is that it allows teachers
to use some of their ELA blocks for these projects and provide time for students
to interact with the text.
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Chapter 1

Figure 1.2: List of student-generated problems from Danny the Champion of
the World by Roald Dahl

Guiding Principles of Novel Engineering

From our work at Tufts University, we’ve seen that students are capable of jump-
ing into engineering projects with little guidance and that teachers can use
Novel Engineering as an entry point to meet classroom goals. We’ve also seen
that Novel Engineering provides teachers with a concrete way to attend to and
respond to student thinking. These observations—along with our belief in the
abilities of students and teachers—helped us formulate our guiding principles.
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Introduction to Novel Engineering

Table 1.1: Sample books used as part of Novel Engineering units

Title and Grade Lexile Problems Identified Solutions Designed
Author Level Level by Students by Students
The Snowy K-2 AD500L | Keeping Peter’s Insulated snowball savers
Day by Ezra snowball longer Portable insulated
Jack Keats snowball saver
Tales of a 3-5 470L ® Protecting Peter’s pet A turtle cage that
Fourth Grade turtle from his brother, prevents Fudge from
Nothing by Fudge getting to Peter’s pet
Judy Blume ® Preventing Fudge from An alarm system
getting out of his crib attached to Fudge’s crib
that will ring a bell when
he tries to escape
A Long Walk 6-8 720L ® Nya must carry large A sled that can carry the
to Water by amounts of water far water and move over
Linda Sue distances every day rocky terrain
Park ® Thorns cut Nya’s feet as Shoes made of cheap
she walks through the materials
desert transporting the
water

Novel Engineering is motivated by two guiding principles:

1. Students of all ages are capable of engineering, and their ideas can be

used to inform their designs.

2. Teachers are capable of making decisions about their classrooms and

their students’ learning.

Rather than working from a deficit model with students, we value pre-existing

student knowledge and feel that students can build on what they already know

about the world as they design. Regarding teachers, the core belief that they need

to be given flexibility and opportunities to make decisions about their own class-

rooms and students’ learning means we see teachers as capable professionals

who do not need “teacher-proof” curricula and should be empowered to design

learning environments. Along with this flexibility is the opportunity to listen to

and respond to students’ ideas. When given this freedom, teachers are able to

make judgments about their students’ learning and decide how best to support

their work.

Novel Engineering, K-8
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Chapter 1

This flexibility for both students and teachers means Novel Engineering is an
open-ended approach in both how it is presented to students and how students
engage in solving problems. This open-endedness means the engineering closely
mirrors the real-world EDP, which is inherently messy. It also means that student
engagement is elevated because students find and solve problems that are inter-
esting to them and match their individual skills and interests. A teacher may use
the same book two years in a row, but the discussions and student solutions may
be very different from year to year. Although there is a trajectory that all Novel
Engineering units follow (see Figure 1.1, p. 3), this serves as a path for students
rather than a checklist of steps. We will talk more about the Novel Engineering
trajectory in the next chapter.

Building off the first principle, students’ ideas play an important role in Novel
Engineering, and classroom culture should be crafted so students are comfort-
able sharing and acting on their ideas. We are not saying that you should let your
students do whatever they want. Rather, the insight gained from understanding
students’ ideas gives you information about how to support students and when
you can push back on their ideas. For example, there will be times when students
plan to make something that is not functional or mechanically possible, such as
a shrink ray, or when they want to build something that is more complicated than
they have time to build.

Understanding what students are thinking will help teachers respond in a way
that builds on and supports students’ ideas. Rather than approaching students’
work and immediately trying to improve what they are doing, teachers should
take time to understand what students are thinking and why they made certain
design decisions. This will help teachers respond appropriately so they can meet
students where they are. Being a responsive facilitator means guiding students
by asking questions and making observations so they can design realistic solu-
tions given the available materials and time constraints.

As is evident in the dialogue between Samuel and Mateo, students are able to
participate in complex discussions while navigating the EDP and thinking about
the book they are reading. Teachers are often surprised and impressed with what
their students can do, and students are excited to engage in hands-on, engineer-
ing design activities that do not have predetermined answers.

10 National Science Teaching Association
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How Did Novel Engineering Begin?

When we started Novel Engineering, we looked at existing research from engi-
neering, literacy, and teacher education to build on an existing concept from a
local nonprofit partner, Bill Wolfson, who was using children’s books to pres-
ent engineering to young children. In looking at this research, we found an
argument that demonstrated there was potential for design and engineering to
facilitate learning in other disciplines (e.g., Kolodner 2002; Wendell and Rogers
2013) and that students’ past experiences are rich resources for design projects
(e.g., Portsmore 2013). This led us to think about how closely the engineering
and literacy in Novel Engineering needed to be linked and how both disciplines
needed to have equal value.

The Novel Engineering project began in 2010 with an interdisciplinary team
of researchers and educators in engineering, literacy, education, and psychology.
Our team spent the first five years of the project working with teachers and con-
ducting research in their classrooms in rural, urban, and suburban schools. Over
the course of the research, we worked with more than 500 students and filmed
them as they engineered solutions to problems encountered by characters in the
books they read. Research revealed what was happening as students engaged
in this integrated setting and how teachers interacted with and supported their
students. We documented how young students first approached engineering, how
novice engineers navigated open-ended engineering design tasks, and how the
integrated context influenced students’ design methods (McCormick and Ham-
mer 2016; Watkins, Spencer, and Hammer 2014). We also looked at how teachers
recognize and respond to students’ engineering ideas (Johnson, Wendell, and
Watkins 2017; McCormick, Wendell, and O’Connell 2014; Wendell 2014).

Bidirectional Benefits

Constraints on teachers are growing and the freedom to choose what happens in
the classroom is shrinking, so it may seem crazy to think of adding yet another
initiative into the classroom. New initiatives must fulfill multiple functions. In our
research classrooms, we saw that Novel Engineering was able to bridge several
disciplines while also meeting educational standards, classroom goals, and indi-
vidual goals. (In Chapters 2 and 3, we touch on how Novel Engineering aligns with
Next Generation Science Standards and Common Core State Standards.) Figure 1.3
(p. 12) shows some of the benefits we’ve seen for students in implementing Novel
Engineering in classrooms. In practice, we've found that engineering and literacy
are mutually beneficial—with the text giving the engineering context and authen-
ticity and the engineering supporting students’ attention and engagement.

Novel Engineering, K-8 11
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Figure 1.3: Bidirectional benefits of Novel Engineering

Bidirectional Benefits of

The story helps to support

authentic engineering by
providing complex characters
and design context

. Engineering supports and
motivates attention to the

story and engagement in

writing with students reading
more deeply to provide evidence
for their ideas

Engineering & Literacy

A New Kind of Resource for Teachers
in Engineering and Literacy

There are many engineering curricula for young students in which students
design solutions for problems rather than clients. For example, students may

be tasked with building a tower of marshmallows and uncooked spaghetti. This
activity may help students work on collaboration and testing skills, but it does
not present students with a client or give them a context to consider as they
design. With such structured tasks, there is very little solution diversity since
students are working with the same materials and have been given the same
constraints and criteria. Additionally, real-world engineering problems are not as
neatly packaged as this. Professional engineers must sift through lots of infor-
mation to figure out design criteria and constraints they need to address as they
plan a design. Novel Engineering is unique in that students get to experience the
messiness of engineering and have the chance to scope the problem and empa-
thize with their clients as part of the design process.

Our research has shown that students are able to navigate the EDP without
explicit directions. As we noted previously in this chapter, most elementary
engineering experiences provide students with well-defined problems and a
structured path through the EDP. This obviously results in all students arriving
at similar solutions. In Novel Engineering, students define the engineering prob-
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Introduction to Novel Engineering

lems themselves as they design functional solutions based on their own ideas. As
they work, they make design decisions and refine their ideas based on evidence
from the book, feedback from tests, and feedback from peers. In addition to meet-
ing standards and the goals of the classroom, Novel Engineering allows students
to take ownership of a project and tackle challenging problems while working
collaboratively (see Figure 1.4). This is in line with what has been outlined by the
National Academy of Engineering and National Research Council (2009); it’s
important for all K-12 students—not just those taking engineering courses—to
develop engineering habits of mind.

For the literacy aspect of Novel Engineering, we have found that students
productively engage with text in a variety of ways that align with Common Core
State Standards. They take the perspective of characters and note relevant
aspects of the physical setting as they plan and evaluate their designs. Spon-
taneous discussions emerge as students wrestle with unfamiliar concepts and
vocabulary in an effort to better inform their designs. These discussions lead to
students constructing an informed interpretation of the text.

Figure 1.4: Students working on a communication system for the main character
in The City of Ember by Jeanne DuPrau

Novel Engineering, K-8 13
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Designed for Educators

Novel Engineering is designed to be a flexible approach for teachers. Though we
recommend a semistructured flow of activities, there is no one “correct” way to
do Novel Engineering, nor is there a set curriculum for teachers to follow. Novel
Engineering works with most trade books and allows students to work on aca-
demic objectives identified by each teacher or school. Many teachers have found
that Novel Engineering meets their academic objectives in a range of subject
areas, from ELA to social studies to mathematics. Teachers have also said the
Novel Engineering approach builds on their experiences and expertise rather
than having them learn a completely new curriculum that does not necessarily
work with the other curricula and structures that are already in place in their
classrooms. Novel Engineering works well with existing curricula and plans since
teachers get to choose the text and direction of student work; they can use texts
students already know and are comfortable with rather than unfamiliar books
from an assigned list.

Teachers have also noted that Novel Engineering helps them develop a
classroom culture that includes productive class discussions and peer critique.
Even though Novel Engineering requires teachers to have a basic understanding
of engineering and the EDP, it does not require them to have a formal engineer-
ing background. Instead, it builds on their unique disciplinary backgrounds and
classroom experiences. When working directly with teachers, we have them do a
Novel Engineering unit to get a feel for the process their students will be under-
taking. This book, then, is designed to help teachers gain familiarity with key
aspects of engineering and help structure the process of presenting engineering
to students.

Finally, Novel Engineering helps teachers look at their students in new ways.
Many teachers have said that it helped them step back and notice what their stu-
dents were doing and thinking. This more critical look at student thinking helps
teachers understand why students make certain design decisions (related to both
the text and the mechanics of the design) and why they have certain interpreta-
tions of the text. This more informed view of student thinking enables teachers
to respond more appropriately to what students are doing and helps them guide
their next moves. Teachers have also said that Novel Engineering helped them
notice new things about their students, such as strengths or places for improve-
ment, that did not come out in other classroom activities.
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Overview of This Book

We wrote this book to share what we have learned from doing Novel Engineer-
ing in more than 100 classes. This book will walk teachers and teacher educators
through the Novel Engineering approach, show concrete examples of what stu-
dents may say and do, and prepare teachers to implement the approach in their
classrooms. Although it’s a simple concept, Novel Engineering requires teachers
to anticipate what their students may do (say, think, and design), listen to their
ideas, and set up structures that support students’ work while meeting academic
objectives.

This book is divided into three sections. Section I describes the Novel Engi-
neering approach in more detail, what engineering looks like in young students,
and how literacy and engineering support each other in project-based work. Sec-
tion II consists of case studies that prepare you to lead a Novel Engineering unit
and support your students as they practice being engineers. To this end, you will
learn to recognize students’ engineering skills and respond to student thinking.
Section III includes practical elements that will be helpful in planning and imple-
menting a Novel Engineering unit.

You do not need to read this book straight through; rather, you can jump from
chapter to chapter. We definitely recommend starting with Chapters 1, 2, 3, and
at least two of the case studies. After that, browse the sections you feel are most
relevant to your specific classroom needs. We believe this book will help you
respond to your students’ work and allow them to have an authentic engineering
experience as they play around in the true messiness of engineering. It will also
provide students with an opportunity to be creative and follow their own ideas,
taking ownership of their learning.

Visit
www.novelengineering.org
for additional Novel
Engineering resources!

Novel Engineering, K-8
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THE TRIUMPH OF THE PIKA

Understanding Environmental
Impacts on Species

A Case Study Using the Discovery
Engineering Process

Introduction

Climate change threatens the survival of many species, especially those that over-
heat in higher temperatures. This is particularly true of the pika (Figure 9.1, p. 180),
an animal related to rabbits. This small, herbivorous (plant-eating) mammal lives
in the mountains of the American West. Pika are known for being habitat special-
ists, meaning they can only survive in a narrow range of environmental conditions.
(This is opposite from species that are generalists, which can survive in a wide
range of environmental conditions.) Pika can easily overheat and are sensitive to
changes in the environment. So, when a wildfire destroyed an entire forest, sci-
entists were surprised to find that the pika population had survived. In uncover-
ing the mystery of the pika’s survival, the scientists learned valuable information
about protecting wildlife in the face of climate change.

DISCOVERY ENGINEERING ZE:IIiEi]

ﬁ\f Cas

o

Studies for Grades 6-12 179



The American Pika

Lesson Objectives

By the end of this case study, you will be able to

* explore how species are impacted by human-influenced changes in the
environment;

¢ examine and then model how change in the environment can alter species
populations; and

* create an environmental assessment (EA) to evaluate the ecological impact
of (proposed) human activity on a specific species in a specific location.

The Case

Read about research on the pika conducted by Dr. Johanna Varner and her col-
leagues. Their accidental observation of a wildfire while studying pika populations
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is helping to construct a better understanding of how wildfires affect species. This
is extremely important, because scientists believe that wildfires will grow in both
frequency and severity due to climate change. Once you are finished reading,
answer the questions that follow.

In August 2011, ecologist Johanna Varner was conducting a field study on a pika
population living in an Oregon gorge. Pika typically live in the mountains, not in
gorges where the elevation is near sea level. Dr. Varner wanted to understand this
unique population. They served as her experimental group. To have a basis of com-
parison, she also observed a second pika site at Mount Hood. This was her control
group. Like most other pika, the Mount Hood population made dens in moun-
tainside rock fields. As part of her observation, Dr. Varner installed temperature-
recording devices in the pika’s dens. In September, a sudden wildfire broke out at
the Mount Hood site, seemingly ruining the experiment.

However, the wildfire led to a novel research opportunity. Natural disasters are
on the rise, yet they remain hard to predict and, therefore, study. Science is based
on careful and thoughtful design and observation, making investigating natural
disasters as they are occurring very rare. But because Dr. Varner and her team
already had an experiment set up at the wildfire site, they were in a unique posi-
tion to study the disaster. And they realized that the wildfire could provide insight
into the way such events affect wildlife. The researchers reconsidered their original
plan and decided to focus their study on how the pika fared during the wildfire.

It soon became clear that the pika were still abundant at Mount Hood despite the
fire. Dr. Varner and her team collected more data on the animals. They looked at the
number of dens and the number of pika in each den, both before and after the fire.
They also looked at temperature (or thermal) data from the temperature recorders,
which had remained intact during the blaze. This gave them an idea of how hot
the dens were before, during, and after the fire. They found the temperature in the
dens did not rise above 64.4°F (18.5°C), although the fire outside exceeded 932°F
(500°C). Varner and her research team found that the rock face provided a way to
buffer the temperature, insulating the pika from the extreme heat. Also, the rock
face provided a natural barrier to prevent the fire from moving throughout the
forest, acting as a fire break. Another factor that allowed for pika survival is that,
although these animals are habitat specialists, they are dietary generalists, meaning
they can eat a variety of plants to survive. After a fire, the first plants that grow are
mosses, which the pika are able to eat.

The results of Dr. Varner’s study highlight the importance of maintaining natu-
ral features (like rock faces for pika dens) to provide refuges for sensitive species
during natural disasters like wildfires. Also, it is important to maintain local, indig-
enous wildlife, so that after such events animal and plant species may rebound.
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Recognize, Recall, and Reflect

1. In Dr. Varner’s experiment, which pika population was the experimental
group? Why? Which pika population was the control? Why?

2. Pika are described as habitat specialists, yet dietary generalists. What does
this mean?

3.  What were two recommendations made by the researchers to help sensi-
tive species after natural disasters?

Investigate and Explain

Climate change poses a threat to many species. To better understand how wild-
life populations like the pika may be affected by future warming trends, scientists
make models that depict various outcomes. Figure 9.2 includes four maps. The first
one, labeled Map A, shows current pika populations and the amount of suitable
habitats available to them. The pika are shown as black spots; the suitable habitats
are shown in light gray. Each consecutive map shows the amount of suitable pika
habitats at different levels of warming: Map B shows low warming, Map C shows
medium warming, and Map D shows high warming. For these maps, the suitable
habitats are shown in dark gray. Current suitable habitat areas still appear on these
maps in light gray for comparison. After examining the data, answer the questions
that follow.

1. Look at Map A. In which two states do most of the observed pika (black
spots) live? Why are there suitable pika habitat areas (light-gray areas) that
don’t actually have any pika?

2. As temperatures increase from low (Map B), to medium (Map C), to high
(Map D), what is the general trend of the American pika’s habitat (dark-
gray areas)?

3. Look at Map D. In this scenario, what state would have the largest habitat
range for the pika? Why do you think that geographic location would be
the last refuge for the pika in the highest temperatures?

Activity

Imagine you work as a wildlife ecologist, researching how environmental changes
can influence the entire population of a single species. You are studying one famous
case that illustrates this phenomenon. In the second half of the 18th century, Europe
was engaged in the Industrial Revolution, when factories began to dot the coun-
tryside. These factories churned out black dust (soot) that blanketed the nearby
villages and forests, covering both trees and rocks.

Prior to the Industrial Revolution, the peppered moth population in England
was mostly composed of a light-colored variety; a smaller number of the moths
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Pika Habitats in Scenarios of Climate Change

Map A (current) Map B (low warming)

j.g" |

+ i
© 2 prisceps s

+ Pika occurence
O Current habitat
B Habitat after warming
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were a darker-colored (melanic) variety (Figure 9.3). The M

lighter moth’s coloration worked as camouflage, allowing it

to blend in with surroundings like trees and lichens in order Tyq Types of Peppered Moth
to hide from predators such as birds. In the mid-1800s, sev-

eral decades after the Industrial Revolution began, people

noted that the light-colored moths had become fewer and

fewer in number. Instead, people saw more of the darker

variety resting on the trees and rocks.

In the 1950s, Bernard Kettlewell conducted experiments
to understand what had happened to these moths. He found
that the change in the environment caused by the Indus-
trial Revolution had influenced moth predation. During the
Industrial Revolution, soot from factories darkened the for-
ests. The darker surroundings caused the light-colored moths
to stand out to predators. Because they were easier to hunt,
light-colored moths often didn’t live long enough to repro-
duce. Meanwhile, the darker-colored moths were able to camouflage themselves
better in the now-dark environment, which allowed them to live longer, mate, and
pass on their genes for dark color to their offspring. This, in turn, shifted the pep-
pered moth populations from the lighter phenotype, or appearance, to the darker
phenotype.

To understand how this occurs, you will explore data on phenotypes of pep-
pered moth populations in 19th-century England. You will conduct a two-part eco-
logical investigation in which you explore the change in the physical appearance of
peppered moths, and then create a model to examine how environmental changes
can influence populations of species.

Part]I

To begin your ecological study, you analyze data from 1860 (several decades after
the start of the Industrial Revolution), which was collected during a random sam-
pling of peppered moths from all over England. The summary of that data is in
Table 9.1. After completing this part of the activity, answer the questions that follow.

(Note: These are mock statistics that reflect the type of frequency differences you
might have found in areas of England affected by pollution from the Industrial
Revolution. These are not data points that were actually collected.)
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TABLE 9.1

Ecological Survey Data of Light and Dark Peppered Moths in 1860s England

Number of Number of Total Number

Sampling Location in Distance to Light-Colored Dark-Colored of Moths
Location # England Closest Factory | Moths Observed | Moths Observed | Observed
1 Northwest England | 8 km to 10 km 698 228 926

and Ireland
2 Northeast England More than 20 km 923 22 945

and Scotland
3 Central England Less than1km 18 928 946
4 Southwest England | More than 10 km 840 92 932
5 Southeast England 2kmto5km 280 641 921

ACTIVITY QUESTIONS, PART

1. You will now create a pie chart map of your data. Follow the steps below.

a. Calculate the percentage of each moth per sampling area in the
chart below. (The first one has been done for you.)

b. Use the calculations to create a pie chart for each sampling area.
(The first one has been done for you.)

Sampling Percent Light- Percent Dark-
Location # Colored Moths Colored Moths Pie Chart Geographic Location
1 698/926 = 0.754 228/926 = 0.246 G Northwest England
and Ireland
0.75 X 100 = 75% 0.25 X 100 = 25%
2 O
3 O
‘* O
5 O
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c. Plot your data to the correct geographic g){
area on this outline map of England.
2. In which regions are light-colored moths most é

prevalent? In which regions are dark-colored B}
moths most prevalent? How does distance from a s q
factory affect the prevalence of each moth variety? G v

Partll 4’{ Q

Next, you will model how a sudden change in the envi-
ronment can indirectly influence wildlife populations.
Once you’re done, answer the questions that follow.

MATERIALS

9 5 pieces of 8.5 X 11 in. construction paper, one of each
color: green, black, yellow, white, and red

9 2 pieces of 8.5 X 11 in. patterned paper or fabric

9 1bag of green, black, yellow, white, and red paper dots
(at least 50 in all, 10 of each color)

9 1 pair of tweezers (to capture dots)

In this modeling activity, you will be a predator that is hunting paper dots for
food. The dots are your prey, the sheets of paper are different environments. Follow
these steps:

1. First, place down a piece of green construction paper (Trial 1).
2. Then, dump the dots from the bag onto the paper and spread them out.

3. Close your eyes. When you open them, quickly pick up the dot that stands
out the most.

4. Once you have picked up your dot, put it back into the bag.
5. Repeat Steps 2 through 4 until about half (25 or so) of the dots are left.

6. Count up the number of dots that you snagged by color, recording the data
in the Paper Dot Hunting Chart. Then, add up the data in each row.

7. Putall 50 of the dots back into the bag.

8. Repeat Steps 1 to 7 but with the next “environment,” or sheet of paper
(Trials 2 through 7).
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Paper Dot Hunting Chart

Environment Prey A PreyB Prey C PreyD PreyE Total
(Paper Color) (Green Dots) | (Black Dots) | (Yellow Dots) | (White Dots) | (Red Dots) Caught

Trial 1: Green

Trial 2: Black

Trial 3: Yellow

Trial 4: White

Trial 5: Red

Trial 6: Pattern 1

Trial 7: Pattern 2

ACTIVITY QUESTIONS, PART I

1. In this modeling activity, what were the relationships between totals (fre-
quencies) of prey (dot colors) to their environment (paper colors)?

a. When was the prey the easiest to see?
b. When was the prey most difficult to see?

c. How does the environment affect the traits that are common in a
population?

Apply and Analyze

Read this short article from Carolina Biological about using a technique called mark-
release-recapture (MRR) to determine populations of freshwater turtles: http://class-
room.jc-schools.net/coleytech/climate/Carolina%20Tips.pdf. After reading, answer
the questions that follow.

1. Imagine you were conducting an MRR study of the Mexican spider mon-
key, a critically endangered species. (According to the International Union
for Conservation of Nature, a critically endangered species is defined as
having an extreme risk of extinction in the wild.) You are able to mark
75 monkeys (categorized as Marked, or M) and release them back into
their habitat. When you return, you capture 75 monkeys and note that 45
are recaptures (categorized as Recaptures, or R) and 30 are not marked
(categorized as Unmarked, or U). Using this equation (X = [(U + R)/R]M),
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what is the total number (X) of monkeys you estimate to be in the wild
population? Show your work: X =

2. The Mexican spider monkey is one of five subspecies of the Geoffroy’s spi-
der monkey species. The other subspecies are the Nicaraguan spider mon-
key, the hooded spider monkey, the ornate spider monkey, and the Yucatdn
spider monkey. It is important during MRR studies that the correct spe-
cies or subspecies is captured, marked, recaptured, and counted. What are
three ways you would ensure that you and your research team are marking
and recapturing the correct monkeys?

1.

2.

3.

Design Challenge

The case study in this lesson illustrates how scientific observations can lead to

potential solutions to problems. Observations and discoveries often spark inno-

vations, especially in the field of
engineering. Engineering is the appli-
cation of scientific understanding
through creativity, imagination, and
the designing and building of new
materials to address and solve prob-
lems in the real world. You will be
asked to take the science you have
learned in this case and design a
process or product to address a real-
world issue.

Engineers use the engineering
design process (Figure 9.4) as steps to
address a real-world problem. Envi-
ronmental engineers provide informa-
tion for environmental assessments
(EAs). Now, you will use the engi-
neering design process to create your
own EA. In this case, you are asking
questions (Step 1) about species that
are threatened or endangered by cli-
mate change or other environmental
changes. You will then learn about the
components of an EA and brainstorm

FIGURE 9.4

The Engineering Design Process

Ask Questions
and Define the
Problem

Revise
and Improve

Brainstorm
and Imagine

The
Engineering
Design
Process

Test
and Evaluate

Design
and
Create
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(Step 2) a topic for your own EA—a proposed activity in your community that may
affect threatened or endangered local species. After gathering research, you will
make a plan (Step 3) for your EA. Then, you will create (Step 4) your EA. After-
ward, a peer will evaluate (Step 5) your EA and provide feedback. Finally, you will
consider improvements (Step 6) to your EA based on the feedback.

1 Ask Questions

The pika is just one animal species that is threatened by climate change and other
environmental issues. What are some other plants and animals that are threatened
or endangered? What actions and activities are harming them?

2. Brainstorm and Imagine

An EA outlines the positive and negative environmental effects of a proposed action
(usually, an action taken to benefit people). The EA is supposed to (1) demonstrate
the need for a human action, (2) consider how that human action would impact the
environment, and (3) develop ways to mitigate (or reduce) unintended impacts to
endangered or threatened animal or plant species. Examples of proposed actions
may include the following;:

¢ Industry: siting and constructing a new factory, farm, business, etc.

¢ Energy: siting and constructing a new energy source (wind farm, nuclear
power plant, etc.)

¢ Transportation Infrastructure: siting and constructing a new road, bridge,
railroad, airport, etc.

¢ Development: siting and developing land for a subdivision, park, nature
refuge, etc.

Think about something your town, city, or county might need to do in order to
grow or recover economically or environmentally. Which of the examples listed
above are the most relevant in your local context? Conduct some research on your
town, city, and county websites to find out what the needs are in your community.
Discuss your thoughts and ideas with your classmates.

Choose one action that your city, town, or county might take in order to meet
a need. Look at the Environmental Assessment Components section. Think about
what information you’ll need to create your EA. Keep this in mind (and refer back
to the EA description) as you conduct research on your chosen action in Step 3.
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Environmental Assessment Components

EAs contain the following five parts: introduction, purpose, need, alternatives,
and environmental impacts.

1. Introduction. The introduction should include a brief, one-paragraph
description of the project background. Include a summary of the need
for human action.

2. Purpose. The purpose is a statement of the proposed human action
and two to three of its objectives. The purpose should be general in
nature, whereas objectives are more specific to the actual location of
the project. For example, a purpose could be to “put a new park in
town.” One objective could then be to “find what lots are available for
that park.”

3. Need. Identifying and explaining the need is critical in an EA. The
need is the specific problem the project is intended to address.
The need should be specific and stated as a problem, not a solution.
The need should be described in a manner that allows for multiple
ways of addressing the problem. The need should not be defined by
the proposed action.

o Example 1: The need is not “to build a dam” but rather “to
control flooding and prevent future flood damages and
losses.”

o Example 2: The need is not “to build a 300-foot
communications tower” but rather “to improve public safety
and interoperable communications among first responders
during an emergency event.”

4. Alternatives. There should be some discussion of various alternatives
to justify the EA.

o No Action Alternative: This is what will happen if no action is
taken or this proposed idea does not happen.

o Action Alternatives: If this course of action is not taken, what
are other courses of action? If the proposed project cannot
happen, how else could the need be met?

5. Affected Environment and Potential Impacts on a Single Animal or
Plant Species. In this section, describe the physical setting where the
action will take place and give information on the existing environ-
ment for a species of concern. Then, discuss how that species may be
affected by the proposed action and alternatives.

(Continued)
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o Potential effects to the environment (e.g., ecosystem, climate)

o Describe how that environmental change may have potential
impacts to your chosen plant and/or animal species (e.g.,
impacts on threatened or endangered status, habitat, food
resources)

Example of an EA Topic

Texas is a very large state. With a land area of 268,597 square miles and almost
30 million people, transporting people from town to town is a serious need.
Several times a week, more than 50,000 Texans travel back and forth between
Houston and Dallas/Fort Worth. A high-speed rail system could help connect
people from the southern part of the state (Houston) to northern parts of the
state (Dallas/Fort Worth) in 90 minutes, helping to reduce road traffic and con-
serving gasoline and productive time lost to commuting.

However, where to locate the rail is important, as the 240-mile route may
impact ecosystems and wildlife. Therefore, an ecological study was conducted
to determine how wildlife may be affected. One concern is for the whooping
crane, an endangered bird that migrates along the proposed high-speed rail
route. The rail system may take away needed habitat and resources for the
crane, driving it toward extinction. Therefore, the rail will avoid locating near
or along major bodies of water (salt marshes and wetlands) where whooping
cranes live and travel.

Alternatives are too costly (air travel) or take too long (automobile). High-
speed rail also produces less carbon dioxide (CO,) than airplanes and cars. It
will also reduce cars on the road, which could reduce deaths by motor vehicles.
If there is no action, Texans will lose jobs and economic gains.

3. Create a Plan

Conduct research on your chosen action in order to gather the information you will
need to write your EA. Then create a plan for your EA. In your plan, make sure to
(1) identify the community you want to work with, (2) describe one need of that
community (either in industry, energy, transportation, or development), (3) iden-
tify the action that could be taken to meet that need, and (4) summarize the effects
of that action on the environment. Use the Create a Plan graphic organizer (p. 193)
for guidance.

4. Design and Create

Write your EA in these five parts: introduction, purpose, need, alternatives, and
environmental impacts. Remember to reflect on the following questions:
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https://ftp.dot.state.tx.us/pub/txdot-info/rail/txok/appendix-h.pdf

* How does this action potentially affect the environment?

What is an endangered or threatened species that would be affected?

What are alternatives to this action?

What happens if no action is taken?

5. Test and Evaluate

Share your EA with a peer for feedback. Ask for an evaluation of your work
and consider ways your EA could be clearer. Have you made the best case for
your EA?

6. Revise and Improve

Revise and make improvements to your EA based on feedback from your
classmate. What are some ways you can use the input to refine your plan? You
may choose to accept all or only some of the feedback. Be sure to justify your
reasoning for using or not taking suggestions.
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Create a Plan

What is the community you chose?

Describe one need of this community. Then summarize an action that could be taken to address this need.

Industry Need Energy Need Transportation Need Development Need

VR VRV

Action to Meet Need Action to Meet Need Action to Meet Need Action to Meet Need

Summarize the environmental effects of your chosen action.
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TEACHER NOTES

THE TRIUMPH OF THE PIKA

UNDERSTANDING ENVIRONMENTAL
IMPACTS ON SPECIES

A Case Study Using the Discovery Engineering Process

Lesson Overview

In this lesson, students explore the impact of environmental change on wildlife.
The case study focuses on the pika, a mammal related to the rabbit. Although pika
are very sensitive to heat, a group of them were able to survive a wildfire. A team
of ecologists who happened to be using the animals as a control group in an experi-
ment were able to figure out that they survived by using available natural resources
as a buffer against the fire. Students will use data and maps to understand how
environmental changes (including climate change) impact endangered and threat-
ened species. They will also create a model to illustrate the effects of environmental
change, using data on peppered moths from 19th-century England. Last, students
will create environmental assessments (EAs) to evaluate an action taken in their
community to meet a human need. In their EAs, they will evaluate the potential
impacts of the action on local endangered or threatened species.

Lesson Objectives

By the end of this case study, students will be able to

¢ explore how species are impacted by human-influenced changes in the
environment;

¢ examine and then model how change in the environment can alter species
populations; and

* create an EA to evaluate the ecological impact of (proposed) human activity
on a specific species in a specific location.

Use of the Case

Due to the nature of these case studies, teachers may elect to use any section of
each case for their instructional needs. They are sequenced in order (scaffolded) so
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TEACHER NOTES

students think more deeply about the science involved in the case and develop an
understanding of engineering in the context of science.

Curriculum Connections

Lesson Integration

This lesson may be taught during a unit on ecology and population dynamics for
beginner biology courses. This lesson fits well into topics related to natural selec-
tion and human impacts on the environment.

Related Next Generation Science Standards
PERFORMANCE EXPECTATIONS

* MS-LS2-4. Construct an argument supported by empirical evidence that
changes to physical or biological components of an ecosystem affect
populations.

* MS-LS2-5. Evaluate competing design solutions for maintaining biodiversity
and ecosystem services.

e MS-ESS3-3. Apply scientific principles to design a method for monitoring
and minimizing a human impact on the environment.

* MS-ETS1-1. Define the criteria and constraints of a design problem with
sufficient precision to ensure a successful solution, taking into account
relevant scientific principles and potential impacts on people and the natural
environment that may limit possible solutions.

e HS-ESS3-1. Construct an explanation based on evidence for how the
availability of natural resources, occurrence of natural hazards, and changes
in climate have influenced human activity

SCIENCE AND ENGINEERING PRACTICES
¢ Asking Questions and Defining Problems
¢ Developing and Using Models
¢ Planning and Carrying out Investigations
¢ Analyzing and Interpreting Data
¢ Constructing Explanations and Designing Solutions

¢ Engaging in Argument From Evidence
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CROSSCUTTING CONCEPTS
¢ Cause and Effect
¢ Systems and System Models

e Stability and Change

Related National Academy of Engineering Grand Challenges
® Restore and Improve Urban Infrastructure
¢ Develop Carbon Sequestration Methods

¢ Engineer the Tools of Scientific Discovery

Lesson Preparation

Before starting the lesson, it is helpful for students to have some understanding
of human impacts on the environment, climate, and natural selection. Review the
concepts of a controlled experiment and ecological succession before beginning the
lesson so students can understand how scientists support what they know about
climate change. Also review how to interpret data from maps and analyze layered
data.

You will need to make copies of the entire student section for the class. Students
will need internet access at various points in the lesson. Alternatively, you can proj-
ect videos or print and distribute copies of online content for the class. Look at the
Teaching Organizer (Table 9.2) for suggestions on how to organize the lesson.

For the Activity section, we suggest using green, black, yellow, white, and red
construction paper. For the patterned pieces of paper or fabric, choose ones that
have many of the same colors as the construction paper. Students can work in pairs.
Each group will need five sheets of construction paper (one of each color), two pat-
terned sheets of paper or fabric, and one bag of green, black, yellow, white, and red
dots. Use a hole punch to create the dots. Groups will need 10 dots of each color. So
for a class of 30 in which you would have 15 groups of two, punch out 150 dots per
color. Place 10 dots of each color into a resealable bag for each group.
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Materials

Per group

9 5 pieces of 8.5 X 11 in. construction paper, one of each color: green, black, yel-
low, white, and red
9 2 pieces of 8.5 X 11 in. patterned paper or fabric

9 1 bag of green, black, yellow, white, and red paper dots (at least 50 in all, 10 of
each color)

9 1 pair of tweezers (to capture dots)

Time Needed
Up to 115 minutes

TABLE 9.2

Teaching Organizer

Time Additional
Section Suggested Materials Needed Considerations
The Case 10 minutes Student pages Activity done individually

in class or as homework
prior to class

Investigate 10 minutes Student pages Activity done individually

and Explain or in pairs

Activity 20 minutes Student pages; 5 Activity done individually
pieces of 8.5 X 11in. or in pairs

construction paper (one
of each color: green,
black, yellow, white, and
red); 2 pieces of 8.5 X 11
in. patterned paper or
fabric; 1 bag of green,
black, yellow, white, and
red paper dots (at least
50 in all, 10 of each color);
1 pair of tweezers (to
capture dots)

Apply and 10-15 minutes Student pages, internet Individual activity
Analyze access

Design 45-60 minutes | Student pages, internet Small-group activity
Challenge access
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Vocabulary
¢ camouflage
¢ climate change
* control group
* dens
* ecologist
* endangered
® environmental assessment
® experimental group
¢ extinct
e dietary generalists
¢ dietary specialists
* habitat specialists

¢ habitat generalists

Extensions

herbivorous
indigenous
insulated
introduced
invasive

mammal
mark-release-recapture
melanic (melanin)
phenotype

pika

population
species

wildlife

* The Activity section can be expanded to further explore population
dynamics. Tell students that when they “prey” on their dots, the dots that
“survive” can go on to “reproduce.” After each round in a trial, students
can add three more dots of the same colors that have survived to represent
the offspring with the same traits as the surviving parent. You can elect to
have students time their rounds with a stopwatch to keep up the pace of the

activity.

¢ The Apply and Analyze section can be extended by modeling population
size estimation (www.learner.org/jnorth/tm/monarch/EstimateMRR html).
This activity requires minimal materials, and students will garner a better

understanding of the MRR method.

¢ The Design Challenge can be extended into an environmental impact
assessment, or EIA (https://link.springer.com/referenceworkentry/10.1007 %
2F1-4020-4494-1_117). The EIA expands upon an EA with more information
into the mitigation strategies discussed in the EA.
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Assessment

Use the Teacher Answer Key to check the answers to section questions. You can
evaluate the students” EAs to assess the Design Challenge. Their EAs should be
divided into five parts: introduction, purpose, need, alternatives, and environ-
mental impacts. The students should include all the information requested in the
Environmental Assessment Components template on page 190. In their EAs, stu-
dents should identify an action that might be taken in their community to address a
human need. They should include research on how that specific action may impact
a threatened or endangered species within an environmental context. During the
Design Challenge, students should also be able to provide constructive peer reviews
on classmates’ EAs and incorporate the feedback of others into their own EAs.

Teacher Answer Key

Recognize, Recall, and Reflect

1. In Dr. Varner’s experiment, which pika population was the experimental
group? Why? Which pika population was the control? Why?

Experimental Group: Pika living in the gorge. Pika normally only live in the moun-
tains, so it is strange to find a pika population at sea level. Control Group: Pika living
on Mount Hood. This is because Pika normally only live in the mountains, so it is a
“normal” group for comparison.

2. Pika are described as habitat specialists, yet dietary generalists. What does
this mean?

Pika can only live in a narrow range of environmental conditions (i.e., only in moun-
tain areas, cool temperatures). This makes them habitat specialists. However, they can
eat a wide variety of plants, making them dietary generalists.

3. What were two recommendations made by the researchers to help sensitive
species after natural disasters?

First recommendation: Maintain natural features like rock faces to provide refuges
for sensitive species during natural disasters like wildfires. Second recommendation:
Maintain local, indigenous wildlife so that after a natural disaster, animal and plant
species may rebound.
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Investigate and Explain

1. Look at Map A. In which two states do most of the observed pika (black
spots) live? Why are there suitable pika habitat areas (light-gray areas) that
don’t actually have any pika?

Utah and Wyoming. The black spots represent locations where pika populations have
been observed in the wild. Habitat areas are places that could support the pika, but
that does not mean pika actually live there.

2.  What is the general trend of the American pika’s habitat (dark-gray areas)
as temperature increases from low (Map B), to medium (Map C), to high
(Map D)?

As temperature increases, the habitats available for the pika decrease.

3. As temperatures increase from low (Map B), to medium (Map O), to high
(Map D), what is the general trend of the American pika’s habitat (dark-
gray areas)?

California. Student answers may vary. They could hypothesize that California has
more protected areas or rock faces that provide thermal buffers (mentioned in the case
study) to protect the pika. California also has stricter government regulations that
may help protect vulnerable species.

Activity Questions, Part]

1. Visualize the data so you can begin to draw conclusions. Create a pie chart
using the outline of England. The first location has been done for you.

a. Calculate the percentage of each moth per sampling area.
b. Use the calculations to create a pie chart for each sampling area.

c. Plot your data to the correct geographic area on the map of England
provided.

The key to the chart and map are shown on the following page.
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TEACHER NOTES
Sampling Percent Light- Percent Dark-
Location # Colored moths Colored Moths Pie Chart Geographic Location
1 698/926 = 0.754 228/926 = 0.246 Northwest England
and Ireland
0.75 X 100 = 75% 0.25 X 100 = 25%
2 923/945 = 0.977 22/945 = 0.023 Northeast England
and Scotland
0.98 X 100 =98% 0.02 X100 = 2%
3 18/946 = 0.019 928/946 = 0.981 ' Central England
0.02 X100 = 2% 0.98 X 100 = 98%
4 840/932 = 0.901 92/932 = 0.098 Southwest England
0.90 X 100 =90% 0.10 X 100 =10%
5 280/921 = 0.304 641/921 = 0.695 Southeast England
0.30 X 100 = 30% 0.70 X 100 = 70%

In which regions are light-colored moths
most prevalent? In which regions are dark-

&
O

colored moths most prevalent? How does dis- g
tance from a factory affect the prevalence of
each moth variety? Aﬁ

Student answers may vary but should relate these S
concepts from the data: The melanic moth pheno-
type is most prevalent in Central and Southeastern
England. The prevalence of melanic moths increases
with proximity to a factory.
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Activity Questions, PartI]

1. In this modeling activity, what were the relationships between totals (fre-
quencies) of prey (dot colors) to their environment (paper colors)?

Students” answers may vary but should relate the following concepts from the data.

a. When was the prey the easiest to see?

When the color of the prey contrasted with the environment, meaning the
prey was not camouflaged.

b. When was the prey most difficult to see?

When the color of the prey was the same as the environment, meaning the
prey was camouflaged.

c¢. How does the environment affect the traits that are common in a
population?

Individuals in the population that are most noticeable to predators (not cam-
ouflaged to the environment) are eaten. Those that are eaten do not reproduce
and pass on their traits (demonstrated as phenotypes) to the next generation.
Therefore, the population’s traits will shift to those that can survive preda-
tion (and reproduce) by being best to the environment adapted (camouflaged,
and therefore able to avoid predators).

Apply and Analyze

1. Imagine you were conducting an MRR study of the Mexican spider mon-
key, a critically endangered species. (According to the International Union
for Conservation of Nature, a critically endangered species is defined as
having an extreme risk of extinction in the wild. You are able to mark 75
monkeys (categorized as Marked, or M) and release them back into their
habitat. When you return, you capture 75 monkeys and note that 45 are
recaptures (categorized as Recaptures, or R) and 30 are not marked (catego-
rized as Unmarked, or U). Using this equation (X = [(U + R)/R]M), what is
the total number (X) of monkeys you estimate to be in the wild population?
Show your work:

X =125 =[(30 + 45)/45]75)

2. The Mexican spider monkey is one of five subspecies of the Geoffroy’s spi-
der monkey species. The other subspecies are the Nicaraguan spider mon-
key, the hooded spider monkey, the ornate spider monkey, and the Yucatan
spider monkey. It is important that during MRR studies that the correct
species or subspecies is being captured, marked, recaptured, and counted.
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TEACHER NOTES

What are three ways you would ensure that you and your research team are
marking and recapturing the correct monkeys?

Students’ answers may vary but should be aligned to methods delineated in the article
to reduce human sampling error in ecological fieldwork. Here are some examples:

o Making a close examination of field marks to ensure the animal is the
correct subspecies

o Ensuring that the MMR occurs in the exact habitat of the subspecies
o Using appropriate trapping techniques
o Differentiating between adults and juveniles

o Accounting for male and female sex differences

Resources and References

Journey North. Counting all butterflies: Estimat