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Committee Charge

® Review research on science investigation and engineering design for
middle and high school students conducted since publication of
America’s Lab Report (National Research Council, 2006)

o0 Review will include research and evaluations of innovative
approaches, such as computer modeling or use of large on-line
data sets that have become more widely available since
publication of the original report.

® Provide guidance for designing and implementing science
investigation and engineering design for middle and high school
students taking into account the new vision for science education
embodied in the Framework for K-12 Science Education (National
Research Council, 2012) and standards based upon it.
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Report Chapters

K-12 Science Education Past and Present

Learning and Motivation

How Students Engage with Investigation and Design

How Teachers Support Investigation and Design

Instructional Resources for Supporting Investigation and Design
Preparing and Supporting Teachers to Facilitate Investigation
Space, Time, and Resources

The Education System and Investigation and Design

Conclusions, Recommendations, and Research Questions
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POLL

Students should do science investigation or engineering design in class in order
to demonstrate that their knowledge of science.

Strongly Agree Agree Disagree Strongly Disagree

Students should do science investigation or engineering design in class in order
to make sense of the world around them.

Strongly Agree Agree Disagree Strongly Disagree

Students should participate in science investigation or engineering design in
class in order to get them interested in science.

Strongly Agree Agree Disagree Strongly Disagree
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Context of our Study

NEXT GENERATION

STANDARDS

R |
A FRAMEWORK FOR
K'1 2 SCl EN C E Design, Selection, and Implementation
E D U CATl O N of Instructional Materials for the

Next Generation Science Standards

Practices, Crosscutting Concepts, and Core Ideas

SCIENCE
TEACHERS’

GUIDE T0
IMPLEMENTING
DEVELOPING ASSESSMENTS Sl

FOR THE NEXT GENERATION
SCIENCE STANDARDS
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Investigation and Design at the Center

® Science investigation and engineering design should be at the CENTER
of teaching and learning science. Teachers need to build classes around
students investigating phenomena and designing solutions.

® In these classes, students work to make sense of the causes of
phenomena or solve challenges in a way that uses all three dimensions
of the Framework in concert and with increasing depth and
sophistication, making connections between ideas and concepts.

— For example, students design a solution (a practice) for a device
(crosscutting concept: structure & function) that collects plastics
that have made their way to a local waterway and are causing
native marine life to die prematurely (crosscutting concept:
cause/effect).
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The Power of Investigation and Design

Teachers can use students’ curiosity to motivate learning by
choosing phenomena and design challenges that are interesting
and engaging to students, including those that are locally and/or
culturally relevant.

Science investigation and engineering design entail a dramatic shift
In the classroom dynamic. Students ask questions, participate in
discussions, create artifacts and models to show their reasoning,
and continuously reflect and revise their thinking. Teachers guide,
frame, and facilitate the learning environment to allow student
engagement and learning.

Inclusive pedagogies can support the learning of all students by
situating differences as assets, building on students’ identities and
life experiences.
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Instruction for Investigation and Design

Centering classes on science investigation and engineering
desigh means that teachers provide multiple opportunities for
students to demonstrate their reasoning and show understanding
of scientific explanations about the natural world. Providing
opportunities for teachers to observe student learning and
embed assessment into the flow of learning experiences allows
students as well as teachers to reflect on learning.

Instructional resources are key to facilitating the careful
sequencing of phenomena and design challenges across units and
grade levels in order to increase coherence as students become
increasingly sophisticated science and engineering learners.
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RECOMMENDATION 1:
Investigation and Design is Central

« Teachers arrange their instruction around phenomena or
design projects.

« Administrators support teachers by providing
* Instructional resources
 Sustained professional learning experiences
« Opportunities for teachers to work collaboratively to
design learning sequences that are interesting and

relevant
« Time to learn about inclusive pedagogies
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RECOMMENDATION 2:
Three-dimensional science and engineering
performances

« Teachers monitor learning via ongoing, embedded, and
post-instruction assessment

 Teachers use formative assessment tasks and discourse
strategies

» Students share, develop and revise their ideas

» Teachers use evidence from formative assessment to guide
instructional choices
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RECOMMENDATION 3:
Instructional resources consistent with the
Framework and knowledge about how
students learn

« Teams of teachers and designers of instructional resources
» Develop coherent sequences of lessons
 Include information on strategies and options to
increase relevance to students’ backgrounds, cultures,
and place

« Administrators provide access to
« High-quality instructional resources
« Space
« Equipment
« Supplies
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TEACHER GUIDANCE
DURING SCIENCE INVESTIGATION AND
ENGINEERING DESIGN

°° STUDENTS TEACHERS Select and present real and relevant
@ MAKESENSEOE AT phenomena or challenges
PHENOMENA Guide observation and development of
AND DESIGN * stidentgUestcle
CHALLENGES Facilitate students developing and using

meaningful and relevant questions

. ° -
STUDENTS 4
GATHER AND Q‘_.
e « ANALYZE DATA
AND INFORMATION

Teacher Guidance

Communicate clear expectations for use of Y.
information as evidence "o

Facilitate connections between relevant ideas
and crosscutting concepts

Communicate clear expectations for students

The full Interactive Infographic is

Ll to develop evidence-based explanations and
CONSTRUCT models . l b l t
TEACHERS
EXPLANATIONS - SR Set clear expectations for students to develop ava ] a e a
AND DESIGN * arguments for how their evidence supports
SOLUTIONS il

Support design and testing of solutions to
challenges, including re-design and re-testing
as students refine their approach

https://www.nap.edu/resource/2

5216/interactive/

Provide opportunities for students to produce
multiple models and other artifacts that STUDENTS | E x
communicate their reasoning TEACHERS COMMUNICATE
Establish a classroom culture of respect and .. REASONINGTO
guide productive and inclusive discourse .. SELF AND
OTHERS

Reflect on student and teacher learning

Highlight connections to experiences and

i phenomena students have encountered in

CONNECT TeAcHERs  previous learning environments

T ‘ Pl h it rt for students to ct
. lan coherent support tfor stude: conne:

THROUGH learning to phenomena beyond the classroom

MULTIPLE

CONTEXTS

Learn more about the report at & -

The ! res of
x www.nap.edu/25216
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Questions?
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Make Sense of Phenomena and Design Challenges

Select and present real
and relevant phenomena
or challenges

° S . .
O ° ezt LR, Guide observation and
MAKE SENSE OF . development of student
PHENOMENA :
AND DESIGN ® questighe
CHALLENGES

Facilitate students
developing and using
meaningful and relevant
questions

https://www.nap.edu/resource/25216/interactive/
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Make Sense of Phenomena and Design Challenges

Phenomena that students will find
interesting/
relevant/relatable/compelling -
developing a need to know.

Phenomena need to be complex to
engage learners in using all three
knowledge dimensions - DCls, CCC,
scientific practices

How students develop and use
questions - have them experience
phenomena and based on that
experience ask questions!

Possible compelling and
complex phenomena:

Why can you eat some
substances like table salt
(NaCl) but the components
(Sodium and Chlorine) are |
toxic? ]

How can | design a vehicle to
be safer for a passenger
during a collision?

How healthy is our stream for
fresh water organisms? How doj|
our actions on land impact th
stream and the organism that |
live in it?
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Gather and Analyze Data and Information

Communicate clear
expectations for use of

information as evidence STUDENTS
< GATHER AND
ege . - fs TEACHERS
Facilitate connections e e ANALYZE DATA

) AND INFORMATION
between relevant ideas

and crosscutting concepts

https://www.nap.edu/resource/25216/interactive/
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Gather and Analyze Data and Information

The National Academies of
SCIENCES - ENGINEERING - MEDICINE



Construct Explanations and Design Solutions

Set clear expectations for

SR students to develop
el s arguments for how their
EXPLANATIONS ....---. > ;
AND DESIGN  ® evidence supports
SOLUTIONS explanations

Support design and
testing of solutions to
challenges, including re-
design and re-testing as
students refine their
approach

https://www.nap.edu/resource/25216/interactive/
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Construct Explanations and Design Solutions

Use Evidence

» Is it sufficient?

» It is appropriate?

« Can stem from
qualitative and
quantitative data

Don’ t tell me...

..Show me

Develop Arguments

* What is the most
appropriate claim?

* Does the claim fit the
evidence?
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Construct Explanations and Design Solutions

Design and Test

Solutions Requirements Analysis & Design
» Criteria and

Constraints RIS Implementation
» |terative cycles of

testing and redesign e

Planning Deployment
Evaluation
Testing
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Communicate Reasoning to Self and Others

Provide opportunities for
students to produce
multiple models and other

artifacts that
communicate their
reasoning STUDENTS l—ﬁ—x
. O COMMUNICATE
Establish a classroom *-._ REASONINGTO
®* SELFAND
culture of respect and OTHERS

guide productive and
inclusive discourse

Reflect on student and
teacher learning

https://www.nap.edu/resource/25216/interactive/
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Communicate Reasoning to Self and Others

Discourse
Talk Moves
Eliciting and Support}

Inclusive Discussions— #
A ~

Using Student Ideas 4 j-*r_;ﬁ

N it

\ e
i F:I
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TABLE 5-2 Talk Moves

SCIENCE AND ENGINEERING FOR GRADES 6-12

Talk Move

Purposc

Example

Marking: “That’s an

important point.”

Challenging Studcnts:
“What do YOU think?”

Linking Contributions:
“Who wants to add

bL.]

on...~¢

Pointing out to students what
a student has said that is
important given the teacher’s
current academic purposcs

Promoting academically
rigorous convcrsation by
challenging students and
turning the responsibility for
rcasoning back to students

Heclping students link their
contributions to the ongoing
conversation

“Did everyone hear what
Marisol just said? She madc
a comparison between this
phenomenon and something
she expericnced with her
family last summer. That’s
important becausc it shows
that we're connccting what
wc're doing in school to
what's happening in our
cveryday lives.”

“That’s a grcat question,
Kwamec. What docs cveryonc
clsc think?”

“That’s an intcresting idca,
is there a way we could
possibly test it to sce if it’s
truc?”

“Can you give an example?”
“Docs your explanation fit
with other science idcas, like
[state scicnce concept]?”
“Who disagrees with Arjun?”
“Who clsc wants to add on
to what she just said?”

Resources for
Teacher Guidance

BOX 5-5
Eliciting and Supporting Student Ideas with Talk Moves

As part of the lesson described above on the tanker, students worked in
small groups, having conversations in which they shared their ideas about what
might have happened. After a few minutes of students talking and drawing their
ideas, Bethany circulated to small groups, using talk moves to draw out and refine
students’ ideas and encouraging them to connect their drawings back to the phe-
nomenon of the crushing tanker. An excerpt of the conversations is reprinted here.

Student: So we said that if it was like regular air in the beginning, this is air on
the outside, and this is the air on the inside, and then when the steam,
it was like bouncing the molecules . . . and then, um, what did we say?
It's complicated.

Bethany: Because this looks empty now, is this empty?

Student: Well, | mean maybe it has some air in it.

Bethany: Because this is, they steam cleaned it, they closed all the valves . . .

Student: Oh so inside . . .

Bethany: So nothing can get in or out. So there still has to be something in here,
what's in here?

Student: Just some air . . .

Bethany: What happened to the steam?

Student: It went out when it exploded.

Student: It didn’t explode!

Student: | mean imploded 'cuz it like you know it broke, so now there’s holes all
over it so steam got out.

Bethany: So let's assume that it didn't break, that it just crushed. So like you

know, ah . . .

The National Academies of Ambitiousscienceteaching.org
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Communicate Reasoning to Self and Others

e Artifacts and representations
* models
* written reports
* videos
* blogs
* computer programs
* presentations
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Communicate Reasoning to Self and Others

Namas Pariod

Goafor today: With your partner, create an inftial madel. The model is just to get your it ideas out an paper, we are nat aiming for *correct anewers”. Wl make our models
better and more accurate 3¢ we learn more. There are MANY different waye to chow your theories.
Diractions: 1) Talk together and agree on some things to include befors anyone starts drawing

2 In each phase—before, during, sher—draw and label with words what d what you think might be happening that i uncbsarvable.

\ a
g e ~ )
1 =4 /
L \ & /
—_—— < -
) ([ )V
s A N
{ A
Batore, right after hatch & closed
V. . -
! e L% —— \
- 5 I
U 0 & )M
Let's use these conventions: Duwing
1. Any kind of air particle should be about this? What would you like to know to
represented by a dot. improve your madel for et tme?

2. The direction of the particle
should be shown with an arrow

B

FIGURE 5-1 Initial template for student work on tanker explosion.
SOURCE: Windschitl, Thompson, and Braaten (2018, p. 123).
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FIGURE 4-3 A small group’s revised model to explain how Addie’s condition
changed as the bacteria changed within her.,

NOTE: The model is organized into how Addie is feeling, the generation of
bacteria, size of the resistant (R) and nonresistant (NR) bacteria population,
and what is happening inside and outside Addie’s body.

SOURCE: Reiser and Penuel (2017)
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Connect Learning Through Multiple Contexts

STUDENTS

CONNECT
LEARNING

THROUGH

MULTIPLE
CONTEXTS

https://www.nap.edu/resource/25216/interactive/
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Connect Learning Through Multiple Contexts

AcHIEVE. o
wardod: Feb 26, 2010
Awarded To
Why Don't Antib

NGSS Design Badge
A
o

tics Work Like They Used To? (v2.1)

Why Don't Antibiotics Work @Cz @
Like They Used To?

NGSS High School Evolution Unit

|5 VERIFIED!

Coherent curricula

EVOLUTION B STORYLINES @ EVOLUTION:

TEACHER Assessments
A storyline is a coherent UNIT HANDBOOK

EVOLUTION: EVOLUTION:

Materials

Front Matter

sequence of lessons, in
which each step is driven by
students' questions that
arise from their interactions  ciccene images seiow to access the Lesson roicers
with phenomena (NGSS  [E=SENF - JLesson 3 Wiesson s W Lesso
Storylines, 2017) N Ete | &

Version -
ing our

around us?
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BOX 4-2
Growing Strawberries

Teresa, a high school student working on an engineering design
project, attempted to address several factors she had learned at school
as she tried to grow strawberries in a community garden. She and sev-
eral of the other Hispanic youth working on the design project had
many previous experiences growing home gardens, including many
vegetables and fruit such as cucumbers, jalapenos, watermelon,
cilantro, green chili, pumpkins, beans, garlic, raspberries, and straw-
berries. She and the other students working in her group had all had
the experience where plants had not grown as they had expected. They
tried out controlled experiments to diagnose and develop solutions to
this problem. Some students noted that their family goat “basically ate
all the garden,” and others identified soil erosion, inadequate sunlight,
infertile soil, and freezing temperatures.

Teresa described her own testing process as she tried growing
strawberries over the course of several years: “If it doesn’t turn out,
then I go back in my mind and be like ‘What was the part that I'm miss-
ing? Or what did I do wrong?” One year she gave two different fertiliz- .
ers to the plants to observe how each fertilizer affected their growth. L t d t
However, during that same year, the plants were located in the path of eV e r a’g I n g S u e n
rainwater that came out of a gutter. It seemed that the eroding soil, . .
and not the fertilizer, was keeping the strawberries from growing, so eX p e r I e n C eS to S u p p O rt t h e I r
she moved the strawberry plants to another part of her yard. However,
despite her trying to use different kinds of fertilizers, the plants still - .
were not growing as she expected. Teresa reflected on other possible S C I e n C e I e ar n I n g
causes for the plants’ failure to grow and thrive, including the “bugs in
the garden” that she had seen. Based on these experiences, she used
pesticides on the strawberry plants in a later season, but then a family
member ran over them with a car by accident. She noted that this in-
advertent error limited her ability to conclude whether the pesticides
had an influence on the growth of the strawberries. Throughout this
process, while working in her home garden, Teresa had sought to de-
sign valid experiments in which she isolated single variables, made ob-
eervatinne develnned tentative coniectiire in recarde tn r‘m‘mnrinn Te-

(Wilson-Lopez et al., 2018) The National Academies of
SCIENCES - ENGINEERING - MEDICINE



Inclusive Pedagogies

Design Challenge Topics

Christopher G. Wright (Drexel University) studies the interrelationship be-
tween engineering competencies and identities for African American males. Fo-
cusing on what Nasir and Hand (2008) referred to as “practice-linked identities,”
Wright works to identify real-world design challenges that could potentially engage
this student demographic, while providing authentic opportunities to participate
in engineering and science practices. This work can lead to an understanding
of the ways in which learning contexts could potentially support the learning
and identities of students who have been historically marginalized within STEM
communities.

Wright has worked with middle school students to understand the relation-
ship between learning and identity in these contexts. The complexity in this work
is avoiding the essentializing of students by boiling them down to common stereo-
types and assumptions in what might interest them, but to truly understand what it
means to engage students by incorporating aspects of their lived experiences and
community capital. Considering students’ competencies and identities, teachers
may consider a more expansive learning space where students can participate
in and reconstruct meanings for their own engagement in learning engineering
and scientific competencies. Wright suggests that teachers identify the kinds of
engineering challenges (e.g. particular human problems, and engineering prac-
tices in order to address student interests, participation, engagement, and identity
development).

In a recent pilot study, Wright has worked with middle school students to
explore the question, What role do engineers play in the design and analysis of
sneakers? In addressing this question, students explore why different types of
sneakers are used in a variety of common sports, study how engineers analyze
the needs of athletes, and explore how engineers engage in the design of sneak-
ers in order to meet athletes’ needs. Students have opportunities to analyze foot
movement in a variety of different sports and develop design criteria for individual
sports and/or athletes.

SOURCE: Adapted from material presented to the committee by Christopher Wright on
July 24, 2017.

« Concept Project: Bioengineering and Shoe Design (kinds
of challenges)

* What role do engineers play in the analysis & design of
sneakers?
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Upcoming Webinar

Professional Learning for Investigation and Design
March 28 at 1pm EDT

More Information and registration links for the webinar can be found at
nas.edu/Science-Investigation-and-Design
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