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Foreword

age Keeley’s popular book series “Uncovering Student Ideas...” led to the cre-

ation of a column in Science and Children offering probes and strategies for use

by elementary teachers. This column has been popular since its inception with

readers eager to use each probe in their classrooms. The popularity is due to
several characteristics of Page’s probes—they are based on research, aligned with grade
band expectations, easily implemented, and effective.

Probes uncover students’ ideas. Every child brings prior understanding to each
learning experience, whether incomplete, incorrect, or fully developed. It is critical to
understand what children bring to the learning environment both before proceeding
with instruction and during lessons to provide scaffolding and regulate rigor. Every
step of the way, throughout the development of conceptual understanding, we must
have a clear picture of what students have learned and the understanding they are
developing. This is the vital role of Page’s assessment probes.

Never has formative assessment been more important than now. With the release of
the Next Generation Science Standards and shifts in state standards there is new emphasis
on progressions of learning and conceptual understanding. A Framework for K=12 Science
Education: Practices, Crosscutting Concepts, and Core Ideas is specific: “To support students’
meaningful learning in science and engineering, all three dimensions need to be inte-
grated into standards, curriculum, instruction, and assessment” (NRC 2012, p. 2). It goes
on to mention the role of formative assessment explicitly and points out the need for
this component in teacher professional development to enhance the capacity of schools to
implement effective science curriculum.

Once you have read and used the suggestions provided in any of the chapters in this
collection, you will find many applications that support your understanding of student
knowledge while also providing new learning opportunities. The variety of formats;
the manner in which they are embedded in instructional models; and the strategies
they provide to create opportunities for science talk, initiating investigations, eliciting
questions, self assessment, and reflection on learning are all applicable to many settings.

Page has selected a variety of probes to share with you that provide a wide per-
spective. Beginning with how to use the book she goes on to provide ways in which
professional learning, by both individuals and communities, can effectively be created.
Once you have studied and used some of Page’s suggestions, I know you will join me in

thanking her for sharing this wonderful collection of strategies and materials. What Are

WHAT ARE THEY THINKING?
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FOREWORD

They Thinking? is specifically designed to support elementary teachers as they assess
student understanding and Page has provided the insight and knowledge to assure you

of success in supporting your students moving toward conceptual understanding.

Linda Froschauer
Editor, Science and Children
NSTA President, 20062007

REFERENCE

National Research Council (NRC). 2012. A framework for K-12 science education: Practices,
crosscutting concepts, and core ideas. Washington, DC: National Academies Press.
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Introduction

The Role of Formative Assessment in
Elementary Science: An Overview

ormative assessment in science is a process that informs instruction and sup-

ports learning through a variety of tools and techniques aimed at uncovering

and examining students’ thinking, then using that information to drive instruc-

tion that supports students moving toward conceptual understanding of the
learning target. Formative assessment in science is inextricably linked to learning. As
teachers are collecting information about students’ thinking related to core concepts and
phenomena, students are simultaneously constructing new understandings, revising
prior beliefs, and strengthening their ability to engage in the practices of science and
engineering. Formative assessment is frequently referred to as assessment for learning
rather than assessment of learning. One can even add a third preposition—assessment
as learning. As you will see in each of these chapters, the formative assessment tool or
technique highlighted is in essence a learning activity for students, as well as a way for
the teacher to gather information about students’ ideas and ways of thinking in order to
determine next steps in moving their learning forward.

Elementary science teachers face an added challenge using formative assessment to
move students’ learning forward. Because science is a way of understanding our natural
world, students arrive with ideas that have already been formulated based on their
everyday experiences outside the classroom. These experiences begin in infancy, long
before students enter the formal classroom. Daily experiences and interactions with
“felt weight,” moving objects, shapes, light and shadows, observations of living things,
dropping objects, “disappearing” materials, visible changes, and other phenomena
are already shaping children’s ideas at an early age. Therefore, one important use of
formative assessment in science is uncovering the preconceptions students bring with
them to their learning, as these preconceptions will often affect the way students think
about new information. Children make sense of the content they encounter in the sci-
ence classroom in their own way, based on their interactions with the natural world, the
words they encounter in their daily conversations and in various media, the materials
they use, and the contexts in which they learn.

By taking the time to understand students’ thinking at any point during an instruc-

tional cycle, instruction becomes more focused and deliberate in moving students

WHAT ARE THEY THINKING?
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INTRODUCTION

toward an intended learning target. It begins by helping students think about—and
then verbalize or write about—their existing ideas, giving them and the teacher a
springboard from which to launch into instructional experiences that will build a bridge
between where students are and where they need to be. Targeted instruction then
confronts students’ existing ideas, providing opportunities for them to test their ideas
through investigation and engage in productive science talk that incorporates scientific
reasoning, construction of scientific explanations, and argumentation supported by evi-
dence. As the teacher uses formative assessment to monitor changes in students’ ideas
and ways of thinking, students often resolve the conflict between their initial ideas and
new ways of thinking. This process is called conceptual change and is strongly supported
by the use of formative assessment throughout a full cycle of instruction. It begins with
the elicitation of students’ initial ideas and ends with reflection on new knowledge and
changes in thinking.

However, to use formative assessment to promote learning in the elementary class-
room, the teacher must have access to a repertoire of formative assessment classroom
techniques (FACTs) and specially designed questions that link research on learning to
core concepts in science (probes). But having access to these tools at your fingertips is
not enough. Teachers also need to understand how these tools are appropriately used
for formative assessment and what formative assessment looks like in the elementary
classroom. That is the purpose of this book—to build and support elementary teachers’
capacity to use formative assessment tools to link assessment, instruction, and learning
in the science classroom.

This book will help elementary teachers deepen their understanding of their stu-
dents’ thinking in order to promote conceptual learning in the K-6 classroom. It moves
instruction away from the pervasive practice of selecting an activity first to instead start-
ing with an understanding of students’ ideas and then selecting an appropriate activity
to begin instruction. It helps teachers make adjustments to their instructional materials
throughout the cycle of instruction. This is very different from following “the script”
without understanding if the “script” is the right match to where students are in their
thinking. The focus is on what the student is thinking and learning, not the materials
or activities. This is the difference between teaching science as a series of “hands-on”
activities and teaching science for conceptual understanding.

Elementary teachers are the first line of offense in addressing common misconceptions
that follow students from elementary grades into middle school, into high school, and
even into adulthood. This is why it is so important to build elementary teachers’ capac-

ity to continuously and seamlessly use formative assessment in science. If elementary
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INTRODUCTION

students are provided with opportunities to resolve the inconsistencies between their
way of thinking and the scientific way of thinking, many of the difficulties that students
encounter in later grades as they progress through increasingly complex ideas and ways
of thinking can be eliminated. Clearly, this is why elementary teachers are important
to developing science-literate high school graduates, well prepared and interested in
entering STEM fields in college or in the workplace. Elementary science teachers are
critical links in a K-12 system of science learning. This book is intended to support you

in that critical role!

Organization of This Book

This book is organized into 30 chapters. Each chapter features an article written for the
NSTA Science and Children journal’s monthly column, “Formative Assessment Probes:
Promoting Learning Through Assessment.” Each article features a formative assess-
ment probe from one of the eight books in the NSTA Press series Uncovering Student
Ideas in Science.

A probe is a two-tiered assessment specifically designed to reveal common miscon-
ceptions. It begins with an engaging prompt situated in a familiar context, followed
by a set of selected responses. Many of the distracters in the selected responses mir-
ror the research on children’s alternative conceptions. The number of distracters used
depends on the number of research-identified misconceptions. The probes avoid the
use of technical terminology in order to uncover students’ conceptual understanding
and not their memorization of definitions. The selected response is then followed by
a section in which students explain their thinking by constructing an explanation. It is
this part of the probe that reveals the reasoning students use to make sense of a con-
cept or phenomenon. It also provides insight into how a student’s misconception may
have developed: from their experiences in and out of the classroom, the words they
encounter, their intuition, the context in which previous learning took place, or from
their misinterpretation during the teaching and learning process.

Probes are often combined with a FACT (formative assessment classroom technique).
FACTs are used in a variety of formats, ranging from individual formative assessment
to uncovering student ideas within a small group or during a whole-class discussion.
FACTs and probes are embedded throughout an instructional cycle of engagement and
elicitation, exploration of ideas, formal concept development, application, and reflection.
They fit easily within a 5E model of instruction or any variety of instructional models that
use a learning cycle approach. FACTs serve a variety of teaching and learning purposes,

including engaging and motivating students, eliciting preconceptions, activating thinking

WHAT ARE THEY THINKING?
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and metacognition, providing stimuli for productive science talk, initiating investigations,
determining learning transfer, improving the quality of questions and responses, provid-
ing feedback, peer and self-assessment, and post-assessment or reflection on learning.

The articles in each chapter were specifically written to illustrate how a formative
assessment probe, often combined with a FACT, is used in a K6 classroom. While each
of the books in the Uncovering Student Ideas in Science series provides K-12 teacher notes
that accompany each probe, the teacher notes in the book series do not provide extensive
descriptions of how the probe is used in an elementary classroom, actual examples of
student work or transcripts of students talking about their ideas, or illustrative examples
of instructional decisions made by elementary teachers. The article included in each
chapter provides this information specifically for elementary teachers, giving deeper
insight into the formative assessment process and complementing the teacher notes. In
addition, a link is provided at the end of the chapter that will take the reader to a website
where they can download a copy of the probe to use with their students (Note: Only the
probe is provided in each of the links in the chapters. The teacher notes for each probe
are found in the referenced book in which the probe was originally published).

Each chapter also includes a Reflection and Study Guide. These guides include a set
of questions designed to help the reader reflect on what they learned after reading the
chapter. The questions can also be used for pre-reading. This is followed by a section on
“Putting Formative Assessment Into Practice” that can be used after teachers try out the
probe with their students. This section guides teachers in examining their own students’
thinking and reflecting on their use of the formative assessment probe or FACT. A final
set of questions in the “Going Further” section can be used to extend professional learn-
ing by suggesting other resources for individual or collaborative group learning. Many
of these suggestions include links to A Framework for K12 Science Education or the Next
Generation Science Standards. Even if your state has not adopted the NGSS, the links
provided will help you clarify the content in your own standards and provide you with
a lens to focus on what effective teaching and learning in science involves when using

the formative assessment probes.

Suggestions for Using This Book

The primary purpose of this book is to improve and support the teaching and learning
of elementary science by embedding formative assessment into daily instruction. This
purpose can be met through an individual teacher’s use of this book or through col-

laborative structures for teacher learning. The following are suggestions for ways to use

NATIONAL SCIENCE TEACHERS ASSOCIATION
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INTRODUCTION

this book as a teacher, teacher leader, mentor, science specialist, professional develop-

ment provider, or preservice instructor.

Overall Use of This Book

* Use Table 1 (pp. xvi—xvii) to match your own instructional or professional
learning objective to the focus of the chapter and the probe that is highlighted.
Read the chapter and use the Reflection and Study Guide questions to deepen
your learning and inform your instruction before you teach a curricular unit.

e If you have not used the probe before, answer the probe yourself before reading
the chapter. By experiencing the process of thinking through your own ideas,
you may better understand what your students experience as they think
through their ideas.

e If you have access to the Uncovering Student Ideas in Science books, read the
teacher notes after completing the chapter. The teacher notes provide additional
details on curricular considerations, related research, connections to national
standards, and instructional suggestions that complement the chapter.

* After reading a chapter and using the guiding questions, note what you will
do differently in your classroom as a result. Also note any information or
suggestions to share with colleagues at the school or district level.

* If you are a classroom teacher or have access to students, try out the probe or
FACT with children and compare what you experienced and learned through
your own students with the chapter description or classroom vignette.

* Use the “Going Further” suggestions to extend your learning after reading the
chapter. Search the internet or the NSTA Learning Center (http://learningcenter.nsta.
org) for additional resources to continue your learning related to the chapter.

Structures for Professional Learning

* Chapters can be used within a workshop format to address content or a teaching
strategy. Select chapters that match the professional learning goal of a workshop.

* Professional Learning Communities (PLCs) can select chapters for reading,
discussion, and application to their professional goals as a PLC.

* Form study groups to learn about, try out, examine, and improve upon
techniques for formative assessment. Choose a chapter to read, discuss, try out,
and report back on its use.

* Create a classroom video of your use of a probe or FACT discussed in one of the
chapters. Share and discuss the chapter with peers. Use the video to discuss and
provide constructive feedback on the use of the probe or FACT.

WHAT ARE THEY THINKING?
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TABLE 1. FEATURED PROBES AND TOPICS

Chapter Probe

Doing Science

Topic

Scientific investigation; examine how misuse of the
“scientific method” impacts students’ ideas about the
nature of science

Floating Logs

Floating and Sinking; use of intuitive rules to reason
about floating and sinking

Does It Have a Life Cycle?

Life cycles; addressing the limitations of context in
the curriculum

What Is a Hypothesis?

Hypotheses; revealing misconceptions teachers have about
the nature of science that can be passed on to students

How Far Did It Go?

Linear measurement; difficulties students have with
measurement, particularly with a non-zero starting point

Needs of Seeds

Seed germination and needs of living things; engaging in
evidence-based argumentation

The Mitten Problem

Energy transfer, heat, insulators; teaching for conceptual
change and how children’s everyday experience affects
their thinking

Is It Living?

Characteristics of living things; examine ways to uncover
“hidden meanings” students have for some words and
concepts in science

Various probes

A variety of probes and FACTs are used to show
purposeful links to various stages in an assessment,
instruction, and learning cycle

Emmy’s Moon and Stars

Solar system, relative distances; importance of examining
students’ explanations even when they choose the right
answer; impact representations have on children’s thinking

Talking About Forces

Forces; examining common preconceptions and use of
language to describe forces and motion

Is It an Animal?

Biological conception of an animal; explore how
formative assessment probes can be used to engage in
teacher action research

Pond Life

Single-celled organisms; use of representations to
examine students’ ideas

Objects in the Sky

Seeing the Moon in daytime; Challenges the adage “seeing
is believing” with “believing is seeing” —examines reasons
why children hold on to their strongly held beliefs

Can It Reflect Light?

Light reflection; addressing students’ preconceptions with
firsthand experiences that support conceptual change

NATIONAL SCIENCE TEACHERS ASSOCIATION
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Chapter

Probe

Is It Food for Plants?

INTRODUCTION

Topic

Food, photosynthesis, needs of plants; using
bridging concepts to address gaps in learning goals,
understanding students’ common sense ideas

Where Did the Water
Come From?

Condensation; Using the water cycle to show how a
probe can be used to link a core content idea, scientific
practice, and a cross-cutting concept.

Catching a Cold

Infectious disease, personal health; Using a probe to
uncover common myths and folklore related to the
common cold

Me and My Shadow

Sun-Earth System; using a formative assessment probe
to engage students in productive science talk

Birthday Candles

Light transmission, connection between light and vision;
using drawings to support explanations

Mountain Age

Weathering and erosion; organizing student data using
a classroom profile for instructional decisions and
professional development

Solids and Holes

Floating and sinking; density; using the P-E-O technique
to launch into investigations

Chrysalis

Life cycle; over-emphasis on labeling diagrams with correct
terminology may mask conceptual misunderstandings
related to the life cycle of a butterfly.

Batteries, Bulbs, and Wires

Electrical circuits; lighting a bulb with a battery and a
wire; how science kit materials may make it difficult for
students to examine the way a complete circuit works

Is It a Rock?

Rocks; human-made materials; how continuous
assessment is used throughout an instructional unit.

Is It a Solid?

Solids and liquids; using the claim card strategy to

uncover ideas and support students’ construction of
explanations using claims and evidence.

When Is the Next Full
Moon?

Moon cycle, using the concept cartoon format to uncover
ideas before making observations

Swinging Pendulum

Motion patterns; using formative assessment of a scientific
idea to assess readiness for an engineering problem

Is It Melting?

Melting and dissolving; illustrating use of a probe in
professional development to uncover misconceptions
and make formative decisions for teacher learning

Is It Made of Parts?

Structure of organisms; scaffolding formative
assessment of a learning target by identifying and
assessing sub-ideas

WHAT ARE THEY THINKING?
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INTRODUCTION

* Combine a chapter with the use of a protocol for looking at student work
(LASW). The chapter can provide the groundwork or information for next steps
after teachers discuss student work.

* Create a seminar series that features a chapter for each session. Use Socratic
dialogue to discuss the chapter.

¢ Teachers who mentor new teachers can read and discuss chapters together. The
new teacher can try out the probe or FACT and reflect on his or her learning
with the mentor teacher. The mentor teacher can provide useful feedback as a
link between the chapter and the novice teachers’ practice.

* Lesson study groups can use the chapters to inform the design of the lesson
they will use. Discussions during the debriefing of the lesson can be linked back
to the chapter.

* Form a book study group, face-to-face or electronically. Select chapters for
the book study. Use the Reflection and Study Guide for in-person or online
discussions.

e Share and discuss a chapter during a grade-level team or faculty meeting.
Discuss how the example of formative assessment could be applied to other
disciplines.

* Curriculum planning committees can use the chapters to consider ways to
embed formative assessment into the elementary curriculum. Use the chapter to
provide implementation support for the curriculum.

* Conduct collaborative action research with a colleague. Choose a chapter and
design a classroom research project related to the chapter. Use the example and
suggestions in Chapter 12 (Teachers as Classroom Researchers) to engage in
teacher research using the probes.

e Use a formative assessment probe for teacher learning in workshops or other
settings. After teachers respond to the probe, use ideas from the chapter to make
formative decisions or engage teachers in practices such as argumentation.

* Select chapters that can support teachers in implementing the NGSS or their
state standards. Use the chapter for discussions about formative assessment and
learning targets.

* Consider writing your own article about the use of a formative assessment
probe or FACT. Use the examples in this book to help you. Consider sharing
your article with your school colleagues or submitting for publication in NSTA’s
Science and Children.

e Use the book as a whole-group jigsaw book study during teacher institutes.
Assign chapters to pairs or small groups as reading assignments. Each group
can prepare a short presentation to teach what they learned to others.

NATIONAL SCIENCE TEACHERS ASSOCIATION
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* Preservice instructors can use this book as a required text in their courses or

select specific chapters to integrate into their courses.

* Science curriculum coordinators can use chapters to support teachers working

toward improving their practice.

* The Science Formative Assessment book series (Keeley 2008, 2014) has been

frequently used in a variety of professional learning formats. Select chapters
that highlight use of a FACT and combine with the reading from Science
Formative Assessment.

* Select a probe that can be used across grade levels. Administer the probe, collect

data on students’ thinking, and engage colleagues in cross-grade-level data-
driven discussion. Use the chapter to ground the group’s discussion about the
probe and students’ ideas.

* Come up with your own idea for ways to use these chapters for professional

learning that builds teachers” understanding of how to use formative
assessment effectively.

Teacher Learning Outcomes

Whichever chapters you decide to use in this book or the variety of ways you decide to

use them, consider the following outcomes:

1.

You may learn new content about the science you teach. Everyone has miscon-
ceptions, including teachers (all teachers, not just elementary teachers). These
chapters might surface long-held misconceptions you were not aware that you
had. Working through and resolving these misconceptions is a significant part of
your professional learning.

You will learn a lot about your own students. Although the chapters describe sce-
narios of students in other classrooms, it is quite likely your students will think and
respond in a similar way. Furthermore, trying out the probes with your own stu-
dents will give you insight into your own students’ thinking and how similar their
ideas are to what has been learned from research about children’s ideas in science.

You will learn new instructional strategies that link assessment and instruction,
which will help you build a rich repertoire of effective teaching practices.

You will increase your capacity to implement the disciplinary core ideas, the
scientific and engineering practices, and the crosscutting concepts in the NGSS.
Even if your state has not adopted the NGSS, your teaching and your students’
learning connected to your state’s standards will be enhanced through your
knowledge of formative assessment practices connected to the NGSS.
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5. You will bring new vitality and food for thought to collaborative teacher learn-
ing by sharing and discussing these chapters and the use of the probes with your
colleagues in a variety of professional learning formats. The value in sharing the
probes, your student data, your inquiries into practice, and your new learning
with other teachers cannot be overstated. It is transformative and will lead to
significant changes in practice among teachers at all levels of experience, within
and across classrooms.

Continuing Your Learning

When you finish the book, your learning about using formative assessment probes in
the elementary classroom does not end with the final chapter. Continue to check out
Page Keeley’s formative assessment probe column each month in Science and Children,
as well as articles written by other authors that feature the use of a formative assessment
probe or formative assessment strategies. Visit the Uncovering Student Ideas in Science
website at www.uncoveringstudentideas.org for additional ideas. Go to the NSTA Learning
Center (http://learningcenter.nsta.org) and participate in discussions with other teachers
who are using the probes and formative assessment strategies. Attend an NSTA area or
national conference and look for sessions on formative assessment, including sessions
presented by the author of this book and her colleagues. And finally, share the ways
you have used this book by contacting the author, Page Keeley, at pagekeeley@gmail.com.
By sharing your ideas, together we can build a collaborative community to promote

elementary science learning through formative assessment.
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Chapter 11
Pushes and Pulls

tudents have early childhood

experiences with basic force con-

cepts well before they encounter

the word force in the science class-
room. For example, it doesn’t take long
for a child to figure out that pushing or
pulling on a toy will cause it to move in
the direction of the push or pull. From a
very early age, children push and pull on
the objects they play with. The forces that
young children are most familiar with are
ones exerted by their own or someone else’s bodies. Their observations of forces usually
involve human actions or actions by other living things such as a puppy pushing a ball
away with its nose. As a result, many children develop an idea of forces being equated
with living things and movement long before they learn about forces in the elementary
science classroom. The way the word force is used in everyday language affects stu-
dents” understanding of force in a science context. For example, young children often
associate the word force with coercion, physical activity, and muscular strength (Driver
et al. 1994). This transfers to their notion of a push or pull as well.

When the concept of force is first taught in the elementary curriculum, it is usually
introduced as a push or a pull. A Framework for K12 Science Education describes grade-
band endpoints for the Core Idea: Motion and Stability: Forces and Interactions (NRC
2012). It states that by the end of grade 2 students should know that objects pull or push
each other when they collide or are connected.

What do we know about students’ ideas related to pushes and pulls? Early research
studies have shown that some students have difficulty associating manifestations of
force with pushes or pulls. For example, some primary-age children do not associate
a kick or a throw with a push. Furthermore, some students believe there is a force that
just holds things in place without pushing or pulling, such as a book on a table (Driver
et al. 1994; Minstrell 1982).

Students’ preconceptions about pushes or a pulls may affect their learning about types

of forces and the interactions involved. The friendly talk probe “Talking About Forces”
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FIGURE 11.1.
The Talking About Forces Probe

Talking About Forces

Five friends were talking abourt forces. This is what they said:

Rae: “I think a push is a force and a pull is something else.”

Scott:  “I think a pull is a force and a push is something else.”

Yolanda: “I think a force is either a push or a pull.”

Miles:  “I think forces are neither pushes nor pulls. I think they are something else.”

Violet:  “I think pushes and pulls are forces, bur there is also another type of force

that just holds things in place.”

Which friend do you agree with the most?

Explain your thinking. Describe what you think a force is.

(Figure 11.1) can be used to uncover students’ preconceptions of the familiar words push
and pull and what they mean in the context of forces (Keeley and Harrington 2010). A
friendly talk assessment probe is a type of selected response assessment probe in which
students select the character they agree with the most (Keeley 2008). With younger stu-
dents (K-2) it is best to adapt the probe using only the first three answer choices: Rae,
Scott, and Yolanda. The information gathered by the teacher can be used to inform learn-
ing opportunities in which primary age students can explore and identify a variety of

pushes and pulls.
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PUSHES AND PULLS

For example, if some students identify force with a push but not a pull, that is an
indication to the teacher that students need opportunities to experience both pushes
and pulls as forces. A teacher might take students on a “Push and Pull Walk” to identify
examples of things they observe being pushed or pulled. Or, a teacher can use a card
sort activity in which students are given a set of pictures or descriptions of an action
printed on cards that they then sort into examples of forces that are pushes, forces that
are pulls, and ones they are not sure about. Listening to the students share their reasons
why something is an example of a push or a pull provides insights into students’ think-

ing about forces and interactions between objects.

FIGURE 11.2.
Grade 4 Responses to Talking About Forces
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Years later, after students have been taught basic ideas about forces as pushes and
pulls, students may still hold on to their own interpretations of pushes and pulls. For
this reason, it is helpful to use formative assessment probes to uncover students’ ideas
about important prerequisite concepts “learned” in prior grades, before building toward
progressively more complex concepts. Figure 11.2 shows results from 58 fourth graders
who responded to this probe prior to beginning a unit on force and motion. The students

had previously encountered the basic concept of force as a push or pull in second grade.
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As you can see from the graph, most of the students selected Violet, which matches
the research finding that a “holding force” is a commonly held idea. The idea of a holding
force may originate well before students reveal this common misconception in middle
school or the physics classroom. Most of the students who agreed with Violet generally
explained that pushes and pulls are forces because they make things move, but there is
another type of force that keeps things from moving. Several students used the example
of a refrigerator magnet “having a force that stuck the magnet to the refrigerator.”
Students who selected Yolanda typically explained that both pushes and pulls cause
movement so they are examples of forces. These students equate force with movement.

Overall, the assessment probe reveals that students need opportunities to analyze
forces where motion is obvious, less obvious, as well as forces acting on objects at rest.
A Framework for K12 Science Education states that by the end of fifth grade, students
should know that “An object at rest typically has multiple forces acting on it, but they
counterbalance one another.”

Although there is more research to be done on diverse students’ ideas related to force
and motion, particularly with younger children’s notion of a push or pull, teachers can
gather and analyze their own assessment data to understand their students’ ideas and
make informed decisions about appropriate learning pathways. The new Framework for
K-12 Science Education has provided us with updated descriptions of the content and
sequence of learning expected of all students. Using formative assessment probes, such
as the example provided, can help teachers understand where their own students’ ideas
are in relation to the Core Ideas described in the Framework. Furthermore, the probes
can reveal conceptual difficulties your own students may face as they build toward
progressively more detailed and sophisticated understandings.

Connecting formative assessment probes to the Core Ideas described in A Framework
will help you move toward the vision of science teaching and learning that both the
Framework and the Uncovering Student Ideas in Science series embodies. Now that the
Framework has been released, let’s continue to explore this powerful connection between
formative assessment and the core ideas. And remember, the probes are not formative

unless you use the results to inform your teaching and promote learning!
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INTERNET RESOURCE

Uncovering Student Ideas in Science series
www.nsta.org/publications/press/uncovering.aspx

NSTA CONNECTION
Download a full-size “Talking About Forces” probe at www.nsta.org/SC1110.

Pushes and Pulls
Reflection and Study Guide

QUESTIONS TO THINK ABOUT AFTER YOU READ THIS CHAPTER

1. Children have experiences with forces before they start school. They also encounter
the word force in their everyday language. How do their everyday experiences out-
side of school and language affect they way they think about forces in science class?

2. Students initially learn about forces through pushes and pulls. How do students’
preconceptions about pushes and pulls affect their thinking about forces?

3. “Talking About Forces” is an example of a probe format frequently used in the
Uncovering Student Ideas in Science series, called a friendly talk probe. How is this
format different from a typical multiple-choice question? What do you like about
this format?

4. Notice how the picture in this probe and the names used for the answer choices
portray diversity. Why is it important for students in the science classroom to see
examples of people representing diverse groups talking about their ideas?

5. Examine each of the answer choices to the probe. What kinds of instructional
experiences would you provide to address each of these answer choices?

6. How do you think student responses in grades K-2 may differ from students in
grades 3-5? How do you think students’ responses in grades 3-5 may differ from
students in grades 6-8? What do you think may account for these differences?

WHAT ARE THEY THINKING?
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10.

Are there some ideas about pushes and pulls that may be resistant to change
across grade spans?

. If pushes and pulls are taught in the K-2 curriculum, why would a teacher in

grades 3-5 use this probe? Are formative assessment probes limited to the grade
level in which a specific idea is taught?

Examine the data from Figure 11.2. Grade 4 Responses to Talking About Forces.
What do the data tell you? What factual statements can you make from the data?
What inferences might you draw from the data?

How is it useful for teachers to collaboratively examine student thinking by pool-
ing their data and having data-driven discussions about student thinking? How
can you use collaborative inquiry into examining student thinking in your school
or other setting?

How is it useful to examine and reference readings from A Framework for K-12
Science Education (NRC 2012), the Benchmarks for Science Literacy (AAAS 2009), or
the Atlas of Science Literacy (AAAS 2001, 2007) when analyzing student data from
a formative assessment probe?

PUTTING FORMATIVE ASSESSMENT INTO PRACTICE

1. What did you learn about your students” understanding of forces as pushes and
pulls? Were you surprised by any of their answer choices and explanations?

2. What ideas did your students use to support their answer choices? Do their respons-
es reveal evidence of the source of their misconception or their understanding?

3. What modifications will you make to your curriculum, instruction or instruction-
al materials based on students’ responses to this probe?

4. Did you engage in collaborative discussions about the student work from this
probe with other teachers who used the same probe? What protocol or process
did your group use to examine and discuss the data? What kinds of decisions did
your group come up with based on the discussion?

5. Based on what you learned about your students’” ideas about pushes and pulls,
what advice or suggestions do you have for your colleagues and future teachers?

GOING FURTHER
1.

82

Read and discuss the Teacher Notes for the “Talking About Forces” probe (Keeley
and Harrington 2010, pp. 72-74). Pay particular attention to the Related Research
and Suggestions for Instruction and Assessment sections.

NATIONAL SCIENCE TEACHERS ASSOCIATION
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Read and discuss the section on Core Idea PS2 Motion and Stability: Forces and
Interactions on pages 113-120 in A Framework for K-12 Science Education (NRC
2012) or online at www.nap.edu/openbook.php?record_id=13165&page=113

Examine the NSDL Science Literacy Strand Map on Laws of Motion at: http://
strandmaps.nsdl.org/?id=SMS-MAP-1357. Follow the strand “forces and mo-
tion” and discuss how the idea of pushes and pulls begins in K-2 and build
progressively.

Examine and discuss the Benchmarks for Science Literacy (AAAS 2009) research
summary on forces. Scroll down to 4F Motion: The Concept of Force. www.
project2061.org/publications/bsl/online/index.php?chapter=15&section=C&ba
nd=4#4.

Watch and discuss the NSTA archived web seminar on the NGSS core idea of Mo-
tion and Stability: Forces and Interactions at http://learningcenter.nsta.org/products/
symposia_seminars/NGSS/webseminar28.aspx.
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Absorption of light, 108

Adherence to beliefs, 99—-103

Air, 40, 42, 93, 114-115, 122—-123, 155-156, 158, 209, 212
Algae, 93

Alternative thinking, 62

Animal structures, 93

Animalcules, 93

Annotated student drawings, 96

Argument, 44-45, 52, 59, 121-123, 126, 135, 137, 139, 182, 184, 186-187
Assessment stages, 61-67

Astronomy, 3, 72, 75, 101, 139, 216

Atoms, 116, 118, 123

Bacteria, 57, 116, 130

Batteries, 167—168, 170-171

Bear, hibernating, 56

Beliefs, 1, 5, 26, 47, 51, 129-130, 159
Biological conception, 85-91
Biological meaning, 56

Bleeding, 129

Body fluids, 129

Body systems, 95

Brain, 95

Brainstorming, 108, 198—199
Bridging concepts, 113—-119

British Royal Society, 93

Buoyancy, 9, 155

Butterfly life cycle, 161-166

Bybee, Rodger, 195, 199-200, 202, 215

Carbon dioxide, 114—116

Card sort, 19, 79, 106, 108, 111, 114, 118—119, 204, 208
Cartoon, 189-194

Categorizing, 87, 176

Caterpillar, 161

Cell organelles, 96

Cells, 40, 56-57, 93, 95-97, 130, 209
Chart, 18, 174—176, 182, 184, 202
Chemical energy, 167

Chlorophyll, 114

Chrysalis, 161-166

Circle diagram, 19

Circle time, 18

Circuits, 167-168, 171-172, 215

Claim cards, 22, 122, 125-127, 181-187
Class discussion, 2, 156, 192

WHAT ARE THEY THINKING? 219

Copyright © 2014 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



220

INDEX

Classroom profile, 149-154
Clouds, 56, 106
Cognition, 12—13, 26, 49, 86, 101, 159, 162
Cold weather, 130
Coldness, 122
Collaborative group, 151, 208
Collecting evidence, 85
Color coding, 174
Common cold, 129-133
Commonalities, 150
Communicate solution, 199
Concept cartoon, 189-194
Conception, 4, 25-26, 55-56, 63, 85-91
Concepts

bridging, 113—119

hidden meanings, 55-60
Conceptual change, 9, 12—14, 43, 47-48, 50-51, 53, 62, 144, 150, 152, 157, 160, 177, 217
Condensation, 122-124, 126-127
Constraints, identifying, 198—199
Construction, 99, 121, 124, 157, 163, 165—168, 197, 199
Constructivist inquiry, 48
Contagious infection, 129
Context limitations, 17-23
Continuum of learning, 116
Coral, 174, 176
Core ideas, 124, 150, 155
Cough, 130
Creativity, 4
Cross-cutting concept, 120-127
Currents, electric, 167
Cycle of life, 161-166

Darkness, 40, 42—43
Darwin, Charles, 25
Data-driven instructional decisions, 152
Daytime sky, 99—-100, 137
Decomposers, 116
Density, 9-10, 155-160
Design, 62, 66, 90, 109, 121, 154, 175-176, 183, 195, 197-199, 201-203, 210, 212, 214-215
engineering, 199
improving, 199
Diagrams, 161, 165
labeling, 161-166
Digestive system, 95
Disciplinary ideas, 125, 184
Disconnect, 2, 114
Discovery, 63—64, 103, 170, 175
Discussion, 2, 19, 41, 47, 56, 59, 63, 156, 175—-177, 181-182, 190, 192
Disease, 129-133
Dissolving, 203-208
Distances, 69-75
Drawings, 19, 21, 62, 70, 95-98, 141-147, 161, 166, 168, 172, 217
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Dying, 17, 161

Earth systems, 150

Egg, 17, 19, 161-162, 202, 216
Electric circuits, 167—168
Electric currents, 167

Electrical, 167, 171-172, 215
Electricity, 167—168
Electromagnetic radiation, 112, 141
Elicitation, 39, 44, 62, 175, 178
Eliciting prior knowledge, 62—-63
Embryo, 40

Endosperm, 40

Energy transfer, 47-53
Engagement, 62-63, 85-91, 137
Engineering, 167, 195-202
Engineering design, 198-199, 201
Equipment, 167—-172

Erosion, 149-154

Error patterns, 31

Evaporated water, 122
Evaporation, 122

Evidence collection, 85

Explanations, 81, 106, 112, 161-165, 168, 175, 204, 207, 215

versus labeling, 161-166
Exploration, 63, 109, 175

Eyes, 11, 95-96, 99100, 109, 111, 141, 143, 147,210

Feedback, 56, 64—65, 109-111, 142-143, 145-146, 165, 170, 175, 186, 190, 193—-194, 197-201

Fertilizer, 42, 114

Fire, 55-56

Fishbowl, 56, 59

Floating, 9—-15, 62, 155-160

Flu, 130

Folklore, 129—-133

Food, 40, 42, 93, 113—-119, 130, 209, 212
Force, 26, 31, 34, 77, 79-81, 83, 199, 216
Fossils, 176

Frayer Model, 22, 173-179

Friendly talk, 2, 77-78, 81, 95, 135-138

Gases, 114, 122-123, 181-182, 184

Generalizations, 20, 64, 93, 96

Generations, 17

Geologic history, 149, 151, 173, 176

Geologic time, 149

Geology, 3

Germination, 39-45

Germs, 129-130, 132

Goals, 62, 99, 119, 121, 133, 141, 173
interconnecting, 120

Grading, 61

WHAT ARE THEY THINKING?

Copyright © 2014 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.

INDEX

221



222

INDEX

Granules, 181
Gravity, 42, 150

Halo effect, 142

Handwashing, 130

Health, 129-130, 132-133
myths regarding, 129-133

Heart, 95-96

Heat, 47-53, 64, 167, 204—206

Hibernation, 56

Hidden meanings, 55-60

Historical beliefs, 129

Holding force, 80

Hydrogen, 123

Hypotheses, 25-30, 215

Hypothesis testing, 26

Ice, 122-123, 150, 176

Ideas, social construction of, 109
Identification, 3, 61, 66, 199, 203, 210
Immune system, 129-130

Infectious disease, 129-133

Insight, 48, 142, 145, 150, 165, 172, 181, 190
Insulators, 47-53

Interconnected goals, 120-121
Internal structures, 93, 95, 97, 210
Interpretations, 79, 149

Interview, 41, 86, 96

Intestines, 96

Intuition, 9—-15, 62, 70, 150, 154, 217
Investigations, 4

Justified list, 18-21, 40, 44, 59, 64, 85, 114, 178

K-2 concept, 189-194
Konicek-Moran, Dr. Dick, 50, 53, 127, 140, 197-199, 201, 216

Labeled diagrams, 161, 165

Labeled drawings, 161

Labeling vs. explaining, 161-166

Language, 5, 18, 49, 52, 55, 58-59, 77, 81, 96, 132, 154, 161-162, 164—165, 187, 210
describing forces, 77-83

Larva, 19, 161-162

Learning communities, 151, 206

Learning continuum, 116

Learning cycle, 61-67, 173, 175

Learning shifts, 203

Leeuwenhoek, Anton Van, 93, 97

Life cycle, 17-23, 39, 64—-65, 161-166

Life forms, 55-60

Light, 43, 71, 105-112, 115, 119, 140-147, 167-168, 171, 183, 215-216
absorption of, 108
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reflection, 105—-112
scattering, 106
transmission, 141-147
vision, connection, 141-147
Linear measurement, 31-37
Linear process, 87—-88
Liquids, 181-187
Literal interpretations, 149
Logs, 10-15, 62
Lungs, 95-96

Materials in science kits, 167—172
McComas, William, 1, 4, 7, 216
Meaning-maker, student as, 110
Meanings, hidden, 55-60
Measurement device, 31, 34
Melting, 203—208

Melting process, 203-208

Mental image, 96

Metacognitive opportunity, 62, 64, 176
Metamorphosis, 18, 21, 65, 161, 163
Methodology, rigid, 62

Microbes, 130

Microscope, 93, 95

Microscopic life, 93—98

Mirrors, 106, 108, 135, 168
Misconceptions, 4, 9, 25-30
Mismatches, 55-56

Misreading measurement device, 31

Misunderstandings, 2, 29, 31, 34-35, 49, 52, 60, 87, 96, 165, 176, 185, 190, 206

Mitochondria, 57
Mitten problem, 47-53, 63

Models, 2, 22, 73, 75, 98, 101, 121, 135, 171

Molecule, 57
Monitoring, 111, 150, 152
Monthly observations, 99-100

Moon, 69-75, 99-100, 102—-103, 135, 189-194, 215

cycle, 189-194
daytime, 99—103
full, 189-194
phases of, 99
position of, 99
Moon phases, 99, 102, 189-190, 192, 194
Motion, language for, 77—83
Motion patterns, 195-202
Mountains, 149-154
Multicellular organisms, 17, 93, 209
Multiple-choice assessments, 72—73, 81
Myths, 4, 7, 129—-130, 132, 216
regarding disease, 129-133
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Night sky, 69, 73-75, 99-100, 102, 190, 193
Non-zero starting point, 31-37

North pole, 99

Notebook, 2

Nutrients, 114—115

Observation sheet, 198—199

Old wives tales, 129

Open-response format, 70

Organelles, 93, 96

Organisms, structure of, 209-214
Organs, 94-96, 209

Overgeneralization, 39, 44, 87, 93-95, 97
Oxygen, 40, 114

P-E-O technique, 10, 12-13, 50, 52, 155-160
Paleontology, 3
Participation, 110, 137
Pendulums, 195-202
Personal health, myths regarding, 129-133
Phases of moon, 99
Photosynthesis, 40, 113-119, 212
Physical changes, 203—204, 208
Physics, 80-81, 167-168
Pine, Dr. Jerry, 2526, 28, 30, 217
Plant food, 113—-119
Pond organisms, 94
Powders, 181, 183
Preconceptions, 17, 62, 77-83, 105-112
Predictions, 10-12, 15, 25-26, 28-29, 48, 50, 63, 155-156, 158, 160, 190, 195-197, 217
Prior knowledge, 13, 21, 25, 62—-63, 95, 155, 158, 175
Professional development, 90, 151, 154, 206, 208
Professional learning communities, 151, 206
Prototypes, 199

constructing, 199

testing, 199
Protozoans, 93
Pupae, 19, 56, 161-162
Purging, 129

Quartz, 176
QUEST Cycle, 86, 90
Quizzes, 61

Radiation, 112, 141, 143, 146

Readiness, 6264, 109, 118, 191, 193, 195, 201

Recording student ideas, 86

Reflection of light, 105-112

Representations, impact of, 69-75

Reproduction, 22-23, 57, 161, 212

Researchers, 85, 88-89, 102, 113, 142
teachers as, 85-91
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Respiratory secretions, 129-130
Respiratory system, 129-130
Restatement, 137

Revoicing, 137

Rhinovirus, 129

Rigid methodology, 62

Rocks, 10, 150, 173-179
Rotifers, 93

Royal Society of Britain, 93

SAIL Cycle, 61, 63, 66—67
SAIL cycle, 61-67
Scaffolding, 209-214
Scattering of light, 106
School science, 2, 4-5, 216
practice of science, disconnect, 2
Science kit materials, 167-172
Science notebooks, 2, 56, 161
Scientific method, 1-5, 9-15, 25-26, 62
Seasonal changes, 99
Secretions, 129-130
Sediments, 150, 173
Seed germination, 3945
Seeds, 3945, 56, 62, 210, 212, 215
Self assessment, 63, 65, 67
Shadows, 99, 135-140, 215
Shape of moon, 190
Shapes, 4, 10, 12, 149-150, 155—-156, 181-183, 185, 190-191
Sharing, 85-86, 105, 109, 138, 142, 177, 181, 189-190, 192
Shell fossil, 176
Sickness, 129-130
Single-cell organisms, 93-98
Sinking, 9-15, 62, 155-160
Sky, 69, 71, 73-75, 99-103, 135, 137, 189-190, 193
Sleep, 130
Small-group discussion, 64, 86, 136, 175
Small-group whiteboarding, 142
Sneezes, 130
Social construction of ideas, 109, 111
Soil, 40, 42—-43, 114, 173
Solids, 155, 157-158, 160, 181-187
South pole, 99
Specimens, 2
Sprouting, 161
Sprouts, 3943, 45
Stages in assessment, 61-67
Stars, 69-75, 99, 135, 189, 191, 193, 216
positions of, 99
Steps of scientific method, 1
Stomach, 95-96, 114
Storybooks, 100
Strongly held beliefs, 99-103, 159
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Structure of organisms, 209-214

Sub-ideas, 209-214

Sugar, 114, 116, 183—-184, 204—206

Sun, 56, 59, 70-71, 99-100, 118, 135, 137, 189, 191, 193
Sun-earth system, 135-140

Sunlight, 40, 42—43, 114-116, 212

Switches, 167

Talk
friendly, 2, 77-78, 81, 95, 135-138
role of, 135
Teacher notes, 183
Temperature, 40, 47, 52, 64, 129, 181, 203-205
Terminology, 23, 39, 44, 64, 114, 124, 162—163, 165, 210
Testing, 2-3, 26, 39, 43, 47, 50, 61, 105, 108, 155, 177
Testing hypothesis, 26
Textbooks, 1, 105—-106, 109
Thermometers, 47—48
Thinking, alternative, 62
Time, geologic, 149
Toby, Cheryl Rose, 86
Trade books, 41, 85, 100
Transmission of light, 141-147
Trees, 56, 116, 198

Up-down rule, 100

Viruses, 129-130, 133, 217
Vision, 80, 121, 141-142

light, connection, 141-147
Visual representation, 141-147
Visual thinking, 142
Vocabulary development, 173

Wait time, 137
Warmth, 40, 42—43
Washing hands, 130
Water, 42, 122
cycle, 122, 126127
sources, 120-127
Weathering, 149-154
Whiteboards, 72, 108, 142
Whole-class discussion, 19, 56, 86, 136, 156
Wind, 56, 150
Words
biological meaning, mismatch between, 56
experiment, 2-3, 5
hidden meanings, 55—-60
Worksheets, 174
Written assessment, 18

Zero starting point, 31-37
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WHAT ARE THEY THINKING?

Promoting Elementary Learning Through Formative Assessment

“Children are continually developing ideas and explanations about their natural
world. ... Some of these ideas are consistent with the science children are taught; others
differ significantly from scientific explanations. Many of these ideas will follow students
into adulthood if they remain hidden from the teacher and unresolved. The challenge for
teachers is to find ways to elicit these ideas and then use appropriate strategies to move
students’ learning forward.”
—Page Keeley, author of the bestselling NSTA Press series
Uncovering Student Ideas in Science

You don’t have to become a mind reader to understand the ideas young students bring
to science class. This collection will help you draw out and then recognize what students
know—or think they know—about the natural world. What Are They Thinking? is a
compendium of 30 “Formative Assessment Probes” columns from NSTA’s elementary
journal Science and Children. Each chapter provides:

A sample formative assessment probe: a set of interesting questions that root
out commonly held, often-mistaken ideas. Geared to elementary students, probe
topics range from why you can see the Moon in the daytime to where water goes
when it evaporates to what is or isn’t a rock. Your students” answers to each probe
will help you take a step back and figure out how to guide them from where they

are conceptually to where they need to be.

i

Accompanying teacher notes: easy-to-grasp explanations and advice that tell
you how to encourage evidence-based discussion and then monitor students’
understanding.

A bonus feature: a set of study group questions written especially for this

compendium by award-winning author Page Keeley.

So forget about acquiring psychic powers. Instead, turn to What Are They Thinking? to
transform both your teaching and your students” learning about science.
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