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• 	 How can a long metal needle pass through a balloon without popping it?
• 	 How can water flow at very different rates through two identical funnels?
• 	 How can a stick, placed on a table under several sheets of  newspaper 

and extended over the edge of  a table, snap when quickly struck—
without lifting or tearing the paper?

Author Thomas O’Brien takes these and 30 more science inquiry activities to 
a higher level in this book for educators who love to surprise and challenge their 
students with unanticipated results. Using experiments based on the science of  
a “discrepant event”—an experiment or demonstration in which the outcome 
is not what students expect—O’Brien shows how learners can be motivated to 
reconsider their preconceived notions and think more closely about what has 
actually occurred and the underlying scientific explanations. 

What makes this volume more valuable than a mere activity book is 
the addition of  a science education component to the extensive science content 
found in each activity. Each discrepant event is shown to be analogous to a 
pedagogical principle. Speaking directly to teachers, O’Brien writes:

Your participation as teacher-as-learner-experimenter (rather than simply passive 
reader) in these minds-on activities will lead you to question, and help you to revise, 
your implicit assumptions about the nature of  science, teaching, and learning. At 
the same time, you will develop expertise with activities that you can use with your 
own students. The dual-purpose activities thus allow you to unlock two doors with 
one key—the doors to your own learning and to your students’ learning.

 The detailed analogies between the activities and science learning 
make the book an ideal resource for middle and high school teachers, 
science teacher educators and their preservice students, and professional 
development specialists alike. 

This thorough and thought-provoking text includes more than 200 up-to-date 
internet resources, as well as extensions to each of the physical science, biology, 
and chemistry activities—bringing the total number of inquiry activities to nearly 
120. Most important, the author reminds teachers that the study of science is full 
of surprises and should be both meaningful and fun for students.

“The internet resources alone are worth the price of the book!”
—Walt Woolbaugh, grades 6–8 science teacher, Manhattan, Montana, and adjunct 

assistant professor of graduate science education, Montana State University
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n“This book is an excellent text for college of  education 
teachers to use with their prospective teachers grades 5–12.”

—Janice Crowley, science department chair, Wichita (Kansas) Collegiate Upper 
School, and former secondary science methods instructor, Wichita State University
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Introduction
As current (or future) grades 5–12 science teachers, professional development 
specialists, or college-level science teacher educators, you have both the privi-
lege and responsibility of  asking your students and colleagues to join you 
as active, lifelong learners. This book invites you to engage in science that 
involves both hands-on play and minds-on mental processing. The 33 activi-
ties will lead you to critically examine and translate into practice your ever-
evolving understanding of  science and both the science and the art of  science 
teaching. The “dual-purpose” activities—so called because they address sci-
ence content and science education—are made up of  two components: 

1. 	Discrepant-event science activities for use both in grades 5–12 classrooms and as models 
of  inquiry-oriented science lessons for use in preservice classes and inservice professional 
development settings. 

Whether done as a hands-on activity or demonstration, the discrep-
ant event’s surprising, often counterintuitive outcome creates cognitive 
disequilibrium that temporarily throws learners mentally off-balance. 
For example nearly everyone “knows” that a sharp needle will pop a bal-
loon, but in Activity #20 learners observe a long, sharp needle skewer a 
balloon without bursting the balloon. The unexpected outcome of  such 
a discrepant event generates a need-to-know that motivates learners to 
thoughtfully reconsider their prior conceptions. 

Discrepant-event activities can be used anywhere in a unit. They are es-
pecially effective for diagnostic and formative assessment of learners’ evolv-
ing mix of science conceptions and misconceptions. Teaching science via 
multisensory experiences with live science phenomena also models the na-
ture of science and contributes to memorable and transferable learning. 

The activities were selected to meet the six criteria of being safe, simple, 
economical, enjoyable, effective, and relevant for both teachers and their stu-
dents (see Appendix A for a discussion of the criteria).

2. “Visual participatory analogies”—that is, visual science education analogies—
to catalyze the teacher-as-student’s creative use of  research-informed science 
education principles. 

Teachers commonly use verbal analogies to help students under-
stand new, unfamiliar science concepts in terms of  more familiar, better- 
understood ones (e.g., the cell is like a factory). Unfortunately, teachers 
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themselves are not typically provided similar conceptual scaffolds when 
they become students in science education courses or professional devel-
opment programs. Visual participatory analogies are a new instructional 
strategy developed by the author for teaching education theory to teach-
ers. With this strategy, teachers interactively participate with discrepant 
science phenomena in ways that metaphorically help them bridge the 
gap between science education theory and practice. For example, Activ-
ity #2 uses hands-on play with a Möbius strip as a visual participatory 
analogy for the interactive nature of  teaching and learning.

Your participation as teacher-as-learner-experimenter (rather than simply 
passive reader) in these minds-on activities will lead you to question, and help 
you to revise, your implicit assumptions about the nature of  science, teaching, 
and learning. At the same time, you will develop expertise with activities that 
you can use with your own students. The dual-purpose activities thus allow 
you to unlock two doors with one key—the doors to your own learning and 
to your students’ learning. 

At this point, if  you have a burning desire for a direct experience with this 
science content–science education approach, go directly to a sample activity 
(e.g., Activity #3, “Burning a Candle at Both Ends: Classrooms as Complex 
Systems”) right now and read the remainder of  this Introduction after you 
have worked and played through the activity. This book does not need to be used 
in a strictly linear, front-to-back sequence with your students. Alternatively, you can 
read this Introduction (which also describes the book’s organizational struc-
ture and the activity format), review the related research cited in the Appen-
dixes, and then proceed to activities #1 and #2. These first two activities are 
introductions to the use of  analogies and the idea of  interactive teaching and 
learning that are featured in all subsequent activities. 

This book attempts to bridge the gaps between scholarly cognitive science 
education research, national standards, and teacher-friendly activity books.  
It asks you to alternate between the roles of  student-learner and teacher– 
reflective practitioner. I hope you will have as much fun with these dual- 
purpose activities as I have had in developing them during the course of  my 
many years of  working with teachers. A second volume is currently under 
development.

Introduction
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Ways to Use This Book
Preservice Science Methods Courses
This book can be used in preservice science methods course as a supplement  
to middle and secondary methods textbooks that convey information about 
constructivist teaching. I believe that every methods class should be a lively,  
do-as-I-do exemplar of science inquiry approaches. As such, this book’s 33  
discrepant-event activities (and over 100 extension activities) can be modeled by 
the instructor and used both in student-presented microteaching lessons and as a 
resource for fieldwork experiences and student teaching. The science education 
analogy associated with each activity can be discussed in the methods class and 
further explored in online forums to emphasize learning as an act of minds-on 
cognitive construction. 

Grades 5–12 Science Classes
Teachers in grades 5–12 science classes can read, practice, adapt, implement, 
videotape, self-analyze, and further refine the book’s model science inquiry 
lessons. The science content information and science education analogy as-
sociated with each activity provide a broad context for the theoretical founda-
tion of  minds-on science teaching. Rather than merely being another source 
of  neat activities to add to one’s bag of  tricks, this book is designed to encour-
age teachers to critically examine some of  their own favorite activities to see 
how to increase the activities’ inquiry potential or how to connect the activi-
ties to “big ideas” and scientific habits of  mind.

Professional Development for Teachers
This book can also be used in collaborative, teachers-helping-teachers profes-
sional development. Whether you are a preservice, novice inservice, or veteran 
teacher, and whether you majored in science as an undergraduate or not, your 
own career-long, inquiry-based learning is essential to maintain your profession-
al vitality. Increasingly, state and local school district policies and professional 
organizations such as the National Science Teachers Association are promoting 
and supporting continuous professional development (NSTA 2006, 2007a). 

In fact, the professional development literature describes a wide variety 
of  models for inservice teacher learning (Banilower et al. 2006; Loucks-Hors-
ley et al. 1998; NRC 2001a; NSTA 2006, 2007a, 2007c; Rhoton and Bowers 
2003; Yager 2005). Informal, one-to-one peer collaborations that share the 
wisdom of practice that resides in any school are too often an untapped re-
source for professional growth and curricular change. Pairs or small teams 
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of teachers can use the activities in this book as starting points for informal 
“lesson study” (Stigler and Hiebert 1999). On a larger scale, with financial 
and logistical support from schools and districts, teachers in an entire science 
department could work together to refine one another’s teaching by visiting 
one another’s classrooms to model and critique lessons.

Other forms of professional development rely more on the leadership of a 
“master teacher.” For instance, districts are increasingly supporting mentor–new 
teacher pairings and science specialist teachers to lead study groups. Addition-
ally, grant-funded collaborations with scientists and science teacher educators 
at the college level may provide funding and expertise for an academic year of  
Saturday Science Seminars, for summer institutes, and for specially targeted 
graduate-level courses. 

Teachers are justifiably skeptical about one-shot workshops run by “outside 
experts,” and research indicates that these workshops rarely result in much more 
than short-lived motivational boosts. That said, even these quick-fix presenta-
tions can serve a catalytic role if they are followed by job-embedded support that 
helps teachers transfer the lessons learned into their science classrooms. 

Other Considerations
If this book is used in a professional development course or program, it is best if  
the majority of the teacher-learners experience the activity “live” before reading 
the activity. Inquiry-based science teaching is based on the premise that prema-
turely giving answers (before engaging the learners with phenomena that raise 
questions for them to explore) can kill curiosity and limit learning effort and 
outcomes (NSTA 2004). However, if used in a self-study context, some of the 
element of surprise will necessarily need to be sacrificed. Even here, individual 
teacher-learners are encouraged to attempt to answer the questions embedded in 
the activities—by actually doing the activity—before reading the answers, which 
are intentionally placed at the end of each activity. 

Most activities can be modeled in 10–20 min. when used with teachers as 
model science inquiry lessons or as science education analogies. With time so 
limited in most professional development settings, the activities are designed to 
be easy to set up, execute, and clean up. When used as science inquiry activities 
with grades 5–12 students, completing and processing the activities could take 
up to a full class period and would optimally be placed in an integrated instruc-
tional unit of related concepts and activities that would extend over a 1–2 week 
period (e.g., using the 5E Teaching Cycle: Engage, Explore, Explain, Elaborate, 
Evaluate; see Appendix B for a discussion of this teaching cycle).

Introduction
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Organizational Structure of the Book
This book’s 33 interactive, experiential learning activities are clustered into three 
sections, which are discussed below. Professional development specialists and 
college-level science teacher educators may wish to use the activities as a frame-
work for either a series of professional development sessions or a more formal 
course. The major theme of the nature of science, teaching, and learning as 
informed by cognitive science research runs through all the activities (Aicken 
1991; Bybee 2002; Cocking, Mestre, and Brown 2000; Lederman 1992, 1999; 
McComas 1996; Michaels et al. 2008; NRC 2007; NSTA 2000). The individual 
activities also can be used as independent stand-alones. Individual science teach-
ers not affiliated with a course or professional development program may wish 
to use the special Science Content Topics section (pages 361–365) to select ac-
tivities that match their grades 5–12 instructional scope and sequence. In this 
case, the science education themes will be encountered on a need-to-know basis 
in the course of regular classroom teaching. 

Section 1. Introduction to Interactive Teaching and 		
Experiential Learning 
This short, foundation-setting section (activities #1–#3) introduces analogies 
as a cognitive tool and instructional strategy for interactive teaching and learn-
ing. The three activities use science education analogies to challenge teachers 
to consider alternative ways of  seeing their relationship with learners and to 
consider the power of  inquiry-oriented, curriculum-embedded assessment. 

Activity #1 is the only one in the book that is not framed around a  
discrepant-event activity (although teachers may want to adapt the activity 
to teach their students about the complementary roles and responsibilities 
of  teachers and students). It provides a concrete example and model of  how 
to effectively use analogies to help learners to construct well-articulated un-
derstandings and avoid generating misconceptions. References are provided 
to support teachers’ ongoing use of  analogies to help students understand 
nonobservable, abstract, or otherwise conceptually difficult science con-
cepts in terms of  more easily visualized, familiar phenomena and processes. 
Activity #2 introduces the idea of  interactive, hands-on explorations (HOE) 
via a simple paper-and-pencil puzzle that asks learners to predict-observe-
explain (POE). Activity #3 demonstrates how guided inquiry can uncover 
the science behind simple magic tricks.

Brain-Powered Science: Teaching and Learning With Discrepant Events
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Section 2. Human Perception as a Window to Conceptions 
These four activities (#4–#7) each include a number of mini-investigations that 
encourage learners to playfully explore some of the strengths and limitations of  
human perceptions (i.e., seeing, hearing, tasting, smelling, and heat flow and 
pressure-sensitive touching). Humans perceive, process (i.e., reconstruct and 
conceive), retain, and retrieve only the small portion of external reality that 
their sensory systems have evolved to detect, based on the selective, adaptive 
advantages provided (i.e., we notice on a “need-to-notice” basis). Also, to some 
extent, we perceive what we expect to perceive based on past experiences and 
preconceptions; human observations are always somewhat theory-laden. As 
such, our senses can be viewed analogically as tinted or foggy windows that 
allow small segments of filtered, external reality to enter into human conscious-
ness and form the raw material for our conceptions (and possible misconcep-
tions) about the nature of reality. Understanding our species-specific sensory 
limitations and individual attention deficits and learning how to design and use 
technology to help us extend the range, sensitivity, and reliability of our percep-
tions are central to the nature, history, and ongoing evolution of science that 
relies on valid, reliable, and “unbiased” empirical evidence. 

Section 3. Nature of Cognition and Cognitive Learning Theory 
Four major principles of cognitive learning theory are experientially developed 
through the 26 activities (#8–#33) that make up this major section of the book.

1. Knowledge transmission and passive reception models of  teaching and 
learning are “unquestioned answers” that underlie common schooling 
practices that overemphasize teaching as telling and learning as listening 
(Michael and Modell 2003). By contrast, the research-validated idea of  
learning as a minds-on act of  cognitive construction has the power to trans-
form science education. Three hands-on explorations (activities #8–#10) 
are used to challenge outdated learning theories and provide multisensory 
experiences that support a more learner-active, constructivist model of  un-
derstanding (which is further developed in subsequent activities).

2. Learning is a psychologically active, inside-out and outside-in process that 
is built on two-way interactions between and among individual minds and 
external learning environments. As such, learning depends on unique in-
trapersonal factors, interpersonal interactions (i.e., teacher  learners 
and learners  learners), and intentionally designed educational con-
texts. Effective teaching activates learners’ attention and catalyzes cognitive 

Introduction
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processing. This general idea is introduced with two activities (#11–#12) 
and then experientially expanded on in the form of seven approaches that 
teachers can use to increase their pedagogical powers and instructional 
effectiveness (14 activities; #13–#26). These seven approaches might be 
viewed analogically as “weapons of  mass instruction” that create peda-
gogical shock and awe to cause learners to pause, perceive, and ponder:

•	 Novelty/Changing Stimuli (activities #13–#14)
•	 Puzzles and Discrepant or Counterintuitive Events (activities #15–#16)
•	 Cognitive Connections and Meaningfulness (activities #17–#18)
•	 Multisensory Experiences and Multiple Contexts (activities #19–#20)
•	 Emotional Engagement, Connections, and Relevance (activities 

#21–#22)
•	 Adequate Time for Learning (activities #23–#24)
•	 Psychological Rewards (Gain/Pain or Benefit/Cost Ratio) (activities 

#25–#26)

3. Learners’ prior knowledge (including preconceptions and/or misconcep-
tions) and cognitive inertia (or “conservatism”) may play a constructive, 
foundational role or a restrictive, limiting role relative to conceptual chang-
es. Just as a solid house cannot be built on a weak foundation, new mental 
constructions will only stand the test of  time if  they are built on solid con-
ceptual antecedents. Effective teachers activate and diagnostically assess 
learners’ preinstructional understanding to check for valid precursor ideas, 
experiential and conceptual holes, and misconceptions. Although many 
new ideas can be readily assimilated in the context of  preexisting ones, 
new knowledge often requires conceptual accommodation whereby the 
learners’ prior conceptual networks must change for the new information 
to fit into the picture and make sense (activities #27–#29).

4. Effective science instruction catalyzes cognitive construction and builds a 
foundation for more independent learning by inviting inquiry rather than by 
indoctrinating. The last four activities (activities #30–#33) recapitulate the 
book’s major theme of interactive teaching-learning that supports learners’ 
active, minds-on cognitive construction. FUN and MENTAL activities that 
engage learners with discrepant phenomena, raise questions for exploration that 
demand explanation, and are rich in possibilities for elaboration are a powerful 
means of achieving this objective.
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Format Used in Each Activity
Each of the 33 activities has the following format.
Title
This is intended to forecast the science content and science education content 
foci of the activity. 

Expected Outcome 
This section is a short description of the setup and expected result of the activity.

Science Concepts
This section briefly discusses the science concepts exhibited by the discrep-
ant event. The author assumes that teachers reading this book are at least 
somewhat familiar with the underlying science concepts; will develop a 
deeper understanding through the inquiry questions and answers built into 
the Procedure and Debriefing sections; and/or can readily obtain addition-
al background information via the Extensions and Internet Connections 
sections. The activities cut across physical, life, and Earth science concepts 
with an emphasis on foundational physical science concepts that lend them-
selves to shorter, mini-experiments and science education analogies. That 
said, over half  of  the activities contain a substantive link to biological analo-
gies and applications (see Science Content Topics, pp. 361–365).

Science Education Concepts 
When used with teachers (as the targeted learners), each discrepant-event 
science activity also serves as a visual participatory analogy—or science ed-
ucation analogy—for a science education principle. The intent is to create 
a common experiential foundation for subsequent collegial conversations 
and collaborations on the science and art of  minds-on science teaching 
strategies. The long-range goal of  the activities is to increase teachers’ sci-
ence content knowledge and pedagogical content knowledge simultaneously 
(Cochran 1997; Shulman 1986). 

Having several different activities for each science education principle 
allows both for instructional flexibility and for key ideas to be introduced, 
reinforced, and extended in different learning contexts with different analo-
gies. If  time permits, experiencing and critiquing multiple analogies for the 
same science education principle will enable teachers to form a richer, trian-
gulated understanding.* Alternatively, a given activity might be modeled in 

Introduction

____________
*Triangulate refers to the advantage of  using multiple methods or approaches to lead to rich, nuanced answers to 
a given question. Because any single analogy has its limitations in explaining a given target, when teachers use 
multiple analogies they help students to develop a more complete understanding of  a given scientific concept than 
they would if  only one analogy were used. 
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a professional development program and teachers could be asked to test-out 
additional related activities in their classrooms before a second, follow-up 
session in which they critique and improve the activities. 

Materials
This is a list of the required and optional materials needed to complete the activ-
ity. Many activities can be done as either an individual hands-on exploration or 
as teacher or participant-assisted demonstrations, depending on the availability 
of materials, the time constraints, and instructional setting (i.e., professional de-
velopment versus grades 5–12 classrooms). Most of the activities use common 
materials, but representative suppliers (and costs) are cited to facilitate easy or-
dering in cases where unique science equipment or “toys” are used. Although 
the author has found the cited suppliers to be cost-competitive, no endorsement 
of particular companies is intended. Additionally, as all prices are subject to 
change, readers of this book are encouraged to check with the science supply 
companies used by their local school districts.

Points to Ponder
Each activity includes several powerful quotes from famous scientists, phi-
losophers, or educators. Serious, sustained attention to the history and 
philosophy of science (HPS) in the K–12 curriculum is called for by  
research and policy documents (AAAS 1993; Matthews 1994; NRC 1996). Ar-
guments for including more HPS in science courses include the following:

1.	 Cognitive development (i.e., the idea that a student’s cognitive ontogeny at 
times recapitulates the history of science phylogeny with respect to limited 
applicability models and misconceptions) 

2.	 The need for a science-and-technology-literate citizenry that understands 
the nature and evolution of science 

3.	 The benefits of situating and contextualizing science as a human endeavor 
that both affects and is affected by multicultural, historical forces 

		  Brief historical quotes cannot do justice to HPS, but they can serve as 
catalysts to teachers to explore other HPS resources (e.g., Asimov 1976; 
Hakim 2004, 2005, 2007; Hellemans and Bunch 1988; Gribbin 2002; Sil-
ver 1998). The discussion questions in the Debriefing sections are explic-
itly linked to the quotes to raise HPS awareness and interest.
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Procedure
This section includes the functional description of  one or two possible ways 
of  doing the activity. As needed, separate descriptions are provided for two 
settings: “When Working With Teachers” (i.e., teachers experiencing the 
activity as professional development or as preservice teachers) and “When 
Working With Students” (i.e., in grades 5–12 classrooms). The sample in-
quiry questions typically include attention to “big picture” unifying con-
cepts or themes (drawn from the National Science Education Standards 
[NRC 1996] and the Benchmarks for Science Literacy [AAAS 1993]) that 
guide the learners to use empirical evidence, logical argument, and skep-
tical review to make and revise hypotheses about what is occurring and 
why. Meaningful learning occurs when teachers build on knowledge- and 
comprehension-type questions (e.g., What do you observe?) up to ques-
tions that require higher-order thinking skills associated with application, 
analysis, synthesis, and evaluation (e.g., How do you account for and ap-
ply the science underlying your observations?) (Anderson and Krathwohl 
2001; Bloom et al. 1956).

The sample inquiry questions in this section and the Debriefing section 
are not intended to be used verbatim; rather, they suggest possible produc-
tive lines of  inquiry and model the art of  effective science questioning. 

Effective questioning that elicits quality responses is not easy. In addition 
to optimal wait time, it requires a solid understanding of  subject matter, 
attentive consideration of  each student’s remarks, as well as skillful 
crafting of  further leading questions. (NRC 2001b, p. 35)

Questions posed by the teacher serve multiple pedagogical purposes. 
They catalyze two-way teacher-student interactions that go beyond a sim-
ple sequence of  teacher question (initiation)  student response  teacher 
feedback that serve to “move a lesson along.” They also provide formative 
assessment to determine if  students are “getting it” and the opportunity for 
clarifications and deeper probing of  student conceptions. More important, 
teacher-initiated questions explicitly model for students how to ask their 
own scientifically productive questions that lead to fruitful, inquiry-based 
examination of  phenomena by students and interactions among students. 
As such, the questions generated by students provide a window into their 
cognitive processing and evolving conceptions, perhaps even more so than 
their answers to teacher questions. 

Additionally, student-initiated questions help students learn important 
metacognitive skills related to learning how to learn and to developing the 

Introduction
Copyright © 2010 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



Brain-Powered Science: xxiTeaching and Learning With Discrepant Events

intellectual dispositions and habits of  mind of  active, engaged learners. To-
gether, teacher- and student-initiated questions create a collaborative class-
room environment based on a shared dialogue of  discovery. 

Debriefing
This section describes some of the broader context and lessons-to-be-learned 
about the science education and the science content. As in the Procedure sec-
tion, separate “When Working With Teachers” comments (focused on science 
pedagogical knowledge) and “When Working With Students” comments (fo-
cused on science content) are provided as needed. The comments may also pro-
vide additional tips for teachers when using the activity to teach science to their 
grades 5–12 students. If desired, the teacher debriefing questions can be used 
as “homework” and/or discussed via electronic learning communities in live 
professional development sessions (NSTA 2008). 

Extensions 
These are brief descriptions of related “what if I were to change…” activities for 
further exploration as time and interest allow. Given the limited time in profes-
sional development settings, the extensions are especially useful for independent 
self-assessment work by teachers to determine if they really “get it.” The exten-
sions also provide complementary activities that could be used to help design 5E 
Teaching Cycles or integrated instructional units for grades 5–12 science instruc-
tion (see Appendix B for a description of the 5E cycle). Also, when the science 
content connects with another activity in the book, the related activity is cited. 
The Extensions increase the number of  distinct science inquiry activities in this book to to 
nearly 120.

Internet Connections 
In this list, readers will find up-to-date links to a variety of supplemental web-
based resources including the following:

•	 Video clips of similar or related demonstrations where teachers can 
watch another teacher perform the mechanics of the demonstration

•	 Animations and interactive simulations that teachers can use to help the 
students visualize science principles and processes that are at scales that 
are too small/large, too fast/slow, or too dangerous or expensive to be 
seen with the unaided eye or realistically manipulated by students. Some 
of these websites (e.g., http://phet.colorado.edu) contain extensive libraries 
of simulations and related teaching materials that cut across science 
disciplines. 
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•	 Online encyclopedias that further explain the science content and related 
real-world applications

•	 Short professional development readings related to the science education 
analogy

E-learning experiences and resources represent an ever-growing venue 
for teacher professional development and “just-in-time” instructional re-
sources for teaching K–16 science (NSTA 2008). The internet is in a con-
tinual state of  flux, but the majority of  the cited web pages originate from 
relatively stable, nonprofit organizations (e.g., museums, professional as-
sociations, and universities). In addition to these websites, each of  which 
has been reviewed by the author for relevance to the activities in this book, 
teachers may explore the science content and related curricular materials 
more broadly through NSTA SciLinks (www.scilinks.org). 

In either case, occasional encounters with “dead” links are the equiva-
lent of  a book or journal going out-of-print or otherwise becoming unavail-
able—except that in the case of  the internet, other great resources are always 
beckoning a few keystrokes away. As such, the sites provided should be 
viewed as starting points for further explorations. In addition to their inclu-
sion in the book, an NSTA Press online, hyperlinked resource will allow 
readers to electronically access the sites in spring 2010. 

Answers to Procedure and Debriefing Questions
The answers to the questions in the Procedure and Debriefing sections are 
deliberately presented at the very end of  each activity. This was done to main-
tain the inquiry nature of  the book. Attempting to answering the questions 
in the context of  doing the activity (rather than reading the answers first) will 
help the teacher enjoy the activity more, appreciate the challenge that inquiry 
questions pose for his or her own students, and improve the teacher’s own 
questions and answers. 

Conclusion 
As teachers, we tend to teach both what and how we were taught during our 
“apprenticeships of  observation” as K–16 students (Lortie 1975). It’s great 
to be able to stand on the shoulders of  our own exemplary, former science 
teachers, but research on how to facilitate learning is always advancing. 
As such, this book challenges you to “question the answers” of  your own 
past experiences as students and to make a paradigm shift away from any 
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pedagogical beliefs and practices that no longer make sense in the light of  
today’s research-informed standards. 

The National Science Teachers Association has long recognized  
reflection-in-action by “teacher action-researchers… [as the] basis for curricu-
lar and instructional reform” (NSTA 1990; see also Schön 1983). The authors 
of  the National Science Education Standards (NRC 1996) concur:

The vision of science and how it is learned will be nearly impossible 
to convey to students in schools if  the teachers themselves have never 
experienced it…preservice programs and professional development 
activities for practicing teachers must model good science teaching  
(p. 56)…. Involve teachers in actively investigating phenomena that 
can be studied scientifically, interpreting results, and making sense of  
findings consistent with currently accepted scientific understanding  
(p. 59)…. Teachers also must have opportunities to engage in analysis of  
the individual components of pedagogical content knowledge—science, 
learning, and pedagogy—and make connections between them. (p. 63) 

This book’s combined science content–science education focus is de-
signed to help current (or future) grades 5–12 science teachers, professional 
development specialists, and college-level science teacher educators achieve 
this standard.

The teacher is the key to change and learning in the classroom (NCMST 
2000; NCTAF 1996, 1997; NSB 2006; NSTA 2007a). In fact, “the single most 
important factor affecting student academic gain is teacher effect” (Sanders 
and Rivers 1996). Some science teachers mistakenly believe that factors out-
side their control—such as family income, parent education levels, and race 
or ethnicity—are acceptable explanations for many of  their students failing 
to learn science. On the contrary, effective teachers can cumulatively have a 
greater impact on educational outcomes than those factors (Ferguson and 
Ladd 1996). Specifically, the use of  engaging activities in every science class 
is an example of  something that is in the teacher’s control as is teacher col-
laboration in continuous professional development.

The book is the result of  mutually beneficial interactions I have had with 
hundreds of  dedicated science teachers over the last 30 years (e.g., O’Brien 
1992a, 1992b; Stamp and O’Brien 2005; Stannard, O’Brien, and Telesca 
1994). Please use, improve, and share these activities with your colleagues 
and students. I hope that you find this book to be “edu-taining” in ways that 
extend well beyond the initial surprise value and motivational impact of  the 
individual activities. The best teaching and learning experiences are about 
sharing, catalyzing change in others, and being changed in the process.
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Science Education Topics
This book has two focuses—science education and science concepts. The author 
has designed two alternative tables of content—in addition to the traditional one 
on pages v–vi—that are organized by these two focuses. The table of contents 
that begins on this page is organized by science education topics; the table of  
contents organized by science concepts begins on page 361. 

Acronyms Used in Science Education Topics

BBS:	 Black Box System: A hidden mechanism is explored via obser-
vation and testable inferences. 

BIO:	 Biological analogies and applications are specifically high-
lighted.

HOE:	 Hands-On Exploration: Learners working alone or in groups 
directly manipulate materials.

MIX:	 Mixer: Learners assemble themselves into small groups based 
on a specific task.

NOS:	 Nature Of Science: These activities focus on empirical evi-
dence, logical argument, and skeptical review.

PAD:	 Participant-Assisted Demonstration: One or more learners 
physically assist the teacher.

POE:	 Predict-Observe-Explain: The activities use an inquiry-based 
instructional sequence. 

PPP:	 Paper and Pencil Puzzle: The activities use a puzzle, which is 
typically focused on the NOS; often a BBS.

STS:	 Science-Technology-Society: The focus is on practical, real-
world applications, and societal issues

TD:	 Teacher Demonstration: The teacher manipulates a system 
and asks and invites inquiry questions.

TOYS:	Terrific Observations and Yearnings for Science: The activity 
uses a toy to teach science. 
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Section 1. Introduction to Interactive Teaching and Experiential Learning

Activity Activity Type Science Concepts
1. A nalogies: Powerful Teaching-Learning 

Tools
MIX/PPP
p. 3

analogies as conceptual tools (This 
is the only activity that is not a science 
discrepant event.)

2.  Möbius Strip: Connecting Teaching and 
Learning

HOE/PPP
p. 15

NOS, POE, topology

3.  Burning a Candle at Both Ends: 
Classrooms as Complex Systems

TD
p. 25

POE, phase change, combustion, 
convection, density, cellular 
respiration (Extension #3: BIO)

Section 2. Human Perception as a Window to Conceptions

4.  Perceptual Paradoxes: Multisensory 
Science and Measurement

PAD
p. 37

sensory adaptations and survival 
(BIO), (mis)perception, cognition, 
temperature sensitivity, taste (as 
related to smell), weight versus 
density

5. O ptical Illusions: Seeing and Cognitive 
Construction 

PPP
p. 47

sensory (mis)perception, cognition 
(BIO); quantitative measurements

6.  Utensil Music: Teaching Sound Science HOE
p. 63

sound transmission, perception, 
sensory variations in species (BIO)

7. I dentification Detectives: Sounds and 
Smells of Science

HOE/MIX
p. 73

BBS, NOS, sensory adaptations, 
survival (BIO), identification by sound, 
identification by smell

Section 3. Nature of Cognition and Cognitive Learning Theory

Knowledge Transmission and Reception Versus Construction of Understanding

8. Two-Balloon Balancing Act: Constructivist 
Teaching

HOE or PAD
p. 87

NOS, POE, LaPlace’s law and
surface tension, air pressure, 
BIOmedical applications (Extension 
#2)

9.  Batteries and Bulbs: Teaching Is More 
Than Telling

HOE
p. 97

complete or closed electric circuits,
energy conversions

10. Talking Tapes: Beyond Hearing to     
 Understanding

HOE
p. 109

TOYS, sound, information encoding 
and gene expression,
form/function relationships (BIO)

Science Education Topics
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Activity Activity Type Science Concepts

 

  Learning as a Psychologically Active, Inside-Out, and Outside-In Process
11. Super-Absorbent Polymers: Minds-on 

Learning and Brain “Growth” 
HOE or PAD
p. 119

measurement, polymers, TOYS, BIO/
evolution, STS tradeoffs, perspiration 
(Extensions #2 and #4)

12. Mental Puzzles, Memory, and   
Mnemonics: Seeking Patterns

PPP
p. 131

NOS, pattern recognition, cognition 
(BIO)

  Novelty and Changing Stimuli*
13. Sound Tube Toys: The Importance of 

Varying Stimuli
HOE or PAD
p. 141

sound energy, pitch, Bernoulli’s 
principle, TOYS, POE, animal 
BIOadaptation of noticing novelty

14. Convection: Conceptual Change Teaching PAD
p. 153

heat, equilibrium, density, convection, 
POE

  Puzzles and Discrepant or Counterintuitive Events*
15. Brain-Powered Lightbulb: Knowledge 

Transmission?
PAD
p. 163

complete or closed electric circuit, 
BIOfuels analogy (Extension #1), TOYS 

16.  Air Mass Matters: Creating a Need-to-
Know

TD
p. 171

air pressure, inertia, POE

  Cognitive Connections and Meaningfulness*
17. 3D Magnetic Fields: Making Meaningful 

Connections
TD
p. 179

magnetism, force field lines, neural 
networks, MRI (BIO/Extension #1)

18. Electric Generators: Connecting With 
Students

PAD
p. 189

electric generators  motors, 
electric circuits

  Multisensory Experiences and Multiple Contexts*
19. Static Electricity: Charging Up Two-by-

Four Teaching
PAD
p. 201

static electricity (triboelectricity)

20. Needle Through the Balloon: Skewering 
Misconceptions 

HOE or PAD
p. 211

polymer elasticity, cell membrane 
model (BIO/Extension #1)

  Emotional Engagement, Connections, and Relevance*
21. Happy and Sad Bouncing Balls: Student 

Diversity Matters 
HOE or PAD
p. 221

TOYS, POE, potentialkinetic 
conversion, law of conservation of 
energy, friction, elasticity, form/
function fitness (BIO)

(continued)____________
*Each of  the categories with an asterisk is one of  the Seven Principles for Activating Attention and Catalyzing 
Cognitive Processing (Activities #13–#26). The seven principles have been identified by the author.
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Activity Activity Type Science Concepts
22. Electrical Circuits: Promoting Learning 

Communities
HOE or PAD
p. 233

complete or closed electric circuits, 
energy conversions, TOYS

  Adequate Time for Learning*
23. Eddy Currents: Learning Takes Time PAD

p. 241
electromagnetism, Lenz’s law

24. Cognitive Inertia: Seeking Conceptual 
Change

TD/PAD
p. 251

Inertia and cognitive conservatism, 
independence of vertical and 
horizontal forces and motions

  Psychological Rewards (Gain/Pain or Benefit/Cost Ratios)*
25. Optics and Mirrors: Challenging 

Learners’ Illusions 
PAD
p. 259

optical illusions, mirrors, BBS, NOS, 
TOYS

26. Polarizing Filters: Examining Our 
Conceptual Filters   

TD
p. 267

light polarization, UV protection for 
skin and eyes (BIO/Extension #1)

  Role of Prior Knowledge, Misconceptions, and Cognitive Inertia
27. Invisible Gases Matter: Knowledge Pours 

Poorly 
PAD
p. 275

gases occupy space (volume)

28. The Stroop Effect: The Persistent Power 
of Prior Knowledge

PAD/PPP
p. 285

NOS, human perception, cognition 
(BIO)

29. Rattlebacks: Prior Beliefs and Models for 
Eggciting Science

HOE or TD
p. 293

BBS, NOS, TOYS, energy conversion, 
rotational inertia, model of the 
lithosphere

  Science Instruction Catalyzes Cognitive Construction
30. Tornado in a Bottle: The Vortex of 

Teaching and Learning
PAD
p. 301

gases occupy space, POE, TOYS

31.  Floating and Sinking: Raising  
FUNdaMENTAL Questions 

HOE
p. 309

density/buoyancy, diffusion, 
osmosis (BIO), nucleation sites, 
solubility of gases in liquids, NOS, POE

32. Cartesian Diver: A Transparent But 
Deceptive “Black Box”

HOE
p. 321

Archimedes and Pascal’s principles, 
Boyle’s law, density/buoyancy, BBS, 
NOS

33. Crystal Heat: Catalizing Cognitive 
Construction 

	

TD/HOE
p. 331

phase changes, latent heat, law 
of conservation of energy. BIO: 
cellular respiration (Extension #2), 
perspiration and thermoregulation 
(Extension #4), bee colony collapse 
disorder (Extension #5)

(continued)

Science Education Topics

____________
*Each of  the categories with an asterisk is one of  the Seven Principles for Activating Attention and Catalyzing Cognitive Processing (Activities 
#13–#26). The seven principles have been identified by the author.
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Activity 7 
Identification Detectives:
Sounds and Smells of Science

Expected Outcome
The topic of  sound is introduced via a mixer activity that involves finding one 
to three people in the class who have the same “black box system”—an opaque 
plastic canister—based on how the canister sounds (and feels) when shaken. A 
similar activity can be done using the sense of  smell (see Extensions). 
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Science Concepts
Sound energy is produced as a mechanical vibration that is transmit-
ted as a longitudinal or compression wave from particle to particle 
through a medium. The activity serves as a concrete example of  and 
visual participatory analogy for the work of  scientists who sometimes 
encounter black box systems that they cannot open and peer inside 
(given current technologies). In such cases, they make creative leaps 
of  imagination to infer internal composition based on indirect ob-
servations and measurements (i.e., empirical evidence), logical argu-
ments, and skeptical review. (See Materials for the optional use of  
balances to assess students’ prior skills with massing objects and to 
emphasize the quantitative nature of  “sound” science. This activity 
and a related Extension variation on smell can be used in life science 
classes to begin a unit on the evolution and selective adaptive advan-
tages of  sensory perceptual systems.)

Science Education Concepts
This simple, hands-on exploration can be used to emphasize the 
role of  sensory perception as a necessary antecedent to mental con-
ception, the nature of  science, and the pedagogical value of  a “fun 
phenomena first” or “wow and wonder before words” instructional 
strategy. As a mixer, it has students form learning groups by identify-
ing other students with the same “black box.” The mixer is a good 
introduction to a unit on sound. While most hands-on explorations 
emphasize the sense of  sight, this one depends on sound and touch 
(or smell). It also demonstrates that musical and bodily-kinesthetic 
intelligences are differentially distributed among students.

Materials 
l	 1 35 mm canister or other comparably sized, plastic opaque bottle 

for each learner. Digital photography is making it harder to obtain 
free 35 mm canisters from photography stores. They may be pur-
chased from science suppliers such as the following:  
•	 Arbor Scientific. www.arborsci.com 800-367-6695. film canister/
PX 1028. $0.75 each

1.	 Students and teacher 
should wear indirectly 
vented chemical splash 
goggles during this activity.

2.	 Use caution when handling 
sharps (e.g., pins, tacks, 
and screws) that can punc-
ture or cut the skin.

Safety Notes
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•	 Educational Innovations. www.teachersource.com 888-912-7474. 
surplus film canisters/CAN-150. $12.95 (~40 canisters)

Alternatively, clean, empty, opaque, nonprescription pill bottles 
of  uniform size will also work.

l	 Optional: If desired, balances can be used to determine the mass of  
the canisters as an additional piece of verifying information on the 
match between any two samples. Also, magnets could be made avail-
able to determine if  any of the hidden contents are magnetic. Water 
containers can be used to determine the containers’ floating orienta-
tion based on density. It is also possible to assemble two sets of can-
isters that have the same mass (and perhaps even sound similar) that 
would have different magnetic properties. This simple activity can be 
made just a little more complicated than shaking a wrapped birthday 
gift to guess its contents or as challenging as a model-building labora-
tory experiment involving multiple items per canister or substances 
that change when shaken (e.g., a small quantity of liquid soap water 
that reversibly forms gas-filled soap bubbles).  

Points to Ponder
So little done, so much to do [his last words].  
—Alexander Graham Bell, Scottish-American scientist-inventor 
and educator of the deaf (1847–1922)

They never will try to steal the phonograph. It is not of 
any commercial value.  
—Thomas Alva Edison, partially deaf American inventor 
(1847–1931)
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Procedure 
Pre-Class Preparation: Divide the canisters into groups as large as the 
desired size of  your cooperative learning teams (i.e., two–four). Use 
number or letter labels to identify each canister so you can keep track 
of  the contents of  the canisters without having to remove the lids. Do 
NOT have matched sets listed in an order identifiable by the learn-
ers. Put equal amounts or numbers of  identical objects in each group 
of  matched canisters. Use a variety of  household materials to make 
the desired number of  sets of  canisters. Sample items to use include 
BBs, buttons, cotton balls, lentils, marbles, paper clips (metal and 
plastic), pennies, washers, small screws, iron fillings, puffed cereal, 
pushpins, rice, road salt, sand, sugar, sunflower seeds, and thumb-
tacks. More careful discernment will be needed if  multiple canisters 
contain different numbers of  the same items (e.g., one group has two 
pennies and another group has three pennies). 

1.	 Randomly distribute a sealed canister to each student and in-
struct the students to “shake, rattle, and roll” (but NOT open) 
their “black boxes” to become familiar with the sounds the can-
isters make when treated in specific ways. Learners then circulate 
around the classroom to compare the sounds of  their canisters 
with those of  their peers to find two or more buddies with con-
tainers that sound as if  they all contain the same object. Empha-
size that the canisters should not be opened at any time.

	 When used as a mixer with teachers attending a professional develop-
ment session: You may want to introduce the activity by asking 
teachers to share their names, one thing they’d like to learn 
about, one barrier they face in teaching minds-on science, and 
how they currently understand the two-way interactive nature of  
perceptions and conceptions.  

	 When used with students starting a unit on sound energy: Ask them to 
share one fact they know and one question they have about the 
science of  sound. If  these ideas are written down on index cards 
and collected, they serve as quick, preinstructional diagnostic  
assessments.
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2.	 As the groups of  students with the same sounds start to coalesce, 
encourage students to brainstorm indirect ways that they could 
gather more information about their canisters’ unknown con-
tents. Encourage cooperation among individuals who have not 
found their matches, and, if  necessary, use your answer key to 
help individuals who have not yet found their groups or provide 
balances to help students confirm the groups to which they be-
long. If  time is available, the teacher can provide a broad range 
of  materials, along with empty canisters, for the groups to at-
tempt to build a model that has the same properties and behav-
iors as the unknowns in their canisters.

3.	 Ask the small groups to discuss one or more of  the following 
questions depending on whether the intended focus is on physi-
cal science, life science, or the nature of  science:

(See answers to the following questions on p. 82.)

a.	 Did you find this activity challenging? If  so, why? 
b.	 Does all sound involve the vibration of  matter? Can sound 

travel through a vacuum?
c.	 Is it easier to “prove” that two things are identical or that they 

are different? Why?
d.	 How does building a model of  the system increase our confi-

dence in our identification?   
e.	 Why was the sense of  hearing crucial to the survival of  hu-

mans in prehistoric times and why is it also crucial in mod-
ern, nonindustrialized societies? How is (or was) the sense 
of  hearing like and unlike the sense of  sight? What chal-
lenges do the hearing impaired and deaf  face in our modern 
society?

f.	 As a social species, what unique advantages do we have when 
it comes to cooperating?

g.	 How are the black box systems used in this activity similar to 
systems studied by scientists and engineers?

h.	 What real-world objects or processes cannot currently “be 
opened,” and what new imaging techniques are allowing us 
to peer inside some of  nature’s black box systems?
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Debriefing  
When Working With Teachers
In addition to discussing any of  the questions on page 77, challenge 
science teachers to consider ways they can increase the signal-to-
noise ratio (S/N) of  the audio components of  their lessons—that 
is, how can they amplify the impact of  their verbal messages to stu-
dents in the midst of  a classroom’s background noise and distrac-
tions. Professional actors learn to intentionally vary their volume 
and pitch, as can teachers. (See Tauber and Sargent Mester 2007 
for other nonverbal ways of  increasing S/N. Also consider teaching 
students the skills of  active listening.)

Our mental constructions (i.e., concepts and conceptual networks) 
are built from the foundation of  our perceptions (i.e., environmental 
inputs through the selectively biased channels of  our senses). In this 
sense, all observations are theory laden. By starting units with engag-
ing activities that feature “fun phenomena first,” teachers generate 
need-to-know questions that students will want to answer. 

When Working With Students
This activity is a simple Engage-phase, hands-on exploration activ-
ity to be followed by more experiments on the science of  sound (see 
activities #6 and #13). (Also see Appendix B for a description of  the 
5E Teaching Cycle, of  which the Engage phase is a part.) Challenge 
students to consider how in our modern, sci-tech world, we are bom-
barded with sounds from traffic, construction, TV, the radio, and other 
sources, many of  which bid for our attention, seek to alter our moods, 
get us to buy specific products, attend certain movies, and alert us of  
potential danger. Share the quotes from Bell and Edison, and chal-
lenge students to think about how the growth of  scientific knowledge 
has allowed new generations of  technologies to supplant landline tele-
phones and phonographs with cell phones and digital recordings. 

Extensions 
1.	 Odoriferous Olfactory Observations: The Nose Knows. Learners use 

their sense of  smell (rather than sound) to find their matches 
in the classroom and attempt to identify unknown substances. 
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Odoriferous solids or different smelling liquids dropped onto 
and absorbed into cotton balls can be used in canisters that have 
had small holes drilled into their tops to allow detection by sense 
of  smell. Sample solids include spices and flavorings such as ba-
sil, black pepper, chili powder, cinnamon, cloves, garlic, ginger, 
ground coffee, mint leaves, nutmeg, oregano, and thyme. If  using 
ground powders, place them in a fine mesh bag inside the canis-
ters (or use the mesh and a rubber band to cover the opening of  
the canisters before securing the top) to prevent the powder from 
falling through the drilled holes. Sample liquids include extracts 
such as almond, banana, lemon, orange, peppermint, and vanil-
la and/or other liquids such as lavender oil, pickle juice, scented 
oils, and odorless water. 

		  Demonstrate the wafting technique for smelling the contents 
of  the canisters. If  you wish to keep the canisters from cross- 
contamination for future use, store identical sets in separate plas-
tic containers that are solid and sealed after completing the activ-
ity. (Note: Many odors can diffuse through plastic bags.)

		  In biology, a sense of  smell was one of  the earliest chemical 
detection systems to evolve. (Organisms notice smells on a need-
to-know basis; the evolution of  more complex nervous systems 
was driven by an “economic” reality of  a kind of  unconscious 
cost/benefit analysis.) Smell continues to play a major role in the 
survival of  many animals whose abilities to detect as many as 
10,000 different odors in very low concentrations greatly exceed 
those of  humans. Plants have co-evolved to use odors to attract 
animals to aid in the plants’ reproduction. Foods, toxins, and 
sexual mates may be identified by their chemical smell “signa-
tures” and social communication is often linked to pheromones. 
While the role of  pheromones in human sexual attraction is still 
being studied, perfume and cologne industries vie for consumer 
dollars with claims of  producing the smell that will make the 
consumer irresistible to members of  the opposite sex. (See Inter-
net Connections: SFN, Mystery of  Smell, and NOVA Online.) 

2.	 Termite Trails. The fact that termites will track a continuous line 
made with a Bic Papermate pen and other common pens (but not 
markers, pencils, or simple grooves made in paper) makes for a 
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nice biological black box system. Students can discover that this 
behavior is related to smell rather than sight and color (see Inter-
net Connections and the products found in science supply catalogs 
such as Ward’s Termite Trails: Follow the Ink Lab Activity (Cat.# 
87 V 3525. $32.50). Termite societies are organized into rigid 
castes: a few reproductives, a larger number of  soldiers, and—the 
most numerous caste—the blind, sterile, 7–10 mm long workers. 
Using the worker termites in the classroom eliminates the risk of  
inadvertently creating an infestation if  termites escape. 

3.	 Black Box Basics and Beyond. See the Internet Connections for 
other teacher-built demonstrations and commercially available 
black box experiments that teach the nature of  science and its 
reliance on empirical evidence, logical argument, and skepti-
cal review. See also commercial applications of  nondestructive 
testing (NDT). 

4.	 Silent Movies and Remember That Jingle. Demonstrate the impor-
tance of  sound in our multimedia world by playing a short video 
clip from an old silent movie, a modern movie, or a TV com-
mercial with the sound off. Even if  close captioning of  dialogue 
is available, much of  the emotional power and impact of  a scary 
or action-packed scene or a great commercial is lost when the 
sound is muted. Challenge students to see how many ads, TV 
shows, or movies they can remember by the jingle, song, or in-
strumental music that accompanies them. Also, students can be 
taught to rewrite lyrics for popular tunes to help them use their 
musical memories to remember scientific information. Under 
Internet Connections, see the website Neuroscience for Kids for 
examples of  “brain songs” that emphasize the idea of  neural 
connections and meaning-making as linked to familiar tunes. 

5.	 Historical Connections. Students can research the biographies of  
Bell and Edison, who were contemporaries of  each other. Bell 
was a professor of  vocal physiology and a teacher of  the deaf; 
Edison, in addition to being a brilliant inventor, had profound 
hearing loss for most of  his life (something he viewed as an ad-
vantage rather than a disability!). Both were highly inventive 
men who saw science as a means to improve the human condi-
tion. Edison even invented the idea of  an “invention factory” to 
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systematically do research and development with the intention 
of  creating commercial products (e.g., moving pictures and the 
phonograph) that would serve humanity and generate a profit. 
Still, as the quote shows, he underestimated the value of  his pho-
nograph in creating a worldwide music industry.

Internet Connections
• American Educator (see also www.danielwillingham.com for other 
articles and videos): Do visual, auditory, and kinesthetic (VAK) 
learners need VAK instruction?: www.aft.org/pubs-reports/ 
american_educator/issues/summer2005/cogsci.htm

• Doing Chemistry (movies of  demonstrations): Mystery boxes: 
http://chemmovies.unl.edu/chemistry/dochem/DoChem001.html

• International Mind Brain and Education Society: www.imbes.org

• Lab-Aids Inc.: Ob-Scertainer® A Better Black Box, Kit No. 100, 
$69.95/24 students: www.lab-aids.com/catalog.php?item=100

• Magic Water Black Box Activity: www.scienceteacherprogram.org/
genscience/Chien05Lesson/INDEX.HTM

• Mystery of  Smell: The vivid world of  odors: www.hhmi.org/ 
senses/d110.html

• Neuroscience for Kids: Brain songs: http://faculty.washington.
edu/~chudler/songs.html

• Nondestructive Testing (NDT) Resource Center: Commercial ap-
plications of  NDT: www.ndt-ed.org/AboutNDT/aboutndt.htm 

• NOVA Online: Mystery of  the senses (five-part series with 
naturalist Diane Ackerman): www.pbs.org/wgbh/nova/teachers/
programs/22s2_smell.html

• Society for Neuroscience (SFN): Brain facts: A primer on the 
brain and nervous system: 74-page book, CD, and free pdf  file: 
www.sfn.org/index.aspx?pagename=brainfacts

• Termites, Ink Pens and Pheromones: www.learnnc.org/lessons/
JackiClark5232002016

• Termite Trails: www.uky.edu/Ag/Entomology/ythfacts/resourc/ 
tcherpln/termtrails.htm

Copyright © 2010 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



Activity 7

National Science Teachers Association82

• Virginia Tech Physics Lecture Demo W20: Buzzer in a vacuum: 
www.phys.vt.edu/~demo/demos/w20.html

• Ward’s Natural Science Co: Black Box Kits: #15 V 9878, 44 
boxes and materials: $79.95: www.wardsci.com/product.asp_Q_
pn_E_IG0003323_A_Black+Box+Experiment 

Answers to Questions in 
Procedure, step #3

a.	 Most humans are used to relying heavily on their sense of  
sight. The restriction of  not being able to open and look in-
side the canisters forces the learners to rely on their senses 
of  hearing and touch to guess the identity of  the canisters’ 
contents.

b.	 Sound involves the vibration of  matter via molecule-to- 
molecule collisions. Sound cannot travel through a vacuum, 
despite what students have seen in outer-space science fiction 
movies. This can be demonstrated live or via video clips (see 
Internet Connections: Virginia Tech).

c.	 Short of  opening the canister, one cannot prove conclusively 
that the contents of  two canisters are identical (and even then 
our sense of  sight could be tricked). We can only say that in 
all the tests performed, the two canisters behaved identically. 
It is easier to determine that two canisters are different, as 
only one falsification test is needed. The logic of  probable 
truths is important in both science and courts of  law (the idea 
of  “guilty beyond a reasonable doubt”).

d.	 An operational model of  a black box system that behaves in 
the same fashion as the unknown system lends confidence 
to the provisional truth of  our informed guess. Scientists use 
mental, mathematical, computer simulation, and physical 
models to extend our knowledge.

e.	 Like stereoscopic vision, binaural hearing (that is, having two 
ears) enables organisms to assess the identity and relative 
location of  a wide variety of  environmental sounds and de-
termine if  the other organisms represent friend, foe, or food 
or are not immediately relevant. Hearing has an advantage 
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over sight in that it works in the dark and around physical 
obstructions that limit seeing. Hearing impairment can result 
in psycho-social-emotional and cultural isolation, learning 
challenges, and safety risks. Research on improved hearing 
aids and prosthetic implants holds great promise.

f.	 As part of  our higher cognitive functions, humans have devel-
oped language to communicate and cooperate with our peers. 
This use of  language enables us to move beyond random trial 
and error and to share our own lessons learned with others. 
This ability is crucial to the evolution of  science.

g.	 Black box systems are objects or processes that cannot be di-
rectly opened up and peered into to discover their inner struc-
ture and function. The history of  science and technology is, 
in part, a story of  the evolution of  means of  probing more 
deeply into previously hidden systems.  

h.	 Ever-more-powerful sound, electromagnetic, and nuclear 
technologies and telescopes, microscopes, and medical diag-
nostic probes (e.g., CAT scans, MRIs, and PET scans) are 
enabling us to open up and look inside complex systems such 
as black holes, the nanoscale world of  atoms and molecules, 
living human brains, and the human genome, often in nonde-
structive, noninvasive ways. 
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Exploratory Science Centre, 59
Explore phase, 357–358
eyedropper divers, 321–329
Eyetricks.com, 59

F
Faraday, Michael, 32, 180, 242, 244
“Fill That Bottle Race,” 280
fire. See “burning a candle at both 

ends” activity
5E Teaching Cycle, 355–360
Flash Animations for Physics, 106, 

239
“floating and sinking” activity, 

309–320
debriefing in, 314–315
extensions for, 315–316
internet connections for, 316–317
materials for, 311
procedure for, 312–314
science concepts in, 310

Flubber (movie), 229
“Fortune Teller Miracle Fish” 

activity, 126
Franklin, Benjamin, 207
friction, 226

“rattlebacks” and, 293–299
fruits, floating, 316
fun, engagement via, 74, 78, 202

“floating and sinking” activity, 
309–320

Stroop Effect and, 285–291

G
Galilei, Galileo, 122, 225, 253
Gardner, Martin, 21, 33
gas laws, 95–96

air mass and, 171–177
“invisible gases matter,” 275–283
kinetic molecular theory, 

211–219
“tornado in a bottle” and, 

301–307
genetics, 114–115
genie in a bottle, 340
Gestalt psychology, 50–51, 59, 

183–184
Goethe, Johann Wolfgang von, 269
Gould, Stephen Jay, 4
gravity

gravitational potential, 225, 226
“rattlebacks” and, 293–299
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Gregg, Alan, 52
Groovy Sounds, 115
guided discovery techniques, 132
Gutenberg, Johann, 237

H
Haldane, John, 90
hands-on explorations (HOEs), 55, 

104, 110, 123, xv
hand warmers, 338–339
“happy and sad bouncing balls” 

activity, 221–232
debriefing in, 227–228
extensions for, 228–229
internet connections for, 229–230
materials for, 223
procedure for, 224–227
science concepts in, 222–223

Hawking, Stephen, 4
hearing experiments, 63–71

“talking tapes,” 109–117
heat

“burning a candle at both ends” 
activity, 25–33

“crystal heat,” 331–342
Hery, Joseph, 242
Highet, Gilbert, 17
history and philosophy of  science 

(HPS), xix
History Guide, The, 44
HomeHarvest Garden Supply’s Soil 

Moist, 127
hot air balloons, 158, 159
Howard Hughes Medical Institute, 

44, 60
How Everything Works: Making 

Physics Out of  the Ordinary 
(Bloomfield), 186

HowStuffWorks, 33, 44, 69, 106, 
115

on convection, 159
on disposable diapers, 127
on electricity, 196
on magnetism, 187
on memory, 138
on polarization, 272
on static electricity, 207

on submarines, 328
on vacuum cleaners, 148

Hume, David, 165
Huxley, Thomas Henry, 155, 203
HyperPhysics, 106, 176, 247, 328

I
“identification detectives” activity, 

73–83
debriefing in, 78
extensions for, 78–81
internet connections with, 81–82
materials for, 74–75
procedure for, 76–77
science concepts in, 74

Illusions-Optical.com, 60, 230
Illusion Works, 60, 263
implementation dip, 268
Indestructables, 187
inertia, 172. See also motion, laws of

“air mass matters” activity, 
171–177

“cognitive inertia” activity and, 
251–258

“rattlebacks” activity and, 
293–299

inertia, cognitive. See cognitive 
inertia

inquiry
analogies for, 3–15, xv
inspiring, 174–175
“mental puzzles, memory, 

mnemonics” activity, 
131–140

Möbius strip activity, 15–23
inservice learning, xiii–xiv
Institute for Human and Machine 

Cognition (IHMC), 187
Instructables, 340
Instructional Design Models, 12
instruction model, 355–360
integrated instructional unit design, 

355–360
intelligence theories, 44, 74, 229, 

230
International Mind Brain and 

Education Society, 44, 81, 
169, 187

internet connections, xxi–xxii
for “air mass matters,” 176–177
for analogies, 12–13
with “batteries and bulbs,” 

106–107
for “brain-powered light bulb,” 

169
for “Cartesian diver,” 328–329
for “cognitive inertia” activity, 

256–257
for “convection” activity, 

159–160
for “crystal heat” activity, 

339–340
for “eddy currents” activity, 

247–248
for “electrical circuits: promoting 

learning communities” 
activity, 239–240

for “electric generators,” 
195–196

for “floating and sinking” 
activity, 316–317

for “happy and sad bouncing 
balls,” 229–230

for “identification detectives,” 
81–82

for “invisible gases matter” 
activity, 282

for “magnetic fields,” 187–188
for “mental puzzles, memory, 

mnemonics,” 137–138
Möbius strip, 22
for “needle through the balloon,” 

218
for optical illusions, 59–60
for “optics and mirrors” activity, 

263–264
for perceptual paradoxes, 43–44
for “rattlebacks” activity, 

298–299
for “sound tube toys,” 148
for “static electricity,” 207–208
for “Stroop Effect” activity, 

290–291
for “super-absorbent polymers,” 

127
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for “talking tapes,” 115
for “tornado in a bottle,” 306
for “two-balloon balancing act,” 

94
for “utensil music,” 69–70

inversions, 21–22
“invisible gases matter” activity, 

275–283
debriefing in, 279–280
extensions for, 280–281
internet connections for, 282
materials for, 276
procedure for, 277–278
science concepts in, 276

J
James, Mark, 13
James, William, 133
Java Applets for Physics, 196, 317
just-in-time instruction, xxii

K
Katz, David, 218
Kettering, Charles F., 269
Kim, Scott, 21–22
Kind, V., 290, 299
kinetic energy, 226
kinetic molecular theory, 211–219
knowledge

“knowledge pours poorly” 
activity, 275–283

prior (See prior knowledge)
transferability of, 304
transmission models, xvi

“knowledge pours poorly,” 275–283
Kuan-tzu, 6
Kuhn, Thomas, 58, 294

L
Lab-Aids Inc., 81
LaPlace’s law, 87–96, 94
lava lamps, 158
learners’ illusions, challenging, 

259–265
learning

active, 110, 120, 259–265

analogies on, 3–15
banking analogy for, 259–265
catalysis in, 336–337
cognitive connections in, 

179–188
conceptual density and, 314–315
empty vessel model in, 275–283
interactive, 309–320
“knowledge pours poorly,” 

275–283
as listening, 98
meaning-making in, 58
mental puzzles and, 136–137
Möbius strip analogy of, 19–20
preconceptions in, 32
sample analogies on, 11
time required for, 241–249, xvii
vortex of  teaching with, 301–307

Learning and Teaching Scotland, 69
Learning and Understanding Key 

Concepts of  Electricity, 106, 
239

“learning communities” activity, 
233–240

Lemelson Center for the Study of  
Invention and Innovation, 
106, 239

Lenz, Heinrich, 242
lesson plans, 190
Locke, John, 269
lung functioning, 94

M
Magic Water Black Box Activity, 81
“magnetic fields” activity, 179–188

debriefing in, 185
extensions for, 185–186
internet connections for, 

187–188
materials for, 181–182
procedure for, 183–185
science concepts in, 180–181

magnetism
Cartesian divers and, 327
“eddy currents” and, 241–249
“magnetic fields” activity, 

179–188

Magz Magnetic Construction Toy, 
187

mapping, analogies and, 4–5
Marcus Aurelius, 90
Mathematical Genealogy Project, 

22
“Mathematical Measurement 

Merriment,” 93
Math Forum, 22
Meaningful Learning Research 

Group, 299
meaningfulness, xvii

optical illusions and, 58
perceptual paradoxes and, 38

measurement
“floating and sinking” activity, 

309–320
“happy and sad bouncing balls” 

and, 222–231
optical illusions and, 21, 47–61
“super-absorbent polymers” 

activity, 119–129
memory, 131–140

musical, 186
“mental puzzles, memory, 

mnemonics” activity, 
131–140

debriefing in, 136–137
extensions for, 137
internet connections for, 

137–138
materials for, 133
procedure for, 134–136
science concepts in, 132

mentors, for teachers, xiv
Mentos geyser, 315–316
“Milk Bottle Magic,” 216–217
“Minds-On Mnemonics” activity, 

126–127
misconceptions, 32. See also prior 

knowledge
about collaboration, 237–238
about electricity, 193–194
bigger is better, 87–96
“convection” activity and, 

153–162
“needle through the balloon” 

activity and, 211–219
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pedagogical implications of, 279
perceptual, 38
“rattlebacks” and, 293–299

mixer activities, 3
“identification detectives,” 73–83

mnemonics, 126–127, 131–140
musical memory as, 186

Möbius, Augustus Ferdinand, 20
Möbius strip activity, 15–23

debriefing in, 18–20
extensions of, 20–22
internet connections with, 22
materials for, 16–17
procedure for, 18

Molecular Expressions, 247
momentum, 228. See also motion, 

laws of
Morse, Samuel, 112
MOSART, 290
motion, laws of, 251–257

“rattlebacks” and, 293–299
multisensory experiences, 205, xvii

“needle through the balloon,” 
211–219

“multisensory science and 
measurement” activity, 
37–46

debriefing in, 42–43
extensions with, 43
internet connections for, 43–44
materials for, 38–39
procedure for, 39–41
science concepts in, 38
on taste and smell, 41, 43
on thermal energy, 40, 42
on weight, 41, 43

musical memory, 186
Music Through the Curriculum, 

148
Mystery of  Smell, 81

N
Nanopedia, 94, 218
NASA, 33, 159
National Association for Research 

in Science Teaching 
(NARST), 159, 256

National Human Genome Research 
Institute, 115

National Science Education 
Standards, 19, xx, xxiii

on “less is more” approach, 43
selection criteria based on, 

343–353
on toys and engagement, 142

National Science Teachers 
Association, xxiii

nature of  science (NOS)
mental puzzles and, 131–140
Möbius strips and, 16
“rattlebacks” and, 293–299

“needle through the balloon” 
activity, 211–219

debriefing in, 215–216
extensions for, 216–218
internet connections for, 218
materials for, 212–213
procedure for, 214–215
science concepts in, 212

need-to-know, 171–177
“eddy currents” and, 246

Neural Networks, 187
neural networks, 181
Neuroscience for Kids, 60, 81, 187
Newton, Isaac, 235, 253

laws of  motion, 251–257
Nexus Research Group, 196
Nondestructive Testing Resource 

Center, 81, 247
North Carolina Science Teachers 

Association, 257
Northwestern University, 12
NOS. See nature of  science (NOS)
NOVA Online, 81
novelty, xvii

“convection” activity and, 
153–162

evolution and, 142, 150, 151, 
157

number sequences, memorizing, 
134–135

O
“Odoriferous Olfactory 

Observations,” 78–79
Operation Physics, 291
optical illusions, 21, 47–61

ambiguous figures, 48–49, 53–54
anamorphoses proper, 49, 55
debriefing with, 59
internet connections for, 59–60
materials for, 51–52
perceptual set, 49–50, 55–56
procedure for, 53–58
science concepts in, 48–51
shape/linear size distortion, 50, 

56–57
optics

and mirrors, 259–265
polarizing filters and, 267–273

“optics and mirrors” activity
debriefing in, 259–265, 262–263
extensions for, 263
internet connections for, 

263–264
materials for, 260
procedure for, 261–262
science concepts in, 260

osmosis, 309–320

P
panpipes, 147
paradigm shifts, 58
paradoxes, perceptual, 37–46

optical illusions, 47–61
in smells, 73–83
sound science, 63–71

pareidolia, 50
Pascal, Blaise, 322
passive reception models, xvi
Pasteur, Louis, 173
Pauling, Linus, 90, 183
Pauli, Wolfgang, 173
Pavlov, Ivan, 143
PBS Teachers Resource Roundups, 

247
Penny for Your Thoughts, 43
perceptions, xvi

as antecedents to mental 
conceptions, 74

hearing, 63–71

Copyright © 2010 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.



National Science Teachers Association384

Index

multisensory science and 
measurement and, 37–46

novelty and, 153–162
optical illusions and, 47–61
paradoxes in, 37–46
smells, 73–83
sound, 63–71, 73–83

perceptual set optical illusions, 
49–50, 55–56

performance pressure, 325
perspiration, 339
phase changes

“burning a candle at both ends” 
activity, 25–33

“crystal heat,” 331–342
phenomena-before-facts approach, 

174
PhET Interactive Simulations, 69, 

106, 148, 159, 187, 196, 340
on eddy currents, 247
on electrical circuits, 239
on static electricity, 207

Philomel Records, 69
Philosophical Toy, 328
Pickover, Clifford, 21
pitch (sound), 141–151
Planet Perplex, 22, 60
POE. See predict-observe-explain 

(POE)
Poe, Edgar Allen, 27
Poincaire, Jules Henri, 183
“polarizing filters” activity, 267–273

debriefing in, 270–272
internet connections for, 272
materials for, 268–269
procedure for, 270
science concepts in, 268

polymers
“happy and sad bouncing balls” 

activity, 221–232
“needle through the balloon” 

activity, 211–219
“super-absorbent polymers” 

activity, 119–129
preconceptions, 32. See also prior 

knowledge
“polarizing filters” and, 267–273

predict-observe-explain (POE), 16, 
xv

in “burning a candle at both 
ends,” 25–33

preservice science methods courses, 
xiii

prior knowledge, xvii
analogies in activating, 4–5
in “burning a candle at both 

ends,” 27
misconceptions in, 294–299
“needle through a balloon” and, 

211–219
novelty and, 153–162
optical illusions and, 58
“rattlebacks” and, 293–299
“Stroop Effect” and, 285–291
in “two-balloon balancing act,” 

92
professional development, xiii–xiv, 

xxii
analogies and, 12

Project Gutenberg, 33
Promise of  Artificial 

Photosynthesis, 169
Purdue University, 127, 176, 317, 

328, 340
puzzles, xvii

“brain-powered lightbulb,” 
163–170

mental, 131–140

Q
Quality Trading.com, 60
questions and questioning, xx–xxi

allowing student, 202
answers to, xxii
in “brain-powered lightbulb,” 

168
“raising FUNdaMENTAL,” 

309–320
wait time in, 242–243

R
Railroad Tank Car Crush, 176
“rattlebacks” activity, 293–299

debriefing in, 297
extensions for, 297–298
internet connections for, 298–299
materials for, 295
procedure for, 296
science concepts in, 294

recycling and conservation
“batteries and bulbs,” 97–108
“super-absorbent polymers” 

activity, 119–129
reflection-in-action, xxiii

on Möbius strips, 21
Reframing the Mind, 44, 230
relevance, 352–353, xvii

learning communities and, 
233–240

rewards, psychological, 262, xvii
Robertson, Frederick W., 28
Rogers, Will, 269
Royal Institution of  Great Britain, 

187

S
safety, 344–345
Sagan, Carl, 4
Sandlot Science, 60
scaffolds, xii

analogies as, 4–5
“happy/sad balls” and, 223
mental puzzles and, 136–137

Science and Technology Center 
for Environmentally 
Responsible Solvents and 
Processes, 127

Science Hobbyist, 218, 299
Science Odyssey, 107, 239
Science Project, 196
Science Spot, 127
scientific method, 310
selective attention theory, 285–291
senses, xvi
shape/linear size distortion 

illusions, 50, 56–57
Shaw, George Bernard, 52
Shulman, Lee, 224
signal-to-noise ratios, 78
Silly Cylinders, 43
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simplicity, 345–346
Skeptic’s Dictionary, 60
Slinkies, 147
Snopes.com, 196
Society for Neuroscience, 44, 81, 

169, 187
sound perceptions

“identification detectives” 
activity, 73–83

sound tubes and, 141–151
“talking tapes,” 109–117
“utensil music,” 63–71

“sound tube toys” activity, 141–151
debriefing in, 145–146
extensions for, 147
internet connections for, 148
materials for, 142–143
procedure in, 143–145
science concepts in, 142

Spangler, Steve, 127, 305
“static electricity” activity, 201–209

debriefing in, 205–206
extensions for, 206–207
internet connections for, 207–208
materials for, 202
procedure for, 203–205
science concepts in, 202

stimuli, changing, 141–151, xvii
“Straw Symphony,” 147
“Stroop Effect” activity, 285–291

debriefing in, 289
extensions for, 290
internet connections for, 290–291
materials for, 287
procedure for, 287–289
science concepts in, 286–287

sublimation, 337–338
submarines, soy sauce, 326
Success for All Foundation, 239
“super-absorbent polymers” activity, 

119–129
debriefing in, 124
extensions for, 124–127
internet connections for, 127
materials for, 120–121
procedure for, 122–124
science concepts in, 120

supersaturation, 339

Surfing Scientist, 107, 239, 306
sweating, 339
synergy, 183–184
systems, complex, 25–33

T
“talking tapes,” 109–117

debriefing in, 114
extensions with, 115
internet connections for, 115
materials for, 111
procedure in, 112–114
science concepts in, 110

teachable moments, 285
teachers

as action-researchers, xxiii
effective, xxiii
as gardeners, 13–14
as learner-experimenters, xii
mentoring for, xiv
professional development for, 

xiii–xiv
self-reflection by, 3

teaching
catalysis in, 336–337
cognitive connections in, 

189–199
collaborative, 234–235, 237–238
conceptual change, 153–162
constructivist, 87–96
developmental level and, 26
5E Cycle of, 355–360
pedagogical approaches in, 205
predict-observe-explain approach 

to, 16, xv
sample analogies on, 11
sequencing in, 246
signal-to-noise ratio in, 78
social interactions in, 189–199
as telling, 98
vortex of  learning with, 301–307

Teaching Teachers to Use 
Analogies, 13

Teaching With Analogies Model, 13
Termites, Ink Pens, and 

Pheromones, 81
Termite Trails, 79–80, 81

terrific observations and yearnings 
for science (TOYS), 141–151

Terrific Science, 33
thermal energy, 40, 42
thermoregulation, 339
Thomas, Lewis, 4
Thorndike, Edward L., 288
Tin Can Telephones, 67–68
topology, 16
“tornado in a bottle,” 301–307

debriefing in, 304–305
extensions for, 305
internet connections for, 306
materials for, 302–303
procedure for, 303–304
science concepts in, 302

TOYS. See terrific observations 
and yearnings for science 
(TOYS)

Toys in Space II, 298
triangulation of  understanding, xviii
Tulga, Phil, 148
Twain, Mark, 212
Twenty Brain Buster Q&A on 

Electrical Circuits, 169
“two-balloon balancing act,” 87–96

debriefing in, 92–93
extensions for, 93
internet connections for, 94
materials for, 89
procedure for, 90–92
science concepts in, 88

Tyndall, John, 39

U
UCLA Reasoning Laboratory, 13
UFO Balls, 233–240, 238
ultraviolet radiation, 271
University of  Colorado at Boulder, 

60
University of  Iowa Fluids 

Laboratory Image Gallery, 
306

University of  Iowa Physics and 
Astronomy Lecture 
Demonstrations, 33, 70, 
159, 176
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on bouncing balls, 230
on density and buoyancy, 317
on eddy currents, 248
on electricity and magnetism, 

196
on heat and fluids, 328
on inertia, 257
on mechanics, 298
on polarization, 272
on static electricity, 207

University of  Minnesota, 340
University of  Victoria, 248
University of  Virginia Phun Physics 

Show, 208, 230
on inertia, 257

University of  Virginia Physics 
Department, 44, 70, 107, 
148, 160, 176, 188

on air properties, 282
on bouncing balls, 230
on eddy currents, 248
on electrical circuits, 239
on electromagnets, 196
on inertia, 257
on polarization, 272
on static electricity, 208

University of  Wisconsin-
Madison Physics Lecture 
Demonstrations, 257

“utensil music” activity, 63–71
debriefing for, 66–67
extensions for, 67–69
internet connections for, 69–70
materials for, 64
procedure for, 65–66
science concepts in, 64

V
Virginia Tech Physics Lecture 

Demo, 82
Virtual Circuit Simulator/Lab, 240
Virtual Voltage Circuit Simulator, 

107
Visible Thinking, 188
Vision Science, 60

visual participatory analogies. See 
analogies

von Humboldt, Alexander, 122
von Liebig, Justus, 277

W
wait time, 242–243
Wake Forest University Physics 

Department, 70, 177, 188, 
208, 257, 328

Ward’s Natural Science Co., 82
“Waste Paint Hardener” activity, 

126
Watersorb, 127
websites. See Internet connections
weight experiments, 41, 43
Whelmers, 33, 70, 148, 160, 177, 

208, 329
Wikipedia

on analogies, 13
on attention, 291
on batteries and bulbs, 107
on bouyancy, 317, 329
on catalysis, 340
on cognitive biases, 299
on cognitive connections, 188
on cognitive load theory, 44, 177
on cognitive neuroscience, 169
on constructivism, 264
on convection, 160
on eddy currents, 248
on electrical generators, 196
on inertia, 257
on LaPlace’s law, 94
on membranes, 218
on memory, 138
on Möbius strips, 22
on optical illusions, 60
on polarization, 272
on rattlebacks, 298
on sound, 70, 148
on sound recording, 115
on static electricity, 208
on superabsorbent polymers, 127
on vortex, 306

Wilson, Edward O., 4
Wilson, Erasmus, 165
Wolfram MathWorld, 22
Woodrow Wilson Leadership 

Program in Chemistry, 340
wow-and-wonder-before-words 

approach, 174

Y
Yeats, William Butler, 28

Z
zone of  proximal development 

(ZPD), 172
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