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Preface
OVER THE PAST 20 years, inquiry-based science has unequivocally become the accepted 

model for K–12 science in the United States. It has near-unanimous approval from teachers 

and is a central theme in a great many science teacher resource materials. Currently, most (if 

not all) science educators and teachers assert that they are doing inquiry, and they rightly advo-

cate its merits. Why, then, publish yet another book about teaching scientifi c inquiry? Hasn’t 

everything already been said? 

We have several motivations for writing a book about teaching scientifi c inquiry. Th e fi rst 

has to do with the traditional assumptions regarding what constitutes scientifi c inquiry. An 

increasing number of researchers in science education believe that the conventional way of 

defi ning scientifi c inquiry—by focusing on the activities of scientists—is mistaken, and this 

mistaken focus has resulted in classroom practices that do not do enough to authentically 

refl ect the discipline of science. We therefore break from convention here and choose a diff erent 

approach, making the argument that scientifi c inquiry is best understood in terms of the over-

all goal of scientists: the development of scientifi c models. Th is change in perspective—from 

defi ning inquiry based on what scientists do to what they hope to accomplish—has signifi cant 

consequences for the way teachers should view and teach inquiry-based science. Consequently, 

the fi rst section of this book is devoted to a description of model-making in science and how 

the pursuit of scientifi c models can be used to defi ne inquiry in the classroom. 

Second, while the science education community has been at work trying to better under-

stand how to teach science, researchers in the fi eld of cognitive science have been similarly 

occupied with studies of how children learn to reason scientifi cally. Unfortunately, science edu-

cators and cognitive scientists generally publish their work in separate journals and attend dif-

ferent professional conferences. As a result, most teachers and many science education research-

ers remain largely unaware of the contributions made by cognitivists toward understanding 

eff ective methods of teaching scientifi c inquiry. Furthermore, many concepts and ideas from 

cognitive science—such as cognitive overload, confi rmation bias, and skill transference—that 

provide invaluable insight into how students learn and how we ought to teach remain largely 

unapplied in science classrooms. We believe these fi ndings are compelling and warrant being 

shared more broadly and especially with teachers dedicated to teaching inquiry-based science. 

Consequently, the reader will fi nd concepts from this fi eld of research threaded throughout the 

book.  

Finally, we chose to put a great emphasis on practical applications for teachers to use 

in their classrooms. To this end, we have included many sample and practice problems—

fi eld tested by us for more than 10 years with preservice and inservice teachers and K–8 

students—that translate important research fi ndings into teaching scenarios applicable 

to K–8 classrooms. Each chapter contains sample and practice problems consistent with 

this approach. 

We hope this book assists teachers who want to increase their skills and confi dence when 

teaching inquiry and expand their repertoire of resources from which to draw when planning 

instruction.
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Who Should Read This Book?
Preservice and practicing science teachers, science teacher educators who teach methods 

coursework, science professors who teach physical or life science to K–8 preservice teach-

ers, science consultants, and teacher leaders who are organizing professional develop-

ment opportunities will all fi nd this book useful. Th is book is suitable for individualized 

study or use in a small- or large-group setting, and for teaching in an informal or formal 

classroom setting. 

Contents
Th e book is divided into three parts. Part 1 (Chapters 1 and 2) presents an introduction to sci-

entifi c models and makes the case for why scientifi c inquiry is most naturally defi ned in terms 

of model-making. Part 2 (Chapters 3–7) examines students’ abilities, motivations, and chal-

lenges when doing scientifi c inquiry and explores teaching strategies and methodologies known 

to help children grow in their scientifi c skills and knowledge. Th e reader is encouraged to work 

through parts 1 and 2 in sequential order. Part 3 (Chapters 8–11) provides information and 

teaching applications for many of the supplementary process skills used in scientifi c inquiry. 

Th ese later chapters can be consulted in any order as need and interest dictate. 

Practice problems are included at the end of many chapter sections. Th ey are intended 

to foster critical thinking specifi c to a section of study while also serving as a resource when 

planning instruction. When completing the practice problems, the reader should consider two 

questions: (1) Do I think I understand the idea under study here? and (2) Can this problem be 

integrated somewhere into the K–8 science curriculum?
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CHAPTER 1
SCIENTIFIC INQUIRY AND 

SCIENTIFIC LITERACY

1.1 The Goal of Scientifi c Literacy
Th e science education community agrees: Students should not only develop a robust under-

standing of science content but also learn how to investigate and reason scientifi cally (NRC 

1996; AAAS 1993). Students are expected to understand and be able to use the same knowl-

edge, skills, and processes as those used by scientists. In short, students are expected to learn not 

only about science (content, history, and its nature) but also how to do science. Th is vision for 

science teaching stems directly from the educational imperative to develop scientifi cally literate 

students. 

Scientifi cally literate persons are individuals who have a rich understanding of fundamental 

scientifi c ideas and the practices associated with doing science (e.g., AAAS 1993; NRC 1996). 

Th ey are “not necessarily able to do science … in a professional sense any more than a music-

literate person can compose music or play an instrument” (AAAS 1993, p. 322). Nevertheless, 

a scientifi cally literate person can competently use skills and understanding to identify and 

respond knowledgeably to scientifi c issues underlying international, national, and local debates 

(e.g., nuclear energy usage, air quality, sustainability measures, funding for basic research). 

Researchers in science education agree that students do not become scientifi cally literate by 

sitting passively in the classroom. Instead, they must be given opportunities to engage in and 

refl ect on authentic scientifi c activities. Such active approaches to teaching and learning science 

have come to be known as inquiry-based science. But what, precisely, constitutes legitimate 

scientifi c inquiry, and what does research have to say about the best methods and strategies for 

teaching students to think scientifi cally?  

In this book, we present a synthesis of research fi ndings drawn from science education, 

cognitive psychology, and developmental psychology relevant to the teaching and learning of 

scientifi c inquiry. Our primary purpose is to provide teachers with the background knowledge, 

confi dence, and resources needed to understand and eff ectively teach inquiry-based science in 

elementary or middle school. Th roughout the book we will use the term scientifi c inquiry to 
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refer to what scientists do and inquiry-based science teaching to refer to teaching techniques asso-

ciated with promoting an understanding of scientifi c inquiry. References are given throughout 

the book to provide interested readers an opportunity to delve deeper into the research base 

from which these curricular ideas and recommendations have been drawn. Extensive examples 

and practice problems are also included to assist teachers who wish to further develop their own 

confi dence and understanding of scientifi c inquiry. In addition, many research-based applica-

tions, activities, lesson ideas, and teaching scenarios have been provided for potential use in 

inquiry-based K–8 science curricula.

1.2 Why Are Teaching and Doing Scientifi c Inquiry So 
Hard?
Teaching inquiry-based science is not only an exciting undertaking; it is also a challenging one 

(Flick and Lederman 2004). Th ough students do struggle to understand some of the scientifi c 

concepts we teach, learning to actually engage in scientifi c inquiry is even more diffi  cult. Th is 

diffi  culty can be more easily understood by considering Bloom’s taxonomy of educational objec-

tives, fi rst introduced in 1948 and later revised (Anderson and Krathwohl 2001, pp. 67–68). 

Th e taxonomy is a serial ranking of the levels of diffi  culty of diff erent mental operations. Each 

successive level in the taxonomy represents a deeper or more sophisticated level of cognitive 

activity. 

I.  Remembering: retrieving, recognizing, and recalling relevant knowledge from long-term 

memory 

II.  Understanding: constructing meaning from oral, written, and graphic messages through 

interpreting, exemplifying, classifying, summarizing, inferring, comparing, and explaining 

III.  Applying: carrying out or using a procedure through executing or implementing 

IV.  Analyzing: breaking material into constituent parts; determining how the parts relate to 

one another and to an overall structure or purpose through diff erentiating, organizing, and 

attributing 

V.  Evaluating: making judgments based on criteria and standards through checking and 

critiquing 

VI.  Creating: putting elements together to form a coherent or functional whole; reorganizing 

elements into a new pattern or structure through generating, planning, or producing

Now, where does learning scientifi c content fall on Bloom’s taxonomy? For the most part 

content learning is encompassed within the fi rst three levels of the taxonomy. In fact, the ability 

to apply content to solve a problem (Level III) is generally recognized as a good assessment of 

whether or not a student understands a concept at a deep level.

On the other hand, consider the thinking that goes into generating, evaluating, and modi-

fying scientifi c ideas. How diffi  cult is it to analyze evidence, propose novel scientifi c explana-

tions, design and carry out controlled experiments, or recognize fl aws in working hypotheses? 

To engage in those activities successfully, one needs to operate at the highest levels of Bloom’s 

taxonomy (Levels III–VI). Th e application, analysis, evaluation, and creation of new structures 

of organization all require sophisticated mental operations and are commonly required when one 
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CHAPTER 1 

SCIENTIFIC INQUIRY AND SCIENTIFIC LITERACY

does science. Consequently, the cognitive demands are greater when one engages in scientifi c 

inquiry than when just learning about scientifi c concepts.

Another perspective on this diff erence can be seen when considering the metacognitive 

demands associated with scientifi c inquiry that are absent when one is just learning scien-

tifi c content. When students study scientifi c content, they are required only to think with 

scientifi c claims (concepts), not about them. During the learning process, teachers typi-

cally provide students with scientifi c claims that are in alignment with the evidence pre-

sented. For example, students might be told that there are eight major biomes in the world, 

then given the particulars of each biome in terms of climate and plant and animal adapta-

tions as evidence of this claim. In this case, the concept (biomes) and the evidence (climate 

and adaptations) operate in tandem and on equal footing. Th ey are mutually supportive 

and congruent.

In contrast, think about what happens when students are asked to consider alternative 

classifi cation schemes that posit fewer or greater numbers of biomes on Earth based on diff er-

ently defi ned criteria? In this case, students must do more than think with an idea. Th ey must 

think about that idea: What are the reasons (evidences) for defi ning biomes in ways that result 

in fewer or greater numbers than eight? What are the advantages and disadvantages of doing so? 

Would the concept of an ecosystem be better used in some cases than the concept of a biome? 

In this case, students have been asked to think hard about the concept of a biome and whether 

or not the evidence available to them is compelling enough to cause them to modify their defi -

nition or application of that concept. Such evaluative processes are integral to scientifi c inquiry 

and require one to think metacognitively about concepts and claims. Th at is not the case when 

one is simply asked to accept a scientifi c claim (Kuhn 1989). Consequently, learning to think 

and act like a scientist is much more diffi  cult to do than just learning about scientifi c content.

Our motivation for writing this book, then, is to help elementary and middle school teach-

ers better understand and teach inquiry-based science in research-supported ways. Our hope is 

that after working through this book, teachers will have a deeper understanding of and greater 

confi dence in how to do and teach inquiry-based science and will fi nd this text to be a valuable 

resource for implementing scientifi c inquiry in the classroom. Th ese goals necessitated dividing 

this book into three parts. Th e fi rst part presents a defi nition of scientifi c inquiry that is both 

true to the discipline of science itself and an operational defi nition. Th e second part presents an 

overview of the cognitive skills and procedural strategies foundational to scientifi c inquiry and 

off ers direction when trying to integrate inquiry with science content teaching. Th e fi nal por-

tion of the book provides a general overview of critical-thinking and process skills commonly 

used in science and discusses how to teach such skills in an inquiry-based science classroom.
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