
From respected voices in STEM education comes an innovative 
lesson planning approach to help turn students into problem 
solvers: lesson imaging. In this approach, teachers anticipate 
how chosen activities will unfold in real time—what solutions, 
questions, and misconceptions students might have and how 
teachers can promote deeper reasoning. When lesson imaging 
occurs before instruction, students achieve lesson objectives 
more naturally and powerfully. 

A successful STEM unit attends to activities, questions, 
technology, and passions. It also entails a careful detailed image 
of how each activity will play out in the classroom. Lesson 
Imaging in Math and Science presents teachers with 

• A process of thinking through the structure and imple-
mentation of a lesson

• A pathway to discovering ways to elicit student thinking 
and foster collaboration 

• An opportunity to become adept at techniques to avoid 
shutting down the discussion—either by prematurely 
giving or acknowledging the “right” answer or by casting 
aside a “wrong” answer

Packed with classroom examples, lesson imaging tem-
plates, and tips on how to start the process, this book is sure 
to help teachers anticipate students’ ideas and questions and 
stimulate deeper learning in science, math, engineering, and 
technology.

$29.95 U.S.
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Introduction

To me, lesson imaging is a visualization process. You often hear about 
athletes visualizing their game. Imaging is a process in which teachers 
visualize what will take place in their classroom when they present a task.

—George McManus, middle school mathematics teacher, Florida

Imagine that your parents or grandparents are celebrating their 50th wed‑
ding anniversary this year. You and your siblings want to plan a special event 
with lots of family and friends, so you decide to throw a party for them 
three months from now. With the date decided, you need to think through 
numerous details carefully. Where will the event take place: the city where 
they currently live? The city in which most of your family lives? Somewhere 
central to all? Also, what kind of venue will be needed—a formal setting or 
more of a “party” atmosphere? Whom will you invite? When do invitations 
need to be sent? Will it be a surprise? And so on.

As the day gets closer, you excitedly begin to imagine the event in your 
mind, playing it out activity by activity. You imagine where you will seat 
certain relatives; you know, for example, that Uncle Lee does not get along 
well with cousin Meagan, so you should place them far away from each 
other. As you let the image unfold, you realize that there aren’t enough non‑
alcoholic beverages at the party for those who do not drink, such as cousin 
Christine. Then you remember that even though your parents love pastries, 
Auntie Donna is on a diet, so you must make sure there are healthy snacks, 
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too. Aunt Connie is allergic to fish, so you must provide an alternative to 
the salmon you’d planned to serve. And of course Aunt Melanie’s family will 
be late, so folks should probably have about 30 minutes to mingle until the 
major festivities begin. You schedule the speakers, plan the approximate time 
frame, gather photos to display in the room, and make the final decisions on 
the food and drinks the caterers will serve.

You have a clear vision of what the program will look like. You can see 
your parents’ best friend, Julie, speaking, and you imagine the joke you will 
tell as a nice way to get her off the microphone (she is a bit long‑winded). 
You visualize Uncle Mike taking the microphone and telling that “fish story” 
again—but he often uses colorful language, so how will you manage what 
he says? And you can’t forget the traditional toast that Todd always makes at 
family occasions! You visualize all the grandchildren and great‑grandchildren 
running around and dancing to the music.

If only the celebration would unfold as your mind imagines it!
We have all had similar experiences when we plan a party, a bat mitz‑

vah, a wedding, and so on. We plan meticulously for every situation that 
might occur, given the diversity of people attending the event and interacting 
with one another in both predictable and unpredictable ways. You know 
your family traditions, relationships, desires, and motivations, and you can 
more or less envision how the night will play out. Of course, the event never 
happens the way we imagine it will. Sometimes it goes much better than 
we thought, and sometimes we wish we had never decided to do it in the 
first place. Nevertheless, you had an image of how people might act, com‑
municate, and relate to one another. You anticipated a potential time line 
for events to occur and even imagined a bit of a contingency plan in case it 
didn’t go exactly as you expected.

A very similar thought process goes on in what we call lesson imaging. 
When planning for the next day’s class, a teacher might imagine what is 
going to happen when the bell rings to welcome students into first period 
science. She will have a warm‑up activity on the board, and she imagines 
students taking the first two minutes to get settled and then getting on with 
the routine they established during the first two weeks of class. Around five 
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minutes after the tardy bell rings, the teacher anticipates that students will 
have finished the warm‑up activity, and she will have a student explain his 
or her solution. That shouldn’t take more than one minute, and then she 
can launch into the main exercise for the day. She is really excited about her 
science lesson because she expects students to be hooked when she shows 
a short video about the melting polar ice caps. She imagines students get‑
ting uncomfortable and a bit worried about the effect of climate change on 
their environment. The video will take about 15 minutes; she then envisions 
students writing two reactions to the video and one question in their science 
journal. After a few students share their reactions, she will state that their 
work for the next week will center on understanding the effect of human 
activities on the environment—that one generation’s behavior affects the 
next. The teacher will then launch the major activity for the day. She antic‑
ipates how students will engage in a short exploration that simulates the 
effects of pollution on a small ecosystem. What questions will she ask to help 
students notice the cause of the dying ecosystem and the effect that pollution 
has on each part of the whole? What questions might the simulation evoke 
from students about pollution control? The teacher imagines a prolonged 
discussion where students raise concerns for the ecosystem and generate 
ideas about how to become better stewards of the environment. The lesson 
will end with students writing their ideas about improving pollution control 
and other actions they can take to preserve ecosystems.

Will the lesson happen as the science teacher imagines? What steps can 
she take to ensure that the science standards and lesson objectives are met in 
the student‑motivated way she envisions? You might believe that her image 
will come to fruition if she is passionate enough about science to motivate 
students. Or you could argue that the catalyst for her image relies solely on 
the activity she has designed; if it is engaging enough, the lesson will happen 
just like she imagines. Some teachers might suggest that the right questions 
will steer the students in this direction. And others will say that a really neat 
technology program or video will inspire kids to have the deep conversations 
the teacher imagines.
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In this book, we argue that fostering the inspiring, student‑driven discus‑
sions that support students’ deep inquiry into science, technology, engineer‑
ing, and mathematics (STEM) ideas takes mindful planning and imaging of 
all the characteristics of a given lesson. A successful STEM unit requires not 
only displaying passion, choosing engaging activities, asking the right ques‑
tions, and making effective use of technology; it also necessitates a carefully 
detailed image of how a chosen activity will play out in the classroom.

Lesson imaging is a term that comes from Alan Schoenfeld’s (1998) work 
on the relationship between teachers’ beliefs and goals and the way that 
teachers expect their plans to unfold in the classroom. In our view, lesson 
imaging is a pedagogical act during which teachers anticipate the ways in 
which their planned activities will unfold in interaction with students during 
real classroom time. It involves a number of practices that go beyond lesson 
planning. Much like the thought that went into 50th anniversary celebra‑
tion discussed at the outset, lesson planning involves choosing the activities 
and structuring the time. Lesson imaging goes further by anticipating how 
students will engage in those activities, the questions they may have, and the 
questions teachers might ask to promote deeper reasoning about the central 
goal of the task. In the chapters that follow, we elaborate on our definition of 
lesson imaging and delve deeply into each component of a lesson image.

Who Is This Book For?

Although teachers can benefit from lesson imaging with any teaching 
approach, we find it most useful for those teachers interested in learning 
how to prepare for a more student‑centered, inquiry STEM unit.

With direct instruction, the teacher has typically planned a lecture 
through a PowerPoint presentation or some other text‑ or lecture‑based 
format. Teachers might ask questions as they provide the facts and explana‑
tions, but usually there is little need to anticipate how students are going to 
engage in the lesson, other than to predict the misconceptions they might 
have about the information the teacher provides.

With an inquiry approach, however, the teacher presents a problem or 
laboratory exercise that can provoke students to devise their own ways of 
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solving the task. Hence, the outcome of the lesson is less controllable than 
if lecture were the main vehicle for learning. With the more open‑ended 
inquiry approach, lesson imaging gives teachers more insight into and 
control over the intended direction of the lesson, without heavy‑handedly 
pushing the agenda forward with or without the students’ understanding.

An example may help here. Mr. Clark, a 7th grade mathematics teacher, 
poses a problem to his students (Figure 0.1).

FIGURE 0.1

A Task from Mathematics in Context

Terry is designing a tile patio. Her design has an orange square in the middle and a white border around it. 
These patios can be different sizes. Four sizes are shown.

Write a direct formula to express the relationship between the total number of tiles (T ) in any pattern 
number (P ).

Source: From Mathematics in Context (p. 11), by T. A. Romberg and J. de Lange, 1998, Chicago: Encyclopaedia Britannica. Copyright 
1998 by Encyclopaedia Britannica. Reprinted with permission.

Patio Number 1
Patio Number 2

Patio Number 3
Patio Number 4
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Students discuss the problem and share their formulas. Mr. Clark then 
calls on Tai, who says he came up with T = P2 + 4P + 4.

Mr. Clark writes Tai’s solution on the board. He writes P2 on the orange 
part of Patio Number 4; circles each of the four white tiles on the top, 
sides, and bottom of the figure and writes P inside each circle; and then 
puts an X on the four corners to show the class how Tai created his for‑
mula (Figure 0.2).

FIGURE 0.2

Mr. Clark’s Symbolization of Tai’s Thinking

Patio Number 4

X X

P2

X X

P

P P

P

Another student, Tripp, suggests T = P × P + 4P + 4, for very similar 
reasons.

Mr. Clark is very satisfied with these results and is ready to move on 
to another problem, when Mary‑Riley raises her hand. She suggests 
another solution: T = P2 + (P + 1) × 4.

Mr. Clark considers Mary‑Riley’s solution. Because he had not thought 
about the problem this way, he has a difficult time, on the spot, deter‑
mining whether her answer is correct. He tells Mary‑Riley that he wants 
to think about her solution overnight, and then moves on to the next 
problem.
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A teacher who has lesson imaged with colleagues prior to posing this 
problem might have engaged Mary‑Riley and the class differently at this 
point. Our first question is to you, the reader: is Mary‑Riley’s solution valid? 
What does the P + 1 stand for in the picture? Try to figure that out before 
looking at the diagram (Figure 0.3).

FIGURE 0.3

A Symbolization of Mary-Riley’s Thinking: T = P 2 + (P + 1) × 4

Patio Number 4

P2

P + 1

P 
+ 
1

P 
+ 
1

P + 1

The diagram shows that Mary‑Riley was structuring the picture into  
four sets of P + 1 tiles plus the P2 tiles on the inside. Indeed, if one simplifies 
the expression P2 + (P + 1) × 4, it is equivalent to both Tai’s P2 + 4P + 4  
and Tripp’s P × P + 4P + 4. Really creative students might even write  
T = (P + 2) × (P + 2).

But the question remains: so what?
From a social point of view, capitalizing on Mary‑Riley’s contribution in 

the moment might instill a positive mathematical disposition in her and show 
the rest of the class that there is more than one way to solve the problem.

However, there is another powerful reason to discuss her solution. While 
one goal of the lesson is to write equations from spatial figures, another 
mathematical idea that can be explored here is equivalent expressions and 
equations. Without having to teach simplifying equations in a traditional 
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lecture format, the teacher can ask the class if Mary‑Riley’s equation is 
correct or not. Answering that question could be a mini‑exploration by stu‑
dents, with the arguments centering on equivalence and simplification.

Lesson imaging includes anticipating as many different solutions as pos‑
sible. It can help teachers not to be surprised by new solutions, where they 
must decide in the moment whether a proposed solution would contribute 
to the mathematical ideas for the lesson.

We argue throughout this book that when teachers engage in the act 
of lesson imaging prior to instruction, the lesson objectives will be attained 
more naturally and powerfully from the students than if the lesson were not 
imaged. Particularly when using an inquiry form of instruction, lesson imag‑
ing is crucial so that discussions don’t stall and students’ ideas are used most 
powerfully to drive instruction toward important content objectives.

What Are the Components of Lesson Imaging?

Once a worthwhile task has been selected, teachers should imagine how the 
lesson will unfold by considering the following components:

• Unpacking the lesson objective
• Talking through how to launch the task
• Anticipating how students will engage with the task and what their 

misconceptions might be
• Deciding which strategies will be presented and in what order
• Deciding what questions to ask to provoke reflection
• Determining what counts as evidence that students have understood 

the ideas

Almost 10 years ago, we decided to create a lesson imaging template in 
order to facilitate teachers’ discussions that occur as an inquiry activity or 
scientific exploration is planned. Our template was inspired by the lesson 
planning of Japanese mathematics teachers (Stevenson & Stigler, 1992), who 
anticipated both how students will solve the problem the teacher poses and 
some questions the teacher will use to respond to students’ misconceptions. 
Our template combines both ideas (Figure 0.4).
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FIGURE 0.4 

Lesson Imaging Template

Science, Technology, Engineering, or Mathematics Goal(s):

State Standard(s):

Cycle 1

Launch (Task presentation)

Exploration (Anticipated student thinking—include class structure [in small groups, with partners, individually] 
and potential correct and incorrect strategies or solutions)

Whole-Class Discussion (Include tools, symbolizing, technologies, and questions you might pose)

Cycle 2

Launch (Task presentation)

Exploration (Anticipated student thinking—include class structure [in small groups, with partners, individually] 
and potential correct and incorrect strategies or solutions)

Whole-Class Discussion (Include tools, symbolizing, technologies, and questions you might pose)

Assessment (Evidence of student learning)
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This template includes two cycles of exploration, in case teachers are 
imaging for a block day in which two or more activities can be accomplished. 
If there is time for a third activity, the teacher can modify the template by 
adding a Cycle 3. If the class period allows for only one exploration, teachers 
can skip the second cycle.

The lesson imaging template encourages teachers to begin by unpacking 
the meaning of the goals they are targeting in the lesson for the day. Are the 
goals merely procedural skills and practice, or are they more conceptual in 
nature? For example,

• What does it mean to understand photosynthesis?
• What concepts underlie engineering the most stable bridge?

When teachers unpack what it takes for students to understand the content, 
the activity, exploration, and student discussion will all be more fruitful.

The second major component of the template involves imaging how to 
launch an exploration that forms the crux of the lesson. The launch is the 
part of the lesson where teachers pose the problem or experimentation, not 
where they teach students everything they need to know in order to solve 
the task. Sometimes teachers miss the point of the launch by telling students 
how to do the exploration rather than letting students explore themselves.

The third and fourth components of lesson imaging entail anticipating 
students’ solutions and then deciding which ones to capitalize on in whole‑
class discussion. How does the teacher decide which questions to ask to 
promote powerful ideas in class? What role does symbolizing play in sup‑
porting rich discussion? If students actually construct the solution strategies 
the teacher anticipated, how does the teacher then structure the whole‑
class discussion so that students share their ideas in a way that builds in an 
organized fashion and results in the mathematical or science ideas coming to 
the forefront? The answers to these questions are quite complex and will be 
explored more deeply to enhance inquiry instruction.

The template ends with an assessment block in order to encourage 
teachers to write down how they will document student learning each day. 
Whether through student observation or some type of formal document 
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(e.g., exit slip, homework, quiz), teachers should ensure that some type of 
assessment is done after each lesson, which will form the basis for lesson 
imaging for the following class period.

The Catalyst for This Book

Together, we have more than 75 years of experience teaching mathemat‑
ics and science and working with teachers to help them shift their practice 
toward an inquiry approach in the STEM fields. Whether as mathematics 
and science coaches or professional development leaders, we have found that 
preparing for inquiry‑based explorations is best accomplished when teachers 
work together to lesson image their instruction.

Both Julie Cline and Christopher Cline have worked as science and 
mathematics teachers for 22 and 21 years, respectively. Because of their 
success in the classroom, they were asked to coach other teachers in their 
school regarding lesson imaging in STEM classes. Additionally, they have 
each presented numerous times in their district about how to support learn‑
ing communities of teachers who lesson image on a regular basis. They have 
practiced and promoted lesson imaging firsthand in their own and other 
teachers’ classrooms.

Michelle Stephan was a tenured university professor who left academia 
to teach middle school mathematics for seven years. During that time, she 
taught using an inquiry approach and coached teachers in her own school 
and in schools throughout a large district in Florida. (It was here in 2007 that 
the idea of lesson imaging began to grow and the lesson image template was 
formed for use by other teachers throughout the United States.) Stephan is 
now a tenured faculty member in the College of Education at the University 
of North Carolina at Charlotte.

David Pugalee is the current director of the Center for STEM Education 
at the University of North Carolina at Charlotte. He entered higher educa‑
tion after more than a decade teaching middle and high school mathematics 
and science. His experiences in the classroom raised many questions for 
him about the role of language and communication in promoting student 
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learning, and he has since worked to improve STEM teaching and learn‑
ing by focusing on rich experiences that promote students’ development of 
STEM literacy, which is described in more detail in Chapter 1. Lesson imag‑
ing is a natural fit, as it provides a tool for exploring instructional planning as 
a critical component in promoting this vision of student learning.

About This Book

Chapter 1 addresses the meaning of STEM literacy and how teachers can 
effectively incorporate technology and other STEM areas into instruction.

Chapter 2 explores ways to unpack the goals and objectives of a les‑
son, the resources that teachers can draw on to accomplish this, and how 
to choose worthwhile problems and explorations that support the lesson 
objective.

Chapter 3 discusses how to launch an exploration that forms the crux of 
the lesson.

Chapter 4 looks at how to anticipate students’ solutions and then decide 
which ones to capitalize on in whole‑class discussion. How does the teacher 
decide which questions will promote powerful ideas in class? What role does 
symbolizing play in supporting rich discussion?

Chapter 5 explores the process of imaging a productive whole‑class dis‑
cussion, following student exploration time.

Chapter 6 brings together all the chapters by “walking through” a full 
lesson image, with snippets from the actual classroom in which the lesson 
was taught.

The final chapter examines how teachers can start this process, how 
STEM mentors and coaches can help teachers engage in lesson imaging, 
the role that administrators can play in supporting their teachers, and what 
resources are needed from administrators.

Before Reading Chapter 1 . . .

Consider these questions before moving on to the next chapter:

• How do you define STEM literacy?
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• What are the important components to consider in a STEM lesson?
• What dispositions do you believe are important for your students to 

develop in STEM classes?
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