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PREFACE

Richard S. Moog, Marcy Dubroff, and Shawn R. Simonson

A recent New York Times article (Dreifus, 2013) included suggestions 
from a wide array of individuals—from Nobel laureates to an ele-
mentary school student—on how to improve math and science edu-

cation in the United States. Perhaps the most apt suggestion was provided 
by two high school students, one who said, “I’d like more hands-on projects 
where I would learn something about what I’m doing instead of just memo-
rizing things,” and the other, who said, 

One of the problems I have during math class is not understanding the rea-
soning behind what we are doing. The teacher will put something on the 
board and say, “This is how you do it,” and I’m thinking, “Why does that 
make sense?” The teachers are sometimes reluctant to explain it because 
they think we won’t understand. But if something doesn’t make sense to 
me, I can’t do it. I’d rather understand than just memorize formulas.

These students recognize that their learning would be improved by being 
engaged and by thinking about the content rather than being told what to 
know and do. Over the past several decades, research in cognitive learning 
theory and classroom research have combined to confirm that students expe-
rience improved learning when they are actively engaged, interacting with 
their peers, and involved in the construction of their own knowledge and 
understanding (e.g., Bransford, Brown, & Cocking, 1999; Lawson, 1999). 
Based on this research on how people learn, the “views of how effective learn-
ing proceeds have shifted from the benefits of diligent drill and practice to 
focus on students’ understanding and application of knowledge” (Bransford 
et al., 1999, p. xi). Founded on these ideas, and incorporating the well-devel-
oped principles and techniques of cooperative learning described by John-
son, Johnson, and Smith (1991), Process Oriented Guided Inquiry Learning 
(POGIL) is a student-centered pedagogic strategy in which students are 
guided to construct their own understanding through the use of small groups 
while also focusing on the development of important learning skills.

The concept and pedagogy of what became POGIL was developed by a 
group of chemistry professors around the turn of the last century to focus on 
helping students better grasp the concepts of general chemistry. Funded by 
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x  Preface

the National Science Foundation and many other agencies and individuals, 
this innovative pedagogy was named POGIL in the early 2000s. The POGIL 
Project has grown into a dynamic organization of committed instructors who 
help each other transform classrooms and improve student success, develop 
curricular materials to assist this process, conduct research expanding what is 
known about learning and teaching, and provide professional development 
and collegiality from elementary teachers to college professors. This is an 
introduction to the process and the community.

You will read more about the theory behind POGIL in chapter 1 and 
Richard Moog and his colleagues’ development of POGIL in chapter 2, but 
first, one of the authors of this preface (Shawn R. Simonson) describes his 
introduction to POGIL:

I have used group work in my classroom since 1987, from middle school 
to graduate students, with varying levels of success. After some time away 
from academia, I returned in 2007 and found the students to be differ-
ent from what I had previously experienced, and my old bag of tricks was 
only marginally successful. Thus, at the end of the 2007–2008 academic 
year, I approached Susan Shadle, the director of the Center for Teaching 
and Learning (CTL) at Boise State University, expressed my frustration, 
and asked for help. She suggested that I attend a Process Oriented Guided 
Inquiry Learning (POGIL) workshop during the summer. I did.

Let me point out that all POGIL workshops beautifully model 
POGIL as the method of presenting the workshop. However, initially, I 
was not impressed. Yes, the guided-inquiry approach was appealing, but  
the emphasis on process skills and team roles, and so on, seemed a little 
much. That was until I sat in my first fishbowl experience as a student (fish) 
on day two and watched Mare Sullivan, then of Bellevue Christian School 
(K–12) in Washington, facilitate a classroom. She was engaging, focused 
on the learners, and totally committed to the POGIL method. The way 
we were guided to analyze a model, develop the concepts for ourselves, and 
then apply those concepts without ever being told a fact or getting a ques-
tion directly answered was inspiring. I was sold! My approach to teaching, 
and my classroom, was transformed! I went home and spent a significant 
part of that summer furiously writing biomechanics activities. Of course, 
during that first year I experienced spectacular results—spectacular failures 
and spectacular successes. The successes far outweighed the failures, and the  
students’ grasp of the concepts was so much greater than what we had man-
aged to achieve before.

I knew I needed to get better, so I continued to attend multiple POGIL 
workshops in the following years. I must have been doing something right 
along the way, because in January of 2011 I was invited to attend the inau-
gural POGIL facilitator training so that I could help others learn to use 
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this fantastic and successful pedagogy. Now, as an experienced practitioner, 
I continue to attend and facilitate POGIL workshops and to learn from my 
colleagues and workshop participants. In addition, my career trajectory has 
changed and I spend a lot more time thinking, and helping others think, 
about student learning.

It is because I believe in what POGIL can do for your students that I 
took on this book project.

One of my favorite aspects of using POGIL are the comments that I get 
from students who have graduated. Former students report feeling better 
prepared for graduate school and their careers because they remember 
the content better than their peers and have learned how to think and 
solve problems. They often comment on how the classroom environment 
does not provide students with the answers, but rather provides tools and 
resources that allow them to arrive at these answers for themselves.

—Shawn R. Simonson;  
Kinesiology Professor; Boise State University; Boise, Idaho 

What Is POGIL? 

Presumably, you are reading this book because you are interested in find-
ing ways to help your students better achieve the outcomes that you have 
in mind for them. You want to be thoughtful about how you structure the 
precious few minutes that you have with your students—to get the most 
out of those minutes for as many of them as possible. You are taking very 
seriously your responsibility to learn as much as you can about the vari-
ous options that you have for constructing a learning environment that will  
be as productive as possible for your students. You have discovered that  
there are many pedagogic approaches that can lead to enhanced student 
learning and achievement of a variety of student learning goals—and each 
of them can provide insight and assistance as you think about how best to 
structure learning experiences for your students.

This book focuses on POGIL—a pedagogy based on research on how 
people learn (Zull, 2002) and shown to lead to better student outcomes 
in many contexts and in a variety of academic disciplines since starting in 
chemistry in the early 1990s. As you will learn in the chapters that fol-
low, POGIL is an approach designed to improve content mastery while also 
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helping students develop important life and learning skills—process skills, in 
the POGIL lexicon—such as teamwork, effective communication, infor-
mation processing, problem-solving, and critical thinking. POGIL may be  
best known in science, technology, engineering, and mathematics (STEM) 
disciplines, but it is successfully used in many other disciplines and contexts 
(Brown, 2015; Douglas, 2014; Hale & Mullen, 2009; Hu & Shepherd, 
2013; Johnson, Cagle, & Jackson, 2011;  Kussmaul, 2011; Maurer, 2014; 
Mitchell & Hiatt, 2010; Moog & Farrell, 1996; Simonson & Shadle, 2013; 
Straumanis, Beneteau, Guadarrama, Guerra, & Lentz, 2013; Tobin, Ali-
Khan, & Shady, 2014; Trout, 2012a, 2012b; Vacek, 2011). 

The POGIL learning environment is structured; students work coop-
eratively in self-managed small teams of three or four. Their work is focused 
on carefully designed and scaffolded inquiry activities and investigations to 
help them construct their own knowledge, often by modeling the original 
processes of discovery and research. The teams follow processes with specific 
roles, steps, and reports that encourage individual responsibility and meta-
cognition. POGIL activities and processes are designed to achieve specific 
learning objectives as well as the development of process skills. The instruc-
tor’s role is not to simply deliver content to the students, but to facilitate 
student development.

A hallmark of the POGIL approach to instruction is that it is based 
on a set of guiding principles (primarily those of constructivism, inquiry, 
cooperative learning, and process skill development) and is not substantially 
prescriptive. In fact, every POGIL classroom is different and reflects the 
uniqueness of the particular context: the students, instructor, physical space, 
department, and institution. However, The POGIL Project has defined the 
following four core characteristics critical for the POGIL implementation:

1. Students are expected to work collaboratively, generally in teams of three 
or four.

2. The activities that the students use are POGIL activities, specifically 
designed guided-inquiry activities for POGIL implementation.

3. The students work on the activity during class time with a facilitator 
present.

4. The dominant mode of instruction is not lecture or instructor centered; 
the instructor serves predominantly as a facilitator of student learning. 

In addition, The POGIL Project has identified some common attributes 
of many POGIL classroom implementations and facilitation strategies that 
when combined with the required characteristics listed provide a good start-
ing point for any POGIL implementation:
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1. Students have assigned roles within their teams.
2. The activity is designed to be the first introduction to the topic or specific 

content.
3. The students are not expected to have worked on any part of the activity 

prior to class meeting time.
4. Teams are expected to complete all the critical thinking questions (or 

equivalently designated questions) during class. There may be additional 
exercises or problems expected to be completed outside of class. 

Thus, students progressively develop key concepts for themselves instead 
of the traditional process of providing the key terms and concepts as giv-
ens. In addition, process skills that promote success within and outside of 
the specific content area improve. This progression of discovery results in 
better long-term retention of the information and the ability to apply the 
knowledge and skills (Brown, 2010; Farrell, Moog, & Spencer, 1999; Lewis 
& Lewis, 2005; Ruder & Hunnicutt, 2008). POGIL is useful whenever stu-
dents need to develop or understand key concepts, since POGIL uses the 
learning cycle, teamwork, and other practices from learning science.

So, instead of the traditional approach of providing students with con-
cepts and definitions, a POGIL teacher provides data in whatever format 
may be appropriate for the subject matter and the students (be it figures, 
graphs, photos, or readings) to enable students to discover key concepts for 
themselves. After students have developed the concepts, conventional labels, 
or terms, concepts can then be applied. This process creates powerful “aha 
moments” and is more likely to ensure that students will retain the informa-
tion over time.

The Interactive-Constructive-Active-Passive Framework

In 2011, Chi proposed a framework for differentiating levels of cognitive 
engagement in various types of active learning environments and found 
that the relative achievement of students in many studies can be corre-
lated with the level of engagement. The levels of engagement are defined 
in terms of the observable behaviors of the students, based on the assump-
tion that these behaviors are a sufficient proxy for the underlying cognitive 
processes. The levels (in order from highest level of engagement to lowest) 
are as follows:

•	 Interactive: Two or more students engaging with each other; examples 
include explaining to each other, arguing (requesting and providing 
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justification) with each other, and responding to a question from 
another student.

•	 Constructive: Students generate some information beyond that 
which is presented in the learning materials; examples include 
posing questions, providing justifications, forming hypotheses, and 
comparing and contrasting.

•	 Active: Students are doing something with their hands (or bodies) 
with the learning material; examples include taking notes, copying a 
solution from the board, underlining important sentences in a text, 
and rehearsing or repeating definitions.

•	 Passive: Students are oriented toward or receiving instruction (“paying 
attention”) but are not doing anything else that is observable; examples 
include listening without taking notes, watching a demonstration, 
studying a worked example, and reading to themselves.  

This Interactive-Constructive-Active-Passive (ICAP) framework provides 
a basis for understanding why POGIL classrooms have been shown to 
be such powerful learning environments compared to more traditional 
approaches.

Chi (2011) has shown that evidence for the ICAP hypothesis is pre-
sent in many reports in the literature. For example, in a study in a materi-
als engineering context (Menekse, Stump, Krause, & Chi, 2013), different 
groups of students experienced each of the 4 levels: After reading the text 
on their own, all students took a pretest. Then, one group read again out 
loud (passive); a second group read and highlighted sentences (active); stu-
dents in the third group were individually given four figures and asked 
to construct explanations for these figures (constructive); and the fourth 
group was given the figure-explanation task but did it in pairs (interac-
tive). The pretest averages for all 4 groups were roughly the same; the gains 
achieved on the posttest strongly supported the ICAP hypothesis, with the 
observed learning gains (defined as [post–pre]/[maximum–pre]) being 0.07 
(passive), 0.24 (active), 0.42 (constructive), and 0.62 (interactive). This 
means that, on average, the students in the passive group increased the 
average score on the posttest by only 7% of the maximum possible gain 
they could have, while the students in the interactive group experienced 
an increase of 62% of the maximum possible gain. In this case, both these 
groups started with essentially the same initial average score on the pretest 
(52.2% versus 52.3%). Here, the interactive group would be more properly 
described as “constructively interactive” as they were not simply interacting, 
but were also engaged in constructive activities such as providing justifica-
tions and (presumably) explaining their reasoning to their partners. This 
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is precisely the type of activity that students engage in within a POGIL 
learning environment. The activities are designed for students to construct 
their understanding of the key concepts, and they work interactively within 
their groups.

Given the large amount of additional evidence for the  effectiveness 
of POGIL and other student-centered, active learning, inquiry-based 
approaches to science instruction, it is perhaps surprising that the adoption 
of these types of approaches is not more widespread. Numerous authors 
have addressed this issue over the past several years. In 2004, Handelsman 
and colleagues (2004) asked the question in this way: “Why do outstand-
ing  scientists who demand rigorous proof for scientific assertions in their 
research continue to use and, indeed, defend on the basis of the intuition 
alone, teaching  methods that are not the most effective?” (p. 521). These 
authors suggest that the reasons include (a) an unawareness of the results 
demonstrating  effectiveness; (b) a distrust of the data because many scientists 
(including themselves) flourish within the current dominant educational 
paradigm; (c) concern about the challenge of learning a new approach to 
instruction; and (d) fear that being identified “as teachers will reduce their 
credibility as researchers”  (Handelsman et al., 2004, p. 521). Additional  
reasons that they propose (based on interactions with high school and  
college instructors in professional development contexts) are a concern  
that the pace will be too slow to cover all the needed/desired content, alter-
native understandings of what is actually meant by inquiry, and a concern 
that the infrastructure and number of students in a course makes use of an 
inquiry approach impractical. All these barriers, both real and perceived, 
have been overcome by individuals who implement POGIL and other  
student-centered inquiry approaches in their classrooms in all school  
settings by focusing on those changes that are most comfortable and advan-
tageous, taking small steps and becoming comfortable before moving on, 
and learning more through reading and attending workshops.

Many instructors are resistant to adopting POGIL because of concern 
for the time it takes to learn a new teaching strategy. It is true that many 
teachers must learn new facilitation skills; in addition, in some content areas 
there are few, if any, published POGIL activities (and it takes time to write 
and refine POGIL activities). For these reasons, a common method to begin 
using this approach is for teachers to introduce POGIL activities gradually 
(several times in a term so that students learn how to function in a team) and 
to mix in other active learning methods. In addition, there is a strong POGIL 
community and engaged support system to help new facilitators and activity 
authors learn and develop their craft with workshops, mentors, committed 
volunteers, and like-minded learner-centered colleagues. 
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POGIL has been shown to be effective in a variety of content areas and 
at different educational levels (see chapter 5). However, it is still important  
to remember that there is no single pedagogy that is optimal for every  
situation and for every student. What we decide to do in our classrooms 
necessarily advantages some students and disadvantages others because  
not all students are identical. Students have different backgrounds, pref-
erences, goals, aptitudes, and attitudes. In addition, no single pedagogy is  
best suited to accomplish all the possible goals that we might have for our 
students in a particular class meeting or course. For example, an effective 
approach to help students learn the names of all the bones in the human 
body is almost certainly not the most effective approach to help students 
develop an ability to construct arguments using evidence. In this context, 
it is our professional responsibility as educators to think carefully about the 
content and process goals that we have for our students, to be aware of—and 
knowledgeable about—the variety of options that we have for structuring our 
learning environments, to recognize and critically evaluate the evidence (or 
lack thereof ) for the effectiveness of various pedagogical approaches, and to 
acknowledge the potential differential impacts of the choices that we make.

Summary

POGIL is a learner-centered approach to instruction based on research on 
how students learn best. Students in a POGIL classroom are engaged in con-
structive and interactive work, consistent with Chi’s (2011) ICAP framework 
for the most effective learning environments. The key components of this 
environment are the use of cooperative learning teams with assigned roles, 
promoting the interactive aspect of the experience, and the use of specially 
designed activities that follow a learning cycle structure through which stu-
dents construct important concepts. As of this writing, POGIL materials are 
available for undergraduate courses in most chemistry content areas (includ-
ing biochemistry) and in calculus, anatomy and physiology, and intro-
ductory materials engineering. Activities are also available for high school 
chemistry and biology courses. Additional information about how to obtain 
these activities, and about implementing POGIL in general, is available from 
The POGIL Project website (www.POGIL.com). This website also provides 
information about professional development workshops for instructors inter-
ested in learning more about implementing POGIL and creating POGIL 
activities for their classrooms.

Please read this book with the same perspective from which it was 
written—that our common goals are to further student success, increase teach-
ing effectiveness, and share the triumphs of this pedagogy and community. 
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Authors from both the college and high school levels have contributed. At 
the beginning and conclusion of each chapter, POGIL practitioners from the 
2017 POGIL National Meeting (PNM) have provided insights into their 
implementation of POGIL with words of encouragement and keys to success. 
The first part of this book introduces the theoretical and philosophical founda-
tions of the POGIL pedagogy. Chapter 1 presents the educational theories on 
which POGIL is based, chapter 2 describes the history of the development of 
POGIL, and chapters 3 and 4 explain how POGIL is unique in combining the 
focus on developing process skills with constructivism and the learning cycle. 
Chapter 5 summarizes the literature demonstrating the efficacy of POGIL.

The second part of the book focuses on implementing POGIL. 
 Chapter 6 discusses the formation and effective management of student 
teams.  Chapter 7 addresses issues related to the selection and writing of 
POGIL activities. Chapter 8 provides insight into facilitation in POGIL 
learning environments, and chapter 9 focuses on an area of concern for 
many college instructors: how to use POGIL in large classes. Chapter 10 
discusses assessment in the POGIL classroom and how it can be used to 
foster  metacognition. Chapter 11 focuses on implementing POGIL in the 
STEM disciplines, while chapter 12 addresses courses outside of STEM using 
French and information literacy as models. Finally, chapter 13 provides sug-
gestions on what to do next and describes relevant resources to help you on 
the next stage of your journey. Appendices then provide additional resources 
and information about The POGIL Project.

Best wishes to you on your POGIL journey and good luck to you in your 
continued growth as a learner-centered teacher!

I think you will feel energized and empowered by your new challenges and you’ll 
really learn what your students know more than you ever did before.

—A POGIL practitioner of 15 years
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