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Abstract 
 
An overview of recent literature on the suitability and sustainability of the teacher centered 
classroom instruction mode reveals that this model is no longer adequate in meeting the 
educational goals and needs of students that are destined to function as professionals in an 
increasingly complex and interdependent world system. Many alternative models have been 
proposed, some of these seek to reform either curriculum and/or course content, others rely 
heavily on technology, and yet a third seeks to involve students in accepting responsibility for 
their learning. POGIL (Process-oriented guided-inquiry learning) belongs to the latter. In a 
POGIL classroom, students work in groups (called learning teams) on assignments with the 
goal of mastery of content. The assigned tasks seek to develop work place valued skills such as 
higher level thinking and metacognition, communication, teamwork, management, and 
assessment. In this environment, the student is weaned from relying on memorization and 
develops the skills needed for success in course work, college, and career. The instructor 
assumes the role of coach rather than expert authority. A discussion of the POGIL classroom 
dynamics and a hands-on demonstration will be provided to determine if this philosophy and 
strategy is suited for the Asian classroom.  
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Introduction 

 
I want to express my warmest and sincerest appreciation and thanks to Dr. Dan Apple, founder 
and president of Pacific Crest, as an inspired motivator and “guru” of process-education. He 
gave me the permission extensively to make use of the Instructor’s Guide to Process-Oriented 
Guided-Inquiry Learning by David M. Hanson. I also thank David Hanson [1] and the other 
POGIL project personnel Diane Bruce, Frank Creegan, Richard Moog, Linda Padwa, James 
Spencer, Andrei Straumanis, Troy Wolfskill, Joe March [2], Ken Caswell, Jennifer Lewis, and 
others for their inspired work that compels many of us to examine ourselves if indeed we are 
facilitating learning and if we are preparing new generations for their particular and peculiar 
challenges. Christine Brooms of Prairie State College was the first to introduce me to POGIL: I 
thank her for getting me hooked. Anna Helwig of South Suburban College encouraged me to 
use the philosophy. 
 
I used the process-oriented guided-inquiry learning (POGIL) philosophy and strategy for 
teaching and learning in 2007-8. During the fall semester I implemented weekly POGIL 
activities in three general chemistry courses and in 2008 also used them in the chemistry 
portion of a physical science course. This does not make me an expert in POGIL but my 
training in cooperative learning groups for English as a Second Language (ESL) allowed me to 
recognize its tremendous value.  Half way through the semester I was rewarded: A recognizable 
change in attitude toward the course took place in students who for the most part came to the 
first lesson poorly motivated. The final outcomes did clearly delineate the benefit of using 
POGIL, but what did transpire in their appreciation toward their ability to understand science 
has made me an advocate for POGIL: “Dr. Z, I am going to take the second general chemistry 
course.”  
 
The purpose of this article is informative and its intention is to awaken in the reader the desire 
to explore POGIL for the benefit of her/his students and thus become a “knowledge-mentor.” 
Since I only have anecdotal data to share, I extensively have relied on the testimony and 
analysis of the above named experts in conveying the benefits of POGIL and have “borrowed” 
extensively from their excellent work [1]. 
 
The Science Education Process 
 
It is generally recognized that the science education process has two components, content and 
process. Content deals with the structure of knowledge while process is the skills needed for 
acquiring, applying and generating knowledge [3]. Traditionally in science, schools and 
colleges, the attention has been on the content, leaving the process emphasis for higher-level 
training. The rationale has been: “Students need to get the facts before they can apply them.” 
This often makes science dry and a necessary evil needing a passing grade [4, 5, 6, 7]. The 
excitement for systematically discovering the natural world a 5th grader experiences has 
vanished by the time he/she arrives in college. Turned away from science, now it is time for the 
required general science education courses and here students are having problems. In general, 
academic language is abstract and commonly has no context clues for understanding. In 
particular, science has its own language and learning its jargon is in itself a challenge: Armed 
with a half way understood concept and few context clues, is it a wonder that the student has 
difficulty with science [1]? Even laboratory assignments rarely are cognitively demanding and  
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very often context reduced. Under these conditions, students follow instructions cookbook-style 
without giving a thought of what was learned or how it could be applied. The result is general 
apathy and frustration toward science, leading to dropping the course or just tolerating it [5]. 
Students are short changed!  
 
At the end of the educational process await more challenges: As the problems become more and 
more global, interdisciplinary, complex and complicated, society demands technological 
breakthroughs in shorter and shorter time slots. To keep up with the pace, the professional 
needs successfully to develop highly diversified idea-processing skills. Are we science teachers 
teaching our students to succeed under these circumstances? 
 
Recent surveys of industrial employers show that science education needs to provide the 
student with the skills of information processing, critical and analytical thinking, problem 
solving, communication, teamwork, management and assessment required by today’s globally 
competitive world. The demands of an increasingly mobile professional world require of 
students to be prepared to survive not only academically but primarily in their future careers in 
a very dynamic environment. They need to be quick learners that rapidly discard “dud” 
resources, solutions or ideas. Besides having the capacity to think analytically and critically, 
they also need to solve problems efficiently [8].  
 
Knowledge of fundamentals and concepts has to extend much beyond a single discipline. In 
addition, in today’s environment where computer literacy is so essential, students need to be 
skilful communicators and efficient managers of intellectual property, resources and time. 
Lastly, a student entering a career needs to be prepared to assess progress and self.  
 
It is up to us educators to implement a science curriculum that challenges students “to think 
things through”, that science is experienced through the exchange and evolution of ideas, and 
that gender, ethnic and/or cultural issues affect this exchange.  
 
The POGIL Research Based Learning Environment 
 
Recent research of how the brain functions, specifically memory and how people learn gives us 
relevant insights into how to design such a curriculum. Namely that understanding is built on 
prior knowledge, experiences, skill, attitudes and beliefs. Good learners follow a cycle of 
exploration, concept formation and application. Concepts and multiple representations are 
visualized and connected. Interacting and communicating with others, especially peers, 
enhances understanding. Lastly, like good athletes, good learners often meditate on progress 
and assess their performance [9]. 
 
Process-oriented guided-inquiry learning (POGIL) uses these rigorous research findings and 
specific ideas about the nature of the learning process and the expected outcomes, and provides 
a specific methodology and structure that is consistent with the way people learn and its desired 
outcome: retention.   
 
POGIL states, “that most students learn best when they are: 
 

• actively engaged and thinking in the classroom and laboratory, 
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• drawing conclusions by analyzing data, models, or examples and by discussing ideas, 
• working together in self-managed teams to understand concepts and to solve problems, 
• reflecting on what they have learned and on improving their performance, 
• interacting with an instructor as a facilitator of learning.” [1]. 

 
POGIL uses a deliberate framework to support its environment: There are seven tools, designed 
to develop process skills and mastery of discipline content. “Within this structure, students 
work together in learning teams to acquire knowledge and develop understanding through 
guided inquiry by examining data, models, or examples and by responding to critical-thinking 
questions. They apply this knowledge in exercises and problems, present their results to the 
class, reflect on what they have learned, and assess how well they have done and how they 
could do better. To reinforce the acquired concepts and to promote individual responsibility for 
learning, students are required to complete additional exercises and problems outside of class, 
and to read relevant sections of a textbook or other resource material.” [10].  
 
An all too brief discussion of each of the seven tools is given below. 
 
Learning teams 
There is ample research documenting how students working in cooperative teams with peers 
benefit from the highly personalized interaction of the group [11]. The benefits include better 
retention, better attitudes toward the subject area, course instructor, and peers and self. In this 
setting, students are more likely to develop the higher level reasoning, managerial and 
teamwork and communication skills so prized by employers.  
 
In the POGIL environment students are comfortable in committing the mistakes often needed 
for true learning to take place and misconceptions are corrected in non-threatening fashion. 
They correct the thought process that led to the mistake and this requires reflection. 
Disagreements, when handled constructively with the appropriate social skills, produce more 
questions, and foster an active interest in new information that leads to the desired restructuring 
of knowledge. One very important outcome of this approach is that in science it addresses the 
feelings of isolation and competitiveness experienced in college by minority and women 
students. Interactions with peers of all genders and races oftentimes lead to rewarding short 
term and sometimes life long relationships.  
 
Guided inquiry activity  
In order for learning to take place, active restructuring involving integration of new knowledge 
with old knowledge and beliefs on the part of the learner is required. Part of this process 
requires the learner to identify and resolve contradictions, generalize, infer, pose and solve 
problems.  This makes the acquisition of knowledge very personal.  
 
POGIL activities address this restructuring by implementing a three-stage learning cycle: 
exploration, concept invention or formation and application. This cycle follows the lessons 
from cognitive research that this sequence is more effective than other permutations of the three 
items, because it is the way we do research, underscoring the simple logic of the scientific 
method [12]. 
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In exploration, a model is given for students to examine. They are led through the exploration 
by a series of questions or execution of tasks that produce the development of deeper 
understanding. Asking critical-thinking questions then further develops the functioning of the 
model. The answers are not self evident and require students to think about their findings in the 
model, what they already know and what they have learned by answering the previous 
questions.   
 
In the concept invention or formation stage, students are guided to discover patterns and bring 
the exploration to conclusions and/or predictions about the concept by putting their findings to 
work. When needed and in order to preserve standard language, the instructor is the one that 
introduces the common-usage name.  
 
Reinforcement of the identification and understanding of a concept is achieved in the 
application phase, in the form of using the new knowledge in exercises, problems and research 
questions. 
 
Questions that promote thinking 
Critical and analytical thinking has been defined as “an investigation whose purpose is to 
explore a situation, phenomenon, question, or problem to arrive at a hypothesis or conclusion 
about it that integrates all available information and that can therefore be convincingly 
justified.” [13]. For students, this desired process requires the identification of relationships and 
issues, identification and challenge of assumptions, formulation and answer of strategic 
questions. This strategy develops process skills. POGIL questions take the form of directed to 
point out obvious points, convergent to synthesize relationships, and divergent with no unique 
answers, but all are designed to model new and unknown situations that can be analyzed and 
made understandable by asking questions and then finding solutions.  
 
Problem solving with expert strategies 
Hayes defines a problem as “…whenever there is a gap between where you are now and where 
you want to be, and you don’t know how to find a way across that gap…” [14]. Structured 
problems are found in classrooms and textbooks, unstructured problems or real-world require a 
new approach, and complex unstructured problems have no unique solution and may not be 
solvable with available information. 
  
POGIL grows the ability of students to solve problems. Mastery-level learning of concepts is 
encouraged in the exploration phase by presenting the material as a challenge, not too easy to 
be boring and not too difficult to be frustrating. POGIL activities are organized around key 
concepts in such a fashion that allows students to build a knowledge structure based on their 
understanding of key concepts.  
 
The teacher has a central role as a facilitator and expert, and in the role as expert it is to present 
and organize concepts by scaffolding knowledge and asking pertinent questions that allow the 
student, as novice, to structure knowledge in an easily recallable fashion. Comparison and 
contrast of problems in different contexts, association bridges between different knowledge 
pieces, identification of patterns in representations of concepts, principles and solutions, 
classification of problems in terms of the concepts, principles and procedures needed to solve  



As. J. Education & Learning 2010, 1(2), 66-74                   71 
 
them, and understanding of why the items, principles and processes are relevant are some of the 
expert insights that need to be explicitly taught.  The expert needs to remember that all actions 
need to be student centered, and to allow time for the process to develop in students the depth 
of understanding desired.  
 
For an instructor to model the solution to a problem is only effective if students are taught to 
analyze the process of arriving at the solution. This can only be achieved if the focus is on the 
process and not on the cookbook recipe solution. How the student got the answer is just as 
important as to what she/he got and why she/he got it. This needs to lead ultimately to reflection 
on strategy and quality in the problem solving process. Within the learning team and with other 
teams, discussion and feedback is shared on understanding of the problem solving process as to 
its effectiveness. Reflections of this nature sharpen the students’ ability to grasp the essence of 
the problem and plan a solution. Once this is done, the instructor can always provide the 
“expert” way of solving the problem. Lastly and importantly, students need to be taught 
explicitly that in science “a picture is worth a thousand words.” Notes on paper, diagrams, 
graphs, pictorial representations are highly valued tools when experts analyze problems, plan 
and implement solutions [15]. 
   
Brandsford, Brown and Cocking edited an excellent review of expert-novice research that goes 
much deeper into this subject [9]. Johnson and Johnson wrote about active learning and 
cooperation and competition [16].  
 
The need to report publicly 
The learning process is incomplete if closure is absent. POGIL provides the closure to an 
activity in the form of a public and a private statement by the learning team. The public 
statement often may take the form of individual presenters sharing their team’s response to 
selected questions. It is accomplished by either working on the board or by exchanging 
spokespersons between teams. It is important that disagreements are resolved between the 
teams and to place the responsibility squarely on them for the learning, teaching, and 
assessment, and allowing for the development of the desired thought and communication 
processes skills to take place.  
 
The other, the private statement, is a written report by each team to the teacher at the end of 
each session that includes answers to critical thinking questions, solutions to selected problems, 
or a summary of the important concepts that they developed. It also gives an assessment of the 
learning and the group dynamics. Students need to be comfortable giving each other “grades” 
on their communal effort and sharing these with other groups. 
 
The need to reflect 
POGIL uses metacognition as a means to make students aware that they are in charge of their 
own learning: they regulate and manage, they assess their performance and how they can 
improve on it, and they need to meditate on what they have learned and what they don’t 
understand. POGIL designed the activities with the goal in mind that while the students work 
on them, they need to be thinking and asking themselves: Do I have all the information? Have I 
identified and validated all the assumptions?  Am I using the appropriate strategy? Is there an 
alternative? How do I validate my answer? How on target this self-assessment is greatly  
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enhanced by the strategy analyst of the team making a public report sometime during the 
session.  
 
Individual accountability 
While POGIL activities promote cooperation and interdependence in students, applying new 
knowledge needs to be tested on an individual basis. Because of this while they are in the 
learning team mode, it is essential that instructors require high quality responses, provide very 
timely feedback to group work and homework, and show students when their self-assessment 
has produced improved performance. These is accomplished at the beginning of each activity 
by identifying two to three content and an equal amount of process objectives and have team 
members assess themselves and give a self-grade against these criteria.  
 
Role of the Instructor 
 
The “leader” instructor sets the learning tone by:  

 lesson development and explanation, 
 setting the objectives (both content and process), 
 explaining expectations and criteria for success, 
 setting the organization and time constraints. 

 
The “monitor/assessor” instructor circulates throughout the classroom monitoring performance 
of individuals and teams 
 
The “facilitator” instructor intervenes when needed to assure understanding and progress by 
questioning that identifies difficulty. These questions should go from open-ended general to 
directed and specific. Once the process rolls again, the instructor needs to ask few questions 
that allow the team to reflect on the source of the difficulty and how they solved it.  
 
The “evaluator” instructor provides closure by asking for public reports. The evaluations given 
need to be given to teams and individuals as measured against the expectations and criteria for 
success for the activity. If general points are given they are shared with the class.  
 
How Successful is this Approach? 
 
POGIL was first instituted at Stony Brook in fall 1994 and student performance was tested 
through 1998 and compared to a comparable period before POGIL. In 1999 instructors at 
Franklin and Marshall College studied effectiveness of POGIL under a variety of instructional 
settings [17]. Another study used student performance on the 1993 ACS General Chemistry 
exam given as a final exam between 1994 and 2003 with data for the 2003-4 academic year 
after POGIL [15]. Yet another example was reported in the literature where two groups of 
students were compared one with POGIL the other without [9]. 
 
“Several common and important outcomes are observed in all of these studies: 
 

• Student attrition is lower for POGIL than for traditional courses. 
• Student mastery of content generally exceeds that for traditional instruction. 
• Students generally prefer the POGIL approach over traditional approaches. 
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• Students generally have more positive attitudes about the course and the instructors. 
• Student learning skills appear to improve over the semester.” [15]. 

 
 
References 
 
1. Hanson, D.M. (2006). Foundations of Chemistry: Applying POGIL Principles. Lisle, IL: 

Pacific Crest. 
 
2. March, J.L., Caswell, K.K. and Lewis, J. (2008). Introductory Chemistry Modules: A 

Guided-Inquiry Approach. Boston: Houghton Mifflin. 
 
3. Apple, D.K., Beyerlein, W. and Leise, C. (2005). “Classification of Learning Skills.” 

Faculty Guidebook: A Comprehensive Tool for Improving Faculty Performance. 2nd ed. 
Eds. D.K. Apple and S.W. Beyerlein. Lisle, IL: Pacific Crest, 43-46. 

 
4. Astin, A. (1993). What Matters in College: Four Critical Years Revisited. San 

Francisco: Jossey Bass Publishers. 
 
5. Hewitt, N.A. and E. Seymour (1991). Factors Contributing to High Attrition Rates 

Among Science, Mathematics, and Engineering Undergraduate Mayors: A Report to the 
Sloan Foundation. Denver: Bureau of Sociological Research, University of Colorado, 
USA. 

 
6. Tobias, S. (1990). They’re Not Dumb, They’re Different: Stalking the Second Tier. 

Tucson, AZ: Research Corporation. 
 
7. Tobias, S. (1992). “Women in Science: Women and Science.” Journal of College 

Science Teaching, 21 Mar/Apr: 276. 
 
8. Maxfield, M. (1997). “The View from Industry.” Undergraduate Chemistry Curriculum 

Reform. Washington, DC: American Chemical Society. 
 
9. Bransford, J.D., Brown, A.L. and Cocking, R.R., eds. (2000). How People Learn: Brain, 

Mind, Experience and School. Washington, DC: National Academy Press, USA. 
 
10. Lewis, S.E. and Lewis, J.E. (2005). “Departing from Lectures: An Evaluation of a Peer-

Led Guided Inquiry Alternative.” Journal of Chemistry Education, 82.1: 135-139. 
 
11. Bowen, C.W. (2000). “A Quantitative Literature Review of Cooperative Learning 

Effects on High School and College Chemistry achievement.” Journal of Chemical 
Education, 77 (2000): 116. 

 
12. Abraham, M.R. (2005). ”Inquiry and the Learning Cycle Approach.” Chemist’s Guide 

to Effective Teaching. Eds. N. J. Pienta, M. M. Cooper, and T. J. Greenbow. Upper 
Saddle River, NJ: Pearson Prentice Hall, 41-52. 

 



As. J. Education & Learning 2010, 1(2), 66-74                   74 
 
13. Kurfiss, J.G. (1988). Critical Thinking: Theory, Research, and Practice. Washington, 

DC: Association for the Study of Higher Education, Vol. Rpt. 2. 
 
14. Hayes, J. (1980). The Complete Problem Solver. Philadelphia: Franklin Institute Press, 

USA. 
 
15. Hanson, D.M. (2005). “Designing Process-Oriented Guided-Inquiry Activities.” Faculty 

Guidebook Tool for Improving Faculty Performance. 2nd ed. Eds. D.K. Apple and S.W. 
Beyerlein. Lisle, IL: Pacific Crest, 305-308. 

 
16. Johnson, D.W., Johnson, R.T. and Smith, K.A. (1991). Active Learning: Cooperation in 

the College Classroom. Edina, MN: Interaction Book Company. 
 
17. Farrell, J.J., Moog, R.S. and Spencer, J.N. (1999). “A Guided-Inquiry General 

Chemistry Course.”  Journal of Chemistry Education, 76.4: 570-574. 
 
 


