Implementation of Process-

Oriented Guided Inquiry
~ | Learning in an Introductory
Chemistry Course

Craig P. McClure and Joe L. March
The University of Alabama at Birmingham

Malinda M. Matney
The University of Michigan

agastd



~_« Duplicity Reflected in Undergraduate Student

.~ Population

— Age: <22, 44.6% 22-25, 32.1%
26-35 15.6% >35, 7.6%

— 42.9% from Jefferson County

— 34.9% Minority



Chemistry 100
Chemical Problem Solving

» Mathematical Concepts
 Particulate Nature of Chemistry
» Problem-solving skills

% o Class Size: 50 — 100 students/section (~300 per year)
Z ¢ |ecture Format
e No Laboratory Component



Observations about Chemistry 100

take CH 115 the term following
completion of CH 100

» Improper placement in CH 100; Poor math skills
(did not meet CH 115 math pre-req’s)

 Lack of self-perceived ability to “do science”
» Perception of chemistry as a memorization topic
 Loss of interest in Chemistry
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Research-Based Generalizations

on Student Learning
Lillian C. McDermott

Am. J. Phys. 2001, 69, 1127-1137.

Certain conceptual difficulties are not overcome by traditional
Instruction. (Advanced study may not increase understanding
of basic concepts.)

A coherent conceptual framework is not typically an outcome
of traditional instruction.

Growth in reasoning ability often does not result from
traditional instruction.

Teaching by telling is an ineffective mode of instruction for
most students.



Overcoming Barriers

later chemistry courses

— Development of teamwork, problem-solving skills, and study
skills transferred to more advanced courses

« These environments may help to address cultural
learning differences in different groups as well
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Minority Group Differences

 Asian American students readily formed study groups, and
succeeded in courses at a higher rate

Significant improvement in academic motivation
and class performance was seen for African
American students after integration of
cooperative academic activities into the
mathematics curriculum



Process-Oriented Guided Inquiry
Learning (POGIL)

..........

E— | —A
Inductive
;5 Guided Inquiry

— Activities are constructed to introduce
topics and encourage exploration
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POGIL Activity Model

E 8 Exploring the determining the rules of the system, and asking questions about the
H model to emphasize key concepts. Also gives questions about similar

Model problems, to start the deductive reasoning portion of the learning
cycle.
Exerci sing Application of the concepts discovered in the Exploring the Model
% section of the activity. This portion models the deductive reasoning
our step of the learning cycle, asking the students to solve problems and
Knowledge further refine the concepts being explored.
+1- 4 Summarizing Concise summary of the discovered concepts communicated in the

il _ ; activity, reinforcement of new vocabulary, derivation and statement of
“# 1 Your Thoughts rules discovered in the activity, and group self-assessment.
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Implementation

TARGETED PROCESSES

 Information Processing ¢ Critical Thinking

e Problem Solving e Communication
e Teamwork  Management
e Assessment
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POGIL General Chemistry at
Franklin & Marshall College

..........

B
40%

33%

Data from classrooms of Moog, Farrell and Spencer
Chi-squared =40.9  alpha < 0.005

Farrell, J.J.; Moog, R.S.; Spencer, J.N. J. Chem. Educ. 1999, 76, 570.
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a1 o — 13 chapters i), M
~,—* Preliminary Edition tested SSSihe
@3 - FullPOGIL course Su07 [EEERgSsN,
— POGIL activities in Fa07, P =
o] Sp 08, Su 08
i e Activities under revision for First Edition
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«Courses involved:
— Fall 2006, Lecture format (Instructors A & B)

— Spring 2007, Lecture format with bi-weekly POGIL
activities (Instructors A & B)

— Summer 2007, POGIL format (Instructor C)
— Fall 2007, POGIL format (Instructors A&B)
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Student Attitudes Survey

6) What I learn in my chemistry courses is applicable to my other courses

7) Problem solving in chemistry means matching problems with facts or
equations and substituting values to get a number

8) | feel comfortable in talking about science with my peers

9) I am interested in chemistry

10) In this course, | do not expect to understand equations in an intuitive
sense; they must just be taken as givens

| 11) 1 learn more when working independently of others
,.-# ' | 12) I am confident in my ability to understand ideas presented in my chemistry
June 3, 200 _, | courses




Impact on Student Perceptions:

Significant Assessment Differences

..........
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Improvement in Score

. 1. 1 am confident in my ability to think about scientific questions

. 2. Knowing about chemistry helps me understand situations in my
everyday life

. 3. I am comfortable taking chemistry courses



Impact on
Logical

..........

Thinking Skills

1.00+
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e
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Impact on Student Perceptions:

Significant Assessment Differences

0.80+
0.70-
0.60
0.50
0.40
0.30
0.20- B Lecture + Biweekly
0.10] POGIL (Sp07)

0.00 ‘ ‘ O POGIL (Su07)

-0.10-
-0.20 1
_0 30 M— D POGIL (Fa07)

& Vv &
&

0@

Q

..........

@ Lecture (Fa06)

Improvement in Score

;@Q
&

O

O)

;@Q
&

N

Q

1. | am confident in my ability to think about scientific questions

2. Knowing about chemistry helps me understand situations in
my everyday life

3. I am comfortable taking chemistry courses



Why the differences In Student
Attitudes?

ll ~ +  Summer *07 - Instructor involved
@ In material development
g -  Fall ’07 — Instructors not involved
' Inmaterial development

agastd



Continuing Assessment

equence
— STEM Majors continuing beyond CH 100
— 5-year graduation rates

— Impact on under-represented groups in the
sciences



..........

Interesting challenges In
Implementation

Information from instructor
Interviews

agastd



Not unlike many faculty In
transition, some common
themes emerged

» ¥ O V 9 \J

~_ new terminology
& ° Blaming the students for problems in the class
B - Both see themselves as “old-school”

— “Anti ‘touchy feely’.”
— See Innovations as being “pushed on us”
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What IS a measure of success?

hav

reportec 0N Ol
student evaluations throughout course

— However, there aren’t companion
evaluations from lecture based semesters
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POGIL can be a source of
faculty development

'l Akey difference in our faculty members was

L Dpetween one who was wholly resistant, and
one who did his own internet search on
POGIL to discover a bit more about the
principles.
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After the big trial semester

| ,_ — Some of the exercises
B - They clearly reflected in various ways about
72 the impact of this across all of their teaching
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Important observations
about Implementation

r 14 v
a Aa

N0 Uder VOU ¢©
experimental class” gives students a
negative attitude toward POGIL

— A focus on “you are grasping more than the
previous class” would increase engagement

_—
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~ Saturday, June 28th, 2008, 9:00 AM - 4:00 PM

. Three-Day Advanced Workshop at St. John Fisher College: (Rochester, NY'
- Thursday, July 10th, 2008 through Saturday, July 12th

%  Three-Day Standard Workshop at Guilford College: (Greensboro, NC)

Upcoming Workshops

One-Day Introductory Workshop at NERM 2008: (Burlington, V

Friday, July 11th, 2008 through Sunday, July 13th
Three-Day Standard and Advanced Workshop at
University of Redlands: (Redlands, CA)

Monday, July 21st, 2008 through Wednesday, July 23rd

www.pogil.org
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