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Benefits of Lecture
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With your group, discuss and list those aspects of lecture that you consider essential to teaching. (2 minutes)
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Learning Styles

Sensing Learners – information through the senses; facts and observations

Intuitive Learners – imagination and reflection; concepts and interpretations

Visual Learners – diagrams, pictures, graphs, etc.

Verbal Learners – written and spoken words; formulas

Inductive Learners – specific examples leading to general principles

Deductive Learners – general principle followed by specific examples

Active Learners – interact with others, cooperative activities

Passive Learners – introspective, like to work alone

Sequential Learners – assimilate information in small connected chunks

Global Learners – like to see the whole picture before understanding





Goals of Active Learning

· Increase retention of course material

· Foster success (i.e., better student performance)

· Enhance critical thinking skills

· Increase higher-order thinking (analysis, synthesis, evaluation)

·  Increase ability to show the applications of course concepts

· Allow students to discuss material

· Encourage students to "own" the material

· Encourage student exploration of their own attitudes and values

· Gain more "feedback" on student progress

· Provide more effective use of class time

· Increase retention of students 

· Enhance classroom experience for students

· Provide opportunity for students to interact with each other

· Foster effective communication skills

· Model diversity and interdependence

· Improve social relations between students

Hake, Richard R., American Journal of Physics, 1998, 66, 64-75

Interactive Engagement vs Traditional Methods: A Six-Thousand Student Survey of Mechanics Test Data for Introductory Physics Courses
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Wright, J. C.; Milar, S. B.; Kosciuk, S. A.; Penberthy, D. L.; Williams, P. A.; Wampold, B. E., “A Novel Strategy for Assessing the Effects of Curriculum Reform on Student Competence,” J. Chem. Ed. 1998, 75, 986-992.

Figure 1.  The bars show the difference in student ranks, for each assessor, between Student Active Learning (SAL) and Responsive Lecture (RL) students.  The letters above the bars indicate the octile of students that the assessor interviewed, A being the lowest and H the highest octile.  The numbers below the bars indicate the classification of the criterion used by the assessor according to the code indicated in the figure.




Effect of Lecture Pedagogy on Lab Performance (1995-1998)

Organic Lecture Pedagogy
Lab 
Total Students
Lab Retention Rate
GPA
Active Learning
302A
112
97 %
2.73

Traditional Lecture
302A
129
71 %
2.27

Active Learning
302B
126
96%
2.74

Traditional Lecture
302B
108
85 %
2.65

Paulson, D. R., “Active Learning and Cooperative Learning in the Organic Chemistry Lecture Class,” Journal of Chemical Education, 1999, 76, 1136-1140

Results from Cooperative Learning/Active Learning

	Standard Lecture Format: 1984-1993
	
	
	

	
	
	
	

	Course
	Sections
	Ave Enrollment
	% Pass

	Chem 301A
	8
	48
	71

	Chem 301B
	8
	50
	63

	Chem 301C
	8
	40
	85

	
	
	
	

	
	
	
	


301ABC Average Pass Rate = 73%

(.71)(.63)(.85)  =  0.38

	Cooperative Learning and  Active Learning: 1994-1999

	
	
	
	

	Course
	Sections
	Ave Enrollment
	% Pass

	Chem 301A
	4
	43
	91 (up 20%)

	Chem 301B
	4
	49
	88 (up 25%)

	Chem 301C
	4
	44
	94 (up 9%)

	
	
	
	


301ABC Average Pass Rate = 91

% (overall 17% increase)

(.91)(.88)(.94)  =  0.75

Learning Science 
Current Research Based Views

1. Students construct their own knowledge

1. Build new learning on existing knowledge

2. Modify existing conceptual understanding

2. Construction is facilitated by instruction but Not a direct consequence of instruction
3. Value of active student role
Implications for Instruction

· Expose students to new information

· Allow students to examine their own ideas

· Compare their own ideas to new experiences

· Evaluate different perspectives

· Select, identify and defend choices

· Learning is more likely to occur if students are actively involved in doing something other than listening

· Use appropriate instructional formats - Traditional instruction is effective for some but not all students
Active Learning Techniques

1. Individual Exercises

2. Questions and Answers

3. Immediate Feedback Exercises

4. Critical Thinking Motivators

5. Share/Pair Activities

6. Cooperative Learning Exercises

Some Tips

· Begin first day

· Provide a non-threatening environment

· Start small

· Clarify procedures for your students

· Adapt to fit your class

· Be prepared to find out what is not learned

The Minute Paper

Write a short paragraph summarizing the main points of today’s class session.

Muddiest Point/Clearest Point

Write several sentences describing the topic covered in today’s class that you understand the best (least).






Response to Demonstration

Students complete the following statement using a minimum of 2-3 sentences after a  demonstration illustrating that salt water conducts electricity but sugar water does not conduct electricity.

I was surprised that . . .

QUESTIONS AND ANSWERS

3. Provide wait time
4. Responding to Student In-

Class Answers

5. Promote Active Listening


Blue Book Quiz

When you place your hand in ice water, does heat flow from your hand to the ice water or does cold flow from the ice water to your hand?

Blue Book Points vs Course Points






Formative Assessment

· Not included in the student’s grade

· Helps focus student study

· Helps instructor assess understanding

Summative assessment

· Included in the student’s grade

· Rewards/Penalizes student

· Instructor can’t monitor understanding




Share - Pair

1. Identify one concept from your own course which students often have difficulty with.

2. Develop a discussion question based on this concept.

3. Share this with one member of your group.

Group Editing Guide
A - Introduction

1) Does the introduction section lead to a culminating sentence (locate and underline) which is related to the title?

2) Is at least one review paper on the topic cited in the introduction section?

B - Review
1) Is the topic sentence of each paragraph clearly written and does it relate to a topic listed in the culminating sentence? 

2) Are data from two or more papers clustered under each topic sentence? 

3) Does each topic sentence focus on a narrow aspect of the research reviewed or are some of the topic sentences too broad?

4) Does the clustered data in each paragraph relate to the topic sentence?

C - Citation and Referencing
1) Is an acceptable format used for citing in the text?

2) Is an acceptable format used for references in the reference section?
Cooperative Learning Essentials*

1. Appropriate Grouping

2. Positive Interdependence

3. Individual Accountability

4. Teacher as Facilitator

5. Attention to Social Skills

6. Structured Interaction

7. End Product

* Cooper, J; Mueck, R. “Student Involvement in Learning: Cooperative Learning and College Instruction,” Journal on Excellence in College Teaching, 1990, 1, 68-76.

Group Behavior

1. Respect each group members answers and contributions even if you disagree

2. Encourage every one to contribute by verbalizing new concepts and new terms

3. Attend all meetings of the learning team and be on time

4. Be patient and open minded

5. Be prepared for the work to be done at a group meeting

6. Divide work into sections (share work)

7. Take time to teach each other

8. Don’t let one member do all the work

9. Respect cultural differences

10. Understand different learning styles

Group Organization

Base Groups

· Formed at beginning of term

· Heterogeneous grouping

· Same groups for entire term

Informal Groups

· Formed on demand (impromptu)

· Any grouping will do

· Disband when project completed

Formal Groups

· Formed for project at hand

· Group as needed for project

· Disband when project completed

Group Assessment

Individual Response

	
	Not at all
	Sometimes
	Often
	Always

	I contributed my ideas
	
	
	
	

	I listened to the ideas of others
	
	
	
	

	I encouraged others to contribute
	
	
	
	

	I asked for help when I needed it
	
	
	
	

	I offered help when asked
	
	
	
	

	I understood the

problem solutions
	
	
	
	

	Other:


	
	
	
	


Group Response

	
	Not at all
	Sometimes
	Often
	Always

	We worked together cooperatively
	
	
	
	

	We listened to each other’s ideas
	
	
	
	

	We encouraged and supported each other
	
	
	
	

	We stayed on task


	
	
	
	

	All of us understood the

problem solutions
	
	
	
	

	One group member 

dominated discussion
	
	
	
	

	Other:


	
	
	
	


Peer Evaluation for Chem 301
Please remember that you are evaluating only the participation of your peers in your group study and not the intellectual ability of your peers.  Rank each of the members of your group with 3 = excellent;  2 = average;  and 1 = poor

Name

Attendance
Cooperation
Discussion

Your name ____________________

Reporting Group Activities

Stand and Deliver - Students in each group are numbered.  One member, #2 for example, reports the findings of his/her group to the class.  Each group reports in turn, adding only new information.

Three Stay, One Strays – One member from each group moves to another group and explains his/her original group’s explanation of the problem.  If there are 10 groups you have 10 students simultaneously giving reports.  A second rotation is also possible.

Group Rotation – Two complete teams come together and listen to each other’s solutions to the problem and comment on the solution.  Then the groups rework their solution based upon the feed back received in the large discussion.

Gallery Walk – Each team writes their solution to the problem on a shower board, butcher paper, black board etc.  One student stays by the solution and the other students walk around the room examining the rest of the solutions, asking questions, etc.  This is essentially a mini poster session.

Analyze the following three esters in terms of each of the four possible acid catalyzed ester hydrolysis mechanisms.  Provide arguments for and against each possible mechanism.
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Discuss Each of the Following Statements in Terms of Whether or Not They are Valid Statements for an Sn1 Reaction.

1) The nucleophile attacks the electrophile in the rate determining step.

2) p-Methoxyphenylchloromethane reacts faster than phenylchloromethane.

3) The nucleophile has a negative charge.

4) Changing the nucleophile concentration changes the reaction rate.

5) The substrate (electrophile)  has a primary carbon.

6) Changing the concentration of the substrate changes the rate of the reaction.

7) The nucleophile is a better nucleophile when the electron pair is involved in resonance.

8) An electron donating group on the substrate makes the reaction go faster.

Multiple Choice Questions

Consider the following statements in terms of an Sn1 reaction mechanism:

a) 2-chloropropane has a secondary carbon.

b) The reaction rate is dependent of the concentration of the nucleophile.

c) Electron donating groups increase the rate of the reaction.

d) 2-methyl-2-chloropropane reacts faster than 2-chloropropane.

e) The reaction proceeds faster in a less polar solvent.

Select the most appropriate answer

1. All of the above are true

2. Only b, c and d are true

3. Only c and e are true

4. Answer e is false

5. Only d and e are true

The task at hand is not to find the answer but to explore the various routes to the answer.

A) Propose two fundamentally different reaction mechanisms for the following hydrolysis reaction.  Then discuss how changing Y from a nitro group to a methoxy group would affect the rate of each of your mechanisms.
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B) Propose two fundamentally different mechanisms for the following  acid catalyzed ester hydrolysis reaction and then propose two separate experiments that would distinguish between your two mechanisms.  Finally, suggest a substituent that could be added to the benzene ring to greatly favor one of your two mechanisms.
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Chem 360 Ethics in Science Group Assignments

Spring 1999 – Assignment due Monday June 7, 1999

The following assignments come from the book On Being a Scientist: Responsible Conduct in Research, 2nd Ed., National Academy Press, Washington, D.C., 1995.

Your assignment is to analyze the assigned scenario.  As a minimum you must discuss the nature of the ethical dilemma, provide several resolutions to the dilemma, discuss how the problem could have been avoided in the first place, and discuss each participants role in the dilemma.

Group #1 – Selection of data, p.5

Group #2 – A conflict of interest, p.8

Group #3 – Industrial Sponsorship of academic research, p. 9

Group #4 – The sharing of research materials, p. 11

Group #5 – Credit where credit is due, p. 12

Group #6 – Who should get the credit for the discovery of pulsars, p.14

Group #7 – Publication practices, p. 15

Group #8 – Fabrication in a grant application, p. 17

Group; #9 – A case of plagiarism, p. 188

Group #10 – A career in the balance, p.19



Assignment



Student Evaluations  and Active Learning

1 - very strongly agree; 2 - strongly agree; 3 - agree

4 - disagree; 5 - strongly disagree; 6 - very strongly disagree

1989 - 1994 - lecture/discussion (13 sections)

1994 - 1998 - Active and Cooperative Learning (10 sections)

Questions

1. The INSTRUCTOR clearly defined the course requirements. 

2. The SYLLABUS clearly outlined the course requirements and grading criteria.

3. The Instructor clearly presented the subject matter.

4. The READING MATERIAL, including the textbook, served well the purpose of this course.

5. The examination QUESTIONS were a good measure of the material presented in the course.

6. In general, INFORMATION about how well I was doing was readily available.

7. In general, the INSTRUCTOR was ACCESSIBLE to provide requested help in the subject.

8. I would RECOMMEND this INSTRUCTOR to others.

9. How would you rate the instructor's OVERALL TEACHING ABILITY
89-94

1.44

1.50

1.52

2.55

1.70

1.60

1.41

1.66

1.35
94-98

1.16

1.19

1.18

2.43

1.30

1.30

1.15

1.15

1.20

Post Chem 301ABC Active Learning Survey

June 9, 1999 (48 students)

What is your year in school? _________

What is your major (or most likely major if not yet known)? __________

What is your career goal? _________

What is your gender? __________

What is your ethnicity? _________

Please answer the following questions as they relate to Chem 301ABC

strongly disagree
1

somewhat disagree
2

neutral
3

somewhat agree
4

strongly agree 
5

4.56    I am required to communicate my knowledge in a variety of forms, such as written, oral, or graphical

4.65    I am expected to work cooperatively with other students in a group 

4.72    Students are given time and encouragement to discuss the course material with each other and the professor 

4.53    The material in the course is conveyed in a variety of ways, not just by lecture 

4.74    I am expected to assemble information, analyze the material, and draw conclusions 

4.58    The course builds on my prior knowledge 

4.21    The connection between the course material and other disciplines or the real world are presented 

4.53    I found the cooperative group learning aspect of the course to be valuable in helping me understand the material

Post Chem 301ABC Active Learning Survey

1998/99 Academic Year (Nine “A” Students)

Please answer the following questions as they relate to Chem 301ABC

strongly disagree
1

somewhat disagree
2

neutral
3

somewhat agree
4

strongly agree 
5

4.75    I am required to communicate my knowledge in a variety of forms, such as written, oral, or graphical

4.75    I am expected to work cooperatively with other students in a group 

4.88    Students are given time and encouragement to discuss the course material with each other and the professor 

4.50    The material in the course is conveyed in a variety of ways, not just by lecture 

4.88    I am expected to assemble information, analyze the material, and draw conclusions 

4.50    The course builds on my prior knowledge 

4.38    The connection between the course material and other disciplines or the real world are presented 

4.50    I found the cooperative group learning aspect of the course to be valuable in helping me understand the material

Some Pitfalls of Cooperative Learning

1. I can use cooperative learning only occasionally and still get positive outcomes from it.

2. My student groups only need to sit together when we actually do cooperative activities.

3. My students can teach other new content.  I don’t need to directly deliver any instruction

4. My students will clearly see the benefits of cooperative learning and be as excited about it as I am.

5. Experience is all that is needed to make group learning work smoothly.

6. My students will easily see the relationship between each cooperative learning activity and the course outline.

7. All students will try harder if they know each member of the group will receive the same grade.

WHY DON’T MORE FACULTY USE COOPERATIVE LEARNING AND ACTIVE LEARNING

1. In my discipline we have a lot of content to cover!

2. It takes too much pre-class preparation time.

3. It is difficult to implement in large classes.

4. Support from my colleagues is often lacking.

5. The risks involved are intimidating.

6. My students expect me to lecture.

7. My students won’t come to class prepared.

8. When I try class discussion my students are silent.

9. I might lose control of my class.

10. My students don’t like active learning.

11. I don’t know how to implement active learning.
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Some Benefits of Lecture





Covers the material


Controls learning process


Organizes content 


Nonthreatening


Comfortable





	


   In your group, discuss those aspects of lecture that do not work well.


                				(2 minutes)





Drawbacks of Lecture





Students are passive


Difficult to sustain listening effort


Minimal retention 


One learning style


Cannot monitor understanding





What don’t we like about lecture?








1._____ Lecture is the most efficient way of	


		    		producing learning.





Use number cards to answer true (1) or false (2)


2._____ All students respond equally to lecture. 


3._____Lecture is needed to cover the material.


4._____Active learning means no lecture.








What do you think?





Lecture method used by 


	61% of humanities professors


	81% of social scientists


	89% of science and math professor					


Students pay attention at best to only 40% of the material presented in lecture





Less than 20% of information presented gets into student notes 			





What Research Says About Lecture





Students are doing more than listening.


Developing student skills rather than transmitting information


Students engaged in analysis, synthesis, evaluation, etc.


Students are engaged in hands-on activities





Active Learning





List benefits that might be obtained  


(by either faculty or students)


 through the use of active learning.








Active Learning





Give mini-lecture (15 min) 





Students review notes  (2-3 min)





Instructor moves about the room 		  


			





Clarification Pause� �





On a 3 x 5 card write a question that 


you have about any of the information


presented so far.





Fish Bowl





The minute paper (or its variations) 


would be most useful in my classes 


for . . .








The One Minute Paper





	Answer (1) SN1;  (2) SN2; (3) neither; or (4) both


___Increased nucleophile concentration 	  	               increases rate of reaction





___Tertiary substrates react faster than primary





	C) ___Polar, protic solvents speed up the reaction





	D) ___Reaction takes place in more than one step





	E) ___Increasing T increases rate of reaction





Learning Check� Organic Chemistry





Write a short paragraph


Read by other students


Give feedback in groups


Turn in (optional) 


Instructor reports results and reviews





Shared Paragraph�











	With your group, describe how you might use one of the active learning strategies discussed today in your classroom.  


	











