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What shall I do in class 
tomorrow to teach these difficult 

ideas?



Think-Pair-Share
Discuss with a neighbor.

Let’s share!

1.



1 minute to think and write:  
What are some things your students have said or 

done that  make you want to scream?

Let’s Try It!

2 minutes to share with one neighbor  
(share the time)

Then, I will call on a few people to share!



We have lots of choices!

Active learning: 
Any approach where students are not 
passive recipients of instruction, but 

instead purposefully engage in learning-
related activities 
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Game Based 
Learning

Online Discussion 
(Ex: Moodle)

Online Collection (Ex: 
Socrative)

Electronic Response 
System or Website 
(Ex: Socrative, Poll 

Everywhere)

Device enhanced 
active examples

PBL in the 
Makerspace

Student-produced 
video

Student authoring

Photo Safari & Jigsaw

Peer Instruction 
& Inquiry-Based Activities



What works?
Hake, 1998 “Interactive 

engagement vs. traditional 
methods: A six-thousand student 
survey of mechanics test data for 

introductory physics courses.  
American Journal of Physics 66(1) p 

64. 

Impact on Learning Technical Content



Additional 
Professional 

Impacts
• Enhanced engagement 

(Ahlfeldt et al, 2005)

• Improved critical thinking;

• Better orientation to life-

long learning;

• Improved intercultural-

effectiveness (Kilgo et al, 
2014)


• Better recall and transfer 
of knowledge (Halpern & 
Havel, 2003)



Today’s Menu
• Think-Pair-Share


• Minute Paper / Muddiest Point


• Photo Safari 


• Concept Questions (also called 
Clicker Questions) & Peer 
Instruction


• Inquiry-Based Activities 


• Potential bonus: Device-
Enhanced-Active-Learning and/ 
or Problem Based Learning (if 
time and interest permit)



A little Reflection on  
Think-Pair-Share

• Time the time for “think”


• Share is less scary because it’s speaking for two (or 
more)


• Share on the board


• Share electronically


• Share verbally



2. Minute Paper / Muddiest 
Point

• START class with 2-min 
writing: What did we 
learn last time?


• END class with 2-min 
writing: What was the 
main point today?  What 
was the muddiest point 
today?

Or
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2 minutes:  
If you were at this conference two years ago, what did you 

learn and use in the classroom? 

If not, what are you hoping to learn at the conference this 
time?

Let’s Try It!



A little Reflection on 
Minute Papers

• A good way for you to quickly measure 
understanding.


• A good way to encourage students to practice 
retrieval of information.

• Ask:

• What were the main points from today’s class?

• What were the main points from last class?

• What are you most confused about from this 

class?

• A good attendance measure.

• Electronic results are harder to lose.



3. Photo Safari
1. Establish teams that can take/send a picture


2. Send them out in search of “X” (time limit is key, here)


3. Use in class!



Use 
immediately!

Back!



Think-Pair-Share:   
How might you use this?



A little Reflection on 
Photo Safari

• Helps students connect their learning to the “real 
world”


• Can be an in-class activity OR homework

• Student pride in their picture being used



4. Concept Questions (“Clicker” 
Questions) & Peer Instruction 

• Deslauriers, Schelew & Wieman, 2011 Improved learning in a large-enrollment 
physics class. Science 332 p862.	

(Table 1). Students took twomidterm exams (iden-
tical across all sections). In week 11, students took
the Brief Electricity and Magnetism Assessment
(BEMA), which measures conceptual knowledge
(13). At the start of the term, students took the
Colorado LearningAttitudes about Science Survey
(CLASS) (14), which measures a student’s per-
ceptions of physics. During weeks 10 and 11, we
measured student attendance and engagement in
both sections. Attendancewasmeasured by count-
ing the number of students present, and engage-
ment was measured by four trained observers in
each class using the protocol discussed in the
supporting onlinematerial (SOM) (15). The results
show that the two sections were indistinguishable
(Table 1). This in itself is interesting, because the
personalities of the two instructors are rather dif-
ferent, with instructor A (control section) being
more animated and intense.

The experimental intervention took place dur-
ing the 3 hours of lecture in the 12th week. Those
classes covered the unit on electromagneticwaves.
This unit included standard topics such as plane
waves and energy of electromagnetic waves and
photons. The control section was taught by in-
structor A using the same instructional approach
as in the previous weeks, except they added in-
structions to read the relevant chapter in the text-
book before class. The experimental section was
taught by two instructors who had not previously
taught these students. The instructors were the
first author of this paper, L.D., assisted by the
second author, E.S. Instructor A and L.D. had
agreed tomake this a learning competition. L.D. and
instructor A agreed beforehand what topics and
learning objectives would be covered. Amultiple-
choice test (see SOM) was developed by L.D.
and instructor A that they and instructor B agreed
was a good measure of the learning objectives
and physics content. The test was prepared at the
end of week 12. Most of the test questions were
clicker questions previously used at another
university, often slightly modified. Both sections
were told that they would receive a bonus of 3%
of the course grade for the combination of par-
ticipating in clicker questions, taking the test, and
(only in the experimental section) turning in group
task solutions, with the apportionment of credit
across these tasks left unspecified.

In contrast to instructor A, the teaching experi-
ence of L.D. and E.S. had been limited to serving
as teaching assistants. L.D. was a postdoctoral re-
searcher working in the CarlWieman (third author
of this paper) ScienceEducation Initiative (CWSEI)
and had received training in physics education
and learning research and methods of effective
pedagogy while assisting with the teaching of six
courses. E.S. had a typical physics graduate student
background except for having taken a seminar
course in physics education.

The instructional approach used in the experi-
mental section included elements promoted by
CWSEI and its partner initiative at the University
of Colorado: preclass reading assignments, pre-
class reading quizzes, in-class clicker questions

with student-student discussion (CQ), small-group
active learning tasks (GT), and targeted in-class
instructor feedback (IF). Before each of the three
50-min classes, students were assigned a three- or
four-page reading, and they completed a short true-
false online quiz on the reading. To avoid student
resistance, at the beginning of the first class, several
minutes were used to explain to students why the
material was being taught this way and how
research showed that this approachwould increase
their learning.

A typical schedule for a classwas the following:
CQ1, 2min; IF, 4min; CQ2, 2min; IF, 4min; CQ2
(continued), 3 min; IF, 5 min; Revote CQ2, 1 min;
CQ3, 3 min; IF, 6 min; GT1, 6 min; IF with a
demonstration, 6 min; GT1 (continued), 4 min;
and IF, 3 min. The time duration for a question or
activity includes the amount of time the students
spent discussing the problem and asking numer-
ous questions. There was no formal lecturing;
however, guidance and explanations were provided
by the instructor throughout the class. The instructor
responded to student-generated questions, to results
from the clicker responses, and to what the in-
structor heard by listening in on the student-
student discussions. Students’ questions commonly
expanded upon and extended the material covered
by the clicker questions or small-group tasks. The
material shown on the slides used in class is given
in the SOM, along with some commentary about
the design elements and preparation time required.

At the beginning of each class, the students
were asked to form groups of two. After a clicker
question was shown to the class, the students
discussed the question within their groups (which
often expanded to three or more students) and
submitted their answer using clickers. When the
voting was complete, the instructor showed the
results and gave feedback. The small-group tasks
were questions that required a written response.
Students worked in the same groups but submitted
individual answers at the end of each class for
participation credit. Instructor A observed each of
these classes before teaching his own class and
chose to use most of the clicker questions devel-
oped for the experimental class. However, Instruc-
tor A used these only for summative evaluation,
as described above.

L.D. and E.S. together designed the clicker
questions and small-group tasks. L.D. and E.S.

had not taught this class before and were not
familiar with the students. Before the first class,
they solicited two volunteers enrolled in the course
to pilot-test the materials. The volunteers were
asked to think aloud as they reasoned through the
planned questions and tasks. Results from this
testing were used to modify the clicker questions
and tasks to reduce misinterpretations and adjust
the level of difficulty. This process was repeated
before the second class with one volunteer.

During the week of the experiment, engage-
ment and attendance remained unchanged in the
control section. In the experimental section, student
engagement nearly doubled and attendance in-
creased by 20% (Table 1). The reason for the
attendance increase is not known. We hypothe-
size that of the many students who attended only
part of a normal class, more of themwere captured
by the happenings in the experimental section and
decided to stay and to return for the subsequent
classes.

The test was administered in both sections in
the first class after the completion of the 3-hour
unit. The control section had covered the material
related to all 12 of the questions on the test. The
experimental section covered only 11 of the 12
questions in the allotted time. Two days before
the test was given, the students in both sections
were reminded of the test and given links to the
postings of all the material used in the experi-
mental section: the preclass reading assignments
and quizzes; the clicker questions; and the group
tasks, along with answers to all of these. The
students were encouraged by e-mail and in class
to try their best on the test and were told that it
would be good practice for the final exam, but their
performance on the test did not affect their course
grade. Few students in either section finished in less
than 15min, with the average being about 20min.

The test results are shown in Fig. 1. For the
experimental section, 211 students attended class
to take the test, whereas 171 did so in the control
section. The average scores were 41 T 1% in the
control section and 74 T 1% in the experimental
section. Random guessingwould produce a score
of 23%, so the students in the experimental sec-
tion did more than twice as well on this test as
those in the control section.

The test score distributions are not normal
(Fig. 1). A ceiling effect is apparent in the experi-

Fig. 1. Histogram of student
scores for the two sections.
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Mazur, Eric. Peer Instruction : a User's Manual. Upper Saddle River, N.J. :Prentice Hall, 1997. 
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Which cools faster? 
Which cools more?

100g Water @25ºC

25g 
chipped 

ice

25 g ice 
cube

Prince, M., M. Vigeant, and K. Nottis. “Using Inquiry-based Activities to Repair Student 
Misconceptions Related to Heat, Energy, and Temperature.” Paper presented at the 

Frontiers in Education, Seattle, WA, 2012.



Let’s Practice Peer-Instruction

• Turn to 1-2 neighbors, discuss your answers


• If your answers are different, discuss your reasoning


• Re-vote!
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Chipped Cube Same

Prince, Vigeant, & Nottis: Chemical Engineering Education



In action….

• Can use phone / computer


• Can use “clicker”


• Can use hands or cards!



Where do clicker-questions 
come from?

• There are some question banks:


• AIChE Concept Warehouse 


• LearnChemE.com


• Your textbook (maybe)


• Or you write them 


• If you’ve taught a class before, you probably are aware 
of several already!

http://LearnChemE.com


Let’s try it!

• Identify a challenging idea from your class


• Write a multiple choice question for it


• Wrong answers should be attractive


• Wrong answers should reveal misconceptions


• It shouldn’t be computation intensive


• At least 1/3 of the class should get it right, but not 
everyone



Reflection on  
Concept / Clicker Questions

• Writing a good question is challenging

• Use as a tool for learning, not testing 

• You need 1/3-2/3% of students to have it 

correct for it to be worth discussing

• For use in-class, be prepared to be flexible 

with schedule



Other uses for “clicker” 
technology 

• Muddiest Point / Minute Paper 


• Need text entry, like Socrative


• Reading check


• Anonymous poll (good for social issues, ethics)
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5. Inquiry-Based Activities
• Follow-up to a concept 

question


• Hands-on or simulation


• Students are surprised, 
engaged, can see it’s not a trick


• See misconceptions fail to 
explain observations


• See correct conceptual 
understanding succeed



Process

“This experiment shows that even if a reaction is favorable, it 
might not be a fast reaction unless it is under certain conditions.”

Prediction
Activity
Reflection



Which cools faster? 
Which cools more?

100g Water @25ºC

25g 
chipped 

ice

25 g ice 
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Prince, M., M. Vigeant, and K. Nottis. “Using Inquiry-based Activities to Repair Student 
Misconceptions Related to Heat, Energy, and Temperature.” Paper presented at the 

Frontiers in Education, Seattle, WA, 2012.



Conceptual Gain after Inquiry-Based 
Activity (end of semester, Thermodynamics)
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No Activities
Activities



•Work with peers


• Activity is open but guided


• Emphasize concepts over 
numbers


• Specific --> General


• Physical world as authority


• Evaluate

Inquiry approach



Let’s try it!

• For a concept students struggle with….


• Come up with a physical situation


• ideally, inexpensive 


• ideally, that students can see there are no tricks 


• Must answer concept question before, reflect afterwards for 
this to ‘stick’ as a demonstration or an experiment!



• To be effective, requires written prediction 
AND reflection.


• 2x 15minute activities can double the 
effectiveness of a course for a given 
concept (Prince & Vigeant) 

Reflection on  
Inquiry-Based Activities
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Closing Thoughts
• There are many active learning approaches


• Everything I shared has been shown to foster improved 
and/or expanded student learning


• Using these effectively in class takes time and practice


• commit to one or more approaches on a regular basis


• assess, modify, improve, keep going!

!

I would like to acknowledge my colleagues Mike Prince, Katharyn Nottis, and Milo 
Koretsky, our students, and funding support from the United States National Science 

Foundation
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Where are you most 
comfortable?


