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Caveat

‘evidence shows that it 1s not the technology
per se that changes learning and teaching but
the peaagogical advantage we make of its use”

Price and Kirkwood (2008)

Price, L., and A. Kirkwood (2008) 7echnology in the United Kingdom's higher education context. In S. Scott & K.
Dixon (Eds.), The 21st Century, Globalised University: Trends and Development in Teaching and Learning (pp.
83-113). Perth: Black Swan.
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Blended Learning Is...

‘a combination of on-site (I.e. face-to-face) with
online experiences to proaduce efrective,
efficient and flexible learning”

Stein and Graham (2016)

Stein, J., and C. R. Graham (2014) Essentials for blended learning: A standards-based guide. New York:
Routledge.
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blended learning

Stein, J., and C. R. Graham (2014) Essentials for blended learning.: A standards-based guide. New York:
Routledge.
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Why Blended Learning?

1. Improved instructional design

2. Increased guidance and triggers

3. Easier access to learning activities

4. Individualised learning opportunities

5. Increased engagement through social interaction

6. Time on task

Stein, J., and C. R. Graham (2014) Essentials for blended learning: A standards-based guide. New York:
Routledge.
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The Flipped Classroom
Approach




Traditional vs Flipped

Student
Content Student completes
delivered in assimilation of ‘activity’ to
class content support
assimilation

Homework to
consolidate

Takes place in class Takes place at home

Student
Content Student completes Teacher
delivered at assimilation of ‘activity’ to support to
home content support consolidate
assimilation

Takes place at home Takes place in class

Based on a graphic taken from Steed, A. (2012) The Flipped Classroom, 7eaching Business & Economics,
16, 9-11.
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Traditional vs Flipped

Traditional:
Lessons in class, homework at home

Flipped:

Lessons at home, homework in class




Theoretical Basis

“To develop competence in an area of inquiry,
students must. a) have a deep foundaation or
factual knowledge, b) understand facts and
/aeas in the context of a conceptual frramework,
and c) organize knowledge in ways that
jacilitate retrieval and application”

Bransford et a/. (2000, p. 16)

Bransford, J. D., A. L. Brown and R. R. Cocking (2000) How people learn: Brain, mind, experience, and school.
Washington, D.C.: National Academy Press.
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Theoretical Basis

‘A ‘metacognitive’ approach to instruction can
help students learn to take control of their own
learning by defining learning goals and
monitoring their progress in achieving them”

Bransford et a/. (2000, p. 18)

Bransford, J. D., A. L. Brown and R. R. Cocking (2000) How people learn: Brain, mind, experience, and school.
Washington, D.C.: National Academy Press.
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Activity (20 mins)

Read the description of the key elements of flipped
classroom and select one or more flipped classroom
examples to review. Consider the following questions and
discuss what you discover in your group.

1. How do students gain first exposure prior to class?

2, Is there an incentive for students to prepare for class?

3. What mechanism is present to assess student
understanding?

4. What kind of in-class activities has the lecturer
introduced?

5. What potential pitfalls has the lecturer identified?

6. What went well?
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What are the key elements?

1. Provide an opportunity for students to gain first
exposure prior to class;

2. Provide an incentive for students to prepare for
class:;

3. Provide a mechanism to assess student
understanding; and,

4. Provide in-class activities that focus on higher
level cognitive activities.

Brame, C., (2013) Fijpping the classroom, Vanderbilt University Center for Teaching [Retrieved 12 February 2015
from http://cft.vanderbilt.edu/guides-sub-pages/flipping-the-classroom/].
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A Flipped Classroom
Exemplar




Week before
class

One day before
class

In class

Following
week

Online Lectures

ePlaylists of short (10—15 minute), narrated
presentations

Weekly Online Quizzes

e|dentification of student misconceptions

Large Class Review Session

eReview of online material
eLearner response system

Small Group Active Learning

e\Work in groups of 3-5 students
- e/Active problem solving
ePeer learning
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Example Important
Pedagogical
Components




Just-in-Time Teaching

" The most important single ractor influencing
learning 1s what the learner already knows.
Ascertain this and teach him accoraingly.”

Ausubel (1968)

Novak, G. N., E. T. Patterson, A. Gavrin, and W. Christian (1999) Just-in-Time Teaching.: Blending Active Learning
and Web Technology, Saddle River: Prentice Hall.
Ausubel, D. P. (1968) Equcational Psychology. A Cognitive View, New York: Rinehart and Winston, Inc.
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Mastery Learning

one-to-one
) mastery

. e\ rn
learning tutoring

achievement score

Bloom, B. (1984) The 2 Sigma Problem: The Search for Methods of Group Instruction as Effective as One-to-One
Tutoring, Equcational Researcher, 13(6), 4-16.
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Mastery Learning

Learning
Outcome

Feedback and Formative
Reinforcement Assessment

Bloom, B. S., and J. B. Carroll. (1971) Mastery learning.: Theory and practice, New York: Holt, Rinehart and Winston.
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Weekly Online Quiz

Ef

This

e
“incomplete” attempt at any time within the Assessment’s opening and expiry date.

Rea

CM2101 CLOSE
Online Quiz: Topic 4a

Objectives and Instructions

is & mastery quiz. However, you will have only 5 attempts to complete this assessment before the deadline.

bon 1 requires a rationale on your first attempt

ssment attempt is considered as “incomplete” if you do not click on the End Assessment button. This Assessment allows you to resume the latest

Module Code : CM2101
Assessment Owner :  ADRIAN MICHA
Opening Date :  03-Feb-2014 12:00 AM
Expiry Date: 07-Feb-2014 11:55FM

Student : ADRIAN MICHAEL LEE
Time Limit: No time limit
Number of Attempts :

d all instructions before taking the Assessm ) Degin.




Weekly Online Quiz

CM2101 e e ey
Online Quiz: Topic 4a swered : 1 out of 10

For your first attempt, please provide a brief rationale for your answer. (If you forgot to provide a rationale first time through, you can
provide the rationale on a later attempt.)

1) What is the degeneracy of the rotational energy level with J = 4 for a heteronuclear diatomic molecule

opoooe
W & W v =

249 Section 2
0O: 6
1 0:7
h O: s
En ‘ C C O:9
Enter your rationale below
0O: 10
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Weekly Online Quiz

CM2101 Answered : 5 out of 10
Online Quiz: Topic 4a e
Section 1
B: 1
For your first attempt, please provide a brief rationale for your answer. (If you forgot to provide a rationale first time through, you can
provide the rationale on a later attempt.) m: 2
B: 2
S) For a rigid-rotor diatomic molecule with 8 = 12.0 cm™?, what is the separation of the rotational lines (in wavenumbers)? §: 4
e
Section 2

Enter your rationale below :

Separation = 2B

O: s

a: 7

O: 9
[ Saveand Continue | SoveandExit  Jl  End Assessment |
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N

Weekly Online Qu

CM2101 CLOSE
Online Quiz: Topic 4a

[ Print |

Assessment Title:  Online Quiz: Topic 4a Number of Attempts : loutof S
Student Name : ADRIAN MICHAEL LEE Duration: 6m 50s
Start Date and Time :  09-Apr-2014 09:57 AM Total Marks : 5 out of 10

You can always view your assessment feedback by clicking on Usage/My Usage in the horizontal menu
from the IVLE Workspace.

For your first attempt, please provide a brief rationale for your answer. (If you forgot to provide a rationale first time through, you can provide the rationale
on a later attempt.)

1) What is the degeneracy of the rotational energy level with J = 4 for a heteronuclear diatomic molecule?

Ho= O N

el

Your Answer :

Degeneracy arises from the fact that the different spatial onentations have the sam energy. For a given value of J
there are a number of possible M, values.

Solution :

Your Marks : |loutofl
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Peer Instruction

EDUCATION

Farewell, Lecture?

Eric Mazur

iscussions of education are generally
predicated on the assumption that we
know what education is. I hope to
convince you otherwise by recounting some
of my own experiences. When I started teach-
ing introductory physics to undergraduates at
Harvard University, I never asked myself how
I would educate my students. I did what my
teachers had done—I lectured. I thought that
was how one learns. Look around anywhere in
the world and you’ll find lecture halls filled
with students and, at the front, an instructor.
This approach to education has not changed
since before the Renaissance and the birth
of scientific inquiry. Early in my career 1
received the first hints that something was
wrong with teaching in this manner, but I had
ignored it. Sometimes it’s hard to face reality.
‘When I started teaching, I prepared lecture
notes and then taught from them. Because my
lectures deviated from the textbook, I pro-
vided students with copies of these lecture
notes. The infuriating result was that on my
end-of-semester evaluations—which were
quite good otherwise—a number of students
complained that [ was “lecturing straight from
(his) lecture notes.” What was I supposed to
do? Develop a set of lecture notes different

Department of Physics, Harvard University, Cambridge, MA
02138, USA. E-mail: mazur@physics.harvard.edu

Click here. Students continually discuss concepts
among themselves and with the instructor during
class. Discussions are spurred by multiple-choice
conceptual questions that students answer using a
clicker device. See supporting online text for exam-
ples of such “clicker questions.”

from the ones I handed out? I decided to
ignore the students’ complaints.

A few years later, I discovered that the stu-
dents were right. My lecturing was ineffective,
despite the high evaluations. Early on in the
physics curriculum—in week 2 of a typical
introductory physics course—the Laws of
Newton are presented. Every student in such a
course can recite Newton’s third law of

A physics professor describes his evolution from
lecturing to dynamically engaging students
during class and improving how they learn.

motion, which states that the force of object A
on object B in an interaction between two
objects is equal in magnitude to the force of B
on A—it sometimes is known as “action is
reaction.” One day, when the course had pro-
gressed to more complicated material, I
decided to test my students’ understanding of
this concept not by doing traditional prob-
lems, but by asking them a set of basic con-
ceptual questions (Z, 2). One of the questions,
for example, requires students to compare the
forces that a heavy truck and a light car exert
on one another when they collide. I expected
that the students would have no trouble tack-
ling such questions, but much to my surprise,
hardly a minute after the test began, one stu-
dent asked, “How should I answer these ques-
tions? According to what you taught me or
according to the way I usually think about
these things?” To my dismay, students had
great difficulty with the conceptual questions.
That was when it began to dawn on me that
something was amiss.

In hindsight, the reason for my students
poor performance is simple. The traditional
approach to teaching reduces education to a
transfer of information. Before the industrial
revolution, when books were not yet mass
commodities, the lecture method was the only
way to transfer information from one genera-
tion to the next. However, education is so

B

2 JANUARY 2009 VOL 323 SCIENCE www.sciencemag.org

Published by AAAS

CREDIT: (BOTTOM) JON CHASE/HARVARD UNIVERSITY

Mazur, E. (2009) Farewell, Lecture?, Science, 323, 50-51.




Peer Instruction

Brief Lecture or Group Discussion

Concept
Question

(10 mins)

Individual:
Students to think and formulate answer
(2 mins)

Peer Discussion:
Students try to convince each other (3-5
mins)

Individual:
Students to commit to answer again
(2 mins)

Mazur, E. (1998) Peer Instruction: A User’s
Manual, Englewood Cliffs: Prentice Hall.
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Three Social Science
(Generalisations

1. Social connections motivate

2. Teaching teaches the teacher

3. Instant feedback improves learning

King, G., and M. Sen (2013) How social science research can improve teaching, PS. Political Science and
Politics, 46, 621-629.
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Active Learning Tutorial:
Activating prior knowledge

canr2 caim




Active Learning Tutorial:
Peer learning
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Active Learning Tutorial:
Facilitation

facilitation
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How to Design a Blended
Learning Experience




The Design Process

List activities Outline
that lead to student
outcomes workflow and

outcomes for

your module and prepare create online

assessments components

Wiggins, G. P., and J. McTighe. (2005). Understanding by design. Alexandria, VA: Association for Supervision
and Curriculum Development.
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Designing Learning
Activities

=

e o Eae
Tiad
alnteractive

Lﬂg% JConstructive
LI i
>Active
L “Passive

Mirriahi, N., D. Alonzo and B. Fox. (2015) A blended learning framework for curriculum design and professional
development, Research In Learning Technology, 23: doi:http://dx.doi.org/10.3402/rlt.v23.28451.

CDTL Engaging Learners | Enhancing Education



/Zone of Proximal Development

zone of proximal
development

students
can do
unaided

students can do
with guidance

students cannot do
unaided

Vygotsky, L. S. (1978) Mind in Society. Development of Higher Psychological Processes, Harvard University
Press, 86-87.
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Model of Instructional
Scaffolding

Scaffold NEWY
e Provided by the Knowledge

Foundational
Knowledge

teacher ¢ \What students
can now do
unaided

¢ \What students
can do unaided

Wood, D., J. S. Bruner, and G. Ross (1976) The role of tutoring in problem solving, Journal of Psychology and
Psychiatry, 17, 89-100.
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Intended Learning
Outcome

On the completion of the module, students should be able to:

7. Describe the basic spectroscopic concepts that control
the intensity and width of a spectral line.

2 Apply quantum-mechanical and group-theoretical
principles to a variety of different spectroscopic
systems.

3 Flan, organise, monitor and evaluate learning to
become an effective self-regulating and reflective
learner.

4 Analyse spectroscopic data to determine physical
parameters that characterise small molecules.

5 Predictthe spectral features that would arise
depending on the structure of a small molecule.
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Intended Learning
Outcome

On the completion of the module, students should be able to:

7. Describe the basic spectroscopic concepts that control
the intensity and width of a spectral line.

2 Apply quantum-mechanical and group-theoretical
principles to a variety of different spectroscopic
systems.

3 Flan, organise, monitor and evaluate learning to
become an effective self-regulating and reflective
learner.

4 Analyse spectroscopic data to determine physical
parameters that characterise small molecules.

5 Predictthe spectral features that would arise
depending on the structure of a small molecule.
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Using Flipped Classroom
to Scaffold ILO

4. Analyse spectroscopic data to determine
physical parameters that characterise small
molecules.

Challenge: Traditional teaching does not
authentically teach or assess real-world
spectroscopic data analysis

Students need to be able to use technology, such as
Excel, to do linear regression
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Online Introduction to Excel

« Integrate the use of Excel throughout the module

" - » £ o [ ' = . 1
1 LALIZZ ANTEIUTIOT
’ mv—i‘;’nm:nu;
& NMuusitple B .
5 R53gew =
W Adusteme W oh
T sacdaid E 18580
N Oesertewt w .
»
10 LANCIVA
13 N o == wr Foem SN e gt vy ¥
12 Fagresan F ASTAALE 1ONKREGE ATIF+14 267508
13 Nesislew 7 A5& 13 RATEIZ
14 Tor 4 IJani:
s
e Coefiremetsmndord F7m  § Enat | Popstee  Aibsees WO Lipans BON drewer UK Ofiayeer WX 0%
1) Amtmrzem - o eeA oa . A A A aNA
18 s 1) 1L B33%28 oty reaTNIL LFIE-24 L UIISEY LUIINES LUAZUNT LBIRNe

L R N T e e L e
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Integrated into Weekly
Quizzing

Answered : 0 out of 10
Online Quiz: Topic 6

Section 1

. . . . . . . . . Section 1
For your first attempt, please provide a brief rationale for your answer. (If you forgot to provide a rationale first time through, you can provide the rationale on a later attempt.) ection
2) Using the expressions given in the 'hydrogen molecular ion.xlsx' spreadsheet to construct the potential energy surface, calculate the equilibrium rotational constant, B.. (Report
your answer in cm™.)

Enter your rationale below :

Section 2
ob

o6

Save and Continue Save and Exit End Assessment o7

o8

o9

o 10




Use in Active Learning
Tutorials

= 0- -
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW
‘X’ Cut Calibri i1 AN = ¥ [EWrap Text General

Paste - OPY " BIU- - O A~ <= [5 - $% 9

. ¥ Format Painter E-lMerge & Center N

Clipboard Font Alignment Number
B21 - fx
A B C D E F G

1 h 6.62608E-34 J J+1 y: (MHz) Vi

2 ¢ 2.99793E+08 (o] 1 11865.712  0.395797417
3 u 1.66054E-27 1 2 23731.302  0.791590764
4 B 0.197898107 2 3 35596.91 1.187384712
5 0 4.23346E-08 3 4 47462.4 1.583174723
6 4 5 59327.745 1.978959898
7 5 6 71192.959  2.374740703
8 6 7 83057.99  2.770515404
9 7 8 94922.81 3.166283067
10 8 9 106787.38  3.562042391
11 9 10 118651.68 3.957792708
12 10 11 130515.68  4.353533019
13 11 12 142379.34 4.749261988
14 12 13 154242.63 5.144978616
15 13 14 166105.53  5.540682234
16 14 15 177968 5.936371509
17 15 16 189830.02  6.332045774
18 16 17 201691.55 6.727703694
19 17 18 213552.56  7.123344269
20 18 19 225413.02 7.518966498
21 19 20 23727291 7.914569714
22 20 21 249132.18 8.310152249
23 21 22 260990.82  8.705713769
24 22 23 272848.78 9.101252607
25 23 24 284706.04 9.496768095
26 24 25 296562.58  9.892259567
27

28

29

30

4 Sheet4 | OCS-32 spectrum | Sheet6 = OCS-34 spectrum OCS bond lengths ®

Tutorial 4 (solution) - Excel
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€0 .00 Conditional Format as| Good

.00 5.0
Formatting - Table ~

H I

calculated 2(J +1)

0 o N

Styles

J
-a() +1)°

? @ - 0O %X
Lee, Adrian Michael ~
T T 1> .
Bad €m mx ‘ u EAutoSum /Z\Y
.| B H = [SIFill - fii]
Neutral Insert Delete Format @ o, - Sort & Find &
M M v Filter ~ Select ~
Cells Editing ~
v
K L M N [¢] P Q A
>




Align Assessment

For Homework Assignment 1, you need to determine R, the Rydberg constant. In the table below, you
are being provided with 5 spectral lines from a hydrogen-like ion.* For this system, the following
theoretical model accurately models the energy levels:

2 1
Ey = =2%Ronmy
where Z represents the charge on the nucleus, and n represents the principal quantum number. This
formula can be used to determine the Rydberg-like formula for this system that models the frequencies
of the 5 spectral lines.

In order to determine the magnitude of the Rydberg constant, you will need to determine the initial and
. . . final quantum states for the transitions associated with the spectral features in the emission spectrum.
. | n d | V | d u a | I Z e d h O | I I e WO r k You may assume that the final quantum state,n, is the same for each transition, and that the 5 initial
quantum states are adjacent. (This is the same set of assumptions used in Tutorial 1.) Your approach to
determining the initial and final quantum states can follow that employed in Tutorial 1. | have placed an
. Excel template for this assignment in the Workbin to aid in this determination. The first worksheet in
a S S I g n I I l e n tS this template is set up in a manner similar to that used in Tutorial 1. | suggest that you paste your 5
spectral frequencies into cells [J2:N2] in the quantum numbers worksheet.
Once you have determined the quantum states, you will need to determine Z and therefore the
. . element with which your data is consistent. With this value of Z, you can determine the independent
variable associated with the parameter, R,,. The regression worksheet can be used to set up the
1 . _ I n e a r re g re S S | O n e a S y dependent and independent variables so that you can employ linear regression to determine R,,. Once
you have determined the Rydberg constant you should use the uncertainty to report your value to the
appropriate number of significant figures (the ‘Error Propagtion.pdf’ summarises the discussion

concerning significant figures that was conducted during Tutorial 1). You will finally be asked to
determine whether the theoretical value (found in cell B6 of the quantum numbers worksheet) is

2 - r rO n e O u S e X a I I l p | e consistent with your value that you have derived from the observations.

Please report your answers to the appropriate level of significant figures in the ‘Homework Assignment
1’ survey found on IVLE. You have until 11.59pm Sunday 28 February 2016 to complete this assignment.

Your spectral data is as follows:

3. Linear regression (hard

1 780521.915
2 914682.067
3 995365.011
4 1048012.683
5 1083820.596

1 A hydrogen-like ion is any atomic nucleus with one electron and thus is isoelectronic with hydrogen.




Align Assessment

On close examination of the microwave spectrum of the sample, it appears that two diatemic molecules

are present that | have identified as molecules A and B. The microwave spectrometer was able to
measure 10 spectral lines from around 20 em™ to 37 cm™. The data is given in the following table:

Spectral line Frequency fcm™ Molecule Assignment Jumial Assignment

1 2123755 A [

2 2331289 B [

3 24 15665 A 7

4 26.63941 B 7

5 27.28438 A 8

] . " [ 29.96438 B g
 Individualized homework i : :
1 33.28760 A 10

2 33.33507 B 2

10 3635769 A 11

assignments

Linear regression was performed on the spectral data for the two molecules individuzlly and the
following parameters were determined.

For molecule A:

L&67404 cm
=9.54876 % 10 % cm

1. Linear regression (easy

2. Erroneous example et

These data can be used to derive the moments of inertia and the egquilibrium vibrational fregquencies
using the following formulae:

3. Linear regression (hard ST

These formulae gave the following results.

For molecule A:

I=184533 % 107 ¥ kg m?
¥, = 1401.86 cm™

For molecule B:

1= 168024 % 107% kg m?
¥, = 151112 em™
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Align Assessment

For Homework Assignment 3, you need to analyse an absorption rovibrational spectrum. Part of the dataset is the fundamental
rovibrational band for which you are also given the intensity data. An updated Excel template for this assignment has been
placed in the Workbin. In order to complete this assignment you need to enter the frequencies and intensities for each of the
spectral lines into columns J and K of the spreadsheet (note that intensities are only required for the first 10 lines). This will
automatically populate the graph showing the spectrum of the fundamental band. This should aid you in assigning the initial
and final quantum numbers to each spectral line (columns F through 1). You will then need to determine the independent
variables associated with the six parameters and calculate the values for the six independent variables for each spectral line
(columns L through Q). Note that the independent variables associated with B, have been set to zero for the lines associated
with the fundamental band, and those associated with By have been set to zero for the lines associated with the second band
(lines 11-20). This enables you to perform a single linear regression on all 20 spectral lines and determine the six parameters
and associated uncertainties at the same time (giving the most accurate results). Complete the linear regression noting the
uncertainties in your derived parameters (you will need to use the magnitude of the uncertainties to report the parameters to
the appropriate level of significance).

Finally you need to use the intensity data of the fundamental band to determine the temperature of your data. Note that the
intensity has been normalized to the R(0) transition. This means that the intensity of each spectral line is equal to
g.exp(-AE/KkT), where g is the degeneracy of the initial quantum state of the transition and AE is the difference in energy
between the initial quantum state and the J = 0 state. When determining the temperature using the intensity data, the most
accurate method will be to do a least squares analysis and to minimise using Solver. | will provide a weblink shortly to show
how Solver can be used to do least squares analysis. Other less accurate methods for determining temperature will be awarded
fewer marks. (The approximate division of marks is 80% for the linear regression and 20% for the determination of
temperature.)

e Individualized homewor
assignments

Report your results to the online survey, homework assignment 3. You have until 11.59pm Tuesday 15 March to complete this

assignment.
] [l
1 Inear regression (eas
. b— g spectral line frequency, v/ cm™ intensity
1 277.43532781795807 | 4.3170731663162814
2 277.60559762473804 | 4.7602005338632596
3 277.77519731634209 | 4.8173602723559865
prem— 4 277.94413484969601 | 4.1246680506406523
I 5 278.11239933049001 | 2.8327792987180249
2. Erroneous example ==
" _— 7 278.61319178525605 | 2.8144329793379912
8 278.77878829225006 | 4.1605108654683898
9 278.94370367794409 | 4.7731550292054505
10 279.10795380179405 | 4.8235634681731874
L] L} 11 554.0753276487261 —
12 554.245596745336 —
3. Linear regression (har == =
" . 14 554.58413129884605 —
15 554.75239791619413 —
16 555.08693430161406 —
17 555.25319448692403 —
18 555.41878650322599 —
19 555.58370707467213 —
20 555.74795859770802 —

The equations in the Excel spreadsheet do not come out well in old versions of Excel. They should have the following form:

S@.J) = (v+ )% — (v + ) Vexe + BJY + 1) = D2 + 1)?

Vi =8W",]) = S@",]") = Vo.Xy + Voo X3 + By.x3 + By.x4 + Bo. x5 + Do xg
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Align Assessment

o Open-book modelling test
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Creating a Prototype




Features of a
Rotational Spectrum




Rotational Spectrum

Intensity
>




Does it Work™
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H H from any particular practice but rather from the
Improved Learning in a Large-Enrollment G i e teieme movice
- framework.

Physlcs class This study was carried out in the second term
of the first-year physics sequence taken by all

undergraduate engineering students at the Uni-
versity of British Columbia. This calculus-based
course covers various standard topics in electric-
ity and magnetism. The course i was
850 students, who were divided among three
sections. Each section had 3 hours of lecture per
week. The lectures were held in a large theater-
style lecture hall with fixed chairs behind benches
grouping up to five students. The students also had

Louis Deslauriers,? Ellen Schelew,? Carl Wieman*t$

We compared the amounts of learning achieved using two different instructional approaches
under controlled conditions. We measured the learning of a specific set of topics and

objectives when taught by 3 hours of traditional lecture given by an experienced highly rated
instructor and 3 hours of instruction given by a trained but inexperienced instructor using
instruction based on research in cognitive psychology and physics education. The comparison
was made between two large sections (N = 267 and N = 271) of an introductory undergraduate

| hsi(s course. We found increased student atteher engagent, and more than weekly homework assi s, instructional labo-
Fig. 1. Histogram of student 50 control
scores for the two sections. 45 W experiment

Number of students
N
(V)

1 2 3 4 5 6 7 8 9 10 11 12
Score on test

e
=Carl\Meman Science Education Initiative, Umvemtyoi British & N 7 o o
Columbia, Vancouver, BC, Canada. “Department of Physicsand ~ Mean midterm 1 score 59 + 1% 59 + 1%
Astronomy, University of British Columbia, Vancouver, BC, Canada. ~ Mean midterm 2 score 51+ 1% 53 + 1%
*On leave from the University of British Columbia and the  Attendance before experiment* 55 + 3% 57 + 2%
University of Colorado. _ Attendance during experiment 53 + 3% 75 + 5%
1To whom cor should be Email: g before experiment* 45 £ 5% 45 £ 5%

gilbertwieman@gmail.com

$This work does not necessarily represent the views of the
Office of Science and Technology Policy or the United States  *Average value of multiple measurements carried out in a 2-week interval before the experiment. Engagement also varies over
government. location in the classroom; numbers given are spatial and temporal averages.

Engagement during experiment 45 + 5% 85 + 5%

862 13 MAY 2011 VOL 332 SCIENCE www.sciencemag.org

Deslauriers, L., E. Schelew and C. Wieman (2011) Improved learning in a large-enrollment physics class,
Science, 332 862-864.




@ CrossMark
&dickf t

Active learning increases student performance in
science, engineering, and mathematics

Scott Freeman®’, Sarah L. Eddy®, Miles McDonough?, Michelle K. Smith®, Nnadozie Okoroafor®, Hannah Jordt?,

T v
Biology | — @ I @
§i I
Chemistry | ——— I —_—
Computer | ... I o ‘
Science I 8 | -
2 Engineering I —a— [ — o———
a 1 19 I 12
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= 1 |
E Math —— —_—
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Psychology 1 R — I
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Fig. 2. Effect sizes by discipline. (A) Data on examination scores, concept inventories, or other assessments. (B) Data on failure rates. Numbers below data
points indicate the number of independent studies; horizontal lines are 95% confidence intervals.

scientific teaching

tional lecturing—a difference that represents a 35% increase
constructivism | undergraduate education | evidence-based teaching | (Fig. 1 and Fig. S1).

Freeman, S., S. L. Eddy, M. McDonough, M. K. Smith, N. Okoroafor, H. Jordt and M. P. Wenderoth. (2014) Active
learning increases student performance in science, engineering, and mathematics. FProceedings of the National
Academy of Sciences. 111, 8410-8415.
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Peer Instruction: Ten years of experience and results

Catherine H. Crouch and Eric Mazur®
Department of Physics, Harvard University, Cambridge, Massachusetts 02138

(Received 21 April 2000; accepted 15 March 2001)

We report data from ten years
algebra-based introductory physics "
mastery of both conceptual reasoni T R i
also discuss ways we have improv C Y . >
. o . :E 2 n
notably, we have replaced in-class = SR s »
introduced a research-based mech @ 60F —
cooperative learning into the disc o
intended to help students learn mor % 40 -
the discussion sections, and are acc g
American Association of Physics Teachers. % 20 - J
[DOI: 10.1119/1.1374249] m quantitative questions
0 1 1 1 1
1990 1992 1994 1996 1998 =
year
Fig. 3. Mechanics Baseline Test (Ref. 13) scores for introductory calculus-
based physics, Harvard University, Fall 1990-Fall 1997. Average score on
entire test (circles) and on quantitative questions (Ref. 17) only (squares) vs
year are shown. Open symbols indicate traditionally taught courses and
filled symbols indicate courses taught with PI. The dotted line indicates
performance on quantitative questions with traditional pedagogy (1990).

Crouch, C., and E. Mazur. (2001) Peer Instruction: Ten Years of Experience and Results, American Journal of
Physics, 69, 970-977.
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Student Feedback:

Online lectures
_
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Student Feedback:
Online lectures
60% -‘/P

50% - i
40% -
H prefer online
30% - lecture
- ) 194 -—e
20% " = M benefitted more
) from online

10% A lecture

0% -

agree

neutral
disagree
CDTL
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90%
80%

Student Feedback:
Large class review sessions

T

neutral

CDTL
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10% -
0% -

disagree
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M review session more useful
than traditional lecture

I4 in-class MCQ with peer
discussion was useful




Student Feedback:
Active learning tutorials

76%

0,
80% /3%
70%

H improved problem solving skills
60% P P g

compared to traditional
tutorials

50%

. i group work leads to greater
40% learning engagement
30%

\4 peer learning beneficial
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disagree
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Student Feedback:
Weekly online quizzes
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100% T 7 °
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o!.
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Student Learning Gain
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Effectiveness of Teacher
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effectiveness of teacher
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Thinking about flipping™?

1. What learning environments do you have
available?

2. How would you use your timetabled face-to-face
contact time?

3. How will you ensure that your students are
prepared for face-to-face class?

4. How would your face-to-face class differ from
current practice”
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