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Course/Learning management systems

Large lecture introductory physics courses rely on CMS for homework
and dissemination of course information

LON-CAPA (www.loncapa.org)

¢ Mechanics Online: http://relate.mit.edu/physicscourse

Main Menu | Return to Last Location | Course Contents | Switch course role to...] |

@ Tools: [~ | g o7 (V)  Sort by: (efau ; e |4 Units covering
introductory

Svyllab .
yRants mechanics

3 Introduction to the course
7| Professor Pritchard Video: Introduction to MAPS

B3 Unit 1: Newton's Laws Over 1000 multilevel

E;:iitzllHomework PrOblemS

? | Professor Pritchard Video: How to draw free body diagrams: A Static Block
?| Professor Pritchard Video: How to draw free body diagrams: A block on accelerating plank E-text and instructor

I Unit 2: Interactions and Forces Videos Center'ed

I Unit 2 Homework: Interactions and Force

B Quiz 2 around MAPS

B3 Unit 3: Applying Newton's Laws Pedagog)’
B Unit 3 Homework: Applying Newtons Laws

2 Quiz 3
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RELATE, data, and course management systems

o | ON-CAPA has perhaps the largest content repository in the
world: ~ 400,000 resources (nearly two decades of use)

® | earning management system at MSU for nearly 20 years;
spanning all subjects and all levels of university courses

l‘
E e | ON-CAPA used in both on-campus and online courses
A\ 4

- 8.0l 1 and IAP Mechanics ReView

= Mechanics Online: http://relate.mit.edu/physicscourse

e Currently migrating some of RELATE’s content to edX for on-
campus (8.0/RQ) courses, and “possibly” online courses

¢ Have been heavily involved with parsing 6.002x server logs
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Motivation: reading the book

e Can we leverage data accessible through course management systems to
promote effective learning outcomes for students?

... Electronic Circuits
MIT

e Agarwal, Lang

Foundations of Analog
and Digital Electronic Circuits
ANANT ALARW A ANIN RV ELY A AN
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Motivation: reading the book

e Can we leverage data accessible through course management systems to
promote effective learning outcomes for students?

... Electronic Circuits Book Views by Page on 2012-03-04
MIT S

e Agarwal, Lang —— unique users

.
Foundations of Analog
and Digital Electronic Circuits
ANAND ALAERY ANI) 12 K 2l AN

400 600

page number

HHMI Education Group - Fall 2012 dseaton@mit.edu

Tuesday, November 20, 2012



Sample of previous research on textbook use

® “Perceived value of physics textbook”: Podolefsky, Finkelstein [ 1]

- 97% of students bought the book, less than half read regularly, and little to
no correlation with course grade. Sample = 4 courses.

e “Student textbook use in intro physics: Cummings, French, Cooney [2]

- Analyzed effectiveness of worked examples within the textbook and how
course assighments affect reading. Found an initial link between course

format and reading habits. Sample = 2 courses.

Much of the textbook research has relied on student surveys and relatively
small number of students, making it difficult to generalize results

Course management systems provide unprecedented access to large numbers of
students and their interactions with course resources.

[1] - “The Perceived Value of College Physics Textbooks”, The Physics Teacher, (accepted).

[2] - “Student Textbook Use in Introductory Physics”, Proceedings of Physics Education Research Conference (2002)
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Course structure affects students

e |ntroductory Physics: Laverty, Bauer, Kortemeyer, Westfall [ 1]

- Frequent exams lead to gains in attitude and performance in introductory
physics courses

e |[ntroductory Biology: Haak, HilleRisLambers, Pitre, Freeman [2]

- Highly structured weekly activities lead to gains in performance and
reduced the achievement gap in introductory biology courses

e Course structure affects attitudes and performance

- frequent exams, embedded assessment, peer grading, etc...

[1] - “Want to Reduce Guessing and Cheating While Making Students Happier? Give More Exams!”, The Physics Teacher, (accepted).

[2] - “Increased Structure and Active Learning Reduce the Achievement Gap in Introductory Biology”, Science,Vol. 332, 1213 (2011)
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Motivation: Do students read the e=text!?

As authors and instructors we aim to better understand how students
utilize our e-text, as well as the utility of our e-text

Lack a framework with which to compare our small courses!?

How does course structure affect student behavior and learning?

Course Student
. —’ Learnin
Structure Behavior &
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Disclaimer: this is only a discussion of behavior... for now!
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Outline

® |ntroduction

- RELATE, previous research, course structure
Courses/Data

Methodology

- Sever logs, activity and overall usage, time spent

Examining e-text use in blended courses
- Samples from MSU and MIT

- Course structure affects student behavior

Examining e-text use in online courses
- Samples from MSU, MIT, and edX

- Does the blended course framework fit with online courses?

Conclusions and future work
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General description of courses
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General description of courses

Mechanics Reform
MIT

* RELATE

e Reform course using
best practices for
teaching and content
development

® N ~ 40 per course

e Course components:

Homework
e-text
Discussion
Some videos

Weekly quizzes
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Multimedia Physics
Michigan State University

e Bauer, Benenson, Westfall

Sample of nearly a
decade of large lecture
introductory physics
courses

N ~ 150 per course

Course components:

Homework
e-text
Discussion
Some videos

Scantron exams
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General description of courses

... Electronic Circuits
MIT

e Agarwal, Lang

Mechanics Reform
MIT

* RELATE

Multimedia Physics
Michigan State University

e Bauer, Benenson, Westfall

* Pilot course for edX,
introductory level and
open to anyone in the
world

e Reform course using
best practices for
teaching and content
development

e Sample of nearly a
decade of large lecture
introductory physics
courses

® N ~ 40 per course ® N ~ 150 per course * N~ 10,000 per course

e Course components: e Course components: ® Course components:

Homework -  Homework -  Homework

e-text =

Discussion
Some videos

Weekly quizzes

HHMI Education Group - Fall 2012
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e-text =

Discussion
Some videos

Scantron exams

Laboratory

Lecture Videos/Exercises
Discussion

e-text

Wiki

Exams
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-texts associated with these courses

... Electronic Circuits
MIT

e Agarwal, Lang

Multimedia Physics
Michigan State University

Mechanics Reform
MIT

* RELATE

Daniel Seaton (Course Coordinator)
Main Menu | Course Contents | Course Editor | Groups | | switch course roleto... 3] |

< B Course Contents » ... » Introduction to the course and input practice exercises » Content Outline

e Bauer, Benenson, Westfa

Mechanics Online Spring 2012 W h " ?
y study physics*
Functions Q}‘ Modify parameter settings for this resource

Mechanics: The Study of Motion

This course presents the material covered in any college-level introductory mechanics class using the Modeling Applied to Problem Solving (MAPS) pedagogical approach.
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\ IMost likely your answer to this question will be: "Because it is required for my major!" While this is certainly a worthy motivation,
let us try to point out a few additional benefits.

Aerst, physics is the science on which all other sciences and engineering sciences are built. Most of our technological advances, from
laser surgery to television, from computers to refrigerators, from cars to airplanes, trace back directly to basic physics. A good
grasp of the essential physics concepts discussed in this introductory sequence ensures a solid foundation on which to construct advanced
knowledge in all sciences. The conservation laws and symmetry principles you will learn here invariably will also hold true in all other aspects of
science and life in general.

The study of physics serves to help us grasp the scales and orders of magnitude in our world, from the smallest constituents of the core of atoms
to the clusters galaxies that make up our universe. They all obey the same basic laws of physics, thus providing a unifying concept.

Physics is intimately connected with mathematics; and it brings the abstract concepts of math, such as the
ones used in trigonometry or algebra or calculus, to life. Analytical thinking and general techniques for
problem solving are practiced here and will remain useful for the rest of your life.

IScience, and in particular physics, is a way to remove irrationality from our models and explanations for the
orld around us. Pre-scientific thinking was forced to resort to mythology to explain natural phenomena. For
example, the old Germanic tribes believed thunder to be caused by the god Thor using his hammer. You may
smile when you read this, knowing that thunder and lightning come from the same electric discharges in the atmosphere. But only about 500
years ago the Catholic Church was still insisting that the Earth was at rest in the center of the universe, and that the Sun revolved around the
Earth.

Consistent theories and well-designed experiments in physics have helped us obtain a deeper understanding and has given us
greater ability to control our surroundings. You may not find the answer to the meaning of life in this course, but at the very
least you will come away with some of the intellectual tools that enable you to weed out inconsistent, logically flawed, theories
that are in contradiction to experimentally verifiable facts. To accomplish this means to acquire scientific literacy, an absolutely
essential quality for a citizen in our technology driven pluralistic democratic society.

Unfortunately, one cannot become y literate without of the necessary elementary tools; just think of how

hard it would be to learn to read or write if you didn't know a language. And this is the main purpose of this introductory

sequence of physics: to equip you properly so that you can start to make sound contributions to the important discussions of our time. Granted,
you may lose track of this overall goal while immersed in the details of the algebraic manipulations needed to solve a particular homework
problem. And it may appear to you that the prof who constructed this course was in the same situation. But in the end you will hopefully come
out of this class with a deeper appreciation for the fundamental laws that govern our universe and for the tools that mankind has developed to
uncover them, tools that transcend cultures and historic eras.

®* MAPS pedagogy

® Designed for a reform
course, students with
prior experience

HHMI Education Group - Fall 2012
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® Traditional structure
put into online format
with best practices

® Authors have ability to
vary content

® Introductory text for
circuits and electronics

® Image conversion of
physical textbook
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Measuring student-resource interactions

® | og Parsing and Exploratory Data Mining

- Activity logs contain time-stamped student interactions (clicks)

- LON-CAPA and edX both provide activity logs

Terminal — more — 113x26

hy231_fall05/Chapter_4_Force_and_Motion.sequence___19 __msu/mmp/kap4/cdd91.htm-

rce=ktime=2007-12-15 22:10:54</time><idx>1</idx>+student>42SCV1YuPliMA :msu</student>+taction=VIEW</action=<machine

=msua8</machine=<action_values></action_values></row-
<row=<resource=/res/msu/mmp/kapl4/picts/radar. jpg</resource=<time=2007-12-15 22:09:46</time><idx>1</idx><student>

42SCV1YuPliMA:msu</student><action=VIEW</action=<machine=msua8</machine><action_values></action_values=</row:-
<rows=<resource=/res/msu/mmp/kapl4/picts/doppler.jpg</resource><time=2007-12-15 22:09:46</time><idx>1</idx><studen
t>42SCVIYUPLiMA :msu</student><action>VIEW</action><machine>msua8</machine><action_values></action_values></row:-
<row=<resourcex/res/msu/mmp/kapl4/picts/clouds. jpg</resource><time>2007-12-15 22:09:45</time><idx>1</1dx><student
>472SCV¥1YUPliMA:msu</student><action>=VIEW</action><machine>msua8</machine><action_values></action_values></row-
<row=<resource=msu/prattsc/phyz231_fallo5/Chapter_14_Sound.sequence___22___msu/mmp/kapl4/cd409a.htm<=/resource=<tim
e=2007-12-15 22:09:44</time><idx>1</1dx><student=42SCV1YuPliMA:msu</student><action=VYIEW</action=<machine=msua8</

machine=<action_values></action_values=</row-

® What aspects of e-text use can we measure by parsing activity logs!?
- Opverall frequency of accesses
- Number of unique accesses

- Total time spent

HHMI Education Group - Fall 2012 dseaton@mit.edu
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Methodology: First course analyzed

MSU Courses Students Exams e-text assessment

Intro Physics Secondary 3 + final

e Combination of three sections of the same large Multimedia Physics

lecture introductory physics course Michigan State University

. . . PY B B f 11
e University wide enrollment auer, Benenson, Westta

Why study physics ?

w“‘\\\\\Most likely your answer to this question will be: "Because it is required for my major!" While this is certainly a worthy motivation,
QN '

\“nllill)ill]]'et us try to point out a few additional benefits.

)

/”////////Flrst, physics is the science on which all other sciences and engineering sciences are built. Most of our technological advances, from

laser surgery to television, from computers to refrigerators, from cars to airplanes, trace back directly to basic physics. A good
o grasp of the essential physics concepts discussed in this introductory sequence ensures a solid foundation on which to construct advanced
knowledge in all sciences. The conservation laws and symmetry principles you will learn here invariably will also hold true in all other aspects of
L4 science and life in general.

The study of physics serves to help us grasp the scales and orders of magnitude in our world, from the smallest constituents of the core of atoms
to the clusters galaxies that make up our universe. They all obey the same basic laws of physics, thus providing a unifying concept.

Physics is intimately connected with mathematics; and it brings the abstract concepts of math, such as the
nes used in trigonometry or algebra or calculus, to life. Analytical thinking and general techniques for
problem solving are practiced here and will remain useful for the rest of your life.

L] o
‘ ' cience, and in particular physics, is a way to remove irrationality from our models and explanations for the
rilled to have such a larse population of students e s e s e o o e v
[ ] example, the old Germanic tribes believed thunder to be caused by the god Thor using his hammer. You may
smile when you read this, knowing that thunder and lightning come from the same electric discharges in the atmosphere. But only about 500
years ago the Catholic Church was still insisting that the Earth was at rest in the center of the universe, and that the Sun revolved around the

Earth.

Consistent theories and well-designed experiments in physics have helped us obtain a deeper understanding and has given us
greater ability to control our surroundings. You may not find the answer to the meaning of life in this course, but at the very
least you will come away with some of the intellectual tools that enable you to weed out inconsistent, logically flawed, theories
that are in contradiction to experimentally verifiable facts. To accomplish this means to acquire scientific literacy, an absolutely

e But didn’t really know what to expect...

Unfortunately, one cannot become scientifically literate without command of the necessary elementary tools; just think of how

hard it would be to learn to read or write if you didn't know a language. And this is the main purpose of this introductory

sequence of physics: to equip you properly so that you can start to make sound contributions to the important discussions of our time. Granted,
you may lose track of this overall goal while immersed in the details of the algebraic manipulations needed to solve a particular homework
problem. And it may appear to you that the prof who constructed this course was in the same situation. But in the end you will hopefully come
out of this class with a deeper appreciation for the fundamental laws that govern our universe and for the tools that mankind has developed to
uncover them, tools that transcend cultures and historic eras.
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e-text activity per day: Overall frequency

MSU: large lecture introductory physics course

N= 904
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e-text activity per day: Overall frequency

MSU: large lecture introductory physics course

N= 904

2 3 4
| | |
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Exams

~1 W\

N
L/\\¢/\ \"\/_N\\’/ L,/\/\__/\¢~_\,¢/\-~_

I I
Oct Nov
t (Semester Days)

HHMI Education Group - Fall 2012

Tuesday, November 20, 2012

dseaton@mit.edu




e-text activity per day: Overall frequency

MSU: large lecture introductory physics course

N= 904
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Exams

1N
]

3
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2
|

Decreasing activity
after first exam ]
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Unique e-text pages viewed: ccdf distribution

Incredibly low usage
Time spent < 1hr

Raw time data not
shown

Although not very
inspiring, this was a
great place to start!

HHMI Education Group - Fall 2012
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%N Student viewing > %E: CCDF

MSU: large lecture introductory physics course

N=904

40 60

%E e—text pages

|
100
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Outline

® |ntroduction

- RELATE, previous research, course structure
Courses/Data

Methodology

- Sever logs, activity and overall usage, time spent

Examining e-text use in blended courses
- Samples from MSU and MIT

- Course structure affects student behavior

Examining e-text use in online courses
- Samples from MSU, MIT, and edX

- Does the blended course framework fit with online courses?

Conclusions and future work
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Blended courses at MSU and MIT

o - Mulit-Media Physics e-text (traditional sequence)

- Use almost a decade of introductory physics courses to build a
framework for understanding e-text usage

o MY IR - QQRELATE’s ILEM e-text (MAPS pedagogy)

- Not enough students to make general claims about e-text usage

e Course Structure:

- assignment of e-text, exam frequency, embedded assessment

HHMI Education Group - Fall 2012 dseaton@mit.edu
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Course structure categorization

MSU Courses

Supplementary A

Students

Secondary

Exams

3 + final

e-text assessment

Supplementary B

Secondary

3 + final

Supplementary C

Secondary

2 + final

Traditional A

Primary

2 + final

Traditional B

Primary

2 + final

Reformed A

Primary

6 + final

Reformed B

Primary

6 + final

Reformed C

Primary

6 + final

Reformed D

Primary

6 + final

MIT Reformed

Primary

|2 + final

HHMI Education Group -

Tuesday, November 20, 2012

Fall 2012

dseaton@mit.edu




Course structure categorization

MSU Courses

Supplementary A

Students

Secondary

Exams

3 + final

e-text assessment

Supplementary B

Supplementary C

Traditional A

Traditional B

Secondary
Secondary
Primary

Primary

3 + final

2 + final

Reformed A

Primary

Reformed B

Primary

2 + final
2 + final
6 + final
6 + final

Reformed C

Primary

6 + final

Reformed D

Primary

6 + final

MIT Reformed

Primary

|2 + final

HHMI Education Group -

Tuesday, November 20, 2012
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Supplementary A Traditional A Reformed A
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® |arge spikes indicate exams

o Weekly activity after first exam decreases in Supplementary and
Traditional courses
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General usage: percentage of e-text viewed

Supplementary

Traditional

Reformed
» Categories span usage
cases

e Reformed courses have
greatest percentage of
e-text viewed

MIT Reformed
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%N Student viewing > %E: CCDF

I
100
%E e—text pages
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Time spent viewing the identical e-text

Traditional A Traditional B Reformed A

T = 6.223 hrs T=9.129 hrs T=12.6 hrs

N(t) — Histogram

N(t) — Histogram
N(t) — Histogram

.

0 10 30 50 0 10 30
t (Hours Spent) t (Hours Spent) t (Hours Spent)

Reformed B Reformed C Reformed D

T= 10.12 hrs T= 12.14 hrs

. T=13.61hrs

N(t) — Histogram

N(t) — Histogram
N(t) — Histogram

1 |
0 10 30

t (Hours Spent) t (Hours Spent) t (Hours Spent)

50 0 10
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Mean time spent viewing the identical e-text

15.0 - Traditional ® Only shared e—text pages

12.5

Time spent viewing e—text (hours)

* These data are quite noisy

* Simply want to identify the
most general of trends

RB RC RD
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edian time each page: Trad. A vs Reform. A

slope from fit = 1.02 , Std. Error = 0.02

()
(@)
©
O
L
O
Qv
)
| -
O
e
)
)
<L
)
=
-
(@)
=
=
Q
>
-
O
O
O
=
I
<
L®;
O
&
| -
O
o
O
o

50 100 150 200 250 300
Traditional A — Median viewing time (sec) for each page
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Total e-text views/student: Trad.A vs Reform.A

4

slope from fit = 1.68 , Std. Error = 0.05

3

1

0

Reformed A — Total views / N for each page ( N=210)
2

[ [

2
Traditional A — Total views / N for each page ( N= 158 )
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Summary: Blended courses from MSU and MIT

e Course structure affects e-text use
- Larger percentage of the e-text is accessed

- Frequent exams and embedded assessment lead to more
interactions with the e-text

e Students are spending more time “reviewing”’ the e-text in the
reformed courses
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Outline

® |ntroduction

- RELATE, previous research, course structure
Courses/Data

Methodology

- Sever logs, activity and overall usage, time spent

Examining e-text use in blended courses
- Samples from MSU and MIT

- Course structure affects student behavior

Examining e-text use in online courses
- Samples from MSU, MIT, and edX

- Does the blended course framework fit with online courses?

Conclusions and future work
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Online courses from MSU, MIT, and edX

® Do the e-text features seen in blended courses generalize to online
courses!

o LI IN@ i - Distance education online courses

- Five years worth of summer online courses; same format as previously
discussed blended introductory physics courses

o - @RELATE's ILEM e-text (MAPS pedagogy)

- Mechanics Online: reform course offered free to anyone in the world
(spring and summer 201(2)

o Jib.G NIlPAe - Circuits and Electronics

- Inaugural course for edX (spring 2012)
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Classification by course structure

MSU Courses Students

Traditiona

Primary (344)

Exams

e-text assessment

Traditiona

Primary (344)

Traditiona

Primary (341)

Traditional D

Primary (343)

Traditional E

Primary (481)

MIT Courses Active Students

Mech Online A ~ 70

Primary (281)

10 quizzes

Mech Online B ~ 100

Primary (323)

10 quizzes

Secondary (1009)

| + final
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Trad. Online C Mechanics Online A edX: 6.002x
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® Again, large spikes indicate exams

® Again, weekly activity after first exam decreases in Traditional and
6.002x

e Online courses require better filters for active students!
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Online Courses: Semester e-text activity

» MSU distance learning
online courses behave

similarly to their on- e

Campus courses

MIT reformed course
also behaves similar to
other reform courses

edX similar to a course
implementing a
supplementary text

%N Student reading > %E: CCDF

|
40 60 80 100

%E e—text pages
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Summary: Online courses MSU, MIT, and edX

What about time! Actively investigating ways of comparing time spent
on “very different” e-texts

Course structure affects e-text use

Patterns point toward more review, but need more data for
repeated courses

Exploring more data options from LON-CAPA and MSU
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Conclusions and Future Work

e (Course structure affects student behavior
e Students still view more of the e-text in a “reform’’ structured course
e Blended and Online courses both fit within our proposed framework

e Optimizing Learning:

- Add performance metrics that will allow us to analyze which course
structure and associated resources maximize student learning

Course Student
] . —> Learnin
Structure ' Behavior &
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Current... Future work

e Our analysis and framework seem to be extending
to resource usage in 6.002x

Multitude of high quality resources that should
highlight student’s choice of learning resources

Circuits and Electronics

Courseware Index

w $1V1: Motivation for 6.002x
~ Week 1

Administrivia and Circult Elements
Cra.;f.Ana';{‘ss Toolkchest CIRCUITS AND
16002 ey 2o ot

Resisior Divider

SPEAKER 1: 6.002x is an extraordinarily fun

ok 1 Tutorials
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* N ~ 10,000 per course

e Course components:

-  Homework

= Laboratory

- Lecture Videos/Exercises
Discussion
e-text
Wiki

Exams
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Future: Time spent on course components

e 6.002x: Different data set, but provides many more resources to track

- Homework, Lect.Videos, , Lect. Probs, , lTutorials, , Wiki

6.002x: inaugural course for edX N = 7159 midterm and final examinees

Assessment-based course component activity per day Learning based course component activity per day

o _
“ —— Homework —— Lecture.Video
— Lecture.Problem Tutorial Midterm
— Lab —— Book
discussion
wiki

Number of events / N*(day)
Number of events / N*(day)

p Y
)
)

Midterm Fina
N D D XD 5 DD DDA D N D b DB D O A
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Future: Time spent on course components

e 6.002x: Different data set, but provides many more resources to track

- Homework, Lect.Videos, , Lect. Probs,

, lTutorials, , Wiki

6.002x: inaugural course for edX

—— Homework
— Lab
—— Lecture.Problem

—— Lecture.Video
Tutorial
— Book
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N = 7159 midterm and final examinees

Percentage of time spent on course components

Lecture.Video 31%

Homework 21%

wiki 1%
Tutorial 2%

Book 5%

discussion 16%

Lecture.Problem 12%

Lab 11%
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Thank you for your time!
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