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Video enables learning at scale

- The Pythagorean Theorem

D =Y ,
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So let's call this
C--that side is C.




Scalable delivery # Scalable learning @%

CSAIL

| > # of learners

one hundreds millions
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In-person Learning CSAIL

Direct learner-instructor interaction
Effective pedagogy
- high engagement

- immediate feedback
- adaptive 1nstruction
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Video Learning CSAIL

Mediated learner-instructor interaction

®—[o]—5

Video interfaces are limiting.

- passive, 1solated viewing

- not adapting to learner

- difficult to find info and navigate freely
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Problems in video learning at scale CSAIL

What are the What 1s 1nside this
learners doing? video?

® o=

_.
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Crowdsourcing vs. Learnersourcing CSAIL

« Crowdsourcing

— asking a crowd to do micro-work for problems we can’t solve with
software

— what do the crowds get in return? money, fun, social connection

* Learnersourcing

— asking a crowd of learners to do micro-work to improve an online
course

— what do the learners get in return? learning
— existing examples of learnersourcing

« discussion forums

* peer instruction

e peer grading
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Two Types of Learnersourcing CSAIL

Passive Active
track what ask learners to do
learners do something

QY
% k
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Outline of this Talk

CSAIL

Passive

MOOC lecture videos
+ user data

before transition

after transition

.J

visual
transition

Active

YouTube how-to videos
+ steps and subgoals

crowdy

Adding Style Rules Using Google Chrome Deueloper Tools

Wiki Video Outline

2. Dok elow existing properties of <a> clement i 4dd 0

3, Type Test-decoration: none’ 10 remove Lnderines from lnks.
A, Dok ek 10 rimave propety
5. In general, click after ety bracket in enter & new progerty

B, Chck tha + bumon 10 a3 & new style ruln

e inin a certain st

L3. Change border-2op 1o 50k, tfin, and Blue
13, Uise Devoper Tool t charge ses dyrnamicaty

14. Copy reated code in Developer Tooks i fle 10 change sivies
Py
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CSAIL

LECTURE VIDEOS




. . 1 QEL
MOt|Vat|On —LCSAIL

MOOC lecture videos are widespread, but
standard video players are not optimized for
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Challenge for instructors & editors CSAIL

« We don’t know how students use lecture videos

— Confusion
— Boredom
— “Aha” moments

— Re-watching important parts
« We analyzed video interaction data from the lectures

In 4 edX courses

— Clickstream (play, pause, timeline-scrub events)

Course Subject University Students Videos Video Length Processed Events
6.00x Intro. CS & Programming MIT 59,126 141 7:40 4,491,648
PH207x Statistics for Public Health Harvard 30,742 301 10:48 15,832,069
CS188.1x  Artificial Intelligence Berkeley 22,690 149 4:45 14,174,203
3.091x Solid State Chemistry MIT 15,281 271 6:19 4,821,837
Total 127,839 862 7:46 39,319,757

G
I
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ow do learners navigate videos?
* Watch sequentially

 r

* Pause

S —

* Re-watch

o o—F——

* Skip / Skim

—o— o —

* Search

~ o




Collective Interaction Traces

Learner #7888
Learner #7887

Learner #4

Learner #3

Learner #2

Learner #1

—_—

video time



Collective Interaction Traces
INnto Interaction Patterns

>

Interaction

cvents \J\ A\

> video time




Interaction Peaks

lemporal peaks in the number of interaction
events, where a significant number of learners
show similar interaction patterns

>

iInteraction
events

> video time

Understanding In-Video Dropouts and Interaction Peaks in Online Lecture Videos.
Juho Kim, Philip J. Guo, Daniel T. Seaton, Piotr Mitros, Krzysztof Z. Gajos, Robert C. Miller.
Learning at Scale 2014.



Observation: Visual / Topical transitions in the
video often coincide with a peak.




Returning to content

before transition ; after transition
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Beginning of new material

before transition after transition
Idea: Admissibility : | Admissible Heuristics
* A heuristic i is admissible (optimistic) if:
: 0 < h(n) < h*(n)
I where h*(n) is the true cost to a nearest goal
I
1
1
# play button :
clicks i
1
1
1
1
: interaction
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visual video time
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LectureScape: a video player
powered by large-scale watching data

Recursion on Strings

How to solve this recursively?

First, convert the string to just characters, by
stripping out punctuation, and converting

upper case to lower case

Then

— Base case: a string of length 0 or 1 is a palindrome

Q

So how do we solve it?

We first convert the string to just characters.
We'll look to that in a second.

And solving it recursively is actually pretty easy.

If | have a string that's either of length zero or
of length one, it'sa

palindrome.
So length one is just one character.

Otherwise, to solve this, what I'm going to do is
take the string and ask

the following question.
If the first and last character are the same, then
they satisfy the condition.

And let me then simply look at the remaining
string, throwing away the

first and last character, and askis that a
palindrome.

Wonderful.

There's that recursive property again.

If I can break it down into that problem, I'm set.
5o | could write code to do that.

Just to give you the example again, this says I'm
going to take something

like "Able was | were | saw Elba" and reduce it to
just that string of

characters without the spaces or any punctuation.

[— ) [4:06-4:25] You watched this And then, to test whether that string is a
segment. | palindrome, that's the same as

asking are the first and last characters the same?

D>  144/729 «Jx (| Add Bookmark

my bookmarks frequently rewatched by others

Other learners rewatched this part. Other learners rewatched this part. Other learners rewatched this part. Other learners rewatched this part. I

Recursion on non-numerics

* How could we check whether 3 string of
characters is a palindrome, i.e., reads the
sama forwards and backwards
“Able was | ere | 4aw Elba” — attributed to
Napolean

= “Rae we POL drawn ceward, we few, dawn
oeward 1o new era?

How to solve this recursively?

= First, convert the string to just characters, by

stripping out punctuation, and converting
upper case to lower case

= Then

~ Base case: a string of length 0 or 1 ks a palindrome
Becursive case




Key Features of LectureScape CSAIL

Rollercoaster Timeline
“Which parts did other learners

find contusing or important?”

Visual Highlights
I want a quick overview

of this clip.”

Automatic Pinning
"Wart | need to see that last sliae.’
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Lab Study @E&

* 12 edX & On-Campus Students
* LectureScape vs baseline interface
« Navigation & learning tasks

Visual search

“Find a slide where the instructor displays on
screen examples of the singleton operation.”

Problem search

"If the step size in an approximation method decreases,
does the code run faster or slower?”

Summarization

“write down the main points of a video 1n three minutes.”
minutes,”
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Results @%

With LectureScape:
* more non-linear jumps 1n navigation

* more navigation options
- rollercoaster timeline
- phantom cursor
- highlight summary
- pINNIng

“ILectureScape] gives you more options.
It personalizes the strategy [ can use in the task,”
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A sense of “learning together”

Interaction peaks matched with participants’  points of
“confusion” (8/12) and “importance” (6/12)

“It" s not like cold-watching.
It feels like watching with other students, ”

“linteraction data] makes it seem more classroom-y,
as 1n you can compare yourselt to how other students are
learning and what they need to repeat.”
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In Progress: edX Deployment

CSAIL

edX

Help

Overview

Entrance Survey

Week 1

Week 2

Week 3

Lecture 5 - Recursion
Lecture Sequence

Lecture 6 - Objects
Lecture Sequence

Problem Set 3
Problem Set due Jul 03, 2014 at
23:30 UTC

Week 4

Quiz

Week 5

Week 6

Week 7

Updates & News

Calendar

MITx: 6.00.1x Introduction to Computer Science and Programming Using Pyth...

Wiki Discussion Progress
4 B HE B BBHEBEEIIEBRERIEQDHESBES BB =

Recursion on Strings

How to solve this recursively?

= First, convert the string to just characters, by
stripping out punctuation, and converting
upper case to lower case

* Then

— Base case: a string of length 0 or 1 is a palindrome

P> 144729 ofx | Add Bookm

oy bookmarks [ frequently rewatehed by others

Other leamers rewatched this part.

[2:06-4:25] You watched this
segment.

Other learmers rewatched this part. Other learmers rewatched this part.

{1 mcpanic

.
i

il
iii

B = >

50 how do we solve it?

‘We first convert the string 1o just characters.
We'll look o that n a second.

And sabving it recursioely B actually pretty easy.
If | have a string that's either of length zero or
of length one, it's a

palindrome.

S0 length one is just one character,

Otherwise, to solve this, what 'm going to do is
take the string and ask

the following question.

If the first and last character are the same, then
they satisfy the condition.

And let me then simply look at the remaining
string. throwing away the

first and Lase character, and ask is thata
palindrome,

Wonderful.

There's that recursive property again,

If 1 can break it down into that problem, I'm set.
So | could write code to do that.

Just to give you the example again, this says 'm
going to take something

like *Able was | were | saw Elba® and reduce it to
Just that string of

characters without the spaces or any punctuation.

And then, to test whether that string Is a
palindrome, that's the same as

asking are the first and last characters the same?

Other leamers rewatched this part.

FECUrSion on non-numerics

= Hirw L0l me dheck whather & rng of
characiens i s palincircene, o, peict the
[ ——

How to solve this recursively?

* Firal, comvent the ring.

-
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Outline of this Talk CSAIL

Active

how-to videos
+ steps and subgoals

crowdy v e

Adding Style Rules Using Google Chrome Deueloper Tools

before transition after transition

3
A

- N=

Wiki Video Outline

L. Bugh click lisk slement tn inapect and Bring g developer tools

2. Dok elow existing properties of <a> clement i 4dd 0
property

3. Type Test-decoration: none’ 10 Fomove nderines from links
4, Dok chackbion 10 rimove property

5. In general, click after ety bracket in enter & new progerty
B, Chck tha + bumon 10 a3 & new style ruln

7. Ty “ashover’ 10 craate & rule for whers bk i hovered over
B. Set the Dackground-color property I yebow

0. Mot over briks 5 view ¢ charge

101 Click the Togghe Bement State element in force a selected
e inin a certain st

11, Selext Tover' cheeckbox o force frk int hover state
1. Crote the border-ti gty for s Porwer #tat
L3. Change border-2op 1o 50k, tfin, and Blue

13, Uise Devoper Tool t charge ses dyrnamicaty

14. Eopy created code in Developer Took 1 fie i change shvies
o o

peak

visual
transition
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CSAIL

HOW-TO VIDEOS

Juho Kim
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Problems in Watching How-to Videos ...

* You can't tell what happens in the video.
 It's hard to go to specific parts you're interested in.

How to Bake a Cake ||II‘ ‘“:l
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How-to Videos Need Steps @%

overallgoal | HOw t0 Make a Cake
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How-to Videos Need Steps {@%

overallgoal | HOw t0 Make a Cake

1. Put 2 cups of water into a mixing bowl
Individual 2. Add 1 cup of sugar to the bowl
steps 3. Add 2 tbsp of baking soda
4. Add 1/2 tsp of salt
5. Stir together

6. In another bowl, beat two eggs
7. Add 1 stick of butter and beat
8. Add 1 cup of milk and stir

Individual
steps
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Subgoals Help Learning @%

overallgoal | HOw t0 Make a Cake

Subgoal Combine the dry ingredients
1. Put 2 cups of water into a mixing bowl
Individual 2. Add 1 cup of sugar to the bowl
steps 3. Add 2 tbsp of baking soda

4. Add 1/2 tsp of salt
5. Stir together

Subgoal Separately combine wet ingredients

6. In another bowl, beat two eggs
7. Add 1 stick of butter and beat
8. Add 1 cup of milk and stir

Individual
steps
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Video Player With Steps & Subgoals =5,

crowdy e s

Adding Style Rules Using Google Chrome Developer Tools

Wiki Video Outline

1. Right click link element to inspect and bring up developer tools

2. Click below existing properties of <a> element to add a
property

3. Type 'text-decoration: none' to remove underlines from links
4, Click checkbox to remove property

5. In general, click after curly bracket to enter a new property
6. Click the + button to add a new style rule

7. Type 'a:hover' to create a rule for when link is hovered over
8. Set the background-color property to yellow

9. Mouse over links to view change

10. Click the Toggle Element State element to force a selected
item into a certain state

11. Select 'hover' checkbox to force link into hover state
12. Create the border-top property for the hover state
13. Change border-top to solid, thin, and blue

13. Use Developer Tools to change styles dynamically

14. Copy created code in Developer Tools to file to change styles
on live site

R

ezSEO Newsletter

Internet Marketing Tips & Advice

TERM! ISE  PRVACY POLICY CONTACT  AFFLATE

INSIDE!

e Werdpress for Beginners
=& Visual Step-By-Step
Guide to Creating Your
Qwn Wordpress Sine in
Record Time. Starting
frem Zerg!

Wordpress

For Beginners

i L
Lo e oy e
= e T, St e

Your prvacy Is enportant te
ma. 1 will nevar rent

our detals to any thind

M rOsTs N COMMENTS
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Video Player With Steps & Subgoals

CSAIL

crowdy e s

Adding Style Rules Using Google Chrome Deueloper Tools

WiRi Video Outline

1. Right click link element to inspect and bring up developer tools

2. Click below existing properties of <a> element to add a
property

. Type 'text-decoration: none' to remove underlines from links
. Click checkbox to remove property

. In general, click after curly bracket to enter a new property
. Click the + button to add a new style rule

. Type 'a:hover' to create a rule for when link is hovered over
. Set the background-color property to yellow

. Mouse over links to view change

10. Click the Toggle Element State element to force a selected
item into a certain state

11. Select 'hover' checkbox to force link into hover state
12. Create the border-top property for the hover state

. Change border-top to solid, thin, and blue
13. Use Developer Tools to change styles dynamically

. Copy created code in Developer Tools to file to change styles
on live site

g

ezSEO Newsletter

Internet Marke: 3 & Advice

Home  FieeCouses ©  Newskliers | Kindie Pubishing  Reviews

TERMS OF UISE  PRIVACY - ONTACT  WFFRLIATE LIRS

INSIDE!
e Wordpreas for Baginners
== =4 Visual Step-By-Step
Guide to Creating Your
Cown Wordpress Sie in
Recerd Time. Staring
trem Zerg

For Beginners

5 am
Lo s oy e
=t e, St e

e dady Uiiams
kindle

YOur prvacy s Enporta
ma. T wil navar ran

e your detals to any third

N rosTy N COMMENTS
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How to Get Subgoals & Steps?

* Ask the learners what they've just seen (active
learnersourcing)

— a question pops up for every minute of video watched

crowdy e oo

Adding Style Rules Using Google Chrome Developer Tools

Wiki Video Outline

1. Right click link element to inspect and bring up developer tools

Y W rosTs W COoMMINTS
2. Click below existing properties of <a> element to add a
property ezSEQO Newsletter

Internet Marketing Tips & Advice
3. Type 'text-decoration: none' to remove underlines from links

4. Click checkbox to remove property Home r Newsiefiers  Kindle Pubistng
5. In general, click after curly bracket to enter a new property . i SESTTA S
6. Click the + button to add a new style rule

7. Type 'athover' to create a rule for when link is hovered over INSIDE!
-

Wordpress ror Beginners
=4 Visual Step-By-Step

8. Set the background-color property to yellow Cuide to Creating Your
Cwn Wordpress Site in
9. Mouse over links to view change Woridpress

Record Time. $tarting
For Beginners =
rrem Zerg

10. Click the Toggle Element State element to force a selected
item into a certain state

11. Select 'hover' checkbox to force link into hover state

12. Create the border-top property for the hover state

13. Change border-top to solid, thin, and biue

13. Use Developer Tools to change styles dynamically

your datals to any th

14. Copy created code in Developer Tools to file to change styles
on live site
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stage 1 ) stage 2 > stage 3 allptis]

generation evaluation proofreading CSAIL

crowdy e v

Adding Style Rules Using Google Chrome Developer Tools

Wiki Video Outline

1. Right click link element to inspect and bring up
developer tools

>> 2. Click below existing properties of <a> element to add a
property

3. Type 'text-decoration: none' to remove underlines from links
4. Click checkbox to remowve property

5. In general, click after curly bracket to enter a new property
6. Click the + button to add a new style rule

7. Type 'a:hover' to create a rule for when link is hovered over
B. Set the background-color property to yellow

9. Mouse ower links to view change

10. Click the Toggle Element State element to force a selected
iterm into a certain state

11. Select 'hover' checkbox to force link into hover state
12. Create the border-top property for the hover state
13. Change border-top to solid, thin, and blue

13. Use Developer Tools to change styles dynamically

14, Copy created code in Developer Tools to file to change styles
on live site

What was the overall goal of the video section you just
watched?

e.g., Create event handlers

Note: Other users will see your outline to help them better understand the steps in
the video.

Cancel
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stage 1 ) stage 2 ) stage 3 AL
generation evaluation proofreading CSAIL

crowdy e awon

Adding Style Rules Using Google Chrome Developer Tools

Wiki Video Outline

1. Right click link element to inspect and bring up
developer tools

>> 2. Click below existing properties of <a> element to add a
property

3. Type 'text-decoration: none' to remove underlines from links
. Click checkbox to remove property

. In general, click after curly bracket to enter a new property

. Click the + button te add a new style rule

. Type 'a:hover' to create a rule for when link is hovered over

| o~ ;o

. Set the background-color property to yellow
9. Mouse over links to view change

10. Click the Toggle Element State element to force a selected
item into a certain state

11. Select 'hover' checkbox to force link into hover state
12. Create the border-top property for the hover state
13. Change border-top to solid, thin, and blue

13. Use Developer Tools to change styles dynamically

14. Copy created code in Developer Tools to file to change styles
on live site

Which of the following best describes the video section
you just watched?

Choose the best answer (submitted by other users) or add your own.

set up developer tools

" begin using developer tools

developer tools

I have a better answer:

Cancel
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stage 1 N stage 2 ) stage 3 AL
generation evaluation proofreading CSAIL

crowdy e o

Adding Style Rules Using Google Chrome Deueloper Tools

Wiki Video Outline Does the below statement (submitted by other users)
accurately summarize the steps?

1. Right click link element to inspect and bring up
developer tools

>> 2. Click below existing properties of <a> element to add a
property

Steps:

3. Type 'text-decoration: none’ to remove underlines from links 1. Right click link element to inspect and bring up developer tools
4, Click checkbox to remove property
5. In general, click after curly bracket to enter a new property () Yes, this statement applies
6. Click the + button to add a new style rule O NU, these steps don't require summarization
7. Type 'a:hover' to create a rule for when link is hovered over . d

) No, and I want to revise the statement:
8. Set the background-color property to yellow

Set up developer tools

9. Mouse over links to view change

10. Click the Toggle Element State element to force a selected e
item into a certain state gnce

11. Select ‘hover' checkbox to force link into hover state
12. Create the border-top property for the hover state
13. Change border-top to solid, thin, and blue

13. Use Developer Tools to change styles dynamically

14. Copy created code in Developer Tools to file to change styles
on live site
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Deployment

crowdy e o

40 videos on statistics &
6.813 CSS tutorials .
Adding Style Rules Using Google CSS Absolute and Relative Making Divs Side by Side using We b p rog ra m m I n g

Chrome Developer Tools Positioning Tutorial Css
http:/fezseonews.com CSS for Follow LearnWebCode on Twitter for Make two divs side by side using Float M »
Beginners, video 3 - Adding Style Rules resources and updates: property in CSS Hey guys in this
Using Google Chrome Developer T https: //twitter.com/learnwebcode In tutorial I will show you how . ~ V I S I O rS
thi
Duration: 04:47 % Duration: 04:24

I (~1000 participated)

CSS (cascading style sheets) for Z-Index CSS Tutorial
beg_mner_s #1 - Introduction to Follow LearnWebCode on Twitter for
styling with CSS resources and updates:

Watch more videos and ask questions 3;(55:ﬁtwmer.comfleamwebcode In

at http://www.Beginnertuts.com/
Duration: 06:55

= EF

upvotes

Duration: 07:33

527
922 upvotes
subgoals
generated

Stage 3
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Feedback from Interviews @;% L

« "Having the steps there and knowing that | was going
to have to fill out goals made me pay attention to
the video slightly differently.” -- user

« The choices “...made me feel as though | was on the
same wavelength still.” -- user

« "Having pop up questions means the viewer has to
be paying attention.” -- video creator
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Conclusion CSAIL

Passive Active
learnersourcing learnersourcing
MOQOC lecture videos how-to videos
+ user data + steps and subgoals
before transition after t’ransition

crowdy v e

1
!
: Adding Style Rules Using Google Chrome Deueloper Tools
: Wiki Video Qutl ine
! | €T e
: Risibere s
1 itk s iy B e
! Sl eS|
I 5ot The DACKGFOuNG ok roper yelow
1 e -
i T &
! S R
i s ok i
I e et e T e e
visual
transition
Thanks to support from NSF, Quanta Computer, Google, edX ||m ‘“ll
|
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