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Video Lectures in MOOCs

def findPayment(loan, r, m):
es: loan and r are flo

a4 monthly rate fr formmo $
Toan* ((r*(1er)**m)/((1er)**m - 1))
155 Mortgage(object):

Abstract class f

fef _init_(self, loan, annRate, months):
reate a new mortgage

self.loan = loan

self.rate « annRate/12.0

self.months « months

self.paid « [0.0)

self.omed = [loan)

self.payment « findPayment(loan, self.rate, months)

self.legend = k.onr #description of mortgage

jef makePayment(self):
Make a pa n
self.paid.append(self.payment)
reduction = self.payment - self.owed(-1]*self.rate
self.owed.append(self.omed[-1] - reduction)

ment

ef getTotalPaid(self):
Return the total amount paid so far

eturn sun(self.paid)

str__(self):
eturn self.legend

2:27

or building different kinds of mortgages

Python 2.7.3 |EPD 7.3-2 (32-bit)| (default, Apr 12 2012,

L i 3.09/ Scraancast CALcuLATE THE SURFACE ENERGY OF

[CGCC 4.0. Apple Inc. build 54 ) on darwin

Type “copyright”, "credits” or "license()" for more info | THE ///"/ SCFRCE oF FoTRS/Um CRYSTRLS
rmation.

>>> RESTART ///0) Fotusiom haat of atom vatar BISHO%,

89540 =z
Fo= Gomnwns = /N0 hn

-7 -
Wei = G- = LAGKO" = [ 46xr0 w-

bowd anargy /2 %%é)//v:‘xm'”.—.-.{;)

f‘rvwx‘ —
v gach afeem
= B9

BCC

B £¢H
bords

227



Classrooms: rich, natural interaction data
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How do learners use videos?

Data-Driven Approach:

Analyze learners’ interaction
with the video player




Why does data matter?

* detailed understanding of video usage

 design implications for
— Instructors
— Video editors
— Platform designers

* new video interfaces and formats

Improved video learning experience




~40M video interaction events
from 4 edX courses

Mean Video| Processed
Length Events

127,839 7:46 39.3M

Learners

Courses: Computer science, Statistics, Chemistry




How do learners use videos?

* Watch sequentially

e Pause

* Re-watch

&
W

e Skip /Skim




Collective Interaction Traces

Learner #7888
Learner #7887

Learner #4

Learner #3

Learner #2

Learner #1

video time




Collective Interaction Traces
into Interaction Patterns

interaction

video time

second-by-second in-video activity




Data-Driven Analysis and Design

for Educational Videos




Research Directions: Data-Driven
Analysis and Design for Educational Videos

1. Analyze interaction patterns

scalable and automatic methods to
interpret interaction data

2. Improve video learning

video interfaces that adapt to
collective learner interaction patterns




Research Directions: Data-Driven
Analysis and Design for Educational Videos

1. Analyze interaction patterns

scalable and automatic methods to
interpret interaction data




Interaction Peaks

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

interaction

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.




What causes an interaction peak?




Video interaction log data

e

Video content analysis
— Visual content
— Text from transcript
— Speech & acoustic stream




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

Python 2.7.3 (v2
(GCC 4.2.1 (App) 110 Shhk) t 1)) on 4
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Type 1. Returning to content

before transition after transition

interaction

visual
transition




Type 2. Beginning of new material

before transition after transition
Idea: Admissibility | [ | Admissible Heuristics
: * A heuristic / is admissible (optimistic) if:
0 < hin) h*(n)
I where h*(n) is the true cost to a nearest goal
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Text Analysis

* Topic transitions & interaction peaks
— Topic modeling

* Linguistic patterns & interaction peaks
— N-gram analysis




Topic difference

Latent topic index

100 150
Time (seconds)

100
Time (seconds)

cost, equal, path

node, optimal, goal

expand

topic transition
likelihood over time




N-gram Analysis

“<start-of-sentence> So”

* initiating an explanation
"So let me spend a second on that,” "So that means,”

* arriving at the take-home message
"So we can get lots of information just from these five
number summaries.”




N-gram Analysis

“this is"”
* visual explanation
“this is the double bonds here on this oxygen”

naming of a particular concept
“and this is called a dislocation”,
"so this is sometimes called the first quartile”




Acoustic Analysis

Speaking rate

Pitch
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Automatic, multi-channel, scalable

peak detection and classification




Video Analytics:
“debugging” interface for instructors & editors

Video Heatmap
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Research Directions: Data-Driven
Analysis and Design for Educational Videos

2. Improve video learning

video interfaces that adapt to
collective learner interaction patterns




Data-Driven Interaction Techniques

to Support Video Navigation




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

[4:06-4:25] You watched this

D> 1:44/7:29 «Jx (= | Add Bookmark |

segment.

my bookmarks frequently rewatched by others

Other learners rewatched this part.

Recursion on non-numerics

* How could we check whether a string of
characters is a palindrome, i.e., reads the
same forwards and backwards

~ "Able was | ere | saw Elba” = attributed to
Napolean

- "Are we not drawn onward, we few, drawn
onward to new era?”

Other learners rewatched this part.

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
~ Recursive case

* If first character matches last character, then is a
palindrome if middle section 15 a pakndrome

Other learners rewatched this part.

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 ask is that a
palindrome.

Wonderful.

There's that recursive property again.

If | 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 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.

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 learners rewatched this part.




Rollercoaster Timeline

Embedded visualization of collective interactions

Visual & physical emphasis on interaction peaks

Display Timeline: what the learner sees phantom cursor

Scrubbing
Direction

e

Control Timeline: where the actual cursor is (physical displacement)




Automatic Summarization

* Visual summary with captured highlights

my bookmarks frequently rewatched by others

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

Recursion on non-numerics How to solve this recursively?

* How could we check whether a string of * First, convert the string to just characters, by

characters is a palindrome, i.e., reads the stripping out punctuation, and converting
same forwards and backwards upper case to lower case

— “Able was | ere | saw Elba” - attributed to * Then
Napolean — Base case: a string of length 0 or 1 is a palindrome

— “Are we not drawn onward, we few, drawn — Recursive case:

onward to new era?” 4 gy
« If first character matches last character, then isa *PNs{1 -1])

sPas|)
palindrome if middle section is a palindrome

* Keyword summary with word cloud




Automatic Side-by-Side View

Pinned slide

Recursion on non-numerics

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

— “Are we not drawn onward, we few, drawn
onward to new era?”

Video stream




Lab Study: edX & On-Campus Students

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

“[interaction data] makes it seem more classroom-y,
as in you can compare yourself to
what how other students are learning
and what they need to repeat.”




Rethinking

Educational Videos




Are behind-the-encoding-wall
videos the best format?

Hard to edit once published
Only a single stream is published

Lack of useful metadata (concepts, difficulty...)

Hard to comment on, point to specific parts




Toward More Direct & Social
Interaction for Video Learning

Alternative explanations from learners
Synchronous watching with other learners

Linking relevant resources with different
levels of scaffolding

Experimenting with in-video examples & data




Leveraging Video Interaction and Content to
Improve Video Learning
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