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Abstract Q
Massive Open Online Courses (MOOC) platforms providee a ri ifonment for
knowledge creation through its massiveness and mherlt borativ s. However, it
MS ba%'v etween the main

also restricts spontaneous knowledge sharing by the
less, t oration still massive
due to the number of participants. The separati f the m edia content and the

multimedia content and the collaborative tools. No
discussion tools is the first focus point of this ?er Moke this article is presenting a

new added value to the MOOC archltectu Imk t earner’s discussions and its
summary with the multimedia con a -value component involves a
summarization algorithm that sum the \‘ collaborative textual discussion
collected from the various learn rs ing reIev OC multimedia/video contents. The
affectivity of the summanzaﬂgﬂ%n nent,w sted using the popular ROUGE software
package from University of Sou Calif he new MOOC architecture represents an
enhanced learning environmegnt that e sMearners to share the multimedia information
along with its annotate oratlv ation with the power of summarizing the final
outcome of the pres n otatlo Ievant to a specific shared multimedia content.

Keywords: , Collab e” Learning, Multimedia Sharing Forums, Video
Annotation

8?’
1. Introduction

With the fast gko ng of the MOOC community and the increase in the number of
Learning Managemerit Systems (LMSs) available online, the amount of shared information is
massive. C LMS - in particular MOOC providers - offer advanced content delivery
techniqu nhance the pedagogical process such as: interactive video, active retrieval
i quizzes. The main knowledge creation assets within MOOCs are encapsulated
ols like discussion forums, blogs, and wikis. However, these tools exist as separate
en within the platform and still following traditional usage techniques. We believe these
tools need to be fully integrated with the main content to encourage spontaneous
collaboration. From our experience with some MOOC course, the amount of collaboration
and information sharing are still overwhelming due to the massive number of participants and
the limited window of collaborative tools. However, most of the shared information could be
redundant or irrelevant to the main content. These information need to be processed to
provide the most succinct knowledge. Therefore, we need to link these tools to the main
content and summarize its information to provide a succinct knowledge that is most relevant
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to the course content. This paper addresses this shortcoming by suggesting a two stage system
to accomplish this task. In the first stage, we link the discussion tools to the main course
content. Then, in the second stage, we apply textual summarization techniques to present a
summary of all shared content. We use techniques like Term Frequency, Inverse Document
Frequency (TFIDF), stemming algorithms, Vector Space Models, and Cosine Similarity to
rank the sentences. We then tune the TFIDF values and boost the sentence ranks using the
main content. At the last step, we choose the most relevant sentence to build our summary.
Finally, we evaluate our result using Recall-Oriented Understudy for Gisting Evaluation
(ROUGH) metric to compare our automated summary with other human summaries. The
obtained results demonstrate that we can achieve high improvement compared to the baseline
and other similar techniques.

2. Related Work
LMSs and MOOC providers do integrate advanced discussion tools withl atforms.

While these tools can be displayed in the main content page, they,are y egrated to
the actual course content (i.e. video, audio, text lectures). 5% OC providers
offer live chat linked to the live video lecture. The ¢ a g questions and
providing additional notes or reading materials. Th@n nowl still within the live
video. Outside the educational field, Sound Cloud ffers log annotation to the

audio time line; and that was our first intimatio
For the summarization task, summarizi
different from fully structured document

reate tnls%

text w orums, blogs, or wikis is
|zat|o e text in these tools is usually not
or semi-structured, and falls under, defini microtext [1]. Therefore, the
summarization process may requir \@grent tech and approaches like the ones in [2],
[3], [4], and [5]. We have fo sente ex action summarization technique with
different sentence ranking app than in

3. Implementatlo

Integration and zatl ?ﬁ two focus tasks in this paper. The examined tools
are YouTube vid re and sion forums as a content delivery and collaborative tool
respectively. he pro system is a MOOC Forums-Media Context Summarization
(MFMCS) s as an alue MOOC tool, created in two stages. In the first stage, we
will create a video co iscussion forums integration plugin we called JavaScript Media
Player Wrapper (J . The JSMPW is created using JQuery and JavaScript on the client
side and its main@se is to integrate discussion forums with video time line. In the second
stage we will expldit the JISMPW features to apply an enhanced NLP summarization task on
the shred dggdons on each video lecture. Finally present the summary to the users through
the JSI\6@w erface. Figure 1 illustrates the overall architecture our MFMCS architecture.

! http://www.wizig.com/
? https://soundcloud.com/
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Figure E%e Overa@JOC Architecture

3.1. ISMPW mtegratlo 1@ \

The JSMPW re the GUI imtgkface on the MFMCS system. It is designed in a class
like Object Orie% gramrﬁ’@ P) architecture using the jQuery class library. The
boost

JSMPW is by Iugln its reusability within different platforms. The JSSMPW
consist of tw wrap o; three backend handlers:

o Video Wrappe teshonsible for the integration part of the MFMCS system. This
wrapper enco spontaneous collaboration in the duration of the video lecture. It
does that b, ing users to create new discussion forum post as an annotation on the
video tim . Therefore, this enables users to create a discussion within a timed
cont he video manuscript.

e In ion and Knowledge (I&K) Wrapper: responsible for mainly presenting the

discussions on the current video and the summary of these discussions; one

mary for all discussions for each video lecture. Additional features are also included

n this wrapper like retrieval of discussions based on a query search, retrieval of the
latest 25 YouTube Comments posted on the YouTube page for the current video.

The JSMPW facilitates the connection between the video content and the discussion
forums within the MOOC platform. For example, while users are watching the video lecture
they can initiate a new discussion forum directly from the video wrapper’s annotation menu.
The JSMPW pauses the playing video lecture and opens an embedded discussion forums page
within a dialog modal on top of the video. Once the user fills the discussion forum and saves
the changes, the JSMPW closes the dialog modal, creates an annotation at the time of the
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pause, and display an annotation icon in an annotation bar within the wrapper below the

video.

In addition to the above two wrappers the JSMPW tool contains the following three
backend handlers:

YouTube handler®: responsible for initializing YouTube player and obtaining the
YouTube video metadata (title, description, and closed caption).

Annotation API handler: responsible for the communication between the JSMPW
interface and the Summarization Application server side Annotation APIl. The
annotation API handler requests the annotation information from the API, sends a new
annotation requests to the API, and loads the annotation icons in the annotation bar.
Media dialog handler: is responsible for displaying the embedded discussion forum
page for creating a new discussion, viewing, and replying to existing posts. The media
dialog uses the jQuery dialog modal class library to create the popup moda top
of the content page.

Figure 2 displays the main interface components mentionegmve of the'J

3.2. Summarization Application (Web App and AQ
The Summarization Application is a server sid ponent e MFMCS system. |

contains two main sub applications:

Web application: the web applicatio ins the‘\@ges that are rendered to the
JSMPW interface to be displayed Sers. web application is designed using
the MVC design pattern and it ins f| ages search form, search results,
search suggestions, YouTub ments, ussmns summary. The search form
page allows users to sears posts lj d 0 the current video lecture. While the
results page is the resp f the sea?$1 ery requested from the search form page.
The search suggest page pr e users with search suggestions, from the
existing posts, wi are t p e search query. The YouTube comments page is
responsible %g an extefinal YouTube API to retrieve the latest 25 YouTube
comments f e Yo sife. The discussion Summary page is responsible for
calling the API to retriéwe a summary of all discussions on the current video.
APIsve bu Pls; the Annotation API, and the NLP API. The Annotation
API’s mé@in respo@ny is to response to all enquiries related to the annotations and
discussion pos the following pages: search form, results, and suggestions. In
addition to tlie ct requests from the JSMPW such as: creating a new annotation, or
retrieving annotation’s list. The NLP API contains the main enhanced
summalization algorithms to create an extracted summary of all discussions on the
cur, ideo. The NLP API reacts to the summary page request.

Q)O

* We use YouTube videos as the host for video lectures that can be embedded into an iFrame within
our course content page.
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Figure 2. JSMP\A@UI |ntexf@
O LN
N, | |
m on process that is represented in the

NLP APl summarization process: \

The NLP API is responsible for th @su
following main steps: @

Data extraction, parsing, stemming:&aiScussion posts are stored in the database in
text format. Each discussion post’is st a record in the database. We treat a full
discussion as one docume hile disc Q%posts/threads as paragraphs. The API extracts
the media related post 1ld the gocument (discussion) objects. Then starts the parsing

process using the pa Sses HE; see the main parser classes and parameters in Figure
3. During the parging, process w gular expirations to segment sentences and tokenize
b

and that anrse

» wamina i nat anh

terms. Finall owest level (phrase class) we apply Porter’s stemming algorithm to
obtain the ste each p erm).

Retrieve media m . this step is required to contextualize the final summary based
on the video lectur cript. As pointed out in the previous section, we used YouTube as
the main host for ffig,video lectures. Therefore we used YouTube APIs to obtain the following
media metadata: ‘wideo title, description, and closed caption and used them in further
summariza%&‘eps below.

Fl

Compd DF: the TFIDF is still the best known weighting model in IR [6] in
par 'cé e length normalized TFIDF modal [7]. We computed the IDF value by using
C@ earch engine and the web as a training dataset. If we consider web pages as
docugients, then based on [8], the total number of indexed webpages in Google search engine
is approximately 47 billion. We then used Google web search API to retrieve the count of
web pages containing a specific term. Then we compute the TF and normalize it by the length
of the document. Finally compute the TFIDF using the known length normalized TF model as
in equation (1):

thha N

Wa =R lee T
T

1)
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Where:
Wyg: Weight of term t in document d.
tfs: Number of occurrences of a term t in document d.
N: Total number of Google's indexed web pages.
n¢: Number of web pages containing term t.
l4: the number of unique vocabularies in the document.

TFIDF penalization: one of the main problems faced when summarizing microtext multi-
threaded discussions is topic drift [9]. Therefore we exploited the JSMPW feature to obtain
the term frequency of the video lecture’s manuscript, from the closed caption. We compute
the TF for each term in the closed caption. Then normalize it by the maximum TF in the
closed caption. Finally we scale the computed TFIDF in the previous step based on the
normalized closed caption TF. The final equation for the penalized weighted TF F is 4n

equation (2) below: v
oMo tha N CQ
t.ocd ma_x(tfrcc} la 1\@5‘ @
Where:

tfiec: Term frequency of termt in the closed ext c
PWiccq: The new penalizes weight of term t i ed capgggp’a\nd document d.
Sentence ranking: for each document we gised cosme ity method to rank the

sentence within each document by obtalnln erage ce vector in the document
vector space. Each sentence is present vector in document space, where its
elements are the penalized weights of e its t en we apply the cosine similarity
algorithms for the normalized vector h se nd all other sentences in the same
document. Then we compute th s aII SI ilar scores for each sentence see equation
(3) to obtain an initial sentem% Eve these scores will be boosted and used to
select the summary candidate sent ces

-r,a(gk} k=i,0<[ki]l <n} (3)

Where: Q
n:ist mber ences

Si: is the i" se% where {i, 0<i<n}

@
o~

Q)O
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Figure 3. NLP Parser

Boost sentence scores: in this step we ag 0|t thé W component to obtain the
manuscript context using the discussion ion ti e video time line. We use a
boundary configuration value (default j secoa&@elect the closed caption text 30
seconds before the annotation time of ¥5CUSSi seconds after; we refer to this text

(local Scc) and create the vecto, the document vector space. Finally we

as local sentence closed captlonﬁ cc) T e compute the TFIDF for terms in the
accumulate the cosine similarity SCore ocal Scc, video title, and video description)

with each sentence in the d sion. Eq (4) represents the boosted sentence score.
Ndgse
BSer(S,) = simls,, 5@4— sim Ei% )+ z simls,.s,) + z sim(s,s.) k=it (4)
Where:
loca Iocal captlon around the annotation time

Siitie: the mediayti ntence
S,: the x" se in the description
Ngesc: the of sentences in the description
Figure 4 is H@gorithms for the boost sentence score step above.
Se xclusion and selection: at the final step we exclude question and exclamation
s as they shouldn’t appear in a summary. Then we select the sentences above a

co rable threshold value. The threshold value is a specified percentage above the average
sentence scores within each document/discussion.
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Boost Sentence Score() {

Tokenize Title from Video Info Document object
// use the same RegEx tokenizer

Tokenize description from Video Info Document
object

Get document’s annotation time //
annotation time in the video from the JISMPW

Get Llocal/context closed caption surrounding
annotation time

Tokenize local closed caption

4. Experiment setup

Our NLP API within the
Summarization Application
utilizes the annotations from the
JSMPW and the video metadata
to provide an enhanced
contextualized summary. As
pointed in section 3, currently For each sentence in the document {
there is no such a tool that links // Compute the Cosine Similarity between the
the discussion forums with the current sentence in the Lloop and video
video content within MOOC information document sentence (title,

0 N O 9] N W N R

description, and Local closed caption) a
and LMS platforms. Therefore, to the sentence score calculated 1in
we had to create our testing previous step. Y a ]
dataset with a real life 9. Zentence score += Compute cosing s rity
N . etween sentence t7.0tLe
|mplementat|on of both systems. |19, Sentence scor mpute ihe ssimilarity
Test dataset: we setup a between sen & fesciiptio

Moodle LMS to serve as our [11. Senten Q= ComputeNgogfiine similarity
MOOC platform. Then we bet’“’ee ce &w sed caption

12. } // End fOemsfich Loop
created a one week course that [;3 3 ~ ~
contains a YouTube video as a _ A '{Hz
main course deliverable content.  Figure4.j5oost Sentefice Score Pseudo Code

Then we called for registration % . %

for this course and encouraged thqu iCipant % ich the discussion forums while
watching the video lecture. At t e@ f the cou e had 18 students registered for the
course and seven of them We‘%u in the @Jssion forums. We ended up with 7 main
discussions, with total of 21 posts: \

Evaluation measures: followeﬂsyS tandard evaluation practice in the field of
automated summarizatigfiN\ar automated System summary is evaluated by comparing it to an
ideal summary crea umans efore, we have requested 4 writers to watch the video
lecture and then rize the sstons in the context of the video. In other words, if the

video lecture t Globalsyarming, yet the lecturer does not address its economic issues,
then no sen abou al Warming economic issues should be included in the

summary.
Once we obtaine; @deal and automated summaries we compare them using the Recall-

Oriented Unders Gisting Evaluation (ROUGE) system [10]. Although the initial
ROUGE is baged he Recall metric yet the latest version of ROUGE (v 1.5.5) includes an
additional R{metrics: Precision and F-Score. The following Contingence table (Table 1)

explains strates how these three metrics are computed in the equations (5), (6), and (7).
@O Table 1. 2 by 2 Sentence Contingence Table
System Ideal | In Summary Not In Summary
In Summar True Positive False Positive
Y | ap (FP)
Not In False Negative True Negative
Summary (FN) (TN)
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proctcion — TP
SO = b T FP (5)
Recall = —F
= TP+ EN ©)
- 1 (8% + 1)PR
— ECOTE = = 3 7
a%+(1—a}% B*P+R )

5. Results

To evaluate the JSMPW, we requested all registered users at the end of the co

us feedbacks and comments on the MFMCS system in general and specific o %SM
integration tool. We received very positive feedback form all users, 0@ e users
commented: “I love this idea, very interesting and ideas likéthis are pave the
way for the future of education”. For the summarization ation, e tested many
automated summaries to obtain the best configuratio tl@e uft i summary using
the ROUGE* software package for evaluation oft ity rization. Two key
configurations where tested: the local closed caption Seatence size, ified in seconds in the
video time line, and the sentence score selecti
the sentences score average within each discuyss
measures (ROUGE-L) for two sets of s S (En ed, and basic). The enhanced set
represents summaries that have our c ion Penalization and Boost Sentence
Score) algorithms enabled. While t iCc set has seline algorithm (no enhancements).
For each set we have, on the X our different threshold values between 0% and 40%
above average. In this result e have sed caption boundary set to 30 seconds
. From Figure 6, we demonstrate that our

reshold, ified as a percentage above
Figure nstrates one of the ROUGE

around the annotation ti f the di

enhanced algorithm gen etter su es, and the best configurations that generates the
best summary is whep“we“select ntences above the final score average (Threshold =
0.0%) and have th capti u ary set to 30 seconds.

Once we o- t e best CS summary, we ran ROUGE system with different
conflguratlos our S automated summary with different ROUGE measures. We
have in Fig the di t ROUGE measures for the following common ROUGE
configurations: (-m) t Porter stemming algorithm, (-s) excluding Stop Words, (-p 0.25)

favor Recall whe lating F-Score, and (-f B) get the best matched ideal summary
compared to (-f get the average sores of all ideal summaries.

-
@)
Q°

* http://www.berouge.com/Pages/default.aspx
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Figure 5. ROUGE-L for 4 Different Configurations of the MFMC&@ aries

ROUGE Measure \*
ROUGE (m,s,0.2 b
W Recall | PrecisionO

*

COO0DOO000H
ORrNWhUONRLOD

M AR e v Vv * . Jv &
& & S Y B M
NN F & & & &
S QO RN 2R SR C
‘\ % S S O QS
Figure 6..Different RO easures for the best MFMCS Summary

Finally Fi 7 sho@ UGE-L measure for a comparison between our MFMCS
automated summary, agon Toolkit summary® (based on the LexRank algorithms),
Mead system sum and five online summarization tools: Automatic Text Summary’,
Free Summarizetd, Qnline Summarize Tool®, Sumplify'®, and Open Text Summarizer*:. The
purpose of this comparison is to find out the performance of our system compared to other
similar exté summarization systems.

> http://dragon.ischool.drexel.edu/default.asp

6 http://www.summarization.com/mead/

’ http://autosummarizer.com/

8 http://freesummarizer.com/

o http://www.tools4noobs.com/summarize/

1% http://sumplify.com/

" http://www.textcompactor.com/ based on the OTS: http://libots.sourceforge.net/
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Figure 7. Comparison of MFMCS with ot@line %ms
6. Conclusion ()Q \/
- o

This article presented an enhanced MOOC architecture. Th OOC Learners are able
to share video contents and engage in %es of* borative discussions. The
summarization component of the devel OC provides learners at the end of the
collaboration cycle with the summary r dis %as a learning outcome. The new

MOOC have been tested using représentative % of learners who share interest on
multimedia video contents use l@ e of the “Wniversity regular courses like “global
warming” where the learnerxe% ed their@diking as it helps them to write the required
assays on these issues. They also fioted t eature made it easier to share their thoughts
about a specific point in ideo Ie&x igure 8 illustrate the current use case of the
developed MOOC wh p of leqrnerS can share any video content from YouTube and
start coIIaborative%'\n ion ey end with the summary as learning outcome.
However, we ne ention t he“summarization process is built on the bag of words
model and ors ai enhance it using sophisticated NLP techniques involving
analyzing anngtattons usi& of speech (POS) and other dependency methodologies. That

will be left to our futu% ch work.

@
o~

Q)O
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MO O C Forum Media Context Summariz ation
(MFMCS) System
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