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INTRODUCTION
• Ensemble	– an	educational	digital	library	for	computing	 education.	

http://www.computingportal.org
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ENSEMBLE	CHALLENGES

1. Find	and	select	good	educational	resources	to	include	in	the	
collection.

2. Ensure	that	the	collection	matches	users’	needs.
3. Describe	these	educational	records	completely	and	correctly.
4. Correctly	categorize	these	resources	in	support	of	

browsing/searching	by	category.



EDUCATIONAL	RESOURCE
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EDUCATIONAL	RESOURCE
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EDUCATIONAL	RESOURCE

67%	of	millennials agree	that	they	can	find	a	
YouTube	video	on	anything	they	want	to	learn.

Ref:	https://www.thinkwithgoogle.com/articles/i-want-to-do-micro-moments.html
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METHODOLOGY

• Use	Machine	learning	approaches	to:
• Identify	computing	educational	resources

• Categorize	new	harvested	resources

• Use	Mturk to:
• Evaluate	resources	

• Build	a	series	of	process	to	curate	new	computing	educational	collections	
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METHODOLOGY

• Build	classifiers	using	ACM	Digital	Library	(DL)	metadata	records
• Computing	education	classifier:		

• Dataset:	ACM	papers	in	Computing	Education	proceedings	

• Binary	classification:	Naive	Bayes	

• ACM	CCS	classifier:
• Dataset:	ACM	papers	in	each	ACM	CCS	category

• Multiclass	classification:	SVM
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ACM	DIGITAL	LIBRARY	(DL)	METADATA	RECORDS
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BUILDING	COMPUTING	EDUCATION	CLASSIFIER
• Papers	in	Computer	Sciense proceedings	 (e.g.	SIGCSE)	

• Years	from	2000	to	2011

• User	paper	title	and	abstract	as	features,	removed	stop	words	and	build	 the	classifier

• Select	the	top	signification	words	to	generate	search	terms	sets		
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THE	2012	ACM	COMPUTING	CLASSIFICATION	SYSTEM
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THE	2012	ACM	CCS	- PAPERS

Networks

Network	architectures 4013

Network	protocols 10503

Network	components 555

Network	performance	evaluation 2821

Network	properties 3507

Network	services 4542

Network	types 10451

Applied	 computing

Electronic	commerce 2387

Enterprise	computing 8561

Physical	sciences	and	engineering 26128

Life	and	medical	sciences 11887

Law,	social	and	behavioral	sciences 3674

Arts	and	humanities 4545

Computers	in	other	domains 11026

Operations	research 8052

Education 10411

Document	management	and	text	
processing

5589

Security	and	Privacy

Cryptography 7244

Security	services 2010

Intrusion/anomaly	detection	and	malware	
mitigation

739

Security	in	hardware 25

Systems	security 3090

Network	security 212

Database	and	storage	security 918

Software	and	application	security 673

Human	and	societal	aspects	of	security	
and	privacy

981
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BUILDING	ACM	CCS	CLASSIFIER

ACM	Level	1	ccs

ACM	Level	2	ccs

ACM	Level	3	ccs

Networks Applied	
computing

Security	and	
Privacy

Cryptography Network	
security

Security	
services

Mathematical	
foundations	of	
cryptography

Public	key	
(asymmetric)	
techniques

Cryptanalysis	and	
other	attacks



ENSEMBLE	METADATA	SCHEMA

• Extended	version	of	the	Dublin	Core

• Combined	with	NSDL	metadata	guidelines,	with	associated	controlled	
vocabularies.	
• https://wiki.ucar.edu/display/nsdldocs/nsdl_dc

• We	use	this	document	to	aid	quality,	since	records	were	removed	that	lacked	
content	in	required	or	suggested	metadata	fields.	

• http://computingportal.org/docs/metadata-ensemble-recommendation.pdf
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OVERALL	PROCESS	

Crawler Dataset

Record	selection

Ensemble	metadata	
schema

Resource

EDU
Classifier

ACM	CCS
CLassifier

Prediction

MTurk



YOUTUBE	&	SLIDESHARE RECORDS
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MTURK YOUTUBE RECORD	
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NEW	RESOUREC TO	ENSEMBLE

Resource
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EXPERIMENT	RESULTS	

• A	computing	educational	classifer is	built

• Multiple	classifiers	are	built	to	classify	records	in	2012	ACM	CCS

• 2000	records	from	YouTube	and	SlideShare

• Topics	in	Security	and	privacy,	Theory	of	computation,	Human-centered	
computing,	and	Software	and	its	engineering
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CONCLUSIONS

• Explains	how	large	numbers	of	additional	high-quality	resources	will	be	
gathered	from	YouTube	and	SlideShare and	then	validated,	through	machine	
learning	and	crowdsourcing	methods,	and	thus	help	us	continue	gathering	CS	
education	resources	into	Ensemble.	

• Addresses	the	challenges	of	building	an	educational	digital	library	and	
extending	Ensemble’s	value	and	level	of	usage	for	computing	education.	



Q	&	A
This	research	is	supported	by	NSF	Grants	DUE-0840713,	

0840715,	0840719,	0840721,	0840668,	0840597,	0836940,	
and	0937863.	Our	thanks	go	to	ACM	for	providing	the	ACM	

DL	metadata	to	use	in	this	research.
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