


Provide	input	and	learn	more	about	the	study	at	www.nas.edu/EnvisioningDS			

Building	Data	Acumen	

	
	
	
	
	
	
	
	
	

Nicole	Lazar,	University	of	Georgia	
Professor,	Department	of	Sta=s=cs	

	
	
	
	

	
	
	
	
	
	
	
	
	

Mladen	Vouk,	North	Carolina	State	University	
Dis=nguished	Professor	of	Computer	Science,	

Associate	Vice	Chancellor	for	Research	
Development	and	Administra=on	

	
	 2	



Provide	input	and	learn	more	about	the	study	at	www.nas.edu/EnvisioningDS			

Building	Data	Acumen	

	
	
	
	
	
	
	
	
	

Nicole	Lazar,	University	of	Georgia	
Professor,	Department	of	Sta=s=cs	

	
	
	
	

	
	
	
	
	
	
	
	
	

	
	

Capstone	Courses	

3	



Provide	input	and	learn	more	about	the	study	at	www.nas.edu/EnvisioningDS			

History	of	Capstone		
at	the	University	of	Georgia	

Ø  First	offered	in	AY	2007–2008,	10	students	

Ø  Part	of	UGA’s	WriDng	Intensive	Program	since	AY	2008–2009	
Ø  Required	from	AY	2010–2011	for	all	staDsDcs	majors	

Ø  Poster	session	introduced	in	AY	2010–2011	

Ø  Enrollment	has	grown	steadily,	tracking	growth	of	major;		

		 	46	students	in	current	offering	
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Goals	of	Capstone		
at	the	University	of	Georgia		

Ø  Exposure	to	advanced	staDsDcal	techniques	

Ø  PracDce	communicaDon	of	staDsDcal	ideas,	in	wriDng	and	orally	
Ø  Group	work	

Ø  VerDcal	integraDon	of	learning		

		(faculty	→	graduate	assistants	→	students)	

Ø  ConsulDng/work	with	client	

Ø  Work	with	real	data	

Ø  Professional	development	

With	growth,	challenging	to	maintain	all	of	these.		
Current	offering:	relaxing	client	and	group	work.	
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Capstone	at	the	University	of	Georgia:	
Project	Formats		

	

Ø  Typically,	find	projects	from	researchers	around	campus;	scope	and	
scale	have	increased	dramaDcally	over	Dme	

Ø  Also	projects	from	government	offices	(e.g.,	USDA,	CDC)	

Ø  When	class	size	was	smaller,	community-based	survey	projects	
incorporated	(e.g.,	Nuci’s	Space,	Campus	Transit)	

Ø  	Current	offering:	

•  experimental	individual	and	group	(“data	repository”)	opDons	

•  more	public	outreach	projects	(Humane	Society,	United	Way)	
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EssenFal	Components	for	Building	Data	Acumen:		
The	Data	

	

Ø  Moving	beyond	t-tests	and	ANOVA	(topics	covered	have	included	
bootstrap,	classificaDon	and	regression	trees,	survival	analysis,	
mulDple	tesDng,	issues	of	reproducibility	in	science	...)	

Ø  Hands-on	pracDce	beyond	the	project	

Ø  Real	data	(all	projects	involve	real,	oken	large,	data	sets)	

Ø  Messy	data	(students	are	not	guaranteed	to	receive	clean	data	sets	
from	clients)	
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EssenFal	Components	for	Building	Data	Acumen:		
The	Student	

	

Ø  Building	awareness	of	a	professional	idenDty	as	staDsDcians	and	(more	
recently)	data	scienDsts	

Ø  CommunicaDon!	Much	resistance	on	this	at	the	Dme;	benefits	are	
seen	later	(in	graduate	school,	in	the	work	force)	

Ø  Building	a	sense	of	community	among	students	and	instructors,	TAs	
(how	to	scale	up	from	10	to	~50	students?)	

Ø  Challenge	students	to	go	above	and	beyond	their	intellectual	comfort	
zones	
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Looking	to	the	Future	
	

Ø  ConflicDng	direcDons	

•  Can	expect	conDnued	growth	in	staDsDcs	and	data	science	
programs	

•  Hands-on	pracDcal	experience	with	real	data	is	essenDal	

Ø  How	to	scale	and	sDll	provide	a	useful	experience	to	students?	

Ø  Need	for	innovaDve	approaches	(e.g.	team	“compeDDons”,	smaller	
workshop	groups	.	.	.	others?)	

Ø  Any	such	course	will	be	a	constant	work	in	progress:	don’t	fall	into	a	
rouDne	of	“We’ve	always	done	it	this	way”	–	that	is	no	longer	
sufficient	
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How	Do	We	(Can	We)	Know	It’s	Working?	
	

Ø  Internal	assessments:	Quality	of	projects;	client	saDsfacDon	(repeat	
parDcipants);	poster	session	checklist	(completed	by	aqendees	–	
staDsDcs	faculty	and	graduate	students,	clients)	

Ø  Feedback	from	graduates:	What’s	useful	when	they	get	to	the	next	
stage?	

Ø  What	are	employers	and	graduate	schools	looking	for?	
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Context	
	

•  Understanding,	managing,	and	using	data	—	oken	large	
amounts	of	unstructured	data	—	is	becoming	increasingly	
important	in	nearly	every	industry,	government	sector,	and	
academic	domain.		

•  Not	having	the	skills	
and	infrastructure	
to	apply	data	
science	and	
analyDcs	reliably	
and	correctly	has	
become	a	major	
risk	for	all	sectors.	
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Data	(and)	Science	Literacy	
	
A	good	data	scienDst	does	not	have	to	be	a	
computer	scienDst,	a	mathemaDcian,	or	a	
staDsDcian.	
	

But	….	
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EducaFon?	

•  What	should	be	included	in	data	science	curriculum,	both	
now	and	in	the	future?	

•  How	to	prioriDze	or	best	convey	for	differing	types	of	data	
(science	programs)?	

•  How	can	opportuniDes	to	enhance	data	acumen	(i.e.,	the	
ability	to	make	good	judgments	and	decisions	with	data)	be	
integrated	into	data	science	educaDonal	programs?	

•  How	can	data	acumen	be	measured	or	evaluated?	

•  etc.	
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DisrupFve?	

	
Largest	taxi	companies	may	not	own	taxis?	

(e.g.,	Uber)	

	
Largest	accommodaDon	providers	may	not	

own	any	accomodaDons?	(AirBnB)	
	

etc.	
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The	Five	V-s	of	(Big)Data*	

Veracity	
(Uncertainty,	
Trust,	Source,	
InformaDon	

Density,	Intent,	
…)	

Velocity	
(How	fast	is	

data	arriving?)	

Value	
(Economics,	

Health,	Security,	
…)	 Variety	

(Range	of	
Data		-	text,	

visual,	
numerical,	
locaDon…)	

Volume	
(How	much	data	
is	arriving?)	

How	much	is	needed?	Kb/sec	
Mb/sec	
Gb/sec	
Tb/sec	

MB,	6	
GB,	9	
TB,	12	
PB,	15	
XB,	18	
ZB,	21	
YB,	24	

Errors:		
Epistemic	
Aleatoric	
Working	with	an	AI	

Real	Life	
Data	Types	

(*)	www.ibmbigdatahub.com/infographic/four-vs-big-data	
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Value	Path	

Wisdom	&	
Value	
Added,	
Impact	

Knowledge	
&	

Valaue	

(Big)	
Data	

Data	Science	&	
AnalyDcs	

ApplicaDons	

Data	

People	

Technology	

Provenance,	
Compliance,	
Security,	
Usability,	
Privacy,	Ethics	
Reliability,	Trustworthiness,	
Sense	of	Impact	
…	

e.g.,	Extract,	Verify,	
Transform,	Load,	
Organize,	…	

e.g.	curaDon	
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Data	Science	Work	That	MaYers	
Imagine	being	able	to	hold	a	geographic	informaDon	system	(GIS)	in	your	hands,	feel	the	
shape	of	the	earth,	sculpt	its	topography,	and	direct	the	flow	of	water.	Researchers	at	NC	
State’s	Center	for	GeospaDal	AnalyDcs	have	made	this	novel	idea	a	reality	with	
Tangible	Landscape,	an	open	source	tangible	interface	powered	by	GRASS	GIS	that	physically	
and	interacDvely	manifests	geospaDal	data	so	that	users	can	naturally	feel	it,	shape	it,	and	
immediately	see	results	projected	
onto	the	3-D	model.	This	makes	GIS	
far	more	intuiDve	and	accessible	for	
beginners,	empowers	geospaDal	
experts,	and	creates	exciDng	new		
opportuniDes	for	data	scienDsts	and	
developers	alike	–	like	gaming	with	
GIS.	Tangible	Landscape	is	now	being	
applied	to	tackle	complex	real	world	
problems,	from	controlling	the	
spread	of	wildfire	or	emerging	
infecDous	diseases	to	understanding	
the	impacts	of	storm	hazards.	
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CiDzen	ScienDsts	are	
comparing	nearly	300,000	
satellite	images	with	these	
examples	to	help	improve	the	
global	record	of	hurricanes	
and	tropical	cyclones.	See	
how	you	can	help	improve	
our	understanding	of	tropical	
cyclones.	
	
Crowd-sourcing.	

hqps://ncics.org/events/cics-nc-leads-
the-launch-of-cyclonecenter-org/	

CycloneCenter.org	
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Technology	

Data	 People	

Provenance,	
Compliance,	
Security,	
Usability,	
Privacy,	
Etc.	…	

EducaFon	

Technology	
Distributed	
HPC/HPD		
Capable	Cloud	

Data	Bus	

Tools	+	ApplicaDons	

Data	InteracDon	Models:	
•  Total	IsolaDon	
•  Compute-to-Data	
•  Data-to-Compute	
•  Open	model	

Data	and	AnalyDcs	Literacy	
•  ComputaDonal	Thinking	
•  Math,	modeling,	sokware,	

data	management,	methods	
•  CommunicaDons	
•  Domain	view	&	relevancy	
•  Ethics,	sense	of	Integrity	&	

ConfidenDality	(security)					

Users/Actors	
•  Naïve	2	advance	user	
•  Concierge	
•  Content/App	developer	
•  Data	manager	and	

Admin	
•  Tools	and	system	dev.	

Framework	
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Hunt	Library	

CreaDvity	Lab	-	Hunt	

LAS	Mersive	
Experience	EB2	VisualizaDon	lab		-	Hunt	

Viz	Lab	–	D.H.	Hill	

Games	Room	-	Hunt	

NC	State	has	Extensive	VisualizaFon	FaciliFes	
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NC	State	University	Data	Science	IniFaFve	
Goals	
•  Coordinate	data	science	acDviDes	

•  Establish	an	interdisciplinary	data	science	curriculum	to	
further	data	science	educaDon		

•  Foster	research	collaboraDon,	both	internal	and	external	

•  Increase	research	funding	and	compeDDveness	

•  Build	industry	partnerships	

•  Provide	services	&	infrastructure	to	faculty	

•  Raise	visibility	&	increase	reputaDon	

•  …	
	

Ins$tu$onalize	Data	Science	
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AnalyFcs	&	Data	Science	Programs	

•  Undergraduate	
-  General	EducaDon	themaDc	track	
-  Co-taught	Computer	Science/StaDsDcs	undergraduate	elecDves	
-  Poole	College	of	Management	(PCOM)	Undergraduate	15-hour	Data	

AnalyDcs	Honors	Program	
-  Some	of	the	ExecuDve	EducaDon	and	“Data	Maqers”	offerings	

•  Graduate	
-  InsDtute	for	Advanced	AnalyDcs	(IAA)	–	Professional	MS	

(analyDcs.ncsu.edu)	
-  Data	Science	Graduate	CerDficate	and	MS	(CSC/Stat)	
-  CSC	and	Stat	graduate	tracks	in	Data	Science	
-  Poole	College	of	Management	–	Digital	AnalyDcs	CerDficate	within	MBA	

program,	CSC/Stat/PCOM	execuDve	educaDon	for	companies	
-  Data	Maqers	courses	(hqps://research.ncsu.edu/dsi/data-maqers/)	

•  Other	…	(e.g.,	Library	offerings)	
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For	Example:	
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NCSU	End-to-End	Data	Science	Curriculum*	

Domain-Focused Data Science  
(security, supply chain, economics, ...) 

Story Telling and Visualization 

End-to-end Data Science 

Statistics 
Machine 
Learning 

Applied 
Machine 
Learning 

Foundation: Algebra, Calculus, 
Optimization, and Probability 

P
ro

g
ra

m
m

in
g

 E
n

vi
ro

n
m

e
n

ts
, P

la
tf

o
rm

s,
 

a
n

d
 P

ro
d

u
c

ti
vi

ty
 T

o
o

ls
 

D
at

a
 M

a
n

a
g

e
m

e
n

t,
 W

ra
n

g
lin

g
 

B
ig

 D
at

a
 

Insight Generation, Decision Science 
and Leadership 

26	



Provide	input	and	learn	more	about	the	study	at	www.nas.edu/EnvisioningDS			

Data	Science	(DS)	Mastery	Levels	
•  Core	(C):		

o  Able	to	master	individual	core	concepts	within	the	Bloom’s	taxonomy*:	
Knowledge,	Comprehension,	ApplicaDon,	Analysis,	EvaluaDon,	and	Synthesis	

o  Able	to	adapt	previously	seen	soluDons	to	data	science	problems	for	target	
domain-focused	applicaDons	uDlizing	these	core	concepts	

•  Intermediate	ElecDves	(I):	
o  Able	to	synthesize	mulDple	concepts	to	solve,	evaluate,	and	validate	the	

proposed	data	science	problem	from	the	end-to-end	perspecDve	
o  Able	to	idenDfy	and	properly	apply	the	textbook-level	techniques	suitable	for	

solving	each	part	of	the	complex	data	science	problem	pipeline	
•  Advanced	ElecDves	(A):	

o  Able	to	formulate	new	domain-targeted	data	science	problems,	jusDfy	their	
business	value,	and	make	data-guided	acDonable	decisions	

o  Able	to	research	the	cu|ng	edge	technologies,	compare	them	and	create	the	
opDmal	ones	for	solving	DS	the	problems	at	hand	

o  Able	to	lead	a	small	team	working	on	the	end-to-end	execuDon	of	the	DS	
project	

(*)	e.g.,	hqps://www.csun.edu/science/ref/reasoning/quesDons_blooms/blooms.html	
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Core	Curriculum	Courses	
FoundaDons:	

•  Matrix	Algebra	
•  Calculus	
•  OpDmizaDon	
•  Probability		

Data	Science	Methods:	
•  StaDsDcs	
•  Machine	Learning	and	Data	Mining	
•  Algorithms	and	Data	Structures	

Decision	Making	
•  Data-guided	Decision	Making	
•  VisualizaDon,	Visual	Data	ExploraDon,	and	Story	Telling	

Infrastructure	and	Programming	Environments	
•  ScripDng	Languages	for	DS:	e.g.,	R,	Python	
•  Database	Management	and	OpDmizaDon	
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Advanced	ElecFve	Curriculum	Courses	
Data	Science	Methods	

•  Deep	Learning	
•  Bayesian	Reasoning	and	ProbabilisDc	Graphical	Models	
•  Process	Mining	

Data	Science	ApplicaDons:	
•  Natural	Language	Processing	and	Text	AnalyDcs	
•  Graph	Data	Mining		
•  Social	Network	AnalyDcs	
•  Data	Stream	AnalyDcs	
•  SenDment	AnalyDcs	and	RecommendaDon	Systems	
•  Supply	Chain	Data	AnalyDcs	
•  MarkeDng	and	Finance	Data	AnalyDcs	

Decision	Making	
•  Discrete	Event	SimulaDon	and	Process	Modeling	and	Control	Infrastructure	and	

Programming	Environments	
•  Big	Data	Middleware:	Hadoop,	Spark,	Graph	DB,	etc	
•  Parallel	Programming	(e.g.,	with	Spark,	MPI,	etc.)	
•  IoT	
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Closing	Thoughts	
How could these components be prioritized or best conveyed for differing types of data 
science programs? 
•  Conference on Undergraduate Research in Data Science 
•  Senior Design Projects on Data Science 
•  Internship/job Opportunities in partnership with Data Science and other Industries 
•  Annual Data Science Hackathons 
•  Data Science Competitions 
How can opportunities to enhance data acumen (i.e., the ability to make good judgments & 
decisions with data) be integrated into DS educational programs? 
•  Industry Surveys 
•  Foundations and Methods: High Priority 
•  Is data science introduced as an academic enrichment to the  existing university curriculum?  

-  e.g., Data Science Concentration within the Computer Science Curriculum 
How can data acumen be measured or evaluated? 
•  Individual Course Level Capstone Projects 
•  Senior Design Project in collaboration with Industry Partners 
•  Standardized Placement Tests for different Levels of the DS ladder 
•  Data Science Competition and Contests: perhaps developed in collaboration with industry 
•  Data Science and DS-related Job Placement Statistics: collected and monitored 
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9/12/17	–	Building	Data	Acumen	
	
9/19/17	–	IncorporaDng	Real-World	
ApplicaDons	

	
9/26/17	–	Faculty	Training	and	
Curriculum	Development	

	
10/3/17	–	CommunicaDon	Skills	and	
Teamwork	

	
10/10/17	–	Inter-Departmental	
CollaboraDon	and	InsDtuDonal	
OrganizaDon	

	
	

10/17/17	–	Ethics	
	
10/24/17	–	Assessment	and	EvaluaDon	
for	Data	Science	Programs	

	
11/7/17	–	Diversity,	Inclusion,	and	
Increasing	ParDcipaDon	

	
11/14/17	–	Two-Year	Colleges	and	
InsDtuDonal	Partnerships	
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