
History	
Beginning	 in	 2013,	 the	 Federal	 government	 began	 a	 mul;-pronged,	
widespread	and	highly	successful	campaign	to	give	American	students	and	
teachers	 access	 to	 computer	 science.	 The	 campaign	 began	 with	 filling	
several	ubiquitous	and	previously	unmet	needs:	lack	of	connec;vity,	lack	of	
hardware,	 and	 lack	 of	 access	 to	 tech	 jobs	 (Kalil	 and	 Jahanian,	 2013).	
According	 to	White	 House	 figures,	 through	 comprehensive	 dissemina;on	
and	 uptake	 provided	 by	 ini;a;ves	 such	 as	 ConnectED	 (The	White	 House,	
2013)	and	TechHire	(The	White	House,	2015),	the	connec;vity	divide	in	US	
public	 schools	 has	 been	 cut	 by	 about	 half	 since	 2013;	 hundreds	 of	
employers	 have	 partnered	 with	 agencies	 and	 organiza;ons	 from	 ci;es,	
states,	 and	 rural	 areas	 to	 expand	 access	 to	 tech	 jobs;	 and	 thousands	 of	
students	 have	 access	 to	 computers	 for	 the	 first	 ;me.	 This	 successful	
implementa;on	 plan	 was	 built	 on	 longstanding	 efforts	 at	 the	 local,	 state	
and	federal	levels	to	raise	the	level	of	science,	technology,	engineering	and	
mathema;cs	 (STEM)	 career	 access,	 and	 was	 narrowly	 focused	 on	 one	
specific	area:	compu;ng	skills	(The	White	House,	2016).		
	
In	January	2016,	the	US	
Federal	Government		
announced	Computer	
Science	for	All	(CSforAll,	
Fig	1.)	proposing	$4	billion	in	
funding	to	states	and	$100	
million	directly	to	school	
districts	in	order	to	increase	
access	to	K-12	computer		
science	by	training	teachers,	
expanding	access	to		
high-quality	 instruc;onal	 materials,	 and	 building	 effec;ve	 regional	
partnerships	 (ibid).	 Aimed	 primarily	 at	 K-12	 schools,	 CSforAll	 rela;vely	
quickly	 gained	 momentum	 through	 a	 comprehensive	 and	 strategic	 plan	
u;lizing	a	wide	range	of	resources	and	networks	such	as:	
•  School	district	leaders;	
•  Non-profits	such	as	Code.org,	Teach	for	America,	the	Na;onal	Math	and	

Science	Ini;a;ve,	and	100Kin10;	
•  Private	philanthropy;	
•  Public	science	events	such	as	the	US	Science	and	Engineering	Fes;val;	
•  Federal	 level	agencies	such	as	the	Na;onal	Science	Founda;on,	the	US	

Department	of	Educa;on,	the	Corpora;on	for	Na;onal	and	Community	
Service,	 the	Department	of	Defense	and	 the	US	Patent	and	Trademark	
Office.	
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Introduc;on	
Here	 we	 discuss	 an	 ini;a;ve	 to	 democra;ze	 data	 through	 developing	 a	
framework	for	data	literacy	for	all	people.	While	there	are	many	successful	
small	 scale	 programs	 and	 research	 projects	 to	 beber	 understand	 what	
people	need	to	know	about	data	science,	there	is	lible	evidence	that	these	
efforts	are	scalable	to	result	in	widespread	data	literacy.	What	is	needed	is	
to	 develop	 and	 implement	 approaches	 that	 can	 affect	 policy	 and	 create	
equity	in	data	literacy	access	throughout	all	levels	of	society.	

What’s	Missing?	
However,	while	the	stated	goal	of	CSforAll	 is	to	give	US	ci;zens	the	ability	to	solve	
complex	 problems	 through	 the	 applica;on	 of	 computa;onal	 skills,	 providing	 them	
with	access	to	computers,	soeware,	programming	skills	and	broadband	connec;vity	
was	 just	 the	beginning.	What’s	missing	 is	 the	applica;on	 to	 real	world	problems	–
something	only	done	through	data.	Data	provide	the	evidence	and	purpose	of	much	
of	 compu;ng.	 And	 the	 need	 to	 be	 able	 to	 acquire,	 analyze	 and	 draw	 conclusions	
from	data	is	emerging	in	every	sector	–	from	scien;fic	discovery	to	civil	rights,	from	
industry	 to	urban	planning,	 from	public	health	 to	disaster	 recovery	–	 resul;ng	 in	a	
marked	 shie	 of	 emphasis	 in	workforce	 and	 educa;onal	 needs	 in	 just	 the	 last	 few	
years,	 from	 computer	 science	 skills	 to	 data	 science	 skills,	 from	 computa;onal	
thinking	to	data	literacy.		
	
The	prosperity,	 innova;on	and	security	of	 individuals	and	communi;es	increasingly	
depend	on	 a	 data	 literate	 society	 (UNESCO,	 2013).	Given	 the	 flood	of	 data	 that	 is	
now	 being	 generated	 and	 collected	 in	 almost	 all	 domains,	 it	 is	 essen;al	 that	 a	
concerted	 effort	 be	 developed	 to	 address	 the	 need	 for	 industry,	 policymakers,	
educators	 and	 diverse	 popula;ons	 of	 ci;zens	 to	 be	 data	 literate.	 Increasingly,	 the	
revolu;on	in	data	science	 is	 influencing	decision-making	 in	most	sectors	of	society.	
Global	business,	banking,	and	en;re	economies	are	now	much	too	complex	not	 to	
use	sophis;cated	data	mining,	machine	 learning	and	analy;cs	on	massive	amounts	
of	data	for	decision-making.	Market	transac;ons	have	changed	from	a	purely	human	
process	 to	over	a	million	 trades	per	 second.	Business	acumen	 is	being	 replaced	by	
smart	predic;ve	algorithms	 that,	 in	many	 cases,	make	decisions	 through	analyzing	
streams	 of	 data	 without	 human	 interven;on.	 These	 approaches	 are	 rapidly	
becoming	the	only	way	to	understand	the	scale	and	predict	the	trends	and	impact	of	
the	human	footprint	on	the	planet;	deepen	our	understanding	of	disease,	social	and	
poli;cal	impacts;	and,	ul;mately,	elucidate	understanding	of	the	human	brain.		
	
	
	
	
	
	
	
	
	
	
	
The	 effect	 of	 these	 trends	 is	 reflected	 in	 a	 transforma;on	 of	 the	 workplace	
throughout	 domains.	 The	 kinds	 of	 skills	 demanded	by	 everything	 from	 startups	 to	
Fortune	 500	 companies	 to	 research	 collabora;ves	 have	 drama;cally	 shieed	 away	
from	a	 focus	 on	 individual	 compartmentalized	 skills	 to	 nimble,	 highly	 crea;ve	 and	
collabora;ve	skills	(Fig	2.).	The	kinds	of	ques;ons	we	ask,	the	degree	of	complexity	
of	nature	that	can	be	analyzed	at	all	scales,	and	the	complexity	of	the	problems	that	
policymakers,	 industry	 representa;ves	 and	 the	 general	 public	 are	 called	 upon	 to	
solve	 are	 increasingly	 interdisciplinary,	 complex	 and	 data	 driven.	 We	 must	
acknowledge	this	revolu;on	in	STEM	with	a	complementary	revolu;on	embodied	in	
a	new	kind	of	literacy.		
	
It	has	been	noted	that	there	is	a	lack	of	even	basic	data	literacy	reasoning	skills,	and	
there	have	been	calls	for	improved	data	literacy	across	disciplines	for	over	a	decade	
(Na;onal	Research	Council,	2006;	Kastens	&	Krumhansl,	2013;	Zalles,	2014).	During	
that	period,	evidence-based	curricula	have	been	proposed	to	address	a	lack	of	basic	
data	literacy	(Vahey,	et	al,	2010;	Zalles	&	Vahey,	2005;	Zalles,	2005;	Ridsdale,	et	al,	
2015).	 Core	 to	 understanding	 and	 advancing	 data	 analy;c	 skills	 is	 the	 use	 of	
sta;s;cal	 inference,	 and	 advanced	 sta;s;cal	 reasoning	 for	 sense-making	 of	 large-
scale	 and	 mul;variate	 data.	 For	 instance,	 Makar	 &	 Rubin	 (2018)	 propose	 that	 a	
learning	progression	of	inferen;al	reasoning	would	be	possible.	There	is	also	a	need	
for	 new	 tools	 to	 help	 provide	 opportuni;es	 for	 learners	 to	 explore	 data	 as	 the	
sciences	 advance.	 Tinkerplots	 is	 among	 a	 small	 number	 of	 tools	 that	 have	 been	
widely	 researched	 in	understanding	how	 learners	 cope	with	 large	and	mul;variate	
data	 sets	 (Fitzallen	 &	Watson,	 2010,	 Konold,	 2007,	 Konold,	 et	 al,	 2007).	 Scien;fic	
visualiza;on	 can	 also	 provide	 opportuni;es	 to	 learn	 and	 communicate	 complex	
sta;s;cal	and	scien;fic	data	(Kastens,	et	al,	2013;	Borner,	et	al,	2015;	Ainsworth	&	
Loizou,	 2003).	 But	 none	 of	 these	 efforts	 have	 led	 to	 a	 large-scale	 framework	 for	
learning,	nor	have	they	scaled	into	widespread	use	across	learning	seongs.	
	

DS4ALL	
As	part	of	developing	approaches	for	educa;ng	the	next	genera;on	of	big	data	
literate	professionals,	workers,	and	the	general	public,	the	skills	and	habits	of	
mind	that	the	revolu;on	in	21st	century	data-driven	science	demands	must	be	
pervasive	in	society.	We	propose	that	to	accelerate	the	pace	of	uptake	in	both	
data	and	computer	science	will	require	a	movement	in	cri;cal	thinking	about	
problems	worth	solving	through	data	science	literacy.	We	believe	that	the	next	
logical	step	to	provide	the	WHY	and	WHAT	of	computer	science	is	Data	Science	
for	All	(DS4All).		
	

DS4All	 is	 a	 bold	 new	 ini;a;ve	 to	 empower	 lifelong	 learners	 to	 be	 equipped	
with	 the	 data	 literacy	 skills	 needed	 to	 be	 not	 just	 consumers	 but	 ac;ve	
creators	 in	our	technology-driven	world.	Our	economy	is	rapidly	shieing,	and	
the	pace	of	innova;on	is	at	risk	if	data	literacy	is	not	pursued	at	all	levels.	We	
need	 to	 be	 able	 to	 educate	 and	 train	 students,	 poten;al	 new	 employees,	
current	employees,	managers,	and	senior	leadership	to	broaden	and	diversify	
the	data	science	pipeline,	and	to	engage	community	members	so	that	they	can	
access	and	leverage	data	to	solve	the	problems	most	urgent	and	meaningful	to	
them.		
	
DS4All	 builds	 on	 data	 literacy	 efforts	 that	 have	 been	 ongoing	 across	 sectors	
and	 are	working	 to	 develop	 a	 data	 literacy	 framework	 as	well	 as	 to	 discern,	
develop	 and	 disseminate	 resources	 per;nent	 to	 the	 development	 of	 related	
skills.	 There	 is	 an	urgent	and	growing	need	 to	 iden;fy	and	deploy	promising	
approaches	to	developing	management	skills	and		
habits	of	mind	that	go	beyond	basic	data	science		
and	sta;s;cal	literacy.	This	is	recogni;on	of	the		
advanced	kinds	of	capaci;es	that	working	with		
data	demands,	such	as:	emphasis	on	design,		
construc;on,	and	visualiza;on	of	large-scale	data,		
as	well	as	federa;on	of	mul;variate	data	streams		
through	computa;onal	analysis	tools;	enhanced		
exploratory,	interdisciplinary	and		pabern-seeking		
approaches;	machine	learning	and	modeling;	the		
role	of	machine	learning	in	the	various	stages	from		
data	crea;on	to	knowledge	crea;on;	and		
leveraging	 of	 cyberinfrastructures	 to	 make	 large	 data	 structures	 more	
available,	interoperable,	transparent,	and	robust.		
	
The	 goal	 of	 DS4All	 is	 to	 tackle	 the	 lack	 of	 data	 literacy	 from	 both	 ends—
addressing	K-20	educa;on	and	workforce	needs,	 along	with	 lifelong	 learning	
sectors,	 by	 developing	 and	 implemen;ng	 data	 literacy	 concepts,	 curricular	
materials	 and	 training	 modules	 to	 improve	 the	 workforce	 development	
pipeline	through	scaffolding	data	literacy	concepts	with	community,	technical	
and	workforce	training—anywhere	people	use	data	to	func;on	in	society	and	
in	 the	 workplace.	 Both	 cri;cal	 thinking	 and	 computa;onal	 thinking	 are	
necessary	 to	 be	 data	 literate.	 These	 modes	 of	 thought	 provide	 different	
perspec;ves	 on	 problem	 solving,	 and	 are	 both	 essen;al	 skills	 for	 all	 ci;zens	
and	all	disciplines.	Problem	solving	can	be	defined	in	part	as	iden;fying	en;;es	
or	 things;	 abributes,	 proper;es	 or	 characteris;cs;	 rela;onships	 among	 the	
en;;es;	and	various	perspec;ves,	solu;ons,	and/or	extensions	of	the	problem.		
	
DS4All	 is	 structured	 analogous	 to	 CS4All	 and	will	 engage	 in	 a	wide	 range	 of	
ac;vi;es	including:		
•  Developing	 data	 literacy	 essen;al	 concepts	 and	 core	 ideas	 as	 a	 stepping	

stone	to	integra;ng	data	science	into	STEM	curricula.;	
•  Partnering	 with	 libraries	 and	 other	 informal	 learning	 seongs	 to	 develop	

resources	and	design	capacity	building	efforts	for	lifelong	learners;	
•  Developing	cri;cal	thinking	and	computa;onal	thinking	curricula,	combining	

data	literacy	with	a	course	in	proposi;onal	logic	and	cri;cal	thinking;	
•  Fostering	 the	 habits	 of	 mind,	 and	 ability	 to	 map	 real	 world	 problems	 to	

appropriate	data	models	prior	to	capturing	the	data	 in	order	to	be	able	to	
ask	ques;ons	that	can	be	answered	through	the	use	of	data	analysis;	

•  Coupling	data	literacy	with	a	discussion	of	ethics	using	case	studies;	
•  Offering	secondary	school	teacher	training	that	builds	on	elementary	school	

work;	
•  Strengthening	applica;on-based	problem-solving	and	applied	math	skills;	
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Fig 2. Economy-wide measures of routine and non-routine task input 
(US). Mean task input as percentiles of the 1960 task distribution. 
(Autor et al, 2003). 	

Fig 3. The emergence of data-driven science in the 21st century 
(after Jim Gray and Tony Hey, Microsoft Research).	

•  Collabora;ng	with	community	groups	and	nonprofits	in	par;cipatory	design	
to	bridge	the	gap	between	communi;es	of	need	and	data	driven	solu;ons;		

•  Surveying	industry	partners	to	iden;fy	gaps	in	workforce	skills	and	learning;	
•  Facilita;ng	 curriculum	 development	 and	 communi;es	 of	 prac;ce	 in	 data	

science	teaching	and	learning;		
•  Training	 teachers	 and	 expanding	 access	 to	 high-quality	 instruc;onal	

materials;	
•  Involving	 governors,	 mayors	 and	 educa;on	 leaders	 to	 build	 effec;ve	

regional	partnerships,	and	policies;	
•  Engaging	 CEOs,	 philanthropists,	 crea;ve	 media,	 technology	 and	 learning	

professionals	to	deepen	DS	commitments;	and		
•  Crea;ng	 opportuni;es	 in	 informal	 learning	 such	 as	 ci;zen	 science,	 data	

hackathons,	fes;vals,	other	experien;al	learning	in	the	data	sciences.		
	

Conclusions	and	Next	Steps	
Innova;on	 and	 the	 spread	 of	 data	 sciences	 and	 applica;ons	 is	 rapidly	
outpacing	the	general	public’s	understanding	of	data	in	science	and	business.	
It	 is	 also	 ill-preparing	 the	 workforce	 for	 jobs	 of	 the	 future.	 Addressing	 this	
widening	gap	necessitates	rethinking	how	we	approach	data	science	skills	and	
educa;ng	 the	 public	 about	 data	 science.	 DS4All	 seeks	 to	 promote	 the	
importance	 of	 knowledge	 in	 a	 data-driven	 society,	 benefit	 from	 the	 best	 in	
research	 in	 learning	and	applica;ons,	and	 iden;fy	and	devise	ways	 to	bridge	
the	gaps	to	educate,	enlighten	and	empower	the	public	with	the	value	of	data	
science	and	its	effect	on	their	lives.	

Fig 1. President Obama kicks off Computer Science Education week by speaking 
with students participating in an “Hour of Code” event at the White House.	

Fig 4. New York Hall of Science/Northeast Big 
Data Innovation Hub workshop on big data 
literacy, 2015.	


