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The	Group-based	Cloud	Compu0ng	(GbCC)	for	STEM	Educa0on	
Project	inves0gates	pre-service	teacher	designing,	developing,	
implemen0ng,	and	enac0ng	a	socio-technological	system	for	group-
centered	STEM	teaching	and	learning	consistent	with	a	na0onally	
recognized	pre-service	program.	The	project	takes	a	design-based	
research	approach	to	crea0ng	and	studying	technologies	and	
materials	that	support	genera0ve	teaching	and	learning	in	STEM.	
Computa0onal	thinking,	including	agent-based	modeling,	and	
simula0on	across	STEM	domains	as	well	as	geo-spa0al	reasoning	
about	personally	meaningful	learner-collected	data	provides	an	
important	scien0fic	founda0on	for	the	project.	This	will	be	achieved	
by	developing	a	highly-interac0ve	and	group-op0mized,	browser-	
and	cloud-based,	device-independent	and	open-source	architecture	
and	by	integra0ng	and	extending	leading	computa0onal	tools	
including	the	NSF-funded	NetLogo	Web	agent-based	modeling	
language	and	environment.	
	
	
	
Three	prior	and	con0nuing	frameworks	are	to	be	integrated	in	this	
ITEST	project	are:		
•  (1)	the	NetLogo	(Wilensky,	1999)	agent-based	and	aggregate	

modeling	and	par0cipatory	simula0on	(HubNet,	Wilensky	&	
Stroup,	1999)	capabili0es,		

•  (2)	the	completely	open-standards	based,	group-situated,	device	
independent,	and	database	mediated	cloud-in-a-boKle	(CiB)	
network	architecture	(Remmler	&	Stroup,	2012)	and		

•  (3)	the	use	of	socially-mediated	genera0ve	ac0vity	design	for	
suppor0ng	STEM	focused	learning	and	teaching	in	classrooms	(c.f.	
Stroup,	2007,	Ares,	2009,	Brady,	2014).			

Our	approach	extends	to	group-level	interac0vity	in	classrooms	a	
longstanding	commitment	in	the	learning	sciences	to	develop	
“shared	environments	that	permit	sustained	explora0on	by	students	
and	teachers”	in	a	manner	that	mirrors	the	kinds	of	problems,	
opportuni0es,	and	tools	engaged	by	experts	(LTC,	1992	p.	78).			
	
	
	
The	project	takes	a	design-based	research	approach	to	crea0ng	and	
improving	the	technologies	and	related	project	materials.		Key	to	this	
design	effort	is	a	focus	on	suppor0ng	and	advancing	the	ability	of	
pre-service	and	in-service	teachers	to	pursue	par0cipatory	and	more-
fully	socially	mediated	approaches	to	classroom-based	learning.		This	
STEM-specific	focus	on	teaching	and	learning	in	classrooms	is	framed	
by	what	we	consider	a	vitally	important	design	considera0on:		The	
most	consistent	and	conspicuous	feature	of	school-based	learning	is	
that	it	takes	place	in	a	group	seeng.	
Our	work	is	framed	by	a	conjecture	that	if	we	can	itera0vely	develop	
a	low-cost,	research-based,	device	independent,	user-authorable,	
highly-interac0ve	architecture	that	supports	authen0c	group-based	
STEM	learning	and	teaching	in	classrooms	then	we	can	drama0cally	
increase	students	on-going	development	and	mo0va0on	to	
par0cipate	in	STEM-focused	coursework	and	careers.	
To	help	ensure	the	ac0vi0es	supported	by	this	group-based	cloud	
compu0ng	architecture	mirrors	the	kinds	of	problems,	opportuni0es,	
and	tools	engaged	by	experts	we	draw	upon	the	Legacy	Cycle	as	
situated	within	a	Project	Based	Instruc0on	framework.	

	
	
	
Project	Based	Instruc0on	(PBI)	framework	can	be	used	to	address	the	
learning	design	poten0al	of	the	highly	interac0ve,	group-based	
func0onality	we	are	developing.		We	choose	one	example	from	the	
core	set	of	ac0vi0es	we	will	release	with	the	GbCC	architecture	to	
illustrate	the	integra0on	with	an	extended	PBI	framework.		Managing	
and	op0mizing	traffic	flow	is	an	engaging	area	of	research	in	civil	
engineering	with	prac0cal	personal	implica0ons	for	many	of	us,	
including	school-aged	students	who	are,	or	may	soon	be,	drivers	
themselves.		By	providing	a	highly	interac0ve	cloud-based	
environment	for	having	students	in	a	classroom	control	individual	
lights	in	a	simulated	traffic	grid	(cf.,	Wilensky	&	Stroup,	2000).		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure	1.	Group-Based	Traffic	Simula4on	
The	Legacy	Cycle	uses	challenges	as	anchors	for	learning.	The	
challenge	of	improving	traffic	flow	in	a	simulated	city	is	an	example	of	
anchor	for	classroom-based	learning	using	group-level	interac0vity.		
Challenges	within	the	legacy	cycle	are	designed	to	create	an	
increasing	depth	of	knowledge	in	a	specific	subject,	with	each	
challenge	presented	as	one	cycle	of	the	Legacy	shell.	The	
combina0on	of	well-designed	challenges	and	meaningful	learning	
ac0vi0es	provides	a	rich	environment	for	both	the	students	and	the	
instructor.		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure	3.	Group-Based	Cloud	Compu4ng	Architecture	
STEM-specific	technology	integra0on	–	as	this	includes	agent-based	
modeling,	simula0ons,	the	extensive	use	of	digital	probes,	real-world	
data	analysis	and	an	inclusive	approach	to	computa0onal	literacy	–	
has	been	one	of	the	“cross-cueng”	themes	of	the	UTeach	STEM	
program	from	its	incep0on.	Our	approach	to	computa0onal	literacy	
includes	the	ways	in	which	our	building	on	open	standards	–	e.g.,	
moving	from	Java-based	implementa0ons	to	HTML5,	JavaScript	and	
open-standards	for	database	u0liza0on	–	supports	not	just	the	
implementa0on	of	exis0ng	models	and	materials,	but	the	extension	
and	full	authorability	of	such	capabili0es	by	students	and	teachers	
alike.				
Similarly,	in	the	UTeach	program	the	pre-service	teachers	are	
encourage	to	develop	lessons	that	fit	with	their	pedagogical	vision.		
Whether	by	modifying	exis0ng	models	or	by	authoring	their	own	
environments,	a	key	feature	of	the	proposed	GbCC	architecture	is	that	
it	would	be	fully	extensible/authorable	for	students	and	teachers	
alike.		Computa0onal	literacy	and	agency	thereby	would	be	supported	
as	a	built-in	feature	of	the	next-genera0on,	cloud-based	capabili0es	of	
the	proposed	GbCC	architecture.			We	believe	this	kind	of	
programmability	will	be	important	to	the	on-going	needs	of	the	
UTeach	program	and	then	much	more	broadly	in	support	of	pre-
service	and	in-service	STEM	educators.	
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By	leveraging	the	equity	related	commitments	and	the	on-going	
lesson	implementa0on	infrastructure	of	the	na0onally	recognized	
UTeach	STEM	pre-service	program,	a	significant	number	of	students	
in	diverse,	yet	underserved,	schools	will	gain	direct	access	to:	(1)	
next-genera0on,	fully	author-able/programmable,	group-oriented,	
STEM-focused,	cloud-based	compu0ng	and	(2)	par0cipatory	
approaches	to	STEM-focused	computer	modeling	and	classroom-
based	inquiry	meant	to	advance	the	students’	abili0es	in,	and	sense	
of	on-going	personal	self-iden0fica0on	with,	future	par0cipa0on	in	
STEM-related	coursework	and	careers.		Our	researching,	itera0vely	
developing,	and	implemen0ng	--	across	many	schools,	subject-areas,	
and	grade	levels	--	a	scale-able	and	low-cost	technological	and	
pedagogical	infrastructure	is	intended	to	directly	address	both	the	
near	term	and	longer	term	goals	of	the	ITEST	Program	regarding	
students’	future	par0cipa0on	in	the	STEM	workforce.				
A	broadened	version	of	the	core	conjecture	of	the	project	that	was	
introduced	earlier	is	that	by	valuing	and	improving	STEM-focused	
par0cipa0on	in	classrooms	we	will	directly	support	all	students’	sense	
of	the	value	and	importance	of	par0cipa0on	in	STEM	educa0onal	
pathways	and	STEM	careers.		Increasing	the	connec0ons	between	
the	students’	sense	of	who	they	are	and	the	highly	interac0ve	forms	
of	STEM-related	learning	and	teaching	to	be	advanced	by	this	project	
stand	to	improve	the	diverse,	but	underserved,	students’	ongoing	
personal	iden0fica0on	with	STEM-related	educa0onal	pathways	and	
careers.	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure	4.	Cloud-Based	Gallery	of	Shared	Student	Solu4ons	
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Project-Based	Instruc0on	Extended	to	Group-Based	
Interac0vity	

Phase	1	-	Within	a	traffic	simula0on,	each	student	controls	one	light	in	a	simulated	city.	
	
Phase	2	– Students	generate	ideas	allowing	them	to	explore,	within	a	group	seeng,	their	ini0al	
thoughts	and	conjectures	about	the	challenge	at	hand.		
	
Phase	3	– Students	compare	their	ideas	with	mul0ple	perspec0ves	by	listening	and	sharing	with	
others.	
	
Phase	4	–	As	a	group,	students	research	and	revise	their	hypotheses	concerning	a	challenge.		
	
Phase	5	–	Forma0ve	assessment	strategies	allow	par0cipants	to	reflect	on	what	they	have	learned	
thus	far,	and	to	iden0fy	any	weaknesses	or	misconcep0ons	about	their	challenge.		
	
Phase	6	– Learners	synthesize	what	they	have	learned	and	either	provide	a	solu0on	to	the	ini0al	
challenge,	or	to	a	similar	challenge	but	in	a	different	context,	or	both.		
	

Learning	from	a	Decade	of	Implementa0on	Research	 Commitments	to	Equity	

Figure	2.	The	Legacy	Cycle	
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