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Digital	learning	
ecosystem	principles

• Openness	embedded	to	socio-
technical	landscape
• Interconnected	components,	
(actors,	tools,	services)	that	
mediate,	transform	or	catalyze
• Interactions

• Between	actors
• Between	actors	and	the	niche

• Permeation	of	flows
• Transformative	flows
• Communicative	flows

• Feedback	loop:	the	fitness	is	
dynamically	created.	

Jeladze,	E.,	Pata,	K.,	Quaicoe,	J.	(2018)	Factors	Determining	Digital	Learning	Ecosystem	Smartness	in	Schools.	IxD&A N.35



Transformation	concept

• Several	authors	have	previously	conceptualised “teaching	and	
learning”	as	the	energy	that	fuels	learning	ecosystems	and	transforms	
the	“information”	to	“knowledge”	(Frielick,	2004; Reyna ,	2011).	
• This	“knowledge”	depicts	the	general	notion	of	distributed	knowledge	
embedded	in	relationships,	inhering	in	social	practices	and	the	tools	
and	artifacts	used	in	those	practices	(Bereiter,	2002).	
• “Knowledge”	in	ecosystems	denotes	all	kinds	of	mutual	interactions	
within	the	ecosystem	that	make	each	organism	adaptive	to	the	others	
in	the	ecosystem,	and	the	whole	ecosystem	resilient	and	responsive	
to	accommodate	to	the	possible	changes .



Definition	of	smartness in	systems

• …autonomous systems	that	are	energy	efficient
• …quick	and	responsive	intelligence	that	can	address challenges
• ..incorporate	functions	of	sensing,	have networking	capabilities
• …use	data	to	make	predictions	about	the	environment,	adapt	to	the	
environment
• …can	actuate – take control	over	the	environment

How	are	learning	ecosystems	smart?



External	system

School

Smart	digitally	enhanced	learning	environment

Smart,	Digitally	Enhanced	Learning	
Ecosystems:	Bottlenecks	to	
Sustainability	in	Georgia
Eka Jeladze and	Kai	Pata Sustainability	
2018,	10,	2672;	
doi:10.3390/su10082672



Smartness	of	learning	ecosystems

• The	learning	ecosystem	smartness	concept	combines	systemic	and	
agent-centred dimensions as	quality	criteria	for	the	maturity	of	an	
ecosystem.
• Smartness	of	the	learning	ecosystem	is	the	bottom-up,	participatory,	
agent-driven	self-organization	in	an	ecosystem	towards	the	
sustainability of	the	learning	ecosystem	to	enable	common	good	and	
high	quality	of	individual’s	life (Giovanella,	2014)



Autonomous

• An	autonomous	system	is	self-contained,	delineated	by	its	spatial	and	
temporal	boundaries
• Existing	and	functioning	as	an independent organism
• Not subject to control from outside
• Having	the	freedom	to	act	independently,	govern	itself	or	control	its	
own	affairs
• Growing naturally or spontaneously, without cultivation

• Autonomy-supportive	social	contexts	tend	to	facilitate	self-determined	
motivation

Are	learning	ecosystems	smart?



Energy-efficient

• Ecological	efficiency describes	the efficiency with	which energy is	
transferred	from	one	trophic	level	to	the	next.
• The productivity of	an ecosystem refers	to	the	rate	of production	
• An	overall	productivity	of	the	biosphere	is	limited	since	energy	is	lost	
in	several	ways	at	every	trophic	level.
• This	follows	the	10%	rule,	which	states	that	roughly	10%	of	the	energy	
at	one	level	will	be	available	to be	used	by	the	next	level.

Are	learning	ecosystems	smart?



Energy-efficient

• What	shows	the	productivity	of	learning	ecosystem?	
• Giovanella et	al.	(2014)	learning	ecosystem	smartness	does	not	
depend	exclusively	on	ecosystem’s	ability	to	run	“all	gears”	in	an	
effective	and	efficient	manner,	but	rather	on	its	ability	to	create	an	
environment	able	to	meet	individual’s	basic	needs	and	keep	them	in	
a	state	of	“flow”	in	which	their	skills	are	stimulated	by	adequate	
challenges,	to	contribute	to	the	increase	of	social	capital.	
• The	schools	as	learning	ecosystems	generally	should	prompt	such	
interactions	that	focus	on	developing	future	citizens	with	the	
competences	that	allow	them	to	adapt	to	the	current	and	possible	
future	states	of	the	world.

Are	learning	ecosystems	smart?



Responsive

• Responsiveness	as	the	ability	of	an	organization	to	respond	in	an	
appropriate	manner	to	mitigate	negative	threats	or	capitalize	on	
positive	opportunities	generated	by	an	organization’s	environment
(Bray	et	al.,	2007)
• Organizational	responsiveness	to	changes	is	influenced	by	recognition	
and	interpretation	of	those	changes (Daft	and	Weick,	1984)
• Responsiveness	is	a	socially	constructed	attribute	referring	to	the	
perceptual,	reflective	and	adaptive	dimension	of	an	organization
(Jacobs,	2003	)

Are	learning	ecosystems	smart?



Responsive

• We	use	concept	of	responsiveness	to	define	ecosystem	smartness	
and	hence	describe	two	kinds	of	responsiveness:	responsiveness	of	
learning	ecosystem	to	external	environment	and	responsiveness	of	
the	agents	to	its	niches	within	a	school	ecosystem.	
• Our	approach	to	digital	learning	ecosystem	smartness	considers	
responsiveness	of	digital	learning	ecosystems	to	the	future	states	of	
the	socio-technical	landscape,	where	they	are	embedded.	
• It	assumes	that	certain	transformation	components		- supporting	
system	responsiveness	to	future	changes	- should	be	at	present	in	the	
moment	of	evaluation	of	the	system	smartness.	

Are	learning	ecosystems	smart?



Sensing	signals

• All	communication	is	mediated	by	signals	– noticing,	awareness
• Dynamically	received	signals
• Asynchronous	signals	offloaded	to	the	environment	– signal	accumulation,	
signal	dissipation	in	time,	signal	representation	
• The	meaning-making	from	signals	is	not	a	direct	transfer	but	a	translation	
process	that	transforms the	signals

• How	effectively	learning	ecosystem	is	using	the	communicative	flows,	how	
much	is	lost	in	the	flow	when	transforming	the	signals	(	such	as	is	learning	
analytics	feedback	noticed,	followed,	understood	and	steps	taken?)

Are	learning	ecosystems	smart?



Networking	capabilities

• Network	permeates	the	flows	within	ecosystem
• Network	permeability	depends	on	network	density	and	connections
• What	connections	between	different	ecosystem	components	exist,	
and	what	type	of	interactions	(mediating,	transformational,	catalytic)	
such	a	network	of	components	enables

Are	learning	ecosystems	smart?



Use	data	to	make	predictions

• The	data	collecting	and	feedback	loops	over	change	management	to	
other	learning	ecosystem	components	such	as	to	learning,	
networking,	infrastructure	and	digital	resource	provision	as	well	as	to	
transformational	components	(digital	training,	incentives,	ICT	
support)	is	a	form	of	responsiveness	of	the	learning	ecosystem
• Yet	most	learning	analytics	the	schools	make	is	not	future-looking,	
predictive

Are	educational	systems	smart?



Ability	to	actuate	– take	control	over	the	environment
• Transactional	components	applied	between	schools	and	the	school	
and	the	external	socio-technical	landscape	reveal	proactiveness of	the	
learning	ecosystem	actors	to	accommodate	themselves	and	the	
school	better	to	the	external	landscape,	thereby	having	impact	to	it

Are	educational	systems	smart?



Sustainability	of	Smart,	Digitally	Enhanced	
Learning	Ecosystems
• The	sustainability	of	smart	learning	ecosystems	is	dual:	It	may	be	seen	
as	static	notion—developmental	state	that	meets	the	efficiency	
needs	of	the	present	day	without	compromising	the	future.
• The	sensing	and	feedback	loops,	together	with	the	self-organizing	ability	of	
the	system,	are	the	main	ways	in	which	system	maintains	the	transformative	
stages	to	establish	efficiently	after	being	ruptured.

• The sustainability	may	be	seen	as	a	dynamic	notion	of	the	system.	It	
describes	ecosystems’	responsiveness	to	the	possible	future	states,	
which	may	be	created	by	sensing	and	making	predictions	to	the	
possible	futures,	and	by	actuating	internal	and	external	changes-



What	to	measure	about	learning	ecosystem	
smartness?
EFFECTIVENESS:	
• Learning	ecosystem	productivity	for	developing	different	forms	of	
knowledge	for	the	future	states	of	the	system	(staff,	teachers,	
learners,	community)	
• The	effectiveness	of	transformation	components	on	this	process	(how	
much	of	effort	goes	waste	at	transformations),	or	which	components	
will	be	activated	and	does	this	relate	to	smartness

Participatory	and	bottom-up	approaches	to	self-evaluation	of	the	
stakeholders	in	the	ecosystem:	longitudinally	collected	qualitative	data	
from	learning	ecosystem	stakeholders	(survey)	and	quantitative	data	
from	assessed	learning	results	of	students	(Giovanella et	al.,2014)



What	to	measure	about	learning	ecosystem	
smartness?

SUCCESSION:
• The	dynamics	in	ecosystem	smartness	can	be	seen	through	the	
repetitive	self-evaluation	in	different	time	periods.

Common	approaches	for	the	evaluation	of	digital	maturity	of	schools	
are	build	on	self-evaluation	practices,	evaluating	relative	states	of	
digital	innovation	at	time	points	and	providing	the	evidences.	Many	
maturity	evaluation	frameworks	look	only	internal	factors	and	lack	to	
embed	the	schools	into	the	regional	socio-technical	landscape	to	see	
interactions	and	two-ways	transactions.	



What	to	measure	about	learning	ecosystem	
smartness?
RESPONSIVENESS,	AUTONOMY:	
• the	feedback	loops	between	different	learning	ecosystem	
components	can	describe	responsiveness,	autonomy
• interconnections	between	internal	and	external	systems	(school	and	
the	regional	socio-technical	landscape)	can	show	some	potential	of	
learning	ecosystems	to	plan	changes	and	being	responsive	to	the	
future	states	of	the	system

External	evaluation:	gathering	and	interpreting	qualitative	data	from	
schools	where	different	stakeholders’	voices	are	combined	by	an	
external	evaluator.	To	explore	various	components	and	interrelations	
among	them	transforming	the	qualitative	dataset	to	quantitative	
binary	matrix to	analyze	the	data.	



Methods

• Data	collection	from	schools	in	3	countries	(Estonia,	Georgia,	Ghana)	
with	different	development	level
• Interviews,	observation	with	data	collection	grid	about	infrastructure,	
learning	facilitation	and	change	management	services	(191)	at	
external,	internal	and	transactional	level.
• Data	transformation:	binary	data,	reducing	to	13	compound	variables
• Cluster	analysis,	Discriminant	analysis,	Path	analysis	with	linear	
regression	model	

Jeladze,	E.,	Pata,	K.,	Quaicoe,	J.	(2018)	Factors	Determining	Digital	Learning	Ecosystem	Smartness	in	Schools.	IxD&A N.35



Factors	determining	digital	learning	ecosystem	
types
Function	2:	The	bottom-up	
pro-activeness of	schools	in	
gaining	digital	learning	
resources	and	
infrastructure,	applied	ICT	
rules,	collective	
engagement	in	providing	
internally	and	change	
management,	ICT	support,	
incentives	and	training,	and	
the	evidences	of	internal	
flows	of	learning,	
networking,	and	digital	
information.

Function	1:	the	top-down	
external	provision	of	digital	
resources	and	services	and	
infrastructure	and	ICT	
incentives,	but	missing	
internal	ICT	rules.	

Jeladze,	E.,	Pata,	K.,	Quaicoe,	J.	(2018)	Factors	Determining	Digital	Learning	Ecosystem	Smartness	in	Schools.	IxD&A N.35



Evaluating	learning	ecosystem	smartness

• Smartness	is	a	functional	measurable	property	of	the	learning	
ecosystem	that	helps	us	define	the	ecosystem’s	state	regarding	to	
other	learning	ecosystems	in	the	socio-technical	landscape	– its	digital	
maturity.
• Digital	maturity	evaluation	frameworks	suggest	some	successive	
stages	of	digital	innovation	to	happen	in	schools.	In	ecosystemic
thinking	the	succession	concept	describes	successive	stages	of	
ecosystems	that	differ	in	components,	interrelations	and	entropy.



Successive	stages	of	learning	ecosystems

• In	its	early	stages	the	physical	structure	of	ecosystem	increases	
together	with	entropy	(disorderness),	which	is	accompanied	by	
change	in	input-output	relationships.	
• Afterwards	the	flows	and	feedback	loops	in	ecosystem	increase,	the	
system’s	internal	organization	changes	towards	relatively	lower	
entropy	in	mature	stages.
• Finally	more	mature	systems	accumulate	more	information	that	is	
associated	with	time	lags	in	the	operation	of	system	processes.	



Digital	learning	ecosystem	type	Cluster	1:	ICT	was	mostly	used	
to	maintain	digital	information	flows	for	school	administration	
in	this	cluster,	the	ICT	change	management	component	was	
missing

Strongest	paths	were	around	digital	information	
management	in	schools.	
The	application	of	rules	and	regulations	and	ICT	
change	management	was	applied	at	low	level,	but	it	
appeared	that	the	rules	and	regulations	were	
associated	with	digital	data	management.	

In	its	early	stages	the	physical	structure	of	ecosystem	
increases	together	with	entropy	(disorderness),	which	is	
accompanied	by	change	in	input-output	relationships.	

ICT	for	information	management,	low	ICT	learning

Paper:	Jeladze,	E.,	Pata,	K.,	Quaicoe,	J.	(2018)	Factors	Determining	Digital	Learning	Ecosystem	Smartness	in	Schools.	IxD&A N.35



Digital	learning	ecosystem	type	Cluster	2:	the	externally	
provided	formal	rules	were	applied	at	school	level	
without	causing	actual	learning	flows.

The	computer-class	centred learning	niche	where	
the	main	transformative	component	was	ICT	training	
that	built	on	digital	information	management,	it	had	
impact	on	and	was	influenced	by	digital	learning	and	
ICT	infrastructure.
ICT	change	management	had	no	connections	with	
other	components	except	negative	two-way	
dependencies	with	mobile	ICT	devices,	showing	that	
mobile	teaching	niche	was	discouraged.	

The	flows	and	feedback	loops	in	ecosystem	increase,	
the	system’s	internal	organization	changes	towards	
relatively	lower	entropy	in	mature	stages.

Formal	regulative	application	of	ICT,	low	ICT	learning

Paper:	Jeladze,	E.,	Pata,	K.,	Quaicoe,	J.	(2018)	Factors	Determining	Digital	Learning	Ecosystem	Smartness	in	Schools. IxD&A N.35



Figure	1.	Digital	learning	ecosystem	type	Cluster3	- digital	learning	
ecosystem	was	empowered	by	the	increased	knowledge-related	
transformative	components	(training,	support)	and	learning	and	
networking	flows ,	as	well	as	digital	learning	resources	were	
available

ICT	for	learning	and	networking,	feedback	loop:	data	- change-management

Complex	connectivity	among	the	components.	
ICT	rules	and	regulations	and	change	
management	were	applied	at	the	moderate	
level	but	were	connected	over	digital	data	
analytics	with	digital	learning	with	ICT,	also	
change	management	had	input	from	Digital	
information	management	and	ICT	training.	

The	flows	and	feedback	loops	in	ecosystem	increase,	
the	system’s	internal	organization	changes	towards	relatively	
lower	entropy	in	mature	stages.
Paper:	Jeladze,	E.,	Pata,	K.,	Quaicoe,	J.	(2018)	Factors	Determining	Digital	Learning	Ecosystem	Smartness	in	Schools.	IxD&A N.35



Dynamic	concept	of	learning	ecosystem	
smartness
• The	smart	digital	learning	ecosystem	would	evolve	dynamically	
embedded	in	the	external	socio-technical	landscape	through	
participatory	governance	of	its	agents,	where	the	temporally	optimal	
structure	and	interaction	of	external	and	internal	assets	is	achieved	
that	creates	challenging	learning	niches	for	the	self-realization	of	its	
agents.
• We	see	learning	ecosystem	smartness	rising	from	responsive	
processes	between	ecosystem	agents	and	ecosystem	appearance	
levels	in	the	future-directed	ways.



Conclusions
• There	are	prospective	ways	in	measuring	learning	ecosystem	smartness	
by	its	dimensions	of:	autonomy,	responsiveness,	productivity
• Learning	ecosystem	smartness	is	not	only	about	smart	digital	systems,	
but	how	new	learning	approaches	to	schools	that	focus	on	collective	
engagement	and	change	management,	proactive	bottom-up	
approaches	to	gaining	resources,	responsive	actuation	promoting	the	
digital	learning	ecosystem
• The	 interactions	between	internal,	and	across	internal	and	external	
components,	of	learning	ecosystems	and	the	external	socio-technical	
landscape	can	indicate	learning	ecosystem	sustainability—the	potential	
of	schools	to	sustain	changes	and	their	responsiveness	to	future	states.



Erasmus+	Project	
„Creative	Classroom“
The	great	goal	of	the	
project	“Creative	
Classroom”	is	to	assist	
Estonian	schools	in	their	
digital	turn.	



20	Estonian	teachers	were	
trained	about	innovative	

learning	scenarios



Creative	classroom	
course	in	Eliademy

•Partner	universities	
developed	training	
materials	for	innovative	
digital	teaching
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Trialogical	learning	design	principles for
designing innovative learning scenarios

1. Organizing activities around shared “objects”

6. Providing flexible tools for developing artifacts and practices

2. Supporting 
integration of 
personal and 
collective 
agency and 
work 

4.	Emphasizing	
development	and	
creativity	through	
knowledge	
transformations	
and	reflection

3.	Fostering	long-
term	processes	of	
knowledge	
advancement

5.	Promoting	
cross-fertilization	
of	knowledge	
practices	across	
communities	and	
institutions

(Paavola	&	Hakkarainen,	2009;	Paavola	et	al.,	2011;	Paavola	2015)



What	makes	learning	scenario	innovative?

Learning creates New solutions



What	makes	learning	scenario	innovative?

Changed relationships between teacher and learner 



Learners are self-directed and use reflective 
practices

What	makes	learning	scenario	innovative?



What	makes	learning	scenario	innovative?

Learning and co-constructing together



What	makes	learning	scenario	innovative?

Optimal choice for digital tools

Co-construction

Project	workIdea	creation

Involving,	voting

Discussing

Mixing	media



What	makes	learning	scenario	innovative?

All learning activities contribute to the New 
solution



What	makes	learning	scenario	innovative?

Flexible time- and space usage



4	hands-on	workshops
Trialogical	learning	design

Flipped	classroom
Project-based	learning
Game-based	learning	

Inquiry	learning	
Problem-based	learning
Feedback	and	assessment



50	innovative	learning	scenarios	
in	leplanner.net


