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A	Stigmergic	Framework	for	Analyzing	Tribes	and	their	Movements	in	City	Science	
Mattia	Papini	

Sommario	
Il	 lavoro	di	 tesi	 si	 inserisce	nell’ambito	del	progetto	UNIPI-FBK-MIT,	che	ha	come	obiettivo	

l’identificazione	di	metodologie	 innovative	da	utilizzare	 in	ambito	City	 Science,	 in	 grado	di	

studiare	 e	 caratterizzare	 i	 movimenti	 delle	 persone	 nelle	 città	 ed	 i	 loro	 effetti	 sulle	

prestazioni	 economiche	delle	 città	 stesse.	 Il	 progetto	ha	previsto	 l’utilizzo	della	 stigmergia	

come	 tecnica	 per	 identificare	 e	monitorare	 gli	 spostamenti	 di	 gruppi	 di	 persone,	 o	 Tribù,	

all’interno	 di	 un	 dataset	 riguardante	 150	 utenti	 di	 telefono	 cellulare	 della	 Provincia	 di	

Trento.	 La	 tesi	 ha	 richiesto	 l’esame	 della	 letteratura	 scientifica	 legata	 alle	 pratiche	 di	

Community	 Detection	 attualmente	 utilizzate,	 nonché	 l’esplorazione	 della	 letteratura	 in	

ambito	 City	 Science,	 Smart	 City	 ed	 Indicatori	 Economici.	 I	 risultati	 hanno	 mostrato	 le	

potenzialità	della	Stigmergia	applicata	all’ambito	City	Science,	per	la	detection	delle	Tribù	ed	

alcune	metodologie	 per	 la	 loro	 rilevazione.	 La	 tesi	 ha	 anche	 esplorato	 l’ambito	 Benessere	

Soggettivo,	 dimostrando	 come	 esso	 abbia	 caratteristiche	 diverse	 rispetto	 al	 Benessere	

Oggettivo	misurato	dai	tradizionali	indicatori	economici.	

Abstract	
This	 thesis	work	 is	part	of	 the	UNIPI-FBK-MIT	project,	which	aims	at	 identifying	 innovative	

methodologies	 to	 be	 used	 in	 the	 City	 Science	 field,	 capable	 to	 study	 and	 characterize	

people’s	movements	in	cities	and	their	effects	on	their	economic	performances.	The	specific	

project	has	considered	the	utilization	of	Stigmergy	as	a	technique	to	be	used	for	identifying	

and	monitoring	the	movements	of	groups	of	people,	or	Tribes,	 inside	a	dataset	concerning	

150	mobile	phone	users	 living	 in	 the	Province	of	Trento.	The	 thesis	work	has	 required	 the	

analysis	 of	 the	 scientific	 literature	 related	 to	 currently	 used	methodologies	 of	 Community	

Detection,	as	well	as	the	exploration	of	the	existing	literature	in	the	City	Science,	Smart	City	

and	Economic	Indicators	fields.	The	results	show	the	potentialities	of	Stigmergy	to	be	used	in	

the	 City	 Science	 field,	 as	 well	 as	 the	 actual	 existence	 of	 Tribes	 and	 some	 possible	

methodologies	 to	 be	 used	 for	 detecting	 them.	 The	 thesis	 work	 has	 also	 explored	 the	

Subjective	Well-Being	area,	demonstrating	how	it	has	different	characteristics	compared	to	

Objective	Well-Being,	measured	by	the	traditional	economic	indicators.		

	
	



1	-	SCOPE	OF	THE	THESIS	

The	world	is	now	facing	the	spread	of	the	big	data	era:	in	the	recent	years,	thanks	to	the	

development	 of	 IT	 platforms	 and	 systems,	 the	 scientific	 community	 has	 designed	 new	

sources	 capable	 to	 collect	new	data	at	 an	unprecedented	 level	of	 velocity	 and	volume,	

providing	our	society	with	an	unprecedented	potentiality	of	research.	In	this	context,	it’s	

becoming	more	and	more	crucial	to	rationalize	this	huge	amount	of	data,	in	order	to	be	

able	to	extract	from	them	just	the	useful	information	capable	to	generate	new	value	for	

our	society.		

City	Science	is	one	of	the	fields,	which	is	facing	the	most	all	these	new	potentialities	and	

threats:	ubiquitous	technologies,	largely	spread	together	with	mobile	phones,	are,	in	fact,	

delineating	 new	 possibilities	 of	 research	 in	 this	 area,	 having	 these	 devices	 potentially	

collecting	 data	 continuously,	 providing	 information	 about	 population’s	 communications	

or	movements.	The	development	of	this	field	of	research	is,	also,	rising	questions	about	

the	 traditional	 approaches	 in	 the	 field,	which	 seem	 to	 be	 obsolete	 in	 a	 ‘smarter	 cities’	

perspective,	overcome	by	all	the	new	methodologies	provided	by	big	data.	

In	this	landscape,	the	purpose	of	this	work	is	twofold:	

(1)	 to	analyze	 the	capability	of	 some	attributes	 to	be	used	 in	 the	detection	of	different	

groups	of	 similar	people,	 called	Tribes.	Tribes	are	defined	by	Alex	Pentland	 (2015)	 from	

MIT	as	groups	of	people	having	one	(or	more)	shared	characteristic	that	makes	members	

of	the	same	Tribe	meet,	spend	time	together	and	visit	similar	places.	One	can	be	part	of	a	

Tribe	without	 even	 knowing	 it:	 still,	 these	 aggregation’s	 phenomena	 keep	 occurring	 in	

urban	areas,	making	Tribes	be	huge	social	and	physical	entities	in	cities	to	be	managed	for	

their	 well-being.	 In	 particular,	 Pentland	 says	 that	 the	 more	 these	 Tribes	 move	

coordinately,	the	more	positive	is	the	effect	on	the	city’s	economic	performances.		

(2)	 to	 analyze	 a	 new	 kind	 of	 economic	 indicator	 to	 offer	 a	 clearer	 insight	 into	 the	 real	

perception	 of	well-being	 of	 citizens,	 a	 crucial	 factor	 for	 cities’	 governments:	 Subjective	

Well-Being.	 In	 particular,	we	want	 to	 test	 the	 correspondence	 between	 Subjective	 and	

Objective	 Well-Being,	 in	 both	 the	 terms	 of	 what	 they	 measure	 and	 how	 they	 can	 be	

approximated	 with	 other	 already	 known	 indicators,	 which	 are	 easier	 to	 be	 computed,	

based	on	the	findings	from	the	examined	scientific	literature.	



The	project	has,	finally,	involved	the	realization	of	a	software	capable	to	test	the	potential	

utilization	 of	 Stigmergy	 in	 City	 Science’s	 applications:	 as	 an	 innovative	 methodology	

capable	 to	 offer	 new	 insights.	 We	 have	 performed	 all	 these	 analyses	 on	 the	 Mobile	

Territorial	 Lab	dataset,	provided	by	FBK	of	Trento,	which	 collects	 several	different	data	

about	140	users	living	in	the	Province	of	Trento.	

2		-	METHODOLOGY	

Table	A	summarizes	the	main	phases	of	this	thesis	work.	

MACRO-PHASES	 MAIN	STEPS	 THESIS	
PARAGRAPHS	

Literature	Review		

- Framing	of	the	topic	
- Paper	search,	selection	and	organization	
- Database	construction	and	analysis	
- Literature	Review	

2.1,	2.2,	2.3,	2.4,	
2.5,	2.6,	2.7,	2.8	

Stigmergy	and	the	MTL	dataset		
- Introducing	computational	Stigmergy	
- Introducing	the	MTL	dataset	
- Analyzing	the	MTL	dataset	

3.1,	3.2,	3.3,	3.4,	
3.5,	4.1,	4.2,	4.3,	
4.4,	4.5,	4.6	

Tribe	detection:	execution	and	analysis		

- Introducing	the	Tribe	concept	
- Introducing	the	Stigmergic	Platform	
- Analysis	and	extraction	of	possible	
attributes	to	consider	for	doing	the	Tribe	
detection	

- Analysis	of	results	

5.1,	5.2,	5.3,	5.4,	
5.5,	5.6,	5.7	

Subjective	Well-Being	analysis	in	the	MTL	dataset	

- Introducing	Subjective	Well-Being	
- Delineating	the	scientific	context	
- Mobility	Diversity	extraction	
- Analysis	of	results	

6.1,	6.2,	6.3,	6.4,	
6.5,	6.6,	6.7	

	

	

Table	B	below	reports	the	main	Research	Questions	to	which	this	thesis	refers	to,	and	the	

methodology	utilized	to	deal	with	them.	

RESEARCH	QUESTIONS	 METHODOLOGY	

Which	attribute	is	the	most	effective	in	detecting	Tribes?	(§5)	

- Stigmergic	Marks	release	
- Attributes	extraction	with	Matlab_R2016a	

programming	and	data	mining	
- Proxy	variable	model	and	statistics	analysis	

Do	Subjective	and	Objective	Well-Being	have	different	
characteristics?	Can	Subjective	Well-Being	be	predicted	with	
the	same	features	than	Objective	one?	(§6)				

- Statistics	comparison	of	Subjective	and	Objective	
Well-Being	in	the	MTL	dataset	with	correlation	
analyses	

- Mobility	Diversity	extraction	with	Matlab_R2016a	
programming	

	

	

	

	

	

Table	B	-	Research	Questions	and	Methodologies		
	

Table	A	-	Description	of	the	main	phases	and	steps	that	have	characterized	this	thesis	work.	Numbers	in	brackets	refer	to	
paragraphs	of	this	summary.	

	



3	-	LITERATURE	REVIEW	AND	SYSTEMATIZATION	

3.1	-	Methodology	followed	for	tracing	the	Conceptual	Landscape	

The	existing	scientific	Literature	on	the	main	area	of	this	thesis	work	has	been	examined	

and	Table	C	summarizes	the	methodology	adopted.	

PHASES	 DESCRIPTION	

Introduction	to	the	main	topics	

The	reading	the	book	Social	Physics:	How	Good	Ideas	Spread	-	The	Lessons	from	a	
New	 Science	 by	 Pentland	 (2014)	 and	 one	 thesis	 work,	 the	 concepts	 of	 Tribe,	
Stigmergy	 and	 Well-Being	 have	 been	 acquired	 as	 the	 first	 step	 towards	 the	
realization	of	this	thesis	work.	

Drawing	the	conceptual	landscape	

The	first	phase	has	led	to	the	design	of	the	Conceptual	Landscape	of	this	thesis	
work,	that	has	identified	Computational	Social	Science	as	the	most	related	subject	
to	these	topics,	and	the	Smart	City	concept	as	the	most	interesting	point	of	view	
from	where	to	see	the	results.	

Search	for	papers	

- What	(keywords):	Community	Detection,	Tribe	Detection,	Community	Discovery,	
Tribe	 Discovery,	 Trajectory	 Similarity,	 Coordinated	 Movements,	 Synchronic	
Movements,	 Measuring	 Coordination	 Movements,	 Trajectory	 Detection,	 City	
Economic	 Performance,	 Smart	 City,	 City	 Economic	 Indicator,	 Coordination	 +	
Stigmergy,	Movements	+	Stigmergy.	

- Where:	MIT,	Scopus,	EBSCOhost	Research	Database,	Google	Scholar.	
- Results:	 the	 research	 has	 led	 to	 the	 identification	 and	 downloading	 of	 190	
different	 papers.	 These	 papers	 have	 then	 been	 selected	 and	 classified	 into	 5	
categories.	

Selection	and	Classification	

125	papers	have	been	selected	as	potentially	interesting	for	this	thesis	work.	29	of	
them	have,	finally,	been	selected	as	important	ones.	Each	of	these	29	papers	has	
been	 assigned	 to	 one	 of	 the	 5	 identified	 categories:	 Collective	 Motion	 and	
Coordination,	 Communities	 Detection,	 Economics,	 Trajectories	 Detection,	 Useful	
Related	Concepts	and	Actions.	

Reports	Construction	
Each	selected	paper	has	been	summarized	 in	a	Report	using	Microsoft	Word,	 in	
where	 the	 major	 information	 has	 been	 collected:	 Article	 N°,	 Title,	 Authors,	
Category,	Main	Objectives,	Methodologies,	Main	Results.	

Database	Construction	and	
Analysis	

A	Database	collecting	information	about	the	selected	papers	has	been	built	using	
Microsoft	Excel.	 It	has	also	been	exploited	to	make	analysis	on	papers	regarding	
the	distribution	of	year	of	publication,	category,	data	source	distribution.	

	

3.2	-	Literature	Review	and	analysis	

Table	D	shows	and	describes	the	5	categories	of	Literature	considered	in	this	thesis	work.	

CATEGORY	 DESCRIPTION	

Collective	Motion	and	
Coordination	

- Number	of	papers:	5.	
- Description	and	Major	 Findings:	 a	 set	of	 papers	 that	 study	 the	possibility	 to	detect	

and	measure	 a	 Collective	movement	 and	 the	 coordination	 of	 this	movement.	 This	
multidisciplinary	 category	 shows	 algorithms	 capable	 to	 detect	 objects	 that	 move	
together	during	the	time,	by	clustering	them	in	sequential	snapshots.	Also,	measures	
of	coordination	taken	by	Biology,	such	as	Collectiveness,	are	described	and	applied	to	
human	behaviors.	

Communities	Detection	

- Number	of	papers:	4.	
- Description	 and	 Major	 Findings:	 a	 set	 of	 papers	 that	 describe	 the	 available	 and	

currently	used	methods	 to	detect	 communities	 in	 a	 given	population	of	objects	 (or	
individuals).	This	 is	done	mostly	with	the	use	of	 the	Similarity	concept,	applied	to	a	
certain	meaningful	measure.	By	following	this,	similar	objects	are	grouped	together,	
delineating	 the	 communities.	 Also,	 this	 process	 has	 been	 applied	 to	 CDRs	 and	
communication	 patterns,	 delineating	 communities	 of	 mobile	 phone	 users	 by	
considering	the	volume	of	calls	intra	and	out	of	communities.	

Economics	 - Number	of	papers:	8.	
- Description	 and	Major	 Findings:	 a	 set	 of	 papers	 that	 describe	 the	 current	methods	

Table	C	-	The	methodology	followed	for	doing	the	Literature	Review.	
	



used	 to	measure	 the	economic	performances	 in	 cites	 (or	 smart	 cities)	 and	possible	
relations	with	other	useful	factors	(like	movements).	In	this	category	several	different	
studies	 showing	 how	 to	 put	 in	 correlation	 movements	 and	 economic	 indexes	 are	
collected:	the	results	show	that	movements	behaviors	seem	capable	to	predict	with	
good	statistical	confidence	the	economic	status	of	cities.	

Trajectories	Detection	

- Number	of	papers:	5.	
- Description	 and	Major	 Findings:	 a	 set	 of	 papers	 that	 try	 to	 detect	 and	 collect	 the	

trajectories	 that	describe	 the	 individual	movements	during	a	 time	period.	This	area	
shows	 capabilities	 to	 detect	 groups	 of	 similar	 objects	 via	 clustering	 of	 their	
trajectories,	taking	into	consideration	the	go-to-similar-places	perspective	of	Tribes.	

Useful	Related	Concepts	and	
Actions	

- Number	of	papers:	7.	
- Description	 and	Major	 Findings:	 a	 set	 of	 papers	 that	 describe	 some	 related	 useful	

features,	 like	 indexes	 or	mathematic	 operations	 to	 treat	mobile	 phones	 data.	 This	
category	shows	several	different	cleaning	and	rationalizing	operations	to	make	upon	
CDRs,	 as	 much	 as	 indexes	 like	 Centrality	 which	 are	 capable	 to	 lead	 to	 a	 better	
comprehension	of	the	city	under	study.	

	

The	 selected	 Literature	 has	 been	 deeply	 analyzed	 in	 order	 to	 extract	 from	 it	 useful	

concepts,	methodologies	or	other	 findings.	 Several	 different	 areas	have	been	explored.	

The	Communities	Detection	area,	for	example,	has	given	some	basic	concepts	on	grouping	

and	clustering	similar	objects	among	populations,	that	is	 in	some	way	what	we’re	trying	

to	do	with	 the	Tribe	detection	process.	Algorithms	 like	COMBO,	MC1	or	HITS	are	often	

used	 for	detecting	communities:	 they	mostly	 rely	on	density	based	clustering,	and	 they	

have	also	been	tested	on	CDRs.	So,	this	area	suggests	to	group	objects	based	mostly	on	

the	Similarity	among	them:	this	is	an	important	part	of	the	definition	of	Tribe.		

Another	 close	 area	 refers	 to	 the	 definition	 of	 Trajectories	 made	 by	 individuals	 and	

clusters	 them	based	on	their	proximity	 in	both	time	and	space:	 this	perfectly	applies	 to	

the	 city	 science	 field,	 capturing	 the	 moving-to-similar-places	 perspective	 of	 the	 Tribe	

concept.	The	fact	that	members	of	a	Tribe	should	move	together	can	be	also	proficiently	

detected	by	considering	actual	groups	of	objects	moving	 together	across	 the	space:	we	

can	refer	to	this	phenomenon	as	Collective	Motion.	

In	addition,	 the	way	 in	which	a	group	moves	can	have	some	meaningful	characteristics,	

that	 can	 be	 measured	 with	 indicators	 like	 Collectiveness,	 for	 example,	 indicating	 the	

coordination	 of	 the	 group	 itself.	 All	 this	must	 be	 referred	 to	 the	 Economic	 side	 of	 the	

Tribe-and-Cities	topic:	 there	are	several	different	economic	 indicators	that	are	currently	

used	by	 governments.	 Papers	 of	 this	 area	demonstrate	 that	movements	 of	 people	 and	

this	 kind	 of	 indicators	 are	 related,	 with	 good	 predictors	 extractable	 from	 movements	

datasets:	this	states	that,	actually,	the	movement	patterns	in	cities	could	have	effects	on	

their	economies.	Also,	traditional	indicators	seem	to	be	in	some	way	obsolete:	new	ones,	

capturing	features	like	Subjective	Well-being,	are,	in	fact,	replacing	them.		

Table	D	-	the	five	categories		
	



Table	E	lists	some	of	the	most	useful	concepts	and	indicators	used	in	the	literature.	

INDICATOR	NAME	 DESCRIPTION	
ECONOMICS	RELATED	

IMD	
Index	 of	Multiple	 Deprivation:	 an	 economic	 index	 that	 indicates	 how	much	 an	 area	 (a	
region,	a	city,	a	municipality…)	is	poor,	by	considering	several	different	aspects	related	to	
this	concept.	

GDP	(or	PCI)	 Gross	Domestic	Product	and	Per	Capita	Income:	two	economic	indexes	that	measure	the	
richness	of	a	country,	region,	family	or	individual.	

Population	Density	 The	ratio	between	the	population	of	a	certain	region	and	its	geographical	area	in	m2.	It’s	
used	to	make	comparison	and	correlations	with	other	indicators.	

TRAJECTORIES	

Geographical	Trajectory	 It	collects	all	the	places	where	an	individual	has	been	during	a	certain	movement,	tracking	
a	trajectory	in	the	considered	area.	

Semantic	Trajectory	
Instead	 of	 defining	movements	 by	means	 of	 geographical	 places,	 Semantic	 Trajectories	
use	Semantic	Labels	assigned	to	each	geographical	area,	stating	the	main	activities	doable	
in	there.	

Similarity	 It	measures	how	much	two	trajectories	are	the	same,	following	a	certain	characteristic	of	
interest.	It	is	computed	in	several	different	ways,	depending	on	the	application.		

MOBILITY	

Mobility	Volume	(Radius	
of	Gyration)	

𝑀𝑉 𝑢 =
1
𝑁

𝑛!(𝑟! − 𝑟!")!
!∈!

	

Mobility	Diversity	

It’s	often	measured	by	an	Entropy	function,	as:	
	

𝑀𝐷 𝑢 = −
𝑝 𝑒 log 𝑝(𝑒)!∈!

log𝑁
	

	
It	measures	how	differently	an	individual	moves	during	the	considered	time.	

	

	

4	-	EMPIRICAL	BACKGROUND:	STIGMERGY	AND	THE	MTL	DATASET	

Stigmergy	 is	 a	 concept	 from	 Biology,	 first	 observed	 as	 the	 indirect	 phenomenon	 of	

coordination	(by	means	of	perceptible	alterations	of	the	environment)	occurring	in	ants’	

colonies.	 It	has	been	later	utilized	in	several	different	applications	of	Computer	Science:	

this	thesis	work	uses	a	software	developed	to	test	Stigmergy’s	potentialities	in	be	used	in	

City	 Science	 applications,	 where	 the	 key	 factor	 is	 the	 spatio-temporal	 position	 of	

individuals.	 This	 software,	 and	 Stigmergy	 in	 general,	 uses	 a	 key	 operator	 in	 order	 to	

properly	 work	 in	 such	 applications:	 the	 Marking	 Agent.	 It	 releases	 Marks	 in	 an	 IT	

environment	 (a	 reproduction	 of	 the	 physical	 one)	 in	 positions	 that	 correspond	 to	 the	

physical	ones	in	where	the	individuals	have	actually	been	detected:	one	key	Stigmergy’s	

feature,	the	Evaporation	of	Marks,	make	it	capable	to	allow	doing	spatiotemporal	analysis	

on	data.	Marks,	in	a	2D	dimension,	have	the	shape	showed	in	Figure	1.	

Table	E	-	Some	of	the	useful	indicators	and	concepts	extracted	from	the	selected	Literature.	



	

	

The	MTL	dataset	collects	several	kinds	of	data	about	a	community	of	142	volunteers	living	

in	 the	Province	of	 Trento.	 For	 this	 thesis	work,	we	have	exploited	mostly	3	datasets	of	

MTL:	 Locations,	 providing	 three	 years	 of	 detected	 positions	 of	 the	 participants;	 Calls,	

providing	 information	 about	 calls	 made	 and	 received;	 Survey,	 collecting	 personal	

attributes	collected	by	surveys	periodically	filled	by	the	participants.	

	

5	-	TRIBES	DETECTION	

5.1	-	Introduction	to	Tribes	and	to	the	software	

As	already	said,	the	Tribe	concept	is	from	Pentland	(2014),	and	refers	to	groups	of	people	

in	 cities	 that	 share	 some	 kind	 of	 characteristic:	 this	 fact	 has	 a	 great	 impact	 on	 these	

people’s	 habits,	making	members	 of	 the	 same	 Tribe	 spending	 time	 together	 in	 similar	

places.	From	an	examination	of	the	concept,	it	appears	that	these	Tribes	have	3	different	

but	 connected	perspectives:	 a	Geographical	one,	 that	 refers	 to	 the	 fact	of	being	 in	 the	

same	place	with	other	members;	a	Semantic	one,	that	refers	to	the	fact	that	members	of	

the	 same	 Tribe	 have	 quite	 the	 same	 habits;	 a	 Social	 one,	 that	 refers	 to	 the	 fact	 that	

members	of	the	same	Tribe	develop	social	 relations	with	the	others.	For	these	reasons,	

we	have	tested	the	effectiveness	of	several	different	attributes	about	 the	population	 in	

detecting	Tribes,	each	of	them	belonging	to	one	of	the	three	different	cited	perspectives.		

Figure	1	-	The	graphical	representation	of	a	Stigmergic	Mark.	The	darker	is	the	color,	the	higher	is	the	value	of	Stigmergy	
associated	with	the	cell.	Marks	can	overlap	with	each	other,	increasing	the	intensity	of	Stigmergy	in	a	cell.	



To	 do	 this,	 we	 have	 used	 a	 Stigmergic	 Platform,	 which	 is	 a	 software	 developed	 in	

Matlab_R2016a	 that	utilizes	Stigmergy	 in	 the	visual	way	 illustrated	 in	paragraph	4.	This	

software’s	release	is	capable	to	show	and	monitor	up	to	2	different	Tribes:	Figure	2	shows	

the	visualization	environment	provided	by	the	same	software.		

	

	

5.2	-	Attributes	selection	and	extraction	

Table	 F	 summarizes	 the	 considered	 attribute	 and	 how	 the	 successive	 assignment	 of	

participants	to	Tribes	has	been	performed.	

ATTRIBUTE	 TRIBE1	 TRIBE2	
STATIC	ATTRIBUTES	

Gender	 Females	 Males	
Personal	Net	Income	 <22000	 ≥22000	
Familiar	Net	Income	 <40000	 ≥40000	

EXTRACTED	ATTRIBUTES	
Social	Network	-	Scenario1	 Members	of	the	biggest	cluster	 Other	participants	
Social	Network	-	Scenario2	 Members	of	the	biggest	cluster	 Other	participants	
Social	Network	-	Scenario3	 Members	of	the	biggest	cluster	 Other	participants	
Social	Network	-	Scenario4	 Members	of	the	biggest	cluster	 Other	participants	
Social	Network	-	Scenario5	 Members	of	the	biggest	cluster	 Other	participants	
Home	Locations	 Inside	the	City	of	Trento	area	 Outside	the	City	of	Trento	area	
Work	Locations	 Inside	the	City	of	Trento	area	 Outside	the	City	of	Trento	area	

	

As	per	the	Extracted	Attributes:	

- Social	Networks:	they	are	approximated	by	means	of	calls	graphs,	extracted	from	

the	Calls	dataset	of	MTL,	where	nodes	represent	participants	and	edges	represent	

calls	among	them.	Different	Networks	have	been	extracted	as	we	have	considered	

Figure	2	-	An	example	of	visualization	achievable	with	the	software.	Each	Tribe	has	a	different	color	associated.	The	peaks	that	can	
be	seen	represent	places	in	where	there	are	several	members	of	the	correspondent	Tribe.	

Table	F	-	The	attributes	considered	for	doing	the	Tribe	detection	in	this	thesis	work.	



some	parameters	 filtering	 the	graph	construction:	 the	minimum	Number	of	calls	

between	 two	 participants,	 the	 minimum	 Relative	 number	 of	 calls	 between	 two	

participants	and	the	minimum	duration	of	calls;	

- Home	 and	Work	 Locations:	 they	 are	 extracted	 for	 each	 participant	 considering	

their	medium	detected	 Location	 in	 respectively	 the	 nighttime	 (0a.m.-7a.m.)	 and	

the	daytime	(10a.m.-12a.m.	and	3:30p.m.-5:30p.m.).	Figure	3	shows,	for	example,	

the	detected	Home	Locations	as	a	heat	map.	

	

	

Each	 attribute’s	 effectiveness	 has	 been	 evaluated	 with	 both	 the	 visual	 Stigmergic	

software	and	a	proxy	variable,	named	Medium	Standard	Deviation	(Table	G).	

MEDIUM	STANDARD	
DEVIATION	

1. Separate	locations	by	means	of	two	hour	brackets;	
2. Compute	the	mean	Latitude	and	Longitude	for	each	ID	in	each	time	bracket;	
3. Compute	 the	standard	deviation	of	 the	mean	Locations	computed	 in	point	2	 in	

each	time	bracket	(for	both	Latitude	and	Longitude);	
4. Compute	the	Medium	Standard	Deviation	as	the	mean	of	the	standard	deviations	

(Latitude	and	Longitude)	computed	in	point	3.	

	

This	variable	has	been	computed	for	both	the	detected	Tribes	and	a	null-case	(0-Tribes)	in	

where	all	the	population	is	part	of	the	same	Tribe.	We	then	have	compared	this	variable	

in	these	cases:	the	minor	is	its	value	for	a	Tribe,	the	best	the	detection	should	have	been.	

	

5.3	-	Results	analysis	

Figure	4	shows	the	medium	gain	on	the	null-case	with	the	considered	attributes.	

Figure	3	-	The	detected	Home	Locations	in	the	MTL	dataset:	red	areas	are	the	most	populated.	

Table	G	-	The	proxy	variable	computation	process.	



	

Both	Home	and	Work	Locations	greatly	outperform	the	other	attributes	and	the	null	case,	

leading	to	more	accurate	Tribe	detections.	Just	the	Social	Network,	instead,	has	proven	to	

be	capable	to	detect	two	Tribes	at	once,	both	leading	to	gains	on	the	null-case.	

	

6	-	SUBJECTIVE	WELL-BEING	ANALYSIS	

We	 tested	 the	 capability	 of	 one	 of	 the	 best	 Objective	Well-Being	 predictor’s,	Mobility	

Diversity,	 to	be	a	 good	predictor	of	 Subjective	Well-Being,	 too.	We	have	 tested	 this	on	

two	 indicators	 of	 Subjective	 Well-Being	 collected	 in	 the	 MTL	 dataset:	 Subjective	

Happiness	and	Satisfaction	With	Life	scores.	Figure	5	shows	the	results	for	the	Subjective	

Happiness	score.	

The	results	show	with	good	statistical	significance	that	Subjective	Well-Being	has	different	

characteristics	 compared	 to	 Objective	 Well-Being:	 therefore,	 it	 has	 to	 be	 explored	 in	

order	to	find	new	indicators	capable	to	predict	it.	

	

Figure	4	-	The	summary	of	the	results.	The	Mean	Variance	refers	to	the	medium	gain	achieved	by	the	attribute	in	the	different	time	
brackets	on	the	null-case.	



	

	

7	-	CONCLUSIONS	AND	FUTURE	RESEARCH	

This	 thesis	 highlights	 some	 still	 open	 research	 questions.	 The	 Tribe	 detection	 area	

appears	to	be	still	at	its	first	steps:	it	lacks	a	multi-attribute	model	capable	to	perform	the	

Tribe	 detection	 in	 populations,	 considering	 more	 than	 one	 attribute	 per	 time.	 Such	

system	 would	 have	 different	 characteristics	 compared	 to	 the	 community	 detection	

processes	 already	 used	 in	 the	 scientific	 community:	 Tribe	 topic	 has,	 in	 fact,	 a	 strong	

multidisciplinary	attitude	 that	differentiates	 it	 from	other	 similar	problems.	Some	other	

possible	future	steps	may	be	represented	also	by	considering	more	than	two	Tribes.	

The	Subjective	Well-Being	area,	also,	appears	as	an	open	field.	It’s	crucial	to	understand	

what	exactly	we	intend	when	referring	to	that	term,	as	well	as	how	to	compute	it	without	

using	 any	 time-spending	 or	 user-unfriendly	 source.	 Future	works	may	 try	 to	 find	 good	

predictors	of	it	as	to	facilitate	the	computation	of	this	indicator.	

Finally,	this	work	has	been	done	on	a	really	small	dataset:	testing	the	preliminary	findings	

in	bigger	datasets	would	be	surely	give	more	confidence	on	these	results.	

	

	

	

Figure	5	-	It	can	be	seen	a	weak	negative	correlation	between	the	two	variables	(ρ	=	-0,208,	p-value	=	0,01).	



APPENDIX	

LA	MIA	ESPERIENZA	DI	TESI:	LIPARI	ED	IL	MIT	

Durante	gli	ultimi	7	mesi	di	lavoro	sulla	tesi	all’Università,	ho	avuto	la	possibilità	di	vivere	
due	esperienze	fantastiche	dal	punto	di	vista	formativo	e	personale.	La	prima,	in	Luglio,	è	

stata	 la	partecipazione	alla	 Summer	School	
di	Lipari	sui	Complex	and	Social	Systems.	La	
settimana	 di	 soggiorno	 a	 Lipari	 è	 stata	
davvero	eccezionale:	ho	avuto	la	possibilità	
di	 entrare	 in	 contatto	 con	 dottorandi	 da	
tutto	 il	mondo,	nonché	con	figure	di	spicco	
del	mondo	 accademico	 come,	 ad	 esempio,	
Carlo	Ratti	dal	MIT.	Le	lezioni,	i	temi	trattati	
e	 le	 esperienza	 in	 generale	mi	 hanno	 fatto	
crescere	 moltissimo	 dal	 punto	 di	 vista	

personale	e	professionale.	La	seconda	esperienza	è	stata,	invece,	il	MIT:	fin	da	quando	ho	
saputo	 che	 sarei	 andato	 a	 Boston	 al	 Massachusetts	 Institute	 of	 Technology	 ero	 molto	
eccitato.	 Andare	 al	 MIT	 è	 sempre	 stato	 uno	 dei	 miei	 sogni	 da	 Ingegnere:	 è	 una	 delle	
Università	più	prestigiose	del	mondo.	E	devo	dire	che	 le	mie	aspettative	non	sono	state	
affatto	disattese,	anzi:	se	possibile,	 il	posto	si	è	rivelato	ancora	più	magico	di	quanto	mi	
aspettavo.	 Si	 respira	 un’atmosfera	 assolutamente	 dinamica,	 stimolante	 e	 coinvolgente.	
Ho	 avuto	 modo	 di	 entrare	 in	
contatto	con	uno	degli	scienziati	più	
famosi	 al	 mondo,	 Alex	 Pentland,	
nonché	 di	 vivere	 il	 MIT	 dal	 suo	
interno.	 E’	 stata	 un’esperienza	
veramente	 formidabile,	 che	 mi	 ha	
cambiato	 profondamente	 e	 che	 mi	
porterò	 dietro	 per	 tutta	 la	 vita.	 Ho	
avuto	 anche	 la	 possibilità	 di	 andare	
per	la	prima	volta	negli	Stati	Uniti,	e	
di	 interfacciarmi	 con	 accademici	 da	
tutto	il	mondo.	
Direi	che	l’aspetto	più	importante	di	entrambe	queste	esperienze	sia	stata	la	possibilità	di	
accrescere	 il	mio	 network	 di	 conoscenze,	 espandendone	 il	 raggio	 a	 tutto	 il	mondo.	 Ho	
potuto,	inoltre,	rendermi	conto	di	cosa	comporti	la	vita	accademica	dopo	l’Università,	ed	
in	 quali	 punti	 ho	 ancora	 bisogno	 di	 migliorare	 molto.	 Sono	 tornato	 da	 entrambe	 le	
esperienze	 con	 una	 motivazione	 ed	 una	 spinta	 enorme	 nel	 portare	 a	 termine	 la	 mia	
esperienza	universitaria	e	di	tesi	nel	miglior	modo	possibile,	e	con	una	visione	del	mondo	
completamente	diversa,	come	solo	esperienze	uniche	di	questo	tipo	possono	regalarti.	
	


