


La Complejidad del 

Comportamiento y 

la Toma de Decisiones

Chris Stephens, C3 y ICN, UNAM
Brown Bag Colloquium, C3 05/05/2016



¿Qué es comportamiento?
Una definición de Wiki

✤ En psicología, antropología y biología comportamiento o conducta es 
la manera de proceder que tienen las personas u organismos en 
relación a su entorno o mundo de estímulos.

✤ Puede ser consciente o inconsciente 

✤ Voluntario o involuntario  

✤ Público o privado 



The worldview of the last 3 
centuries: The Doctrine

The world as a machine

How do we model machines?

With differential equations

We all obey the law!

In fact...

we are slaves of the law



The Evolution of Behaviour

The difference between complex and 

simple systems is the difference between 

“being” and “behaving (doing)” 

Mechanistic Adaptive

The cat obeys the same laws 

of physics as the ballBut its not a “slave” to them

The evolution of behaviour (function)

is the revolution that allowed 

systems to escape the tyrrany 

of the laws of physics. 

Complexity is a consequence 

of that revolution. 



Universality
We’re all equal under the law

In physics and chemistry... 
there’s really not a lot to say
once you’ve seen one perfect 

gas you’ve seen them all!
At all times and in all places

In general, you don’t need 

that much data



In Complex Adaptive Systems 
however...

There’s a lot you can say!

Imagine what you can 

say about a city
versus a crystal as big as a city!



¿Qué es una Decisión?
Una definición de Wiki

✤ Una decision es el producto final del proceso mental-cognitivo 
especifico de un individuo o un grupo de personas u 
organizaciones, el cual se denomina toma de decisiones.

✤ En términos más precisos un objeto mental D es una decision si éste fue obtenido por 
una elección consciente de solo una opinión o acción desde un conjunto 
conocido de alternativas.



¿Qué es una Decisión? 

Una selección entre alternativas implicando un cambio de estado
Asociada con una acción, no con cosas

Asociada con una “estrategia”

¿Cómo enumerar las alternativas?

¿Cómo ponderar las alternativas?

¿Qué factores se toma en cuenta?

Escalas de tiempo

“Racional” versus “irracional”

“Emocional” versus “lógico”

Explicito versus implícito 

Nivel individual versus grupal



El propósito principal de la 
ciencia - medicina, salud 
pública - es…

Predecir

La habilidad más importante de los seres vivos 

Toma de decisiones
para la 



Adaptation and 
Decision Making

Complex Adaptive Systems...

make “decisions”

both at the individual 

and collective levels



There are good decisions 

and there are bad decisions



✤ Tomaré un comportamiento como la consecuencia 
de una serie de decisiones asociado con una 
estrategia 

Los Sistemas Complejos Adaptativos exhiben una alta diversidad de ESTRATEGIAS

El estado dinámico de un individuo a t+1 depende de no 
solamente el estado del individuo y de otros a tiempo t pero  
también de la estrategia (regla de actualización) seleccionada
a tiempo t, que a su vez depende de las reglas de otros a t

hay que trabajar en un espacio de estados Y estrategias/reglas/modelos 



¡No sabemos como es este espacio!

Además, la ganancia para una estrategia es RELATIVA no absoluta. Ganancia debe ser una propiedad emergente. Imagínense al ini



How do we make predictions and 
model decisions?

P(C|X) The probability 
of C given X

This represents a PREDICTION

According to its numerical value you make a decision

X = (X1, X2, X3,…,Xn) represents the data (variables) the organism has on 

which to base the prediction or decision

P(C) represents the prediction or decision 

without any information

Decisions can be modelled by this formula: C represents the metric/goal or state, X are the influencing factors and P(C|X) th

P(C|X(t))X = X(t) because organisms change, 

learn and adapt



How do we make predictions 
and model decisions?

There are two types of prediction model, P(C|X): 
heuristic and algorithmic

AlgorithmicHeuristic



You can say a lot about a Complex 
Adaptive System and each thing you say 
depends on a lot of other things

P(A,B,C,D,...; t|a,b,c,d,...; t’)
Diabetes

Angina

ObesityRenal failure

Leukaemia 45 mins exercise 

per week

Father had diabetes

SNP Rs7903146

Any observable of a complex system 

depends on a whole host of other factors

Many causesMany effects

Many disciplines

From the “micro” to the “macro”



Fortunately,...
we are in the middle of a 

revolution

You need a lot of data to 

describe complexity



La revolución de datos

Revolución en la 

generación de datos

Revolución en el

almacenamiento 

de datos

Revolución en el

análisis de datos

Cerebro humano 

10-100 Terrabytes

Todos los libros en el 

mundo 30-50 Terrabytes 

En forma electrónica 

1 zettabyte¿Qué representan estos datos?

¡Sistemas complejos!

El mundo “real” en que vivimos -
sucio, incierto, complejo,... 



Data connectivity  

The data we have 

access to: the tip

of the iceberg

My data: 

a snowflake

But just how connected are we?



Data connectivity 
Is it that great?

The data we have 

access to: the tip

of the iceberg

My data: 

a snowflake

The data we 

don’t have 

access to! 

Public 

versus 

private 

data



Enfermedades 
Crónicas



Obesidad y diabetes y la toma 
de decisiones

“Malas” decisiones



Obesidad y diabetes y la toma 
de decisiones

“Buenas” decisiones



La importancia de la diabetes 
mellitus tipo 2

✤ Diabetes es una enfermedad donde el riesgo aumenta como 
función de tiempo dependiente del estilo de vida 

✤ Un factor que es muy importante es la nutrición

✤ Costo en México $200 mil millones por año, en EU, $2 millones 
millones 



La diabetes y Obesidad son 
complejas

Médicos

Endocrinólogos

Filósofos

Economistas

Nutrólogos

Psicólogos

GeneticistasSociólogos

Mediólogos

Bioquímicos

Biofísicos

Demógrafos

Epidemiologos

Políticos

Autoridades



Obesidad y diabetes:  su prevención y 
tratamiento son dinámicos y 
adaptativos
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Scenario 1 Scenario 2

Scenario 3 Scenario 4

Scenario 1: Onset of obesity at 20

Continued obesity and onset of metabolic syndrome at 40

Onset of diabetes at 50

Onset of renal failure at 60

Death at 70

Scenario 2: Onset of obesity at 20

Continued obesity and onset of metabolic syndrome at 40

Onset of diabetes at 50

Adequate control and treatment of comorbilities at 60

Bad health and high cost at 70

Scenario 3: Overweight at 20

Obesity at 40

Onset metabolic syndrome at 50

Onset  of diabetes at 60 

Continued diabetes but no serious comorbilities at 60

Ill health and moderate cost at 70

Scenario 4: Overweight at 30

Obesity at 50

Onset of metabolic syndrome at 60

Onset of diabetes at 70 but relative health

Intervenciones

Queremos predecir y entender “historias”

Tratamiento 

paliativo

Tratamiento 

curativo

Tratamiento 

preventativo



Obesidad, diabetes y la necesidad de 
trabajo transdisciplinario en grupo 

Obesidad

Diabetes

Genética

SNPs

Trastornos 

psicológicos

Comida 

chatarra

Políticas de

salud pública

Falta de nivel

educativo

Evolución



Medicina y Salud Pública y el 
problema de Predicción

En las ciencias exactas, la predicción 
suele ser algorítmica

En la medicina y la salud pública 
suele ser heurística

Medicina

curativa
Menos complejo,

menos adaptivo

Medicina

preventativa
Más complejo,

más adaptativo

Medicina preventativa requiere mucho más

datos. De dónde vienen esos datos…

de la revolución de datos



Differences between the data mining 
approach and traditional 
epidemiology/medicine

✤ Not necessarily driven by a single hypothesis

✤ No preset sample size

✤ Happy with non-controlled (e.g., RCT) data

✤ Purpose is to explore the data with as little prejudice as possible

✤ Good for multi-factorial modelling



Enfermedades crónicas
No eres lo que comes te vuelves lo que comes

Comemos menos como función de edad
Nos engordamos y luego nos adelgazamos

Los gordos comen igual a los flacos

punto de 

equilibrio
punto de 

equilibrio

Deficit de 

calorias

Exceso de 

calorias

Es el exceso de calorias que es el motor de la 

obesidad. El motor es mas activo a 20 y se para a 50 y 

luego se pone en revés. 

No es “ruido”es 

multifactoralidad



Enfermedades crónicas

El motor cambia de combustible…

Disminución acelerada en el 

consumo de carnes en los ancianos

La mezcla del motor a 20 consiste de 51.5% 

azucares, comida chatarra y carnes y 30% 

frutas, verduras y cereales. A edad 50 es 45.5% 

y 36.5%.



How are the diagnosed health 
states “now”?

Cross-correlate diagnosed health states to actual BMI

94% of those previously diagnosed as obese are actually 

obese/overweight by BMI.

95% of those previously diagnosed as obese and diabetic are 

actually obese/overweight by BMI.

68% of those who have not been previously diagnosed as obese 

or diabetic are BMI obese/overweight.

78% of those who have been previously diagnosed as diabetic 

but not as obese are BMI obese/overweight.

Obesity is the great undiagnosed disease! 

Diabetes is incurable. Effectively, so is 

obesity!
It’s also an iceberg: undiagnosed



Obesity is an unrecognised disease by 
the sufferer in spite of the symptoms

People think they’re less overweight/obese

than they are. Symptom severity is under-

estimated.

Fundamental question: Why do we lie

to ourselves?



Perception of weight and 
Cognitive Biases

Figure 2. Comparison of non-diagnosed (ND) versus diagnosed (D)

obese mean responses for the category self-perception question by gender. 

Figure 3. Comparison of non-diagnosed (ND) versus diagnosed (D) obese mean responses 

for the Stunkard figure rating scale question by gender. 

Slopes in the linear range are 

35-50% less than one would expect 

if people could gauge their 

weight accurately! The lobster in 

the pot syndrome

Self-serving bias

Anchoring bias



Table 2: Comparison of real self-perception versus desired body image, measured on the Stunkard Figure rating scale. 

Percentages are calculated for each figure dependent on whether the self-perception is higher, equal to, or lower than the desired body figure.



Identificación de riesgos: 
La nutrición, la psicología, la evolución y la causalidad...

ENSANUT 2006



Identificación de riesgos: 
Ignorancia y la educación

Ignorancia y especialmente

ignorancia sobre la salud es

un factor de riesgo de 

importancia similar a la 

obesidad

Para hombres 20-59 de 

PREVENIMSS 2006



Identificación de riesgos: 
Sedentarismo y ejercicio

Para hombres 20-59 de PREVENIMSS 2006

Para adultos 

mayores > 59



You can predict someone’s health state 
from their diet, but beware of causality
Naive Bayes statistical model based on differential 
consumption of different food groups - 50 variable model



How to get more complete 
data…
Do it yourself!

Project: : La Complejidad de la Diabetes 

Mellitus Tipo 2

Supported by CONACyT through the 

program of Redes Tematicas with the 

Red Ciencia, Complejidad y Sociedad

$1.5 million, duration 1 year

Purpose was to combine genetic and 

lifestyle data to find their relative 

contribution as risk factors and build

more complete predictive risk models















Genetic analysis

obesidad

obesidad

772 SNPs considerados

Subconjuntos con obesidad,

DM2, lipidos, hepaticas 

NO parece dar un buen modelo 
predictivo

(score = 0.904, predictivo pero escaso)

(score = 0.105, no tan predictivo pero comun)



Puntos claves

Educación

Nature versus nurture
hardware versus software

Lo colectivo versus lo individual 

Medicina preventativa versus curativa

Niños

Complejidad

Multi-factorialdad

Medición

Causa y efecto



Enfermedades 
Emergentes



Ecologies 

are 

Complex

Ecology 

is not just for

Ecologists



What are our goals?
The Santa Claus list

Where will diseases emerge or re-emerge – why, when, what can 
we do about it and how do we know it’s working?

We want to predict, for instance
Disease reservoirs and vectors, their interactions and their relative importance
Spatio-temporal behaviour of disease and associated risk factors
Dispersal characteristics 
Socio-demographic/economic risk factors
Genetic susceptibility (at all levels)

We want an integrated systems analysis that takes into account the 
complex nature of disease and we want to understand



How do we Construct a 
Niche Landscape?
Normally data mining takes place in a “categorical” space (the equivalent in ecology is a niche 

space). However, most ecological data is spatio-temporal at multiple scales. Spatial data mining is 

much less developed than standard data mining. 

Problems with spatial data:

Different sources
Different location, data base, access,…

Different data types 
categorical, metric, continuous, discrete,… 

Different spatial resolution 
Explicit – e.g., pixel by pixel in 

environmental layers
Implicit – 30,000,000 data points versus 30 
“Quality” (e.g. Phenotypic characteristic) 

versus “quantity”
Abiotic versus biotic



A Democracy of the Data



Now we can make 
statistical inferences

In standard data mining, for example: P(death|age) = N(death,age)/N(age); 

P(death|diabetes); P(death|age,diabetes); to infer that age is a risk factor for 

death, as is diabetes. Here, we count individuals who have different traits. 

There is a preferred statistical unit - the individual within which we can look for 

coincidences/co-occurrences. In spatial data mining this is not the case. 

We must define coincidences/co-occurrences using an appropriate uniform

spatio-temporal scale.

Dependence of species a on niche variable b 

N(ab)/N(b) 

= P(a|b)



And we can pass to 
Niche Space: Or can we?



Two Example Niches:
Lutzomyia



Two Example Niches:
Lynx Rufus



Two Example Niches

Biotic facilitation seems to be

more the norm than competition

Chains of causality



You can judge a man by his “friends”

or his “enemies”, or “parasites”, 
or “prey” or “predators” or…



Use Complex Inferential Networks to 
Represent Ecosystemic Interactions



The Ecology of Leishmaniasis



Only about 50 (2.5%) of mammals on the 
American continent have been identified as hosts 
of Leishmania
In Mexico only 8 out of 419 (2.1%) had been 
identified as hosts
We collected 922 individuals from 70 species
Predicted and confirmed 22 new species of 
mammal as carriers of Leishmania in Mexico
13 of them are bats, identified for the first time in 
Mexico
Squirrels identified as carriers
34% of collected species were confirmed as hosts
Overall infection rate was 6.7%
No species could be rejected as a host at this 
infection rate at the 95% confidence level
Changes the picture for control of Leishmania 
totally; 
Leishmania and Lutzomyias are eclectic in their 
host source. 
Linnean classification is NOT ecologically relevant 



Prediction at the Ecosystemic 
Level: Disease reservoirs

Biotic facilitation seems 

to be the norm. Species

are not distributed 

randomly



The Ecology of Leishmaniasis



The Ecology of Chagas



The Ecology of Chagas

signifies also a

confirmed host

for Leishmania



The Ecology of Lyme



The Ecology of Lyme



The Ecology of 
Dengue/CHIKV/ZIKV

Risk map for Aedes Aegypti 

from biotic model



Making the Methodology Available

http://geoportal.conabio.gob.mx/charlie/index.html

http://geoportal.conabio.gob.mx/charlie/index.html


Conclusions and questions

✤ Obesity and type 2 diabetes as diseases are Complex Adaptive 
Systems  

✤ CAS are highly multi-factorial and not “predictable” in the standard 
sense

✤ Present day science hasn’t the tools or conceptual framework with 
which to deal with CAS.

✤ Why do we make bad decisions? Are we irrational? Why do we cheat 
ourselves? What is plastic in our behaviour and how plastic is it? 



Los alimentos…



How the “healthy” become 
unhealthy and they/we don’t 
know

Here we analyse the

“healthy” (undiagnosed

diabetes/obesity and

see how they become

unhealthy in terms of

BMI.


