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Have psychology and mathematics 
anything in common? 

 
Not much, but. . . 

Tomáš Urbánek 
Institute of Psychology 

Academy of Sciences of the Czech Republic 

Předvádějící
Poznámky prezentace
Dear colleagues, good afternoon, I thank the organizers for invitation to this conference in the beautiful town of Olomouc. First of all I must confess that I am not sure if I am in the proper role here, because I am not a mathematician, but a psychologist. On the other hand, among my colleagues there are some who think that I am more mathematician or statistician than psychologist. The reason is that I am doing pretty much computing in my job, in my research activities and in the projects in which I am participating.I must admit that mathematics and statistics, or mathematical modeling are not very popular among the majority of the psychology students and practitioners and that‘s why psychologists who are not afraid of these disciplines or who even are able to compute or analyze data are in the field of psychology a sort of kings in the land of blind. But there are some, one of them is Jan Stoklasa, who approached me to participate here, and I also know that in Brno, at the Masaryk University there are several people, who after finishing their bachelor degree in psychology continued to study applied mathematics. And I know that not only in Brno.So we can say that some psychologists are applying mathematics quite a lot. They use some approaches or even models for analyzing their data and there is even a discipline called mathematical psychology with several respected journals. Unfortunately in Czech Republic, the mathematical psychology has no tradition. Not yet, but maybe it will change.
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Psychology as a quantifying 
science 

• long-lasting tradition of attempts to 
measure psychological attributes 

• controversial 

 
• psychometrics – test theory 

• exploratory and confirmatory factor analysis 
• Rasch models 
• item response theory models 

Předvádějící
Poznámky prezentace
I will speak shortly about applications of mathematics in psychology that I know and that I am applying personally. But despite I consider myself more an informed layman than en expert, I will try to present you some problems that I am interested in and that I have just vague ideas about how to solve them. I hope that this could also be interesting for you.First of all I must mention psychometrics or test theory – somewhat controversial set of theoretical assumptions and statistical approaches concerning the constructing and evaluation not only of the tests and questionnaires but also of the observation schemes, scoring systems for text data analyses etc.Some of them are based on the correlation and regression models of the relationship among the item responses and total score of the test, and latent variable models that are called exploratory or confirmatory factor analysis or structural equation modeling. Others are based on the modeling of the probability of the correct answer given to the test item on the different levels of the latent trait that should be measured by the test.These approaches are quite commonly applied to empirical data from psychological research in quantitative branch of psychology.
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Psychology as a science using 
qualitative methods 

 
• Classification 

– e.g. well-grounded theory 
• Diagramming 

– e.g. typical courses of behavior 
• Analyses of text data 

– e.g. scoring of the verbal accounts 
– narrative analyses 

Předvádějící
Poznámky prezentace
But psychology is not only quantitative science. There is long-lasting debate in psychological literature and community concerning the so called qualitative-quantitative gap – what is the proper scientific method and what goal is more scietific – generalizing to some population or thick description of the data at hand…In my opinion both qualitative and quantitative approaches in psychology have their merit and I think that also qualitative methodology could profit from mathematics – we can use some classification techniques, diagrams and schemes, and we can use various techniques of the analysis of the text data which are also quite popular in some branches of the psychology.
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Examples of the research 
paradigms 

 
• Iowa Gambling Task 
• Processes of Dyadic Interaction 

 
– both suggest some application of 

• game theory 
• Markov decision processes 
• what else? 

Předvádějící
Poznámky prezentace
But there are many other approaches in psychology, especially in the cognitive psychology, that are not so commonly applied and in which we would greatly appreciate collaboration with mathematician.I would like to present two of them and ask you for some suggestions or ideas concerning their application.The first of them is Iowa Gambling Task, created by Antonio Bechara, colleague of Antonio Damasio, neuroscientist famous thanks to his theory of somatic markers, the second is research paradigm called Processes of Dyadic Interaction by mexican anthropologist and social psychologist Camilo García.
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• Bechara, A., Damasio, A. R., Damasio, H., & Anderson, 
S. W. (1994). Insensitivity to future consequences 
following damage to human prefrontal cortex. Cognition, 
50, 7–15. 

 
• simulation of the gambling card game 

• 4 decks 40 cards each 
• participant selects any card (100 times) 
• s/he knows that some decks are profitable 

Iowa Gambling Task 

Předvádějící
Poznámky prezentace
The first research paradigm, Iowa Gambling Task, is quite simple simulation of the gambling card game. It consists of four decks of cards, 40 cards in each deck and the participant in the game can selects card from any of the deck. Each cards gives some gain and some cards also bring some loss. He or she is informed that some of the decks are more profitable than others. The participants selects hundred cards – that means that some decks could be completely emptied.
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Iowa Gambling Task

Deck A Deck B Deck C Deck D

Výhra: 100

Celkem: 550

-2000 0 2000 4000 6000

Předvádějící
Poznámky prezentace
This picture illustrates the Iowa Gambling Task in one of the computer implementations.
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Decks‘ characteristics 

Average Deck A Deck B Deck C Deck D 
 
Gain / Deck 

 
$100 

 
$100 

 
$50 

 
$50 

 
Loss / 10 cards 

 
$1250 

 
$1250 

 
$250 

 
$250 

 
Net / 10 cards 

 
-$250 

 
-$250 

 
$250 

 
$250 

 
Reward / 10 cards 

 
5 

 
1 

 
5 

 
1 

Předvádějící
Poznámky prezentace
This table contains the detailed information about the original characteristics or parameters of the IGT decks. We can see that the decks A and B are unprofitable, lossy, and the decks C and D are profitable. The decks A and B are also appealing by bigger regular gain than decks C and D. The decks A and C bring loss five times more frequently than decks B and D…
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Traditional analysis 

• too simple (simplistic) – just total score 
 (C + D) – (A + B) 
 both theoretical and methodological flaws 

 
• need for more complex processing 

– expectancy-valence learning model 
– Bayesian-expected utility model 
– transition analysis 

Předvádějící
Poznámky prezentace
The traditional analysis is in my opinion too simplifying. It is so called IGT score that simply counts the number of selections of cards from the particular decks. There are many problems connected with the use of this score, that I am not able to fully discuss here, but there are many alternatives that could be useful…



22. 6. 2013 Olomucensis Days of Applied 
Mathematics 

9 

Expected valence model 
(Busemeyer & Stout, 2002) 

• Card selection ← interaction of 3 latent 
psychological processes 

• w – attention weight (to gains / losses) (0 ; 1) 
• different in normal / drug addicts 

 
• a – updating rate (rapid / slow forgeting) (0 ; 1) 

• memory deterioration 
 

• c – sensitivity (stability of reactions) (-5; 5) 
• fatigue, boredom, depletion 

Předvádějící
Poznámky prezentace
One of the possible examples is expected valence model presented by Busemeyer and Stout in Cognition journal. It is based on the idea of interaction of the three latent psychological processes that we could simply call attention, memory and fatigue.
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Equations 

• vk(t) = (1 – w) W(t) + w L(t) 
• valence of the deck k in time t with the reward W(t) 

and loss L(t) 

• Evk(t+1) = Evk(t) + a [vk(t) – Evk(t)] 
• expected valence of the deck k in time t+1 

• P[Sk(t+1)]=exp[θ(t)Evk] / Σ(i=1:4)[exp(θ(t)Evi)] 
• probability of the selection of the deck k 

• θ(t)=(t/10)c 

Předvádějící
Poznámky prezentace
We need to estimate these three parameters according these equations for each participants of the IGT. We know from previous research that there are significant differences between normal participants and patients with Parkinson disease or cocaine addicts in parameter of attention to gains and losses, and that Alzheimer patients got different memory parameter…
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Transition analysis 

 Deck types 
 
A B C D 
  C D profitable 
A B   unprofitable 
A  C  punitive 
 B  D nonpunitive 
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Transition matrix 
from \ to A B C D 
A  

transition frequencies /  
probabilities 

B 
C 
D 
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Processes of Dyadic Interaction 

• Camillo García (Veracruz, Mexico) 
• Game-like situation: 

– Start: 3 containers, some balls in each 
 

– two „players“ alternately take one ball from 
one container and put it to another 
 

– Goal: to fill one of the containers 
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Six possible types of behavior 
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Thank you 

 
 
 

for your attention 
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