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Dear Colleague, 
 

Welcome to the 2018 meeting of the European Mathematical Psychology group.  

 

The goal of the annual EMPG meeting is to bring researchers together to share scientific 

advances in the computational and mathematical modeling of perceptual and cognitive 

processes.  

 

This year the keynote addresses are by Sacha Epskamp from University of Amsterdam, Karl 

Christoph Klauer from Albert-Ludwigs-Universität Freiburg and Jean-Claude Falmagne from 

the University of California at Irvine. 

 

The conference program includes sessions on Statistics & Methodology, Perception & 

Psychophysics, Cognitive models and Psychometrics, Knowledge structure theory, Decision 

making & Choice.  

 

The 2018 EMPG meeting is hosted by the Department of Educational Sciences of the 

University of Genova and organised jointly with the Department of Mathematics. The 

organisers would like to acknowledge the financial support from the University of Genova 

and to thank the Institutional Information Service of the University of Genova for providing 

part of the congress materials, the administrative staff of the Department of Educational 

Sciences for the support in organizing the event, and Francesca Avian for designing the 

conference logo. 

 

We are pleased to have the opportunity to host you here and hope your stay will be 

rewarding from a scientific perspective as well as a pleasant stay in our city.  

 

Chair of the 2018 EMPG meeting 
Carlo Chiorri  
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General information 

Local organizing committee 

Carlo Chiorri (chair), Department of Educational Sciences  

Eva Riccomagno, Department of Mathematics  

 

Staff 

Alice Mormino, Alessandro Nurcis, and Beatrice Pandolfo, Department of Educational 

Sciences 

Federico Carli, Geraldo Macoj, and Elena Pesce, Department of Mathematics  

 

Scientific committee  

Gianmarco Altoè and Massimiliano Pastore, Department of Developmental Psychology and 

Socialization, University of Padua 

Carlo Chiorri, Department of Educational Sciences, University of Genova 

Hans Colonius, Department of Psycology, Universität Oldenburg 

Jean-Paul Doignon, Faculty of Sciences, Université libre de Bruxelles 

Jürgen Heller, Fachbereich Psychologie, Universität Tübingen 

Eva Riccomagno, Department of Mathematics, University of Genova 

Egidio Robusto and Luca Stefanutti, Department of Philosophy, Sociology, Education and 

Applied Psychology, University of Padua 

 

Support  

We are grateful for the support of the University of Genova, the Department of Educational 

Sciences, and the Department of Mathematics.  

 

Conference web site  

https://empg2018.wordpress.com  

 

https://empg2018.wordpress.com/


The venue 

Genova is considered one of the hidden gems of Italy. For information please 

visit http://www.visitgenoa.it/en/homepage 

 

The EMPG2018 will take place at the Department of Educational Sciences (DISFOR), Corso A. 

Podestà, 2, 16128 Genova. The rooms allocated to the conference will be signposted. 

 

There is a main entrance at this address, but also a secondary one in via Ugo Foscolo, 

perhaps more convenient if you are coming from the city centre or from the Genova Brignole 

railway station. Most likely you will be coming from piazza de Ferrari (Genova's main square) 

or from the Genova Brignole railway station. You can walk till the intersection of via XX 

Settembre, via S. Vincenzo, and via Foscolo, just under the monument bridge (Ponte 

Monumentale) and here look for the elevator that can bring you up to Corso Podestà (note 

that you need a validated bus ticket to use it, just like with a bus!). The congress venue is on 

your right when you get out of the lift, across the bridge. Alternatively, you might climb up 

through via Foscolo or using the stairs. 

 

 

 
 

Local travel  

The official website of the local travel company is https://www.amt.genova.it/amt/, which is 

only in Italian. You might consider using apps like Moovit or Nugo for travel information. 

 

Registration desk  

Participants can register to the conference, obtain conference material and all the relevant 

information at the reservation desk, located at the main entrance of Department of 

Educational Sciences. The registration desk will be open throughout the conference.  

http://www.disfor.unige.it/
https://www.amt.genova.it/amt/
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Welcome session  

An informal welcome party will take place on Monday, 30 July, 4-7 pm at the Executive 

Lounge of the Congress Venue DISFOR in Corso A. Podestà, 2, 16128 Genova, second floor. 

 

Coffee breaks  

Refreshments and snacks will be provided during coffee breaks on Tuesday, Wednesday and 

Thursday at 11 am and 4 pm. Lunch is planned between 1 and 2:30 pm on Tuesday and 

Wednesday. Coffee breaks and lunches will take place in the forecourt of the building of 

DISFOR. In case of bad weather an alternative location will be indicated by the organisers.  

 

Internet access  

For internet access, please use eduroam with your university credentials and password, if 

available. In case you cannot connect via eduroam, please ask the registration desk 

 

Social dinner  

The conference dinner will take place on Wednesday, July 1 at the Ristorante Le Terrazze Del 

Ducale, Piazza Matteotti, 5 (just behind the Piazza De Ferrari). 

https://www.leterrazzedelducale.com/ 

 

 

  

https://www.leterrazzedelducale.com/
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Presentation guidelines  

Talks  

Talks are scheduled for 30 minutes, including time for discussion and for changing speaker. 

It is recommended that your presentation in PDF format is loaded on the conference 

computer prior to the start of your session. If special arrangements are required, such as you 

need to use your laptop for the presentation, please contact the person chairing your 

session.  

 

Keynote lectures  

This year the EMPG will host three keynote talks by Sacha Epskamp, Karl Christoph Klauer 

and Jean-Claude Falmagne and are scheduled on Tuesday, Wednesday, and Thursday, 

respectively, from 8:30 to 9:30 am.  

 

Posters  

The poster session is on Tuesday and Wednesday at lunch time. Poster must fit within panels 

of maximum width 60cm (2 ft.) and height 90cm (3 ft.), portrait orientation. 
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Conference program 

 
Monday  Time Tuesday 31st  Wednesday 1st Thursday 2nd 

4 pm to 6 

pm: 

welcome 

party 

 8:30-9:30 
Keynote by  

Sacha Epskamp 

Keynote by  

Karl Christoph 

Klauer   

Keynote by  

Jean-Claude 

Falmagne 

 9:30-11:00 Response times 
Decision making 

& Choice I  

Cognitive 

models and 

Psychometrics I  

11:00-11:30 Coffee Break  Coffee Break  Coffee Break  

11:30-13:00 
Statistics & 

Methodology  

Perception & 

Psychophysics I  

Cognitive 

models and 

Psychometrics II  

13:00-14:30 
Lunch & Poster 

Session  

Lunch & Poster 

Session  

14:30-16:00 

Knowledge 

structure theory 

I  

Decision making 

& Choice II + 

Perception & 

Psychophysics II  

16:00-16:30 Coffee Break  Coffee Break  

16:30-18:00 

Knowledge 

structure theory 

II  

Perception & 

Psychophysics II 

+ Measurement  

18:30-night 

Visit to the 

Genoa 

Aquarium  

Business 

Meeting 

 

Social Dinner  
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Sessions at a glance 

Time Tue 31 Wed 1 Thu 2 

8.30-9.30 Keynote Lecture 

 

Epskamp, S.  

Network modeling of 

psychological 

processes: From exploration to 

theory formation 

Keynote Lecture 

 

Klauer, K. C. 

Multinomial processing-tree 

models and response times 

Keynote Lecture 

 

Falmagne, J.-C.  

On meaningful transformation 

laws 

9.30 - 11.00 Response Times 

 

Lerche, V., Neubauer, A. B., 

Bucher, A., Voss, A. 

Application of the diffusion 

model to the field of 

motivational psychology 

 

Epifania, O., Robusto, E., 

Anselmi, P. 

Rasch gone mixed: A mixed 

model approach to Implicit 

Association Test responses 

 

Lombardi, L., D'Alessandro, M., 

Colonius, H. 

A nonparametric statistical 

procedure to evaluate the race 

model inequality 

Decision making & Choice I 

 

Doignon, J.-P. 

Using extended formulations 

for testing models on 

preference data 

 

Voss, A. 

A Lévy-Flight model of decision 

making 

 

Provenzi, E., Gronchi, G. 

A variational framework for 

achromatic induction and other 

psychophysical context-driven 

effects 

 

Cognitive models and 

Psychometrics I 

 

Said, N., Fieberg, D., Fischer, H., 

Potschka, A., Kirches, C. 

An agent-based modeling 

approach to information 

spread in filter bubbles 

 

Balakrishnan, J. D., Horvitz, J. C. 

Some Fundamental Problems 

with the Temporal Difference 

Model for Dopamine Release in 

Reinforcement Learning 

 

Modafferi, C., Passarelli, M., 

Chiorri, C., Bracco, F. 

Using network analysis 

methods to investigate the 

nomological net of resilience 

11.00 - 11.30 Coffee Break Coffee Break Coffee Break 

11.30 - 13.00 Statistics & Methodology 

 

Calcagnì, A., Lombardi, L., 

D'Alessandro, M. 

Probabilistic modeling of 

mouse-tracking data: A state-

space approach 

 

Schnuerch, M., Heck, D.W., 

Erdfelder, E. 

Waldian t test: A sequential 

Bayes factor design for 

accepting and rejecting the 

null hypothesis with controlled 

error probabilities 

 

Calcagnì, A., Altoè, G., Pastore, 

M. 

Handling with categorical data 

in factor analysis: A copula-

based approach 

Perception & Psychophysics I 

 

Sedda, G., Sabatini, S., 

Sanguineti, V. 

A Bayesian model of moving 

plaids based on unbalanced 

stimulus features 

 

Gondan, M., Schwabe, A., 

Blurton, S. 

Variable deadlines in response 

time experiments 

 

Gondan, M., Stefanutti, L., de 

Chiusole, D. 

An R-Prolog platform for 

arithmetic misconceptions 

 

Cognitive models and 

Psychometrics II 

 

García-Lapresta, J. L., González 

del Pozo, R., Pérez-Román, D. 

Aggregating perceptions of 

proximities between terms of 

qualitative scales 

 

Farahani, H., Wang, L., Oles, P. 

K. 

Fuzzy Matrix Model as a new 

method to find optimal 

diagnostic validity of 

psychological tests 

13.00 - 14.30 Lunch & Poster Session Lunch & Poster Session  
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Time Tue 31 Wed 1 

14.30 - 16.00 Knowledge structure 

theory I 

 

Anselmi, P., Heller, J., 

Stefanutti, L., Robusto, E. 

A procedure for the 

construction of competence 

models allowing unique skill 

assessment 

 

Spoto, A., Stefanutti, L. 

BLIM’s unidentifiability and 

coordinate-wise invariant 

parameter transformations 

 

Noventa, S., Spoto, A., Heller, 

J., Kelava, A. 

Some considerations on the 

relation between Knowledge 

Space Theory and Item 

Response Theory 

Decision making & Choice II + 

Perception & Psychophysics I 

 

Li, Y. 

Markovian queueing model of 

visual search with integrated 

error analysis 

 

Takemura, K., Murakami, H. 

Time discounting and 

probability weighting functions 

 

Shendyapin, V. M., Skotnikova, I. 

G.  

Involving the notion of evidence 

in Signal Detection Theory for 

decision-making and confidence 

assessment 

 

16.00 - 16.30 Coffee break Coffee break 

16.30 - 18.00 Knowledge structure 

theory II 

 

Stefanutti,L., de Chiusole, D. 

Spaces for the adaptive 

assessment of problem 

solving with 

neuropsychological test 

 

de Chiusole, D., Gondan, M., 

Stefanutti, L. 

Probabilistic models for 

misconceptions in 

knowledge space theory 

 

Heller, J. 

Generalized knowledge 

structures for psychological 

testing 

Perception & Psychophysics II 

+ Measurement 

 

Matsushita, Y. 

Measurement-theoretical 

approach to deriving a 

hyperbolic type of discount 

function 

 

Suck, R. 

Rating scales as a metric space 

18.30-night Visit to the Genoa 

Aquarium 

Business Meeting 

 

Social Dinner 
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Keynote addresses 

Network modeling of psychological processes: From exploration to 

theory formation 

Sacha Epskamp 

University of Amsterdam, The Netherlands 

Lines of research have recently emerged that conceptualize behavior as complex systems of 

interacting psychological, biological, and sociological components, characterized by the use 

network models. From this notion of complexity, statistical methods have been developed that 

aim to estimate network models from cross-sectional and time-series data (Epskamp, Waldorp, 

Mõttus, & Borsboom, 2018). These models allow for unique exploratory hypothesis-generating 

insight in how observed variables (such as symptoms of mental disorders) might relate to one-

another, and have been utilized in diverse fields of research, such as personality research, social 

psychology, psychopathology, and psychiatry. The next step in this field of research is to use 

this exploratory insight in forming theoretical process models that may aim to explain the 

complexity of human behavior. For example, the Ising model, originally derived in statistical 

physics, may be used to explain phase transitions in depression research (Cramer et al., 2016) 

and the formation of strong attitudes in social psychology (Dalege, Borsboom, Van Harreveld, 

& van der Maas, in press), and dynamical systems modeling can be used to study panic disorder 

and substance use. This presentation will introduce exploratory estimation of network 

modeling and discuss ongoing work in theoretical modeling of psychological processes. 

 

Multinomial processing-tree models and response times 

Karl Christoph Klauer  

Albert-Ludwigs-Universität Freiburg, Germany 

Response time is perhaps the most important measure used to investigate hypotheses about 

mental processes in experimental psychology. Attempts to go beyond the analysis of mean 

response time build on a tradition of long standing to analyze response-time distributions by 

means of mathematical models specifying process assumptions. Another widely applicable tool 

for the study of mental processes is given by multinomial-processing tree models (MPT 

models), comprising among many other models the huge family of process-dissociation 

procedure models. MPT models are models for categorical (frequency) data tailored to a 

particular experimental paradigm. They specify the most important processes believed to be 

involved in the generation of responses in the paradigm under study by means of a processing 

tree. In this talk, I review recent attempts to bring together both strands of research, the 

process-oriented analysis of response-time data and MPT modeling. These approaches extend 

MPT models in a fully general way to jointly account for the categorical responses and their 

response times allowing one to disentangle the completion-time distributions of the processes 

considered in the MPT model. 
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On meaningful transformation laws 

Jean-Claude Falmagne 

University of California, Irvine, United States 

The meaningfulness condition, applied to scientific or geometric laws, requires that the 

mathematical form of an equation does not change when we change the units of its ratio scale 

variables. Suitably formalized, this condition considerably limits the possible form of a law. In 

this talk, I will give five new examples of such restricted representations. The meaningfulness 

condition will be used on five abstract transformation equations and I will show that under 

relatively weak general conditions (such as continuity, symmetry, monotonicity, homogeneity), 

each transformation equation must have, up to some real constants, a particular numerical 

representation.  
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Posters 

Characterizing the law of similarity in psychophysics 

Doble, C., Hsu, Y.-F.  

yfhsu@ntu.edu.tw 

Let 𝜉𝑠(𝑥) = 𝑥 + Δ𝑠(𝑥) (where 𝑠 represents the response criterion and Δ𝑠(𝑥) is the just noticeable 

difference) be the (Weber) sensitivities in psychophysics. Iverson (2006, J Math Psych, 50, 283-

289) introduced a law of similarity on 𝜉𝑠 and studied its impact on the Fechnerian 

representation. This law states that: 𝜉𝑠(𝜆 𝑥) = 𝛾(𝜆, 𝑠) 𝜉𝜂(𝜆,𝑠)(𝑥) where 𝛾(𝜆, 𝑠) and 𝜂(𝜆, 𝑠) are 

continuous in the two variables, 𝛾(𝜆, 𝑠) varies monotonically with 𝜆, and 𝜂(𝜆, 𝑠) varies 

monotonically with 𝑠. Following Hsu and Iverson (2016, J Math Psych, 75, 150-156) and 

imposing the notion of regular variation (Dzhafarov, 2002, J Math Psych, 46, 226-244) on some 

of the functions involved, in this study we attempt to characterize the forms of 𝛾 and 𝜂 and link 

the results to the solutions in Iverson (2006).  

 

Inference rules for multiple conditional stochastic independences in 

Bayesian models 

Burigana, L., Vicovaro, M.  

luigi.burigana@unipd.it 

Conditional stochastic independence is a relationship that holds true on a set (X,Y1,....,Yn) of 

random variables when, for each possible value x of X, the joint conditional distribution of 

(Y1,...,Yn) under the condition X=x is factorable in the terms of the marginal conditional 

distributions of Y1,...,Yn under that same condition. Crucial assumptions in the construction of 

multivariate probabilistic models –such as Bayesian models in psychology and statistics, 

Bayesian and Markov networks, etc.– are indeed assumptions of conditional stochastic 

independence on selected subsets of the whole set of variables in a model. Most important, 

for theoretical analysis, is that regular formal implications are in place between statements of 

conditional independence, so that if the independence relationship holds true within given sets 

of variables, then the relationship must also hold true within other sets of variables, suitably 

related to the former sets. So-called "inference rules" are the logical and computational tools 

used for exploring the net of implications that exist among possible conditional independences 

within the set of variables in a probabilistic model. In the past three decades much effective 

work has been done concerning inference rules for binary conditional independences –i.e., 

independences on sets of variables (X,Y1,Y2)–a preference also due to the direct importance 

of the binary case for the theory of Bayesian networks and its applications (Pearl J., 1988, 

"Probabilistic reasoning in intelligent systems: Networks of plausible inference"; Studený M., 

2005, "Probabilistic conditional independence structures"; Darwiche A., 2009, "Modeling and 

reasoning with Bayesian networks"). In our contribution to this meeting we illustrate the lines 

we are pursuing in studying inference rules for multiple conditional independences –i.e., 

conditional independences on sets of variables (X,Y1,...,Yn) in which the number n may also be 

greater than two. We are addressing the problem in this wider perspective on considering that 

Bayesian models in perceptual and cognitive psychology may indeed imply assumptions of 

multiple –rather than binary– conditional stochastic independence. 

mailto:yfhsu@ntu.edu.tw
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Model of dynamics of subjective quality of life and self-attitude in 

patients undergoing reconstructive plastic surgery 

Savchenko, T. N., Golovina, G. M., Faustova, A. G.  

t.n.savchenko@mail.ru 

This study assessed dynamics of self-attitude and quality of life in patients with acquired visible 

differences who undergoing reconstructive plastic surgery. Dynamics of self-attitude means 

positive or negative changes in both type and level of self-attitude due to the situation of 

changing physical appearance. The one way to overcome this limitation is to study dynamics 

of self-attitude and quality of life in personally significant circumstances. Fortes, Delignires and 

Ninot (2004) suggest utilizing the time series analysis in order to assess dynamics of physical 

self-esteem. According to Kernis and Goldman (2006), the effective method is to calculate a 

standard deviation from generalized estimations of self-esteem measured several times. 

Therefore, the analysis of dynamics of self-attitude in a special life situation requires a 

comprehensive use of the cross-section method and mathematical modelling techniques. We 

found, that a localization of an acquired visible difference has no influence on dynamics of self-

attitude. Therefore, we have particular reasons to analyse dynamics of self-attitude 

irresponsibly to participants' sex as well as to a localization of acquired visible differences. 

Dynamics of self-attitude components was assessed using the Friedman's chi-square test. The 

results are: Openness(𝜒2=21.238, p=0.00002), Self-confidence (𝜒2=10.758, p=0.0046), Self-

leadership (𝜒2=9.348, p=0.0009), Reflected Self (𝜒2=12.048, p=0.00242), Self-contradiction 

(𝜒2=24.442, p=0.0000), Subjective quality of life (𝜒2=21.440, p=0.00002). The statistical 

comparison proved that openness, self-confidence, self-leadership, reflected Self and quality 

of life demonstrate the moderate tendency to increase as visible differences are corrected. With 

the help of multiple regression analysis, a stable regularity for the subjective quality of life of 

people with appearance defects is identified, which is preserved on each conducted research 

section. The results of multiple regression analysis: Before the operation y = 6,080 + 0,496 * 

x1; After 1-2 weeks after the operation y = 8,104 + 0,525 * x1+ (-0,360) * x2; 6-10 weeks after 

surgery y = 7,357 + 0,507 * x1; y - Subjective quality of life (NQF); x1 - body image; x2 - Internal 

conflict. Regardless of the stage of surgical correction of the acquired visible difference, the 

level of expression of the subjective quality of life in subjects is determined by the subjective 

parameters of the body image. On the slice № 2 (1-2 weeks after the operation) additional 

independent variable "Internal conflict" is added to the regression equation, which may be 

associated with the need to redistribute attention to other personally significant spheres of life 

of the subject. 

 

The adaptive version of the QuEDS: a new quantitative-qualitative 

assessment tool for depression 

Serra, F., Spoto, A., Donadello, I., Granziol, U., Vidotto, G.  

francesca.serra.unipd@gmail.com 

Self-report questionnaires and interviews are widely used in clinical practice. However, 

questionnaires are not sufficient to distinguish patients with different symptom configurations 

who obtained the same score. This article is aimed at proposing and test the computerized-

adaptive form of the Quantitative-Qualitative Evaluation of Depressive Symptomatology 

(QuEDS), a depression self-report questionnaire. The adaptive testing system (ATS-PD) is based 
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on a formal representation of items and diagnostic criteria according to Formal Psychological 

Assessment (FPA), which provides the adaptive logic of semi-structured interviews but in the 

way of a self-report tool. In order to validate the three clinical structures of QuEDS (cognitive, 

somatic and affective), the parameters of the basic local independence model (BLIM) were 

estimated for each structure based on data from 383 participants who replied to the paper-

and-pencil version of QuEDS. The fit of each model was tested by parametric bootstrap due to 

the sparseness of the derived data matrix. The following step involved the test of the adaptive 

procedure by means of the paper-and-pencil questionnaires. The ATS-PD algorithm took as 

input the clinical structure of each sub-scale of QuEDS, the parameters estimates, and the 

response patterns of the subjects to the paper-and-pencil version. The simulation was aimed 

at testing both the efficacy and the efficiency of the adaptive procedure. The test of the ATS-

PD procedure showed that the adaptive version of the QuEDS allows for attaining accurate 

evaluations of the clinical states of the individual using a significantly lower number of 

questions. More specifically, the proportion of questions posed by the algorithm ranged 

between the 50-70% of the original items. Furthermore, it allows for discriminating patients 

with the same score, but different symptomatology. The adaptive version of the QuEDS allows 

for an accurate and effective, quantitative and qualitative evaluation of depressive 

symptomatology. It can represent a tool for an exhaustive and non-redundant assessment of 

depression with the opportunity of having a detailed description of the specific characteristics 

of the patient granted by the FPA methodology. Further developments involve a three-levels 

output for the clinician and the development of a user-friendly interface for the test 

administration. 

 

Effects of faking training on the performance in the RT-CIT: A Drift 

Diffusion Model account 

Gula, B., Reich, L., Lukács, G., Tuzsus, D.  

bartosz.gula@aau.at 

The reaction time-based Concealed Information Test (RT-CIT) has been shown to discriminate 

validly between "guilty" and "naïve" participants in mock crime settings. However, trained and 

informed fakers can efficiently reduce the difference in mean response times between 

irrelevant and probe items, leading to a classification accuracy of the guilt status at chance 

level (e.g. Suchotzki, Verschuere, van Bockstaele, Ben-Shakhar, Crombez, 2017). In the present 

research, we first applied the Drift Diffusion Model (DDM: Ratcliff, 1978) to describe RT-CIT 

task performance of naïve and guilty participants. For publicly available data from two 

published studies (Kleinberg & Verschuere, 2015; Verschuere & Kleinberg, 2015), we show that 

for probe items guilty participants have a more biased starting point of evidence accumulation 

and accumulate evidence at a lower rate than for irrelevant items. Second, we assessed which 

parameters of the DDM change after intensive faking training. We reasoned that if training not 

only affects mean RTS to probe and irrelevant items but also higher moments of the 

corresponding RT densities, the DDM may allow to distinguish between "faked innocent" and 

"true innocent" performance. We report the first results from a mock crime study (N=40), with 

guilty participants performing the RT-CIT twice, first without any information about the test, 

and second, after several blocks of training to speed up on probe items. The results will be 

discussed in terms of the DDM"s propensity to explain the effects of faking training. 
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Estimation bias of the contextual effect associated with intra-cluster 

correlation: A Bayesian approach to multilevel structural equation 

modeling 

Chiou, H., Lin, P.-F.  

hawjeng@ntnu.edu.tw 

The present study introduces the Bayesian estimate into the multilevel structural equation 

modeling (MSEM) for dealing with the estimation of the contextual effect in the multilevel 

study. Particular concern of this study is on the influence of the magnitude of intra-class 

correlation (ICC) on the robustness of estimation. In some fields of behavioral and social 

sciences, such as psychology, education and management, the researchers concern about the 

context of organization with its influences on the individual behaviors. Once the empirical data 

is collected by the multi-stage clustered sampling, the individual observations (such as 

students or employees) are nested in the upper-level clusters (such as schools or companies) 

and the measures of interest may involve in the individual level (e.g., individual motivation) as 

well as in the upper-level (e.g., class climate). A contextual variable is defined as a group-level 

characteristic (such as the organizational climate) that is measured by an individual-level 

variable (such as the employees' perceived climate, denoted as X). The group means of the X 

variable could be defined as a contextual variable and treated as a level-2 explanatory variable 

to predict an outcome (Y). As a result, contextual effect is defined as the partial effect of the 

contextual variable (X ̅) on the outcome (Y) after removing the impact of the explanatory 

variable at individual level (X) (Lüdtke et al, 2008; Lüdtke et al., 2011; Raudenbush & Bryk, 2002). 

In multilevel data, the variance of measures at individual level can be decomposed into two 

parts: the level 1 or within portion of the variance (i), labels as σ2, and the level 2 or between 

portion of the variance (j), labels as τ2 (Asparouhov & Muthen, 2006). As the index for 

evaluating the magnitude of the non-independence of observations, the intra-cluster 

correlation (ICC) defined as the proportion of variance in the measures that lies between 

clusters (see equation 1). (1)ICC=(τ_00^2)/(σ_^2+τ_00^2 ). The higher the ICC, the larger the 

group differences of the measures. That is, ICC represent the between component of variation 

of the measures. Once the ICC greater than .059, the variance of a variable at level-2 is non-

ignorable (Cohen, 1988). The present study extent the issue of Conflation effect (Preacher, 

Zyhpur, Zhang, 2010, 2011), in which the failure of separation of between effects from within 

effects may cause the biased estimation of regression coefficients. In terms of relationship of 

the variance partition, Preacher et al. (2010, 2011) define the“between effects”as the regression 

effects of between components on other between components as between effects and “within 

effects” as the regression effects of within components on other within components. If a 

significant contextual effect exists in a two-level model, the within effect of regressing Y on X 

at Level-1 is different from the between effect of regressing Y ̅ on X ̅ at level-2. This present 

study is to examine that relationship of the magnitude of bias and the ICC of X and Y using 

Bayesian and ML estimates of multilevel structural equation modeling (MSEM). The effects of 

ICC were separated into the predictor part, see equation(2) and outcome part, see equation(3): 

(2)ICCx= (τ_00x^2)/(σx_^2+τ_00x^2 ); (3)ICCy= (τ_00y^2)/(σy_^2+τ_00y^2 ). The reason we 

adopted Bayesian approach is to hold the assumption of normality as well as the statistical 

power of MSEM, which needs the enough sample size on both level-2 (nc) and level-1 (nj), i.e., 

large, the performance of Bayesian and ML estimates were similar if the ICC of measured 

variables were huge (i.e. .50). In contract, if the ICC was small (i.e. .10), Bayesian approach was 
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superior to ML estimates in terms of lower mean square error and higher coverage rate. Two 

simulation studies were designed to generate the data that has multilevel structure which 

typically found in educational research. First, compared the estimates provided by two-level 

model with ICCy=0 and ICCx≠0 with those provided by ordinary regression. Second, compared 

the estimates provided by two-level model with ICCy≠0 and ICCx≠0 with those provided by 

two-level model which ignored the ICCx (that is, fixed the residual variance at zero in Level 2). 

The relative bias, relative RMSE, and 95% of coverage rate were reported to demonstrate the 

precision of parameters estimation. In sum, result revealed that ignoring the ICCx of the 

predictors in Level-2 will lead to overestimation, less precision, and inaccurate estimation of 

the L2 residual variance. The larger ICCx, the overestimation, precision, and inaccurate 

estimation will become worst. The larger ICCy, the bias estimation, precision, and accuracy 

estimation will better. Bayesian estimation shows the superiority of predicting the true value 

of the parameters, especially when the nc is low, revealing that the Bayesian method is a good 

alternative to the maximum likelihood method for estimating the contextual effects in the 

multilevel models. An empirical dataset contained 38 companies and 1200 employees were 

adopted to explore the efficiency of Bayesian MSEM in the estimation of contextual effects. 

Results revealed that the efficacy of Bayesian and ML estimates is similar. Further simulation is 

recommended for more detail consideration on the various conditions of the measurement 

model of the MSEM, such as factor loadings and correlations among latent variables. The 

procedures of Bayesian MSEM with methodological implications were discussed in this study. 

 

The application of adaptive testing algorithm to observational 

assessment: the behavior-driven observation 

Granziol, U., Spoto, A., Brancaccio, A., Vidotto, G. 

umberto.granziol@phd.unipd.it, 

Adaptive algorithms, unless widely used in psychological testing, are still unapplied in 

the observational assessment. The reasons of such a lack of application can be found 

into the observation’s nature: at one hand, the observation is one of the most prone-

to-error modality of assessment; On the other hand, the scoring rule is a critical 

aspect. For instance, in gold standard methods as the one-zero sampling, the final 

score is a Boolean string obtained out of the mode value for each item object of the 

observation on several short videos extracted from the original observation. This 

procedure is time consuming and can be still biased by the aforementioned errors. 

The present research aims at providing a first contribution toward the definition of an 

adaptive and reliable version of observational assessment. A list of 22 nonverbal 

behaviors investigating 10 negative symptoms of schizophrenia were used to define a 

clinical context defining the clinical structure of the admissible response patterns 

according to the Formal Psychological Assessment methodology. The 22 behaviors 

were then used as items of the assessment and evaluated by two independent raters 

on 165 participants (32 patients) using the one-zero sampling method. 165 modal 

response patterns were found for each rater using a procedure like the recently 

developed k-states clustering method and then tested for inter-rater agreement, 

which emerged as good for each response pattern. The obtained patterns were then 

used to validate both the structure according to the BLIM model. Results showed an 
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adequate fit of the model to the observed data. Moreover, acceptable error rates 

estimates were obtained for each behavior. The estimated parameters were used to 

define the probabilistic clinical structure for the adaptive version of the checklist. This 

tool was then tested in order to evaluate its capability of reproducing the modal 

patterns. To do so, the adaptive form of the checklist was simulated using the 

previously observed patterns as input. In this way the 165 modal states were obtained 

and compared with the previously derived 165 modal patterns. The distance between 

the simulated and the observed patterns were measured to verify the goodness of 

the adaptive procedure in carrying out the assessment task. Results showed the 

efficacy and efficiency of the adaptive procedure, paving the road to a broad 

application of this method in restructuring observational assessment. 
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Tuesday 31st of July  

9:30-11:00 Response times 

 

Application of the diffusion model to the field of motivational 

psychology work modeling of psychological processes 

Lerche, V., Neubauer, A. B., Bucher, A., Voss, A.  

veronika.lerche@psychologie.uni-heidelberg.de 

The diffusion model (Ratcliff, 1978) has already been applied to a number of different fields in 

psychology. In two studies, we examined whether the model can also provide new insights in 

the field of motivational psychology, more specifically, in motive research. The first study 

(N=280) focused on the achievement motive and the second study (N=84) on the affiliation 

motive. In both studies, participants received false feedback which was either negative (to 

frustrate the respective motive) or positive (comparison group). Furthermore, in both studies 

participants worked on a binary decision task. By means of diffusion model analyses we 

disentangled the different processes involved in the execution of the tasks. These analyses 

revealed that individuals higher in the fear component of the implicit achievement motive 

accumulated information more slowly (drift rate) if given negative performance feedback. In 

addition, individuals were more cautious (threshold separation) in the frustration compared to 

the comparison group. Furthermore, we observed that individuals with a higher implicit 

affiliation motive accumulated negative social information faster when given negative social 

feedback (future alone manipulation) and they accumulated positive information faster after 

positive feedback. We conclude that the diffusion model can be an interesting tool for the field 

of motivational psychology, because it allows a closer examination of underlying processes. 

 

Rasch gone mixed: A mixed model approach to Implicit Association 

Test responses 

Epifania, O., Robusto, E., Anselmi, P. 

marinaottavia.epifania@studenti.unipd.it 

Rasch model analyses of the Implicit Association Test (IAT) have been found to provide useful 

information for understanding the IAT effect (see, e.g., Anselmi, Vianello, & Robusto, 2011, 

2013). A drawback of these analyses relies on the necessity of discretizing response times in 

ordered categories. The present work overcomes this issue by applying mixed effects models 

to both accuracies and response times. These models allow for estimating the parameters of a 

Rasch model (De Boeck et al., 2011), taking into account the crossed-classified structure of 

data. Two models were specified: (i) a Generalized Linear Mixed Model on response accuracies, 

and (ii) a Linear Mixed Model on (log-transformed) response times. For each of the two 

association conditions of the IAT (the so-called compatible and incompatible blocks), these 

models provided two parameters for each respondent (ability and speed) and two parameters 

for each stimulus (difficulty and time intensity, that is the amount of time required for 

processing the stimulus). A total of 65 university students (mean age 24.95±2.09) were 

mailto:marinaottavia.epifania@studenti.unipd.it
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presented with a Race IAT, consisting of 16 words (8 positive, 8 negative) and 12 pictures of 

black (3 male, 3 female) and white (3 male, 3 female) people. The analysis allowed the 

identification of the stimuli that contributed the most to the IAT effect. Usefulness and 

advantages of the proposed procedure for interpreting and understanding the meaning of the 

IAT effect are presented and discussed.  

 

A nonparametric statistical procedure to evaluate the race model 

inequality 

Lombardi, L., D'Alessandro, M., Colonius, H. 

luigi.lombardi@unitn.it 

The race model inequality (RMI; Miller, 1982) is one of the most used testing procedure in 

empirical studies based on RT measures. In RMI the RT cumulative distribution function for the 

redundant signal target (RST) condition is never larger than the sum of the RT cumulative 

distributions of the single signal target (SST) condition. In case a violation of the RMI is 

observed, this may be understood as an empirical support for a coactivation integration 

mechanism. For testing this inequality in single participants some nonparametric tests have 

been proposed in the literature (e.g., Maris and Maris, 2003; Volberg, 2008). In particular, the 

test introduced by Maris and Maris (2003) was based on a modified version of the ordinary 

Kolmogorov-Smirnov statistic which required that the number of trials in each SST conditions 

be determined randomly according to a mixture model representation. Unfortunately, this 

probabilistic assignment of the two SST conditions turned out to be affected by several 

practical limitations that compromised its application in most experimental work where the 

number of trials (for each experimental conditions) are usually fixed in advance by the 

experimenter. In this contribution, we take advantage of the original idea proposed by Maris 

and Maris (2003) but reformulate it in a new context which will highlight some neglected but 

relevant distributional properties of the stochastic terms involved in the race model inequality. 

Moreover, the proposed novel procedure will also be more consistent with the ordinary way 

to collect RT data in experimental works. Two extended simulation studies are used to evaluate 

a) the performance of the new test in controlling the type I error rate b) the power of the 

statistics.  

mailto:luigi.lombardi@unitn.it


 - 24 - 

11:30-13:00 Statistics & Methodology 

 

Probabilistic modeling of mouse-tracking data: A state-space 

approach 

Calcagnì, A., Lombardi, L., D'Alessandro, M.  

ant.calcagni@gmail.com 

Over the last decades, mouse-tracking based experiments are becoming very popular in 

experimental psychology. With respect to the standard recording techniques, such as reaction 

times and accuracies, mouse-tracking provides a richer source of measurements helpful in 

studying some real-time cognitive decision processes unfolding through the hand movements. 

Given the growing interest in this topic, several methods have been proposed to analyse 

mouse-tracking data. However, they usually revolve around a two-step data analysis approach, 

where trajectories are first carved up into independent measures which are consequently 

analysed by means of standard statistical models. However, this approach naturally lacks a 

unified way to simultaneously model and analyse trajectories. This might be problematic, for 

instance, as they cannot explain movement variability in terms of experimental manipulations. 

In this contribution, we propose a novel approach to both model and analyse mouse-tracking 

trajectories as emerging from a two-choice categorization task. In particular, we developed by 

scratch a non-linear discrete-time state-space approach to simultaneously cope with 

movement heterogeneity (as reflected by the movement trajectories) and experimental 

variability (as defined by the experimental design). Model's identification was performed in the 

Bayesian framework and data analysis was done assessing posteriors' distributions of the 

model's parameters. Potentials of our proposal were evaluated by using an already published 

dataset from decision-making literature. 

 

Waldian t test: A sequential Bayes factor design for accepting and 

rejecting the null hypothesis with controlled error probabilities 

Schnuerch, M., Heck, D.W., Erdfelder, E. 

martin.schnuerch@psychologie.uni-mannheim.de 

Bayesian t tests, that is, Bayes factors for standard t-test designs, constitute a viable alternative 

to the widespread Null Hypothesis Significance Testing. Unlike the latter, Bayes factors allow 

for both accepting and rejecting the null hypothesis and can be applied sequentially during 

the sampling process. This process terminates whenever there is sufficient evidence in the data 

for or against the null. However, a major drawback of Bayesian t tests is that error probabilities 

in statistical decisions remain uncontrolled. To remedy this problem, we propose a Sequential 

Probability Ratio Test that combines the Bayes factor proposed for the default Bayesian t test 

with decision criteria developed by Abraham Wald in 1947. We demonstrate by means of 

simulations that this Waldian t test reliably controls decision error probabilities, with the 

nominal Type-1 and Type-2 error probabilities serving as upper bounds to the actual error 

rates. Moreover, we show that the Wald extension of Bayesian t tests is easily implemented in 

practice and illustrate this by an empirical application. Finally, we critically discuss conventional 

criteria for interpreting Bayes factors as “moderate” or “strong” evidence for statistical 

mailto:ant.calcagni@gmail.com
mailto:martin.schnuerch@psychologie.uni-mannheim.de
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hypotheses by showing that these criteria may imply error probabilities considerably larger 

than those researchers typically aim at. 

Handling with categorical data in factor analysis: A copula-based 

approach 

Calcagnì, A., Altoè, G., Pastore, M. 

ant.calcagni@gmail.com 

Many research studies in psychology involve the use of rating questionnaires or checklists in 

which measurements are represented as categorical ordered or unordered variables. It is well-

stated in the psychometric literature that categorical variables need to be handled with 

appropriate statistical models in order to preserve the original properties of the scales. 

Nowadays, several techniques have been proposed to analyse such a type of data, including 

GLMs and correspondence analyses. Among them, latent factor models still constitute a widely 

used methodology in many psychological studies. Whereas a huge number of methods have 

been proposed to deal with factor models involving continuous variables, estimating factorial 

representations with categorical variables is not always well-posed, especially with regards to 

model's identification. A method often advocated for these issues, is the Muthen's Underlying 

Variable Approach where observed categorical variables are linked to unobserved Gaussian 

variables upon which the latent factor model is built. Similarly, other approaches make use of 

semiparametric methods to define factorial representations for categorical variables. Unlike 

these approaches, in this contribution we propose using a Copula-based approach to define 

factor models for categorical variables. The main idea is decoupling the latent factors from the 

marginal distributions of the categorical variables being used, while modeling the 

dependences among variables as derived by the coupling. The potentials of this approach are 

illustrated by means of a psychological application and simulation studies. 

  

mailto:ant.calcagni@gmail.com
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14:30-16:00 Knowledge structure theory I  

 

A procedure for the construction of competence models allowing 

unique skill assessment  

Anselmi, P., Heller, J., Stefanutti, L., Robusto, E.  

pasquale.anselmi@unipd.it 

The talk deals with unique skill assessment based on observed item responses. This implies a 

one-to-one correspondence between a collection of competence states (i.e., subsets of skills 

an individual has available) and the collection of the knowledge states (i.e., subsets of items an 

individual is capable of solving) delineated by the competence states via a competence model. 

The latter is a mapping associating to each item one or more subsets of skills, each of which is 

sufficient for solving the item. Inference of the latent knowledge states from the observed 

response patterns (i.e., subsets of items actually solved) is usually probabilistic. A procedure is 

proposed that, for a fixed collection of competence states, allows the construction of 

competence models that differ from one another with respect to the items and the subsets of 

skills that are assigned to them, yet resulting in the aforementioned one-to-one 

correspondence. The proposed procedure constructs so-called reducts, which are competence 

models such that any proper subset of the items is no longer sufficient to get the desired 

unique skill assessment. Both conjunctive (there is a unique set of skills for each item) and 

disjunctive (for all the items, each of the skills assigned to an item is sufficient for solving it) 

competence models are considered. Different scenarios (e.g., development of a test from 

scratch, improvement of an existing test, development of brief versions of a test) are outlined 

to illustrate the use of the procedure in practical applications. 

 

BLIM’s unidentifiability and coordinate-wise invariant parameter 

transformations.  

Spoto, A., Stefanutti, L. 

andrea.spoto@unipd.it 

It is known that the BLIM is not identifiable in general. Its identifiability strictly depends on the 

properties of the knowledge structure to which it is applied. If the knowledge structure is either 

forward or backward graded in one or more items, then the BLIM is not identifiable. In such 

cases, there exist continuous transformations of the model's parameters, named forward and 

backward transformations, that keep constant the value of the model's prediction function. The 

collection of all such transformations and their compositions forms a commutative group that 

acts on the BLIM's parameter space (Stefanutti, Spoto & Vidotto, 2018). The dimensions of the 

transformation group are named trade-off dimensions. Each of the states in a knowledge 

structure belongs to one of the following three classes: (A) states whose probability $\pi_K$ is 

invariant with respect to the whole group of transformations. Such states are not involved in 

any trade-off dimension; (B) states for which the relevant transformation is either forward or 

backward in a single item. If the probability $\pi_K$ of such states is fixed to constant, then the 

number of trade-off dimensions deceases by one and the corresponding item parameter 

becomes identifiable; (C) states that are linked to more than a single trade-off dimension. If 
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the probability $\pi_K$ of one of such states is fixed to a constant value, then the number of 

trade-off dimensions decreases by one, but none of the corresponding item parameters 

becomes identifiable. Concerning this last case, there are outcome preserving transformations 

that keep invariant the probability of one or more states. They are named coordinate-wise 

invariant transformations and they are the subject matter of the talk. The study of these 

transformations sheds further light on the issue of BLIM's unidentifiability. The analysis paves 

the way to the study of unidentifiability of the BLIM in knowledge structures which are neither 

forward nor backward graded. 

 

Some considerations on the relation between Knowledge Space 

Theory and Item Response Theory 

Noventa, S., Spoto, A., Heller, J., Kelava, A. 

stefano.noventa@uni-tuebingen.de 

Knowledge Space Theory (KST) structures are introduced within Item Response Theory (IRT) as 

a possible way to model local dependence (LD) between items. The aim is threefold: Firstly, to 

merge the information provided by the IRT and KST perspectives; secondly, to contribute to 

the literature that bridges continuous and discrete theories of assessment; and thirdly, to 

generalize the usual characterization of local independence in IRT without introducing new 

parameters. In detail, connections are established between the KST Simple Learning Model 

(SLM) and the IRT General Graded Response Model (GRM), and between the KST Basic Local 

Independence model (BLIM) and IRT models in general. As a consequence, IRT models become 

a subset of KST models, local independence is generalized to account for the existence of 

prerequisite relations between the items, IRT likelihood functions can be generalized to 

broader families, and the issues of local dependence and dimensionality are partially 

disentangled. Models are discussed for both dichotomous and polytomous items and 

considerations are drawn on their interpretation (e.g., relevance of the parameters, definition 

of polytomous items as knowledge structures of dichotomous ones, interpretation of Rasch 

model as a probabilistic version of Guttman's scale). Considerations on possible consequences 

in terms of model identifiability and estimation procedures are also provided. 

  

mailto:stefano.noventa@uni-tuebingen.de
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16:30-18:00 Knowledge structure theory II  

 

Spaces for the adaptive assessment of problem solving with 

neuropsychological test  

Stefanutti,L., de Chiusole, D.  

luca.stefanutti@unipd.it 

By generalizing and completing the work initiated by Stefanutti and Albert (2003), that 

connects problem space theory (Newell & Simon, 1972) to knowledge space theory (Doignon 

& Falmagne, 1995), this talk is about the probabilistic modeling of solution processes in 

problem solving. The presented models are particularly aimed at adaptively assessing 

performance and skills through neuropsychological tests possessing a problem space. The 

problem solution process is modeled as a (local) Markov chain in the discrete time from an 

initial state to a goal state of the problem. The discrete Markov chain is “local” because the 

transition probability from a problem state to an adjacent one depends on the problem's 

starting and goal states s and g and from the knowledge state K of an individual. If s, g and K 

are fixed, then the solution process has the Markov property. The parameters of the model can 

be estimated by maximum likelihood via an expectation-maximization algorithm. An 

illustration is provided in which the model is applied to data collected with a computerized 

version of the Tower of London (Shallice, 1982), a neuropsychological test for the assessment 

of planning skills. 

 

Probabilistic models for misconceptions in knowledge space theory  

de Chiusole, D., Gondan, M., Stefanutti, L.  

debora.dechiusole@unipd.it 

A recent extension of knowledge space theory (KST; Doignon & Falmagne, 1999; 2011) is the 

competence based KST (CbKST; Heller, Unlu, & Albert, 2013; Heller, Augustin, Hockemeyer, 

Stefanutti, & Albert, 2013), in which the focus of the knowledge assessment moves from the 

item (performance) level to the skill (competence) level. In this framework, the individual 

knowledge is represented by the subset C (called competence state) of skills that a person 

masters. The collection of all the competence states existing in a population of students is the 

competence structure C. The aim of an assessment in CbKST is to infer the competence state 

of a student from her correct or wrong responses to a set of (dichotomous) items. The way in 

which the student fails the problem is not considered. Nevertheless, if the assessment is 

oriented to learning, the types of errors made by a student could be useful. In the area of 

knowledge assessment, a misconception can be viewed as a wrong rule applied in the 

resolution of a problem. Depending on the wrong rule, a different outcome is obtained, which 

may be informative with respect to which skills are possessed by an individual and which are 

not. An approach is presented which uses polytomous skill maps for modeling different 

categories of “incorrect responses”. Given a set Q of items, a set A of response categories, and 

a set S of skills, a polytomous skill map is a mapping 𝜑 from pairs (q,a) in a subset of Q x A to 

nonempty subsets of skills in S, satisfying the two special properties that (i) for every q there is 

a such that 𝜑(q,a) is maximal, and (ii) for any fixed q, 𝜑 is injective. Two probabilistic models 

mailto:debora.dechiusole@unipd.it
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for polytomous skill maps are illustrated: (1) a probabilistic model for “complete (or power set) 

polytomous skill maps”, and (2) a probabilistic model for “well-graded polytomous skill maps”. 

Results of a series of applications of the two model types with simulated and real data are 

presented and discussed. 

 

Generalized knowledge structures for psychological testing 

Heller, J.  

juergen.heller@uni-tuebingen.de 

The set-theoretic framework of knowledge structures offers various features that are highly 

desirable for a psychological test theory. It establishes a discrete, non-numerical representation 

that dispenses with the a priori not plausible assumption of continuous underlying 

psychological constructs. The theory is multidimensional, and avoids aggregating responses 

over items (as in forming a sum score). It thus can capitalize on the full information contained 

in the response pattern observed for an individual. Applying it to the most often used Likert-

type scale items, however, calls for some generalizations. First, the theory needs to be 

generalized to polytomous response formats as suggested by Heller (2017a). Second, the 

resulting polytomous knowledge structures are to be generalized to what corresponds to 

assessment structures in the case of dichotomous items (Heller, 2017b). The cited results form 

the basis for developing generalized knowledge structures that allow for representing Likert-

type scale items, and for building these structures from data through a generalized version of 

the Birkhoff theorem. Empirical application of the approach is illustrated for a published data 

set on a Big Five Personality Test (https://openpsychometrics.org/_rawdata/). 

  

https://openpsychometrics.org/_rawdata/)
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Wednesday 1st of August  

9:30-11:00 Decision making & Choice I 

 

Using extended formulations for testing models on preference data  

Doignon, J.-P.  

doignon@ulb.ac.be 

In the last ten years, Davis-Stober and Regenwetter together with colleagues have investigated 

preference data in order to check whether they are compatible with transitivity of preference. 

To this aim, they model probabilistic choice via distribution-free random utility models. For 

such models, the predicted choice probabilities often form a convex polytope. However, 

characterizing the resulting polytope is out of reach as soon as the number of choice 

alternatives increases above 5-8 choice alternatives. This is the case for the random preference 

models based on linear, weak, semi- and interval orders. We show how the method of extended 

formulations (as used for instance by Fiorini in combinatorial optimization) breaks through 

those boundaries. For each of the four types of preference relations, we first build an 

appropriate network. Next we show that the associated network flow polytope provides an 

extended formulation of the polytope of the choice model. The extended formulation we 

obtain has a simple linear description which is valid for all numbers of choice alternatives. 

Moreover, for intermediate numbers of choice alternatives, it happens to be more 

parsimonious than the existing descriptions. There results a computationally less demanding 

way of testing the probabilistic choice model on data (using convex programming, Glineur). It 

makes it possible to handle data based on larger numbers of choice alternatives. The talk 

heavily relies on a joint paper with Clintin P. Davis-Stober, Samuel Fiorini, François Glineur and 

Michel Regenwetter. 

 

A Lévy-Flight model of decision making 

Voss, A  

andreas.voss@psychologie.uni-heidelberg.de 

Over the last decades, the diffusion model has become one of the most successful 

mathematical models of decision-making. The model assumes that evidence-accumulates over 

time until one of two thresholds is reached, and this evidence accumulation is modelled by a 

Wiener diffusion process with (typically) constant drift and Gaussian noise. However, it is 

disputable whether evidence accumulation is well described by a diffusion process. In the 

present talk, I propose that for many types of decisions a Lévy-Flight —that is, an evidence 

accumulation with heavy tailed noise— might be more adequate. Because of the higher 

probability of extreme events in the heavy-tailed noise distribution this process allows to model 

“jumps” in evidence accumulation, which might be based —psychologically— on shifts of 

attention or sudden insights. I compare the capability of the diffusion vs. Lévy-Flight model to 

account for data from different tasks. Most interesting, in contrast to the diffusion model, the 

Lévy-Flight model can explain fast errors.  

mailto:doignon@ulb.ac.be
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A variational framework for achromatic induction and other 

psychophysical context-driven effects 

Provenzi, E., Gronchi, G.  

giorgio.gronchi@gmail.com 

The effect of contextual information on judgments is a recurrent finding in psychophysical 

literature. For example, in achromatic induction, the luminance of surrounding patches 

influence the luminance perception of the central patch. Here, we propose a variational analysis 

of this kind of phenomena able to identify the basic processes that may lead to the context-

related effect. Variational analysis represents a generalization of optimization, where the space 

of variables is not an Euclidean space, but a suitable set of functions. Variational methods are 

exploited in every scientific field, but their use is still limited within mathematical psychology. 

The variational framework for achromatic induction that we describe here allows us to interpret 

context-related judgments as a suitable balance between contrast enhancement (i.e., the 

attempt to emphasize the differences between the context and the stimulus) and dispersion 

control (i.e., the attempt to emphasize the similarities between the context and the stimulus). 

The optimal balance between these two opposite mechanisms results in the effect of 

achromatic induction. This view from above on context-driven psychophysical effects provided 

by the variational framework may be useful for developing new theoretical constraints. We 

expect that this work will stimulate further applications of the variational approach in 

mathematical psychology.  

mailto:giorgio.gronchi@gmail.com
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11:30-13:00 Perception & Psychophysics I  

 

A Bayesian model of moving plaids based on unbalanced stimulus 

features  

Sedda, G., Sabatini, S., Sanguineti, V.  

giulia.sedda@edu.unige.it 

Visual motion perception is not a feedforward process. Rather, it relies on the competition 

between neural representations, which select a motion perceptual decision out of a range of 

physically consistent hypotheses. An example is a moving plaid observed through an aperture, 

which can be perceived either as a single pattern moving coherently, or as two superimposed 

gratings, which transparently slide over each other. We propose a two-stage model that 

determines which of these two interpretations prevails for different stimulus parameters, given 

the sensory evidence and the observer's prior beliefs. The model is based on the 'optimal 

inference' framework proposed by Hedges et al. (2013). In the first stage, we assume that the 

neural responses are encoded by noisy measurements of the normal velocities of the two 

gratings that constitute the plaid, {m1, m2}. Based on empirical observations, we hypothesize 

that measurement noise is governed not linearly by the difference of the gratings' parameters, 

e.g. the luminance level. The noise limits the ability of an observer to discriminate both speed 

and direction of moving gratings. Given these noisy measurements, the second stage decodes 

one of the two percept, coherent (Hc) or transparent (Ht), by comparing p(Hc;m1, m2) and 

p(Ht;m1, m2). To validate our model, we performed a two-alternative forced-choice experiment 

to measure human perception of plaid coherence. We presented type I plaids through a circular 

aperture, and modulated perceptual uncertainty by varying (a) the luminance level of the 

gratings relative to each other (L: 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5), and (b) the direction 

of the plaid movement (D: 45°, 135°). At each trial, two stimuli were presented one after the 

other, for 1 s each. One of them was the reference with the same luminance level for the two 

gratings (L = 0.5). The subject was asked to judge in which pattern the transparent motion was 

more evident. We simulated the model by generating 100 pairs of noisy measurements for 

each stimulus used in the experiment. At each trial, the perceptual decision was determined by 

comparing the probability of transparent percept between reference and test. Then, we 

calculated the probability of Ht over the difference of luminance between the two gratings for 

each plaid direction. Simulation results show that the model reproduces the experimental 

findings and facilitates the interpretation of motion perception on plaid stimuli. 

Variable deadlines in response time experiments 

Gondan, M., Schwabe, A., Blurton, S.  

matthias.gondan-rochon@univie.ac.at 

In response time (RT) research, it is quite common to tell participants to produce responses 

that are as fast and as accurate as possible, which is a contradiction. We believe that 

participants overcome this dilemma using a two-fold strategy, with (A) delaying their response 

until they feel confident that enough information has been sampled, but (B) scheduling the 

response well before the deadline to avoid omissions. Strategy A satisfies the accuracy 

requirement, whereas Strategy B only partially fulfills the speed instruction and may lead to a 

distortion of the observed RT distribution. Indeed, studies with time-limit manipulation show 

mailto:giulia.sedda@edu.unige.it
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that RTs vary according to the given response window. In the present study participants went 

through sessions of a random dot test with a fixed (800 ms) and a variable (exponentially 

distributed, mean 800 ms) deadline for responding. We argue that with such a variable 

deadline, Strategy B is useless, because it is impossible to schedule an optimal time point for 

responding. Compared to the fixed response window, much faster responses and much 

broader RT distributions were observed under the variable, suggesting that both Strategies A 

and B were effectively suppressed using the new paradigm. Thus, a variable deadline proves 

suitable to exert time pressure in RT experiments and yields a better estimate of the underlying 

processing times. In the presentation I will demonstrate how to deal with the statistical 

challenges that arise during the analysis of this type of experiment. 

An R-Prolog platform for arithmetic misconceptions 

Gondan, M., Stefanutti, L., de Chiusole, D.  

matthias.gondan-rochon@univie.ac.at 

Based on an earlier idea by Zinn (2006), we present an E-Learning envirsonment that detects 

buggy reasoning in quantitative and statistical problems. The system can then provide 

feedback for specific mistakes that underlie the erroneous solutions (e.g., missing parentheses, 

wrong statistical models, etc.). The system is written in Prolog (Colmerauer & Roussel, 1996) 

and R (R Core team, 2017) and has a nice web interface for authoring and deployment in large 

classes. We currently use the system to refine the diagnostics of student's knowledge states. 
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14:30-16:00 Decision making & Choice II + 

Perception & Psychophysics II 

 

Markovian queueing model of visual search with integrated error 

analysis  

Li, Y. 

yili@mail.uni-mannheim.de 

The Markovian queueing model of visual search (Li, 2017) characterizes both the serial and 

parallel aspect of the visual search process by modeling it as a queueing system where visual 

stimuli enter serially and are processed in parallel at multiple servers. Specified as finite queues 

with exponentially distributed inter-arrival times and service times, c servers and k customers 

(M/M/c/k/k/FCFS), this formal mathematical model can predict reaction time (RT) distributions 

thanks to queueing models' ability to account for temporal issues of discrete information 

transmission. To overcome the weakness that queuing models do not intrinsically make 

predictions on outcomes of the processing, I extended the model by integrating a mechanism 

that produces incorrect system responses. It differentiates between genuine processing errors 

and decision errors due to incomplete search. It is assumed that observers adapt both the 

discrimination criterion of processing as well as the abortion criterion of search depending on 

the set size to minimize the average search effort while guaranteeing a good performance. 

Parameter estimation method for the extended model is developed. The model is fitted to the 

datasets provided by Wolfe, Palmer, and Horowitz (2010). The results show that the extended 

model provides good fit for both RT data and accuracy data simultaneously. 

 

Time discounting and probability weighting functions  

Takemura, K., Murakami, H.  

kazupsy@waseda.jp 

This study addresses theoretical and empirical relationships between time discounting (f(D)) 

and probability weighting function (W(p)) that is considered to be a nonlinear function of 

probability (p) in behavioral decision theory such as prospect theory. The aim of the study is 

to show probability weighting functions from the point of view of time discounting for a 

decision maker. Since the expected value of a geometrically distributed random variable X is 

1/p, we formulized the probability weighting function of the expected value model for 

hyperbolic time discounting as W(p) = 1/[1+k log(1/p)]. Moreover, the several probability 

weighting functions are derived from Rachlin et al. (1986) hyperbolic time discounting model, 

Loewenstein and Prelec's (1992) generalized hyperbolic time discounting model, and 

generalized exponential model. Although some probability weighting functions have been 

considered by Takahashi (2011) and Takemura & Murakami (2016), there is a few studies to 

address empirical correspondences between time discounting and probability weighting 

functions. If there are empirically some links between time discounting and probability 

weighting, it would be useful to consider neural basis of time discounting and probability 

discounting. We considered theoretical relationships between time discounting functions and 
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probability weighting functions, and derived some psychophysical models of probability 

weighting functions from several time discounting models. The first study is re-analysis of 

Rachlin et al. (1991), Green et al. (1997), and Takahashi (2007, 2008). To estimate parameters 

of several models, generalized least square method was used, and AIC index was used for 

goodness of fit. The result indicated that hyperbolic type of discounting functions fitted very 

well. We derived some probability weighting functions from those discounting models.The 

second study was a re-analysis of an empirical research of probability weighting functions 

(Takemura & Murakami, 2016). The estimation method was basically same as our previous 

study (Takemura & Murakami, 2016). We added some discounting functions and probability 

weighting functions. To illustrate the fitness of each model, a psychological experiment was 

conducted to assess the probability weighting and value functions at the level of the individual 

participant. The participants were 50 university students. The results of individual analysis 

indicated that the expected value models of generalized hyperbolic discounting models. The 

third study addressed an intra-experimental examination of time discounting and probability 

weighting. The participants were 104 university students. To illustrate the fitness of each model, 

a psychological experiment was conducted to assess the probability weighting, value functions, 

and time discounting functions at the level of the individual participant. As similar to study 2, 

the results of individual analysis of the study 3 indicated that the expected value models of 

generalized hyperbolic discounting models fitted better than previous probability weighting 

decision-making models. However, the result of estimations for time discounting functions 

indicated that the exponential type of time discounting functions fitted better than the 

hyperbolic type of time discounting functions, and there was no clear relationship between 

time discounting model and probability weighting function for each participant level. The 

theoretical implications of these finding are discussed from theoretical foundations. 

 

Involving the notion of evidence in Signal Detection Theory for 

decision-making and confidence assessment 

Shendyapin, V. M., Skotnikova, I. G.  

valshend@yandex.ru 

Our model describes the following experimental task. 2 similar stimuli (A and B) are presented 

randomly to the observer. Observer has to: 1) identify the stimulus presented by the response 

a (the stimulus A has been presented) or b (the stimulus B has been presented); 2) estimate 

confidence in the decision made. Awards are given for correct responses: vAa > 0, vBb > 0 and 

penalties for erroneous ones: vAb < 0, vBa < 0. Vector of values of independent random 

variables of the stimulus parameters x = (x1, x2, … xn) is obtained during observation. If a priory 

probabilities of A and B: P(A), P(B), and distributions densities of conditioned probabilities: 

f(x|A), f(x|B) of multidimensional parameters are known, then a posteriori probabilities of each 

stimulus: P(A|x), P(B|x) and average utility for each response V(a|x) = P(A|x) vAa + P(B|x) vBa, 

V(b|x) = P(A|x) vBa + P(B|x) vBb may be calculated using the Signal Detection Theory (SDT) 

(Egan 1975). The TAFC task models use the notion of evidence in favor of a certain hypothesis 

(Bogacz et al. 2006). But, questions were not discussed in these models about the evidences 

forming and their relations with correctness probabilities of hypotheses compared. The model 

suggested (Shendyapin 2016) has elucidated these questions by involving into the SDT a 

correct definition of the evidence notion: Ψ(x) = ln{[P(A)f(x|A)] ∕ [P(B)f(x|B)]} in favor of the 

stimulus A choice. It means that the observer synthesizes a scalar value of evidence Ψ(x) on the 

mailto:valshend@yandex.ru
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base of information of the task characteristics obtained previously (by learning) and on the 

base of vector of the stimulus parameters x = (x1, x2, … xn) obtained during the current 

observation. The model calculates probabilities of identification correctness of A and B: 

P[A|Ψ(x)] = 0.5{1 + th[Ψ(x)/2]}, P[B|Ψ(x)] = 0.5{1 – th[Ψ(x)/2]} and average utilities of the 

responses a and b: V[a|Ψ(x)]= 0.5{(vAa + vBa) + (vAa – vBa) th[Ψ(x)/2]}, V[b|Ψ(x)] = 0.5{(vAb + 

vBb) + (vAb – vBb) th[Ψ(x)/2]} using only the variable Ψ(x) introduced. Because the correctness 

probabilities of the stimuli A and B identification: P[A|Ψ(x)], P[B|Ψ(x)] and the average utilities 

of the responses a and b: V[a|Ψ(x)], V[b|Ψ(x)] are monotonic functions of the variable Ψ(x), 

evidence Ψ(x) is indeed the decision making variable. We define the confidence as an efficiency 

indicator (correctness probability or average utility) of the response chosen which may be used 

for prediction of the best response. If the ideal observer's goal is to choose response, which 

has the greatest correctness probability, then confidence is Ccor(x) = Ψ(x). Observer's response 

is a, if Ccor (x) > 0, otherwise b. If the goal is to choose a response, which has the greatest 

average utility, then confidence is Cutil(x) = Ψ(x) + Σ, where Σ = ln[(vAa – vAb)/( vBb – vBa)]. 

Observer's response is a, if Cutil(x) > 0, otherwise b. Criteria of decision-making have been 

derived for several more complex task instructions.  
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16:30-18:00 Perception & Psychophysics II + 

Measurement 

Measurement-theoretical approach to deriving a hyperbolic type of 

discount function  

Matsushita, Y.  

yutaka@neptune.kanazawa-it.ac.jp 

In intertemporal choice, it is well known that constant impatience is often violated; that is, if 

the postponement of the receipt of an amount of money occurs in a period closer to the 

present, then the value of the amount is discounted at a more significant level. Although an 

exponential discount function cannot explain a preference in which nonconstant impatience is 

involved, the generalized hyperbolic discount function can. However, it was shown that the 

exponential discount function with logarithmic time perception is transformed into the 

generalized hyperbolic discount function. Such time perception means that, for example, a 

person who is sensitive to the postponement may feel as if the time increment is longer than 

it actually is. The aim of this study is to axiomatize a discount function that is of a form similar 

to the generalized hyperbolic discount function. It is suitable to introduce right action of 

subjective time durations in a generalized extensive structure because we wish to allow for a 

subjective time duration varying according to the period in which the postponement occurs. 

Also, the following result is useful for this study: when the effect of postponement depends 

only on the subjectively perceived total postponed duration, the weight function of the utility 

representation can be of the exponential form. Hence, the substantial work of the study is to 

draw out a condition for concatenation of subjective time durations to be represented by a 

logarithmic scale. This is accomplished as follows. Under the assumption that the set of 

subjective time durations is a positive closed extensive structure for which the concatenation 

operation is continuous, it is required that the condition of “multiplicative invariance” (i.e., n-

multiple of a unit of the duration yields n-multiple of the product) be satisfied. This condition 

enables us to express the concatenation of increments in the duration as a constant multiple 

of the product of the increments, so that the additive representation is a logarithmic form. The 

condition may help us judge whether or not the hyperbolic type of discount function is to be 

applied to intertemporal choice problems. 

Rating scales as a metric space 

Suck, R.  

rsuck@uos.de 

Occasionally, the question of the scale type of rating scale data is the subject of a heated 

debate. In this paper we reinterpret the concept of admissible transformations by measuring 

the similarity or dissimilarity, closeness or distance of different rating scales by a metric. Thus, 

we describe them as elements of a metric space. In doing so we also impose an algebraic 

structure on this set which in turn gives rise to a natural partial order. Surprisingly, this partial 

order turns out to be the order of a distributive lattice. This structure exhibits many interesting 

properties and several open problems. And the question of scale type? With the tools of this 

structure a new perspective on this question is possible.  

mailto:yutaka@neptune.kanazawa-it.ac.jp
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Thursday 2nd of August  

9:30-11:00 Cognitive models and Psychometrics I 

 

An agent-based modeling approach to information spread in filter 

bubbles 

Said, N., Fieberg, D., Fischer, H., Potschka, A., Kirches, C. 

nadia.said@psychologie.uni-heidelberg.de 

Social media like Facebook, Google, and Twitter use personalization algorithms that target 

specific users with tailored content. While homogeneous belief environments (“filter bubbles”) 

are thought to have influenced far-reaching decisions, including the Brexit referendum and the 

2016 US presidential elections, it is fairly unknown how information spreads in belief-

homogeneous groups. Spread is clearly influenced by cognitive parameters of group members, 

comprising e.g. memory capacity, speed of forgetting, and the tendency to seek out confirming 

information (confirmation bias). Uncovering causal mechanisms is usually difficult since 

properties of environments and individual agents cannot be varied externally at will. Thus, we 

propose the application of mathematical modeling, simulation, and optimization (MSO) 

approaches. In this contribution we want to present our approach of applying agent-based 

modeling (ABM) to explore how cognitive factors contribute to the spread of information in 

filter bubbles. To do so, we aim at merging agent-based modeling with our mathematical 

model of the ACT-R declarative memory module (Said et al. 2016) in order to simulate the 

cognitive process of each agent. We discuss challenges and show next steps towards the 

application of mathematical optimization methods in order to make quantitative statements 

about optimal parameter values for different scenarios. This will allow us to explore the 

influence of cognitive parameters as well as how information propagates under different initial 

environmental conditions. 

 

Some Fundamental Problems with the Temporal Difference Model 

for Dopamine Release in Reinforcement Learning 

Balakrishnan, J. D., Horvitz, J. C. 

jbalakri@calpoly.edu 

The temporal difference model is a reinforcement learning algorithm developed originally by 

computer scientists (Sutton & Bartow, 1998), but soon afterwards discovered to have a 

remarkable parametric correlation with certain neurobiological phenomena in dopamine 

receiving regions of the basal ganglia (Montague, Dayan, Sejnowski, 1996, Shultz, 1999). The 

size and location of a backpropagating reward signal as learning progresses in the model 

seems to mimic the size of a brief burst in dopamine that occurs in dopamine-receiving target 

areas, principally the striatum, when an unexpected reward, or newly recognized future reward, 

is encountered. The correspondence is so compelling that the model remains virtually 

unchallenged in the behavioral neuroscience literature, and is considered to be a useful guiding 

tool for future neurobiological investigations into the logic of the relatively complex set of 

mailto:nadia.said@psychologie.uni-heidelberg.de
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excitatory and inhibitory neural pathways comprising the cortico-basal ganglia looped circuits 

(Keitlin & Janak, 2015). We show that despite this striking similarity, the model makes several 

highly implausible predictions about learning, some of which are already known to be incorrect 

(Niv, 2009). In the form adopted by behavioral neuroscientists, the model can be expressed as 

a time invariant linear system whose input represents a linear combination of the rewards 

available in the different stages (states) of the path-learning problem and the current set of 

expected eventual rewards at each state when the final step (the goal box) is reached. As such, 

when noise is added to the model, its predictions can be derived efficiently by applying the 

linear Kalman Filter. Adding noise, however, does not resolve any of the problems with the 

model. 

Using network analysis methods to investigate the nomological net 

of resilience 

Modafferi, C., Passarelli, M., Chiorri, C., Bracco, F. 

modafferi@vie.srl.com 

Resilience is a multifaceted construct, defined as the dynamic process of successfully adapting 

to everyday stressful events using personal and contextual resources. In this study we used 

network analysis to investigate the nomological network of the facets of resilience, i.e., their 

pattern of association with coping strategies, emotional intelligence, personality traits, and 

sense of coherence. A convenience, community sample of 305 individuals completed a self-

report measures of these constructs. The zero-order and partialized correlations networks 

proved too difficult to interpret, as most variables were associated with each other. Therefore, 

our analysis focused on a network derived using an adaptive graphical lasso method, that 

allowed us to obtain a sparse, and therefore more interpretable, network. For this network, 

both associations and centrality measures were interpreted, leading to the identification of 

perception of self as a central aspect of resilience (in terms of strength and betweenness). 

Emotion-oriented coping and covert narcissism were also strongly connected to the rest of the 

network. Social competence, instead, acted as a bridging variable between the other facets of 

resilience and emotional intelligence subscale scores. The PC- and Fast Causal Inference 

algorithms were then run on the network to obtain, respectively, a Directed Acyclic Graph 

(DAG) and a Partial Ancestral Graph (PAG). These two algorithms are based on different sets of 

assumptions and can be used to obtain a (partially) directed graph from cross-sectional data. 

The DAG suggests that interventions focused on discouraging coping strategies such as 

acceptance/resignation, and encouraging positive reappraisal and treating oneself may have 

cascading beneficial effects on the whole network of resilience. Regarding facets of resilience, 

perception of future and family cohesion seemed to be the most promising to focus 

interventions on. The PAG, which requires weaker assumptions and is therefore more 

conservative, confirms that catastrophizing, refocus on planning, and positive refocusing are 

coping strategies that affect other variables, and are therefore prime candidates for 

interventions oriented to improving reactions to everyday and traumatic stressful 

events.Although these analyses should be interpreted cautiously, given the strong assumptions 

they are based on, they could provide valuable insights and hypotheses to be tested in future 

studies on resilience.  

mailto:modafferi@vie.srl.com
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11:30-13:00 Cognitive models and Psychometrics II 

Aggregating perceptions of proximities between terms of 

qualitative scales 

García-Lapresta, J. L., González del Pozo, R., Pérez-Román, D. 

lapresta@eco.uva.es 

Ordered qualitative scales (OQSs) formed by linguistic terms are frequently used for evaluating 

sets of alternatives in different decision-making problems. These scales are usually implicitly 

considered as uniform in the sense that the psychological proximity between consecutive terms 

is perceived as identical. To deal with non-uniform OQSs in a purely ordinal way via 

psychological proximities between linguistic terms of OQSs, García-Lapresta and Pérez-Román 

(2015) introduce the notion of ordinal proximity measure (OPM). Recently, García-Lapresta et 

al. (2018) introduce metrizable OPMs, which behave as if the ordinal comparisons between the 

terms of an OQS were managed through a linear metric on the OQS. Deciding whether a given 

OQS is uniform or not, and in the latter case determining what the ordinal proximities are 

between the terms of the scale is an important issue for constructing metrizable OPMs. In this 

contribution we present an algorithm which generates a metrizable OPM for each expert by 

means of appropriate sequences of questions about the proximities between the terms of the 

scale. As a group of experts may have different opinions about the proximities of OQS, different 

metrizable OPMs may therefore emerge. In these situations, it is advisable to find a collective 

metrizable OPM that represents individual opinions as faithfully as possible. We have devised 

an appropriate aggregation procedure based on weighted-metrics. It provides the metrizable 

OPM that minimizes the sum of distances between itself and the metrizable OPMs of the 

experts. In this contribution, we also include an application of the proposed procedure to the 

4-term OQS {Serious problem, Moderate problem, Minor problem, Not a problem} used in the 

Trends in International Mathematics and Science Study (TIMSS), in 2015, to assess some school 

problems (arriving late at school, vandalism, cheating, classroom disturbances, etc.). We carried 

out an on-line survey as to the proximities between the terms of the scale addressed to 19 

Spanish school principals who participated in TIMSS 2015. 

Fuzzy Matrix Model as a new method to find optimal diagnostic 

validity of psychological tests 

Farahani, H., Wang, L., Oles, P. K. 

Hojjat.Farahani2@gmail.com 

Application of diagnostic tests is common in and clinical psychological settings and research. 

One of the necessary psychometric properties of these tests is their diagnostic accuracy. 

Diagnostic accuracy relates to the ability of a test to discriminate between the target condition 

and health. Reviewing the literature indicates that discriminative potential can be quantified by 

the measures of diagnostic accuracy such as sensitivity and specificity, predictive values, 

likelihood ratios, the area under the ROC curve, Youden's index and diagnostic odds ratio. All 

of them, finally, lead to this result that /indicate whether/ a given diagnostic test has a sufficient 

diagnostic accuracy or not. But, they fail to model diagnostic accuracy in which point and range 

of diagnostic tests is maximized. Being aware of this result leads to more exact application of 

the obtained scores of a diagnostic test in clinical and research settings. In this paper, we review 

these measures and then introduce fuzzy matrix theory and all calculation steps with a 

numerical example. 
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