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Previous or future submissions

None
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Institutional environment

F.C. Donders Centre for Cognitive Neuroimaging, in collaboration with ILLC of the University of Amsterdam, and the Departments of Psychiatry and Philosophy of the University of Nijmegen.
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Composition of the research team

	Name
	Affiliation
	Relevant expertise

	Dr. B. Geurts (principal applicant)
	KUN, Philosophy
	semantics, pragmatics

	Prof. dr. M. van Lambalgen (co-applicant)
	UvA, ILLC
	logic, semantics

	Prof. dr. J.K. Buitelaar
	UMC St. Radboud, Psychiatry
	autistic spectrum disorders

	Prof. dr. R.J. van der Gaag
	UMC St. Radboud, Psychiatry
	autistic spectrum disorders

	Prof. dr. P. Hagoort
	KUN, Psychology and F.C. Donders Centre
	cognitive neuroscience, psychology of language


All relevant expertise needed for carrying out this project successfully is represented in the consortium. Van Lambalgen is well-known for his work in bringing logic back into the psychology of reasoning. Geurts is an expert on the semantic and pragmatic aspects of interpretation and reasoning. Buitelaar and van der Gaag are internationally recognised experts on autistic spectrum disorders. Hagoort contributes expertise in neuroimaging methods and the neurocognition of language.

The proposal is the outcome of a preparatory workshop, funded by NWO, which was held in Amsterdam in July 2003.

There is an excellent candidate for one of the research positions for which funding is requested: Giosué Baggio, who is currently finishing his MSc on neural correlates of the processing of temporal expressions, under the supervision of Hagoort and van Lambalgen.

7
International cooperation

All members of the consortium have strong networks of international contacts, whose enumeration would exceed the size limitations of this proposal. We just mention the collaboration between van Lambalgen and Keith Stenning (University of Edinburgh) as particularly relevant to this proposal.
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Description of the proposed research project plus work plan

8.1
Introduction

Ever since cognitive psychology began to assert itself as an independent academic discipline, human reasoning has been one of its main concerns, and for some decades now the psychology of reasoning has been a clearly identifiable subdiscipline. The first major school within this field assumed that people use a mental logic for drawing inferences, where ‘logic’ is to be understood as a system of inference rules. From the 1980s onward this view has been under attack, and alternative frameworks have been proposed, the most influential of which is the ‘mental models’ approach of Johnson-Laird and his co-workers (e.g. Johnson-Laird and Byrne 1991).

Theoretical discord notwithstanding, the psychology of reasoning has yielded a wealth of important insights about the way people reason with quantifiers (especially syllogistic reasoning), conditional statements, and so on. However, like all fields of scientific research, the psychology of reasoning has its share of ‘blind spots’:

1.
Experimental investigations of human reasoning invariably use linguistic tasks. Subjects are to say whether this or that sentence follows from a given set of sentences, is true in a given situation, etc. Hence, interpretation plays an essential role in virtually all reasoning experiments. It is odd, therefore, that there has been so little interaction between the psychology of reasoning and disciplines concerned with linguistic interpretation: semantics, pragmatics, and logic. For example, although there has been a great deal of interest in reasoning with quantified expressions (‘all’, ‘some’, ‘no’, etc.), the standard semantic framework for dealing with quantification has been ignored in experimental research (Geurts 2003). This is not to say that psychologists have been blind to the importance of interpretation; it is merely to say that semantics, pragmatics, and logic have more to contribute to the study of human reasoning than is usually acknowledged (Stenning van Lambalgen 2001, 2004a).

2.
The bulk of the experimental work in the psychology of reasoning has been with ‘normal’ subjects, i.e. young adults whose intelligence and level of education are above average. If we compare the field to that of the psychology of language, for example, it is striking how little is currently known about developmental aspects of reasoning, and it is even more striking that the reasoning capabilities of people suffering from mental disorders have been ignored completely (within the psychology of reasoning, that is). For example, most reasoning studies on autism have concentrated on the theory of mind hypothesis (Baron-Cohen 1995, Buitelaar et al. 1999); more mundane tasks like e.g. syllogistic reasoning have not been systematically explored with autistic subjects.

3.
Thus far there have been very few attempts at bringing brain imaging techniques to bear on the psychology of reasoning, often with the purpose of getting a firmer grasp on the relation between reasoning processes and other cognitive functions, especially various kinds of memory. There have been a handful of PET and fMRI experiments investigating various topics related to reasoning (many by Goel and his co-workers; see Grafman and Goel 2002, Goel, in press), but the potential of this approach is only beginning to be explored.

8.2
Defeasible inference

The central theme of the proposed project is defeasible inference, and in the following we discuss this notion at some length.

Deductive arguments are non-defeasible, which is to say that, if a conclusion follows deductively from a set of premisses P, it can never become invalid if P is augmented. In other words, a valid inference cannot become invalid if more information is obtained. Many of the inferences we rely upon in everyday life are not like this. We expect dogs to have four legs, glass to break under stress, and so on. These expectations yield defeasible inferences: we infer that a newly encountered dog will have four legs unless we have evidence to the contrary, and withdraw the inference if such evidence comes in.

Research in cognitive science but especially in semantics and pragmatics has demonstrated that there are many different kinds of defeasible inferences, from which we want to single out the following:

8.2.1.
Conditionals

It is a well-known fact that conditional statements give rise to defeasible inferences, some of which have been studied experimentally e.g. by means of the so-called ‘suppression task’. (Byrne 1989) In this task, a subject is first presented with a conditional and a categorical premiss, e.g.

(a)
If Fred has an essay to write, he studies late in the library.

(b)
Fred has an essay to write.

In this case most subjects draw the conclusion that Fred studies late in the library. But if one then adds the conditional premiss (c) the number of subjects who endorse this conclusion drops considerably:

(c)
If the library is open, Fred studies late in the library.

In Stenning and van Lambalgen (2004b) this is analysed as the re-computation of minimal models. It is argued that the planning system is instrumental for reasoning as well discourse processing. Furthermore, the theory proposes that the most important ingredient in planning is the construction of certain uniquely determined minimal models in working memory. Here ‘minimal’ means something like: ‘every proposition is false which you have no reason to assume to be true’. The theory predicts that the addition of information to a given discourse leads to a re-computation of the minimal model, in the course of which propositions may be assigned new truth values.

8.2.2.
Implicatures

A variety of non-defeasible inference that has received much attention in pragmatic theory is ‘conversational implicature’, or ‘implicature’ for short (Horn 1989, Geurts 1998). An implicature is a defeasible inference that attributes to the speaker an implicit claim that goes beyond the linguistic meaning of his utterance. For example, if someone states, ‘Many students went to the exam’, it may be inferred that not all students went to the exam. This inference is not entailed by the literal meaning of ‘many’, for it may be doubted without inconsistency: ‘Many, and perhaps even all, students went to the exam.’ Rather, it is an implicature, which is derived on the assumption that, if the speaker had had reasons to believe that all students went to the exam, he would have said so. Hence, it is because ‘many’ is used rather than ‘all’ that we infer that, according to the speaker, the stronger claim is not warranted.

There is experimental evidence that children acquire the literal meaning of words like ‘many’ before they learn to master concomitant implicatures, and therefore appear to be ‘more logical’ than adults (Noveck 2001). The reason for this is, presumably, that implicatures require the hearer to take into account what the speaker might have said but didn’t, a skill that takes some time to mature.

From the perspective of autism research, implicatures are interesting in two ways. First, since they are defeasible inferences, we expect that autistic patients will find it more difficult than normal controls to compute implicatures. Secondly, this difficulty is likely to be exacerbated by the fact that implicatures require one to reason about other people’s beliefs, which is something autistic patients find hard to do (Baron-Cohen 1995, Buitelaar et al. 1999).

8.2.3.
Tense and aspect

Van Lambalgen and Hamm (2004) present a mathematical theory of tense and aspect which views the linguistic processing of temporal information as a defeasible process building upon the planning system, and thus requiring a mechanism of computing and re-computing minimal models (cf. 8.2.1). Such (re-)computations are assumed to take place e.g. when a subject processes the default implications of the English progressive:

(a)
Carlos was building a barn, when a neighbour dropped by for a chat.

(b)
Carlos was building a barn, when a beam crushed his leg.

In the absence of information to the contrary, it is assumed in (a) that the barn was or will be finished; but this inference is defeasible, as witness (b).

Similarly, recomputation takes place when contextually given material entails that the order of events is different from the order of the sentences, overriding the default order. We hypothesise that re-computation will leave its characteristic imprint on electrophysiological brain signals (ERP), much like the ERP-effects for syntactic processing (P600) and semantic processing (N400).

8.2.4.
Presupposition

Yet another type of defeasible inferences are presuppositions. Compare the following sentences:


(a)
It wasn’t Fred’s wife who apprehended the thief.

(b)
Fred isn’t married, so it wasn’t Fred’s wife who apprehended the thief.

(c)
It wasn’t Fred’s wife who apprehended the thief: Fred isn’t even married.

Normally speaking, the expression ‘Fred’s wife’ licenses the inference that Fred has a wife, as witness sentence (a). But in exceptional cases such as (b) and (c) this inference is suppressed, which proves its defeasibility. Note that, intuitively, the cancellation of the default inference seems stronger, or more radical, in (c) than it is in (b). This is one of the aspects of presuppositional denials we would like to investigate.

Presuppositional inferences have been discussed at length in the semantic literature, and it has been shown that a great number of lexical expressions and syntactic constructions trigger presupposition the way ‘Fred’s wife’ does in the examples above (Geurts 1999).

8.3
Project proposal

The proposed project brings together several new perspectives on the psychology of reasoning: 

· the interpretative perspective (semantics, pragmatics, logic—represented by Geurts and van Lambalgen), 

· autism research (Buitelaar and van der Gaag), 

· and neuroscience (Hagoort). 

Our objective is to broaden the scope of reasoning research, thus addressing the issues discussed in 8.1, while at the same time advancing the state of the art in the contributing disciplines.

Using theoretical and empirical results of the kind discussed in the foregoing, we intend to investigate defeasible inference with brain imaging techniques (EEG, MEG) and in autistic patients. These aims are motivated by several considerations. As we have just seen, defeasible inference plays an essential role in everyday life, there are many different types of defeasible inference, and well-developed logical and semantical theories of defeasibility are available. Furthermore, one of the characteristics of autistic spectrum disorders is a lack of cognitive flexibility, and it seems reasonable to expect that autistic patients will experience difficulties with at least some types of defeasible inference.

We propose two subprojects, one concerned with the neural substrates of defeasible inference, while the other studies the same class of inferences in patients with autistic spectrum disorders. In both subprojects various kinds of defeasible inference will be compared with each other.

8.3.1
Subproject A: The neural substrates of defeasible inference

In this part of the project, the following types of defeasible inferences will be investigated and compared to each other, using EEG and MEG:

· suppression effects in conditionals (8.2.1)

· suppression effects in the interpretation of tense and aspect (8.2.3)

· cancellation of implicatures (8.2.2)

· presuppositional denials (8.2.4)

For lack of space not all experiments can be discussed here, and we confine ourselves to two examples. 

1. In Stenning and van Lambalgen (2004b) suppression effects in conditionals are analysed as the re-computation of the minimal model (cf. 8.2.1). Experimental evidence for or against this model will be sought by doing an EEG and MEG study of the suppression task, in which first the conditional and the categorical premiss are presented, and then the second conditional premiss. If the proposed theory is correct, an extensive re-computation performed by the planning system takes place the moment the second conditional is presented. It is predicted that this will result in increased slow negativities in the ERP recordings over the anterior parts of the brain (cf. Münte, Schiltz, and Kutas 1998). In addition, we will analyse changes in rhythmic brain activity, in which we predict to see changes in, especially, the theta frequency band (4-8 Hz). Power increases in this frequency band have been found quite reliably in relation to increased memory load (Bastiaansen & Hagoort, 2003). Using MEG and advanced analysis tools (such as DICS: Dynamic Imaging of Coherent Sources; Gross et al., 2001), the network of cortical areas involved will be determined and mapped onto individual MR images. The results of this experiment will be compared with similar experiments with implicatures, for example, which also involve recomputation of preceding inferences, though possibly of a different kind.

2. In 8.2.4 we discussed examples of presuppositional denials, in which a presuppositional inference is cancelled by contextual information presented either before or after the inference is evoked. We noted that effects of cancellation appear to be more noticeable when conflicting information is presented afterwards, so we predict an effect of the order in which information is presented. This effect we intend to investigate with the same methods and analysis tools as in the previous experiment.

8.3.2
Subproject B: Defeasible inference in autistic spectrum disorders (ASD)

Reasoning studies on autistic subjects have for the most part concentrated on so-called ‘false belief tasks’, in which it is investigated to what extent patients can attribute to others beliefs which they know to be wrong. This line of research is motivated by the ‘theory of mind’ hypothesis which claims that autists’ main problem is their lack of an adequate conception of other people’s minds. To the best of our knowledge, there have been no systematic attempts at comparing ASD patients with normal subjects with the help of standard paradigms developed in the psychology of reasoning. In order to compare autistic patients with normal subjects we need a baseline, and therefore the first part of this subproject will investigate how well autistic subjects can cope with standard behavioural reasoning tasks. In the second part, attention will shift to defeasible inferences, which will be investigated using behavioural measures, as well as brain imaging techniques.

Given the difficulty of the tasks to be applied, only high-functioning subjects with autism or Asperger disorder will be included. Subjects will be selected from the outpatient clinic of the Department of Psychiatry in Nijmegen where about 40 new referrals are seen per year. Subjects with autism or Asperger disorder should meet DSM-IV criteria for autistic disorder or Asperger disorder on the basis of both extensive clinical evaluations and a structured diagnostic interview (ADI-R; Lord et al., 1997). Inclusion criteria: age 15-35 year, IQ > 100. Exclusion criteria: sensory impairments, organic brain disorders.

All participants will be characterised on an extensive additional neuropsychological test battery including the Wechsler Adult Intelligence Scale, Social Interpretation Test, Reading the Mind in the Eyes Test, Rey’s Complex Figure Test, Wisconsin Card Sorting Test, Tower of London. In addition, all individuals will undergo an assessment of their language development and pragmatic communication skills.

Behavioural reasoning tasks will be administered to gauge subjects’ proficiency in syllogistic and propositional reasoning, as well as their proficiency in defeasible inference. The first cluster of experiments will use validity judgment tasks (for reasons discussed by Geurts 2003), the second cluster will use the same tasks as in Subproject A.

Finally, based on the results of these experiments as well as preliminary findings in Subproject A, a selection of the paradigms used in that project will be applied to ASD patients. So in addition to behavioural tasks, EEG and MEG recordings will be performed with ASD patients, with the same analysis procedures as in Subproject A.
8.4 Embedding in ongoing research

The research proposal will be embedded in ongoing research projects on reasoning and autism. The infrastructural support necessary for carrying out the intended project will be provided by the participating institutions. It needs to be stressed that the ongoing projects were started as outcome of the recently established interactions between the research groups involved, which was intensified by a preparatory workshop in the context of the NWO-Cognition programme. The ongoing projects are indicative of the commitment and contribution of the participants. However, the support of the NWO-Cognition programme is necessary to establish an integrative and innovative research programme.

Subproject A:

· An EEG study on Dutch temporal connectives is currently being conducted by Hagoort’s neurocognition of language group in Nijmegen. An important aim of this study is to develop the general methodology for designing brain imaging experiments on reasoning and language comprehension (e.g. evaluating the role of pre-testing, assessing individual differences, etc.) and exploring the connections between the mathematical models of defeasible reasoning, planning and discourse processing presented by van Lambalgen and Hamm (2004) and Stenning and van Lambalgen (2004b), on the one hand, and neurophysiologically plausible models of long-term and working memory, on the other.

· The project will also be linked to the long-standing collaboration of van Lambalgen and Stenning, which has brought the importance of interpretation to the fore.

· The experiments on implicature and presupposition denial are closely related to the semantic/pragmatic work by Geurts (1998, 1999), and the NWO project ‘Information integration in discourse’ in which Geurts is involved as senior researcher.

Subproject B:

· This subproject will be linked to an ongoing parallel project on neural correlates of language function and particularly abnormal pragmatic communication of subjects with autism. EEG and fMRI will be recorded during listening to linguistic stimuli that either match or are at odds with the pragmatic context. The pragmatic match/mismatch will result in a clear effect in both EEG (i.e. the N400 effect) and fMRI (presumably in left temporal and left inferior frontal areas) in the healthy control subjects. The results of high functioning ASD subjects will be compared to the control data, to establish the nature and location of brain responses underlying their presumed pragmatic deficits. This project is a collaboration between the FC Donders Centre for Cognitive Neuroimaging and the Department of Psychiatry in Nijmegen and is performed by a post-doc (EEG) and a junior-researcher (fMRI).

· This subproject also ties in with ongoing research of van Lambalgen and students on autistic patients of the ‘Woon/werkvoorziening GGZ ’s Hertogenbosch’, where the reasoning performance of a group of high-functioning autistic patients is being tested using tutorial interviews. Preliminary results indicate that, in accordance with our predictions, the performance on e.g. the suppression task is very different from that of normal subjects.

8.5
Planning

	
	Subproject A
	Subproject B

	year 1
	• read relevant material in the psychology or reasoning, semantics and pragmatics

• make preparations for EEG/MEG experiments with implicatures and presuppositions
	• read relevant material in psychology or reasoning, semantics and pragmatics

• make preparations for (behavioural) experiments with neuropsychological test battery, standard reasoning tasks, and defeasible inference tasks

	year 2
	• conduct experiments

• analyse results

• write research paper(s)
	• conduct experiments

• analyse results

• write research paper(s)

	year 3
	• make preparations for EEG/MEG experiments with suppression in conditionals and tense/aspect

• conduct experiments

• analyse results
	• make preparations for EEG/MEG experiments with selected defeasible inference tasks

• conduct experiments

• analyse results

	year 4
	• write research paper(s)

• write doctoral dissertation
	• write research paper(s)

• write doctoral dissertation


8.6
Relevance to general aims of NWO-Cognition programme

A/F.
The proposed project is a strongly interdisciplinary venture, and aims for transfer of knowledge between disciplines and collaboration between several experienced and highly regarded research groups.

B. 

An important practical application lies in possible improvements of the diagnosis and treatment of autistic spectrum disorders.

C.

The project will help advance the state of the art not only in the psychology of reasoning but also in the disciplines represented by the research team, especially neuroscience and autism research.

D. 
By pursuing an integrative approach to cognitive science the project ipso facto contributes to strengthening integrative cognitive science education programmes. Reasoning is a particularly suitable topic because it is one of the main higher cognitive functions, which is at the crossroads of several fundamental issues in cognitive science.

E. 

See section 9 below.
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Planned deliverables and knowledge dissemination

All results will be published in international, peer-reviewed journals. The two junior researchers will each write a doctoral thesis in the last phase of the project.

Several members of the project team have good contacts with the popular press, and given the public interest in neuroscience and autistic spectrum disorders, as well as the fact that reasoning is a very mundane phenomenon, it is reasonable to expect that the results of the project are easily disseminated to a wide audience of interested lay people.

10
Budget
	
	year 1
	year 2
	year 3
	year 4
	TOTAL

	PhD I
	12 months
	12 months
	12 months
	12 months
	162.221

	PhD II
	12 months
	12 months
	12 months
	12 months
	162.221

	PC’s
	8.000
	0
	0
	0
	8.000

	Travel costs
	2.000
	2.000
	2.000
	2.000
	8.000

	Measurement costs
	3.720
	14.880
	14.880
	3.720
	37.200

	Subjects
	150
	600
	600
	150
	1.500

	Publication costs


	0
	0
	500
	1.500
	2.000

	TOTAL
	
	
	
	
	381.142
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Short CV principal applicant and co-applicants

· Dr. B. Geurts: Senior researcher and lecturer (UHD) in the department of philosophy, University of Nijmegen. Project leader of the NWO program ‘Information integration in discourse’. Publications on many different topics concerning semantics and pragmatics and the psychology of language and reasoning, including a book (Presuppositions and Pronouns, Elsevier, Oxford, 1999).

· Prof. dr. M. van Lambalgen: Recipient of an NWO Pionier grant (1994-1999). Professor of Logic and Cognitive Science at the University of Amsterdam (since 2001). Project leader of the NWO program ‘Logic meets psychology: nonmonotonicity’, whose aim is to infuse psychological experimentation with sophisticated logical notions.
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Summary for non-specialists (in Dutch)

Eén van de opzichten waarin onze soort zich onderscheidt van andere dieren is ons redeneervermogen en sinds het ontstaan van de kognitieve psychologie is er dan ook experimenteel onderzoek gedaan naar de manier (of manieren) waarop mensen redeneren. Dit projekt zet die traditie voort en richt zich daarbij op zogenaamde default-redeneringen. Default-redeneringen hebben de kenmerkende eigenschap dat ze annuleerbaar zijn. Wanneer buurman vertelt dat hij een nieuwe auto heeft gekocht, dan zullen we normaliter aannemen dat het een auto met vier wielen is. Weliswaar weten we dat niet alle auto’s vier wielen hebben, maar bij gebrek aan meer specifieke informatie gaan we er eenvoudigweg vanuit dat het wel zo is en trekken onze konklusie in wanneer het tegendeel blijkt. 

Het annuleren van eerder getrokken konklusies vereist een mentale flexibiliteit die niet iedereen gegeven is. Zo is het bekend dat autisme-patiënten vaak nogal rigide zijn in hun doen en denken. Het ligt dan ook voor de hand om aan te nemen dat autisme-patiënten moeite zullen hebben met default-redeneringen; dit is één van de dingen die we willen onderzoeken.

Logisch gezien zijn default-rederingen een intrigerend verschijnsel, omdat ze vereisen dat we kunnen redeneren over onze kennis en de konklusies die we eerder getrokken hebben. Hoe speelt het menselijke brein dit klaar? Om deze vraag te beantwoorden zullen we moderne technieken van hersenonderzoek gebruiken om redeneerprocessen zichtbaar te maken.





