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        Language in Interaction Consortium 
        Human language is the most powerful   

        communication system that evolution has  

        produced. It is the basis of culture and social  

        life. It comes in many forms (> 6000 languages 

        today). At the same time, it is deeply rooted in  

        the neurobiology of the human brain. The  

        overarching quest of our programme is to  

        account for, and understand, the balance  

        between universality and variability at all  

        relevant levels of the language system and the  

        interplay with different cognitive systems, such 

        as memory, action, and cognitive control. To  

        achieve this, Language in Interaction brings  

        together researchers from eight different  

        research institutions in the Netherlands to  

        understand this unique capacity in its full  

        glory. 
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PREFACE 

 
 

Between preparing our sixth annual report and its publication date, the world has seen a major 

transformation as a result of the corona crisis. We were used to communicating with each other 

within close distance, without fear of virus transmission by speaking. In the meantime, face masks 

and social distance impair our verbal communication.  

More than ever, we realize the relevance of language for our daily interactions and the multiple 

modes of its transmission (acoustic, visual, gestures, etc.). But not only that; Also the research 

programme of Language in Interaction is facing challenges that we did not anticipate some 

months ago. Our aim is to continue and where needed adapt our research as best as we can. How 

successful we will be in this regard, we hope to report in our next year’s annual report. 

This report contains the highlights of our research in 2019. This report is also available on our 

website. As you will be able to judge for yourself, a steady progress was again achieved in the last 

year. 

I hope you will enjoy reading about the highlights of our Language in Interaction program in 2019. 

 

 

 

Prof. dr. Peter Hagoort 

         Programme Director 

 

 

  

https://www.languageininteraction.nl/annualreport2019.html
https://www.languageininteraction.nl/annualreport2019.html
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PROGRAMME UPDATES 

 

LANGUAGE IN INTERACTION BOOK 
We are proud to announce that the collaborative publication "Human Language: From Genes and 

Brains to Behavior", edited by Peter Hagoort, was released by MIT press in October 2019. The 

book contains chapters written and edited by many Language in Interaction researchers and 

provides a unique overview of the current state-of-the-art knowledge on human language. For 

more information on the precise content of the book, please visit the MIT press website. 

The book is available through MIT Press. Employees of Language and Interaction can receive 

discounts on the purchase price of the book. Inquire with the Language in Interaction office for 

more information. 

 

 

 

 

 

 

 

 

 

 

Section editors: Christian F. Beckmann, Carel ten Cate, Simon E. Fisher, Peter Hagoort, Evan 

Kidd, Stephen C. Levinson, James M. McQueen, Antje S. Meyer, David Poeppel, Caroline F. 

Rowland, Constance Scharff, Ivan Toni, Willem Zuidema. 

 

 IT CALL 
The Language in Interaction consortium provides scientific and financial support to the specific 

ICT requirements of the projects executed within our partner institutes. In 2019, a budget was 

made available to compensate ICT needs in the second phase of the project. A total budget of 

€266.000 was dedicated towards this goal. 

Representatives from four involved institutes (DCC, CLS, DCCN, ILLC) submitted proposals for 

new IT hardware or computing nodes to facilitate LiI projects. The Committee decided that all 

proposals were valid. As the proposals fit into the available allocated budget, all proposals were 

granted.  

https://mitpress.mit.edu/books/human-language
mailto:info@languageininteraction.nl
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RESEARCH PROGRAMME 

 
 

THE CONSORTIUM 
The Language in Interaction consortium at its core is made 

up of the five ‘Big Questions’. These questions were defined 

in the second phase of the consortium by integrating the 

original Work Packages 1 to 5. The Societal Impact work 

package spans all Big Questions and promotes utilization 

for all research projects. In 2019, a Synergy Call project 

was initiated in the LiI Synergy Call.  

More information on each Big Question can be found on 

the Language in Interaction website under Research – Big 

Questions.  

 

The five Big Questions are: 

BQ1: The nature of the mental lexicon: How to bridge neurobiology and psycholinguistic theory 

by computational modelling? 

BQ2: What are the characteristics and consequences of internal brain organization for 

language? 

BQ3: Creating a shared cognitive space: How is language grounded in and shaped by 

communicative settings of interacting people? 

BQ4: Variability in language processing and in language learning: Why does the ability to learn 

language change with age? How can we characterise and map individual language skills in 

relation to the population distribution? 

BQ5: The inferential cognitive geometry of language and action planning: Common 

computations? 

COLLABORATIONS BETWEEN THE BIG QUESTIONS 

A main motivation behind determining the five big questions was to foster collaboration between 

researchers in the Language in Interaction consortium. By creating interdisciplinary research 

teams on topics that intersect, the BQs form the skeleton for the formation of collaborative teams 

of researchers. Collaborations between the BQ teams have started to take shape in 2019. We held 

interactive sessions where BQ teams join forces to organize a session for our consortium days, 

with content spanning across the BQs. The teams are also becoming more collaborative: for 

example, the BQ5 team includes a postdoctoral researcher from BQ2. Now, all BQs have existing 

collaborations or are initiating new collaborations with at least two other BQ teams.

 
  

https://www.languageininteraction.nl/Bigquestions.html
https://www.languageininteraction.nl/Bigquestions.html


 

* Please refer to our website for the full list of scientific publications from 2019. 
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2019 IN NUMBERS 
The Language in Interaction consortium had a fruitful year in 2019. We would like to thank all 

of the academic and support staff who made this possible. 

 

 

CONSORTIUM STAFF 

 

 

 

 

 

 

 

 

 

 

CONSORTIUM OUTPUT 

 

 

 

 

 

29

PhD 
Candidates

17

Postdocs

41

Professors 
and PIs

8 Partner 
Institutions

183

Scientific 
Publications*

94

Talks and 
Poster 

Presentations

50 
Dissemination 

and Media 
Activities

18

Awards and 
Grants

https://www.languageininteraction.nl/annualreport2019.html
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PHD DEFENSES IN 2019 
 

The following PhDs defended their Language in Interaction dissertation in 2019. 

Congratulations! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Dr. Luis Miguel Berscia 

From Kawapanan to Shawi: Topics in language 

variation and change 

 

 
Luis Miguel Berscia is the winner of the 2019 AVT/Anéla Dissertation Prize. 

He is now a postdoctoral researcher at the University of Queensland, Australia. 

Linda Drijvers completed her dissertation with a cum laude distinction. 

She is now a postdoctoral researcher at the Donders Institute for Brain, Cognition 

and Behaviour. 

 

Dr. Linda Drijvers 

On the oscillatory dynamics underlying speech-

gesture integration in clear and adverse listening 

conditions 
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FINANCE 
 

The following table specifies the budget allocated to the scientific projects in the consortium from start to end of the grant.  

The remaining budget is allocated to non-scientific personnel and costs of coordination of meetings (such as consortium meetings, PI meetings, etc.). 

 

Subproject 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Total 

Big Question 1 - - - - 115.516 239/148 338.103 385.304 365.685 286.237 69.016 1.799.009 

Big Question 2 - - - - 6.931 144.816 203.761 312.828 351.312 165.002 43.022 1.227.671 

Big Question 3 - - - - 43.864 256.770 443.771 301.244 201.378 71.599 - 1.318.626 

Big Question 4 - - - - 137.649 422.596 710.098 1.031.876 893.535 483.286 232.511 3.911.551 

Big Question 5 - - - - - - 16.818 318.164 563.355 551.218 246.014 1.695.570 

Work Packages 50.013 600.730 1.176.631 1.520.791 1.425.461 1.378.271 477.044 275.270 2.382 - - 6.906.593 

Societal Impact Package 17.862 130.146 156.869 178.723 200.281 195.008 156.203 181.546 146.325 137.281 189.486 1.690.270 

Synergy Project - - - - - - 81.670 283.100 289.849 253.482 142.944 1.051.045 

Other scientific contracts 89.694 165.513 265.474 487.102 573.517 631.848 562.605 475.368 335.182 295.196 141.619 4.023.118 

Total 157.569 896.389 1.598.974 2.186.616 2.503.759 3.268.457 2.990.072 3.564.699 3.149.004 2.243.300 1.064.613 23.623.453 
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BIG QUESTIONS

 
 

RESEARCH HIGHLIGHTS 

The next sections provide a brief description of the content of each Big Question and updates on 

the progress and highlights from 2019, including key publications and highlighted awards.  

 

BIG QUESTION 1: THE NATURE OF THE MENTAL LEXICON: HOW TO BRIDGE 

NEUROBIOLOGY AND PSYCHOLINGUISTIC THEORY BY COMPUTATIONAL MODELLING?

This Big Question addresses how to use 

computational modelling to link levels of 

description, from neurons to cognition and 

behaviour, in understanding the language 

system. Focus is on the mental lexicon and 

the aim is to characterize its structure in a 

way that is precise and meaningful in 

neurobiological and (psycho)linguistic 

terms. The overarching goal is to devise 

causal/explanatory models of the mental 

lexicon that can explain neural and 

behavioural data. This will significantly 

deepen our understanding of the neural, 

cognitive, and functional properties of the 

mental lexicon, lexical access, and lexical 

acquisition.  

Progress in 2019 

The four BQ1 subprojects proceeded mostly 

as planned in the proposal. Now that enough 

progress has been made in each of its 

subprojects (focusing respectively on 

linguistics, psychology, neurobiology, and 

data-analysis/integration), we aimed to 

emphasise cross-subproject integration in 

2019.  

A Lorentz workshop “Compositionality in 

brains and machines” was organized by 

Willem Zuidema and Dieuwke Hupkes in 

collaboration with Marco Baroni from 

Facebook AI Research with great success. 

  

KEY PUBLICATIONS: 
1. Alhama, R. G., & Zuidema, W. (2019). A review of computational models of basic rule learning: The neural-

 symbolic debate and beyond. Psychonomic Bulletin & Review, 26(4), 1174-1194. 

2. Aurnhammer C., & Frank, S.L. (2019). Evaluating information-theoretic measures of word prediction in 

 naturalistic sentence reading. Neuropsychologia, 134, 107198. 

3. Fitz, H., & Chang, F. (2019). Language ERPs reflect learning through prediction error propagation. Cognitive 

 Psychology, 111, 15–52. 

4. Zuidema, W., French, R.M., Alhama, R.G., Ellis, K., O’Donnell, T.J., Sainburg, T., & Gentner, T.Q. (2019). 

 Five ways in which computational modeling can help advance cognitive science: Lessons from 

 artificial grammar learning. Topics in Cognitive Science. 

 

AWARD HIGHLIGHTS: 
1. Raquel Alhama and Willem Zuidema won the best paper award from Psychonomic Bulletin & Review for 

their paper “A review of computational models of basic rule learning: The neural-symbolic debate and beyond”. 

2. Jaap Jumelet, Willem Zuidema and Dieuwke Hupkes received an honourable mention for their paper 

“Analysing Neural Language Models..” (Conference on Computational Natural Language Learning (CoNLL)).  
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BIG QUESTION 1 - HIGHLIGHTS  

 BQ1 - Highlight 1 

Discovering words in image-grounded speech using a deep neural network 

Danny Merkx and Stefan Frank 

 

We investigated to what extent it is possible to discover English words from pairs of images and 

unprocessed spoken descriptions of these images. We trained a deep neural network (DNN) to 

develop shared representations of images and speech (see Figure 1) and then analysed how well 

the sentence’s content words could be decoded from the layers of the speech-processing part of 

the DNN. 

Our DNN displayed the best performance on speech-to-image retrieval to date. More importantly, 

word decodability was fairly high (see Figure 2) and peaked in the intermediate layers of the 

DNNs. These intermediate layers encode more abstract units than the audio input features but 

are not yet sensitive to the image semantics, hence, this is exactly the level where we would expect 

words to be encoded. Because the model is not explicitly optimized to encode word units, our 

results show that the word is a useful unit for speech-to-image mapping that can be discovered by 

a DNN. 

 

 

 

This work is highly interdisciplinary as it critically depends on expertise in artificial intelligence 

(deep learning systems), psycholinguistics, and human speech processing. Hence, the 

collaboration afforded by LiI team science was of substantial importance. 

The development of computationally explicit models contributes to the overarching quest of LiI 

because it is instrumental in bridging between functional, algorithmic, and implementational 

(neural) levels of explanation; and thereby coming to a comprehensive understanding of observed 

language phenomena. More specifically, implemented statistical models of language processing 

form testable theories of how properties of the cognitive system interact with properties of the 

language, which speaks to the question of boundary conditions of language and language use. 

 

Figure 1. Structure of the speech-to-image DNN (image 

taken from Merkx, Frank, & Ernestus, 2019). 

Figure 2. Word-detection score as a function 

of detection threshold (horizontal axis) and 

the DNN layer under investigation (image 

taken from Merkx, Frank, & Ernestus, 2019). 
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 BQ1 - Highlight 2 

Representational Stability Analysis 

Samira Abnar, Lisa Beinborn, and Willem Zuidema 

We used  ‘Representational similarity 

analysis’ (RSA), a technique popular in 

cognitive neuroscience, and adapt it to help 

analyze a number of different models 

currently popular in Natural Language 

Processing, in particular Bert, ELMO, the 

Google Language Model (GoogleLM), and 

the Universal sentence encoder. 

A novel application of RSA is for 

Representational Stability Analysis (RSA) 

that compares instances of the same model, 

while systematically varying a single model 

parameter. As a case study, we used RSA to 

analyze neural language encoding models. 

We focused on a single parameter: the length 

of the prior context presented to a model. 

Varying the amount of context allowed us to  

quantify the degree of context-dependence 

of different neural language models, and 

different components of those models. If 

internal representations are similarly 

organized regardless of how much 

additional context is presented to the model, 

context-dependence is low. If, on the other 

hand, representations change with each 

additional amount of context included, 

context-dependence is high. Figure 3 

shows that the second layer (L1) of the 

GoogleLM is much more sensitive to prior 

context than the first layer (L0); e.g., the 

representational similarity of activity of the 

second layer between conditions with no 

prior context or 7 prior sentences is only 

50%. 

Our work illustrates the benefits of 

interdisciplinary work, by working out an 

innovative adaptation of a technique from 

cognitive neuroscience for use in natural 

language processing. It gives us more 

insights in how information is processed in 

modern natural language processing (NLP)-

models, which in turn helps us to better 

interpret the use of these models for 

predicting brain activation, and thus, 

ultimately, to make progress on the 

overarching quest of LiI. 

This work would not have been possible 

without the input over the years from 

members of other BQ1 projects. 

 

Figure 3. Depiction of the first and second layers of the GoogleLM model and the representational similarity of activity 

in the layer depending on the amount of available prior context.
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BIG QUESTION 2: WHAT ARE THE CHARACTERISTICS AND CONSEQUENCES OF 

INTERNAL BRAIN ORGANIZATION FOR LANGUAGE?

This Big Question addresses the internal 

organization of the brain. The human brain 

provides a neurobiological infrastructure 

that allows us to acquire and process 

language, and that co-determines the 

characteristics of spoken (and sign) and 

written language. The internal organization 

of the brain and its cognitive architecture 

both determine and constrain the space of 

possibilities for human language. This 

internal organization can be called the 

Kantian brain for language. It has resulted in 

a language-readiness of the human brain 

that is found nowhere else in the animal 

kingdom.  

 

 

Progress in 2019 

Researchers from combinations of sub-

projects within the BQ met separately to 

discuss points of overlap between sub-

projects. They presented the outcome of 

their discussions and ideas for collaborative 

projects. These meetings have already 

sparked a few ideas for joint projects 

between members of different sub-projects, 

some of which are already underway.   

 

In February 2019, members of the BQ 

hosted the workshop “Neuroanatomical 

Foundations of Cognitive Computation”, 

bringing together leading experts on 

neuroanatomy and neurophysiology.   

 

 

 

KEY PUBLICATIONS: 
1. Eichert, N., Verhagen, L., Folloni, D., Jbabdi, S., Khrapitchev, A. A., Sibson, N. R., ... & Mars, R. B. (2019). 

 What is special about the human arcuate fasciculus? Lateralization, projections, and expansion. Cortex, 

 118, 107-115. 

2. Carrion-Castillo, A., Van der Haegen, L., Tzourio-Mazoyer, N., Kavaklioglu, T., Badillo, S., Chavent, M., ... & 

 Francks, C. (2019). Genome sequencing for rightward hemispheric language dominance. Genes, Brain 

 and Behavior, 18(5), e12572.  

3. Hagoort, P. (2019). The neurobiology of language beyond single word processing. Science, 366(6461), 55-

 58.  

4. Sharoh, D., Van Mourik, T., Bains, L. J., Segaert, K., Weber, K., Hagoort, P., & Norris, D. (2019). Laminar 

 specific fMRI reveals directed interactions in distributed networks during language processing. 

 Proceedings of the National Academy of Sciences of the United States of America, 116(42), 21185-

 21190. 

5. Sierpowska, J., Gabarrós, A., Fernández-Coello, A., Camins, À., Castañer, S., Juncadella, M., ... & 

 Rodríguez-Fornells, A. (2019). White-matter pathways and semantic processing: intrasurgical and 

 lesion symptom mapping evidence. NeuroImage: Clinical, 22, 101704. 

 

AWARD HIGHLIGHTS: 
1. Christian Beckmann received a Wellcome Trust Collaborative Award for 2019-2024 (with the FMRIB 

Centre, University of Oxford). 

2. Peter Hagoort was inducted into the US National Academy of Sciences as a foreign associate. 
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BIG QUESTION 2 - HIGHLIGHTS  

BQ2 - Highlight 1 

White-matter bottleneck in small vessel disease: A lesion- symptom mapping study of 

language-executive functions  

Ileana L. Camerino, Joanna Sierpowska, and Vitória Piai 

 

Small vessel disease (SVD) is characterized 

by presence of white matter lesions (WML). 

Executive functioning and processing speed 

are the most effected cognitive domains in 

SVD and are correlated with total WML 

volume. However, WML location might 

better explain cognitive symptoms of SVD 

than total WML volume. This project 

investigated the relation between WML 

locations and executive-language functions 

in SVD. 

This study included a cohort of 442 SVD 

patients without dementia, with varying 

burden of WML. The Stroop (word reading, 

color naming, and color-word naming) and 

the verbal fluency tests were used as 

measures of language production with 

varying degrees of executive demands. The 

digit symbol modality (DSMT) was used as a 

control task as it does not require verbal 

abilities. A voxel-based lesion symptom 

mapping (VLSM) approach was used.  

A relationship was found between WML and 

language-executive functioning in a core 

fronto-striatal network in SVD, independent 

of lesion size (see Figure 4). This circuitry 

formed by the caudate nuclei, forceps minor 

and thalamic radiations, seems to underlie 

language-executive functioning. 

This project is the result of the collaboration 

between partners of the BQ2 with different 

expertise like neuroimaging and clinical 

neuropsychology. The results of this study 

provide valuable information about the 

effect of vascular lesions on language 

function.

 

Figure 4. VLSM Results. The 

statistically significant cluster of 

voxels associated with worse 

performance in each of the 

neuropsychological tests are shown. 

These maps show colorized depictions 

of t-test results evaluating 

performance of the patients on a 

voxel-by-voxel basis. High t-scores 

(red) indicate that lesions to these 

voxels have a stronger relationship 

with behavior. Dark purple voxels 

indicate regions where the presence of 

a lesion has a weaker relationship 

with the behavioral measure. The max 

t value is used for the color scale. Only 

voxels that were significant at P = 0.05 

(controlling for the expected 

proportion of false positives) are 

shown. All results are corrected for 

age, sex, education and lesion volume. 

 

  

A. Category flu

e

ncy

z = 170 175 184 190 210

B. Stroop word reading

z = 160 168 177 183 198

C. Stroop color naming

 

z = 160 168 177 183 198

t scores

1.65 5.34

D. Stroop color-word naming

z = 170 177 183 189 208

Left Right

Left Right

t scores

1.65 5.93
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BQ2 - Highlight 2 
Mapping the brain’s feedforward and feedback architecture for language with neural 

oscillations 

Ashley Lewis, Peter Hagoort, and Floris de Lange

This project is designed to develop linguistic paradigms in which the relative contributions of 

feedforward and feedback information streams can be manipulated in order to study the associated 

neural architecture. The study utilized MEG to probe high and low frequency neural oscillations as 

indices of feedforward and feedback information, respectively. This initial phase of the experiment 

employs a lexical decision task with Dutch words and non-words presented visually under varying 

levels of visual degradedness.  

Visual degradedness is achieved through low-pass spatial filtering, somewhat akin to noise-vocoding 

with speech stimuli. Based on previous literature investigating the visual system, we treated alpha/beta 

(8-19 Hz) power as an index of feedback and mid gamma (56-76 Hz) power as an index of feedforward 

signalling in the MEG. In a visual lexical decision task the primary source of feedforward information 

would be occipital regions responsible for visual processing of the stimulus, while the primary source 

of feedback information would be left temporal regions responsible for lexical-semantic processing. 

Preliminary results (N=10 participants) suggest precisely such a dissociation (Figure 5), where in the 

low degradedness conditions (when participants can read the words) there appears to be a larger 

alpha/beta desynchronization for words compared to non-words at temporal sensors but not at 

occipital sensors.

At occipital sensors gamma synchronization is higher for non-words than for words, suggesting greater 

prediction error for non-words in regions responsible for visual processing. This difference does not appear 

(or is greatly reduced) over left temporal sensors.  These preliminary findings suggest that for word reading 

feedforward and feedback signalling may indeed proceed via high and low frequency neural oscillations. 

Future phases of the project will investigate how these signals may be affected when words (both visually 

degraded and not) are inserted into sentence contexts with differing degrees of semantic constraint (i.e., 

differing availability of feedback information). This project pursues a hot topic in language neuroscience and 

directly addresses a core question of BQ2: the role of low and high frequency neural oscillations in feedback 

and feedforward signalling in the brain to support language processing. It also addresses the important 

question of the extent to which links observed in the visual system between high and low frequency neural 

oscillations on the one hand, and feedforward and feedback signalling on the other, may generalize to higher 

cognitive functions supported by alternative brain systems. It brings experts from psycholinguistics and the 

cognitive neuroscience of language into direct contact with experts from prediction and attention in visual 

processing as well as experts on cutting edge methods for the analysis of neural oscillations.

Figure 5. Mean power values in the Alpha/Beta (8-19 Hz) and Mid Gamma Power (56-76 Hz) range for different levels of visual 

degradedness. Dots represent mean power values for each participant. The data is collapsed across the two highest and two 

lowest levels of degradedness. 
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BIG QUESTION 3: CREATING A SHARED COGNITIVE SPACE  
How is language grounded in and shaped by communicative settings of interacting 

people? 

This Big Question considers the influence of 

two different dimensions over multiple 

communicative resources (speech and 

gestures) and linguistic structures (from 

phonology to pragmatics), namely: the 

temporal structure of communicative 

interactions and the functional dynamics of 

real-life communicative interactions. 

Language is a key socio-cognitive human 

function predominantly used in interaction. 

Yet, linguistics and cognitive neuroscience 

have largely focused on individuals’ coding-

decoding signals according to their 

structural dependencies.  

Understanding the communicative use of 

language requires shifting the focus of 

investigation to the mechanisms used by 

interlocutors to share a conceptual space. 

 

 

 

Progress in 2019 

BQ3 is progressing well along the relatively 

uncharted path of team-science. The 

empirical work is organized around a 

common experimental protocol, designed 

collegially and informed by pilot work within 

each project. The empirical work is also 

closely related to the theoretical work 

pursued in an additional project, and 

informed by the conceptual issues 

highlighted in this same project. BQ3 is also 

developing ways of adapting the team-

science goals to the realities of the existing 

academic environment, e.g. by discussing 

how to allocate credits in scientific 

publications such that individual and team 

contributions are acknowledged in a fair 

manner. The team is also discussing how to 

accommodate academic demands on PhD 

trajectories, focused on individual and 

specialized contributions, with team-science 

demands focused on shared and 

multidisciplinary contribution.

  

KEY PUBLICATIONS: 
1. Wheatley, T., Boncz, A., Toni, I., & Stolk, A. (2019) Beyond the isolated brain: The promise and challenge 

 of interacting minds. Neuron 103 (2), 186-188 

2. Blokpoel, M., Dingemanse, M., Woensdregt, M., Kachergis, G., Bögels, S., Toni, I., & van Rooij, I. 

 (2019, November 7). Pragmatic communicators can overcome asymmetry by exploiting ambiguity. 

 https://doi.org/10.31219/osf.io/q56xs 

3. Winner, T., Selen, L., Murillo Oosterwijk, A., Verhagen, L., Medendorp, P., van Rooij, I., Toni, I. 

 (2019). Recipient design in communicative pointing. Cognitive Science, 43(5), 1-19 

4. Macuch Silva, V., Holler, J., Ozyurek, A., & Roberts, S. G. (2020). Multimodality and the origin of a novel 

 communication system in face-to-face interaction. Royal Society Open Science, 7: 182056. 

 doi:10.1098/rsos.182056. 

5. Rasenberg, M., Ozyurek, A., & Dingemanse, M. (2019). Alignment in multimodal interaction: an 

 integrative framework. https://doi.org/10.31234/osf.io/pbw6f 

 

AWARD HIGHLIGHTS: 
1. Asli Özyürek was elected as member of Academia Europea. 

2. Mark Blokpoel, Mark Dingemanse, Ivan Toni, and Iris van Rooij were awarded with funding for 

PhD projects at the DCC. 

3. Mark Blokpoel was awarded with a DCC student-assistant grant. 

https://doi.org/10.31219/osf.io/q56xs
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BIG QUESTION 3 - HIGHLIGHTS  

 BQ 3 - Highlight 1 

Cognitive agent-based modelling of communication 

Blokpoel, Dingemanse, Woensdregt, Kachergis (Stanford University), Bögels, Toni, and van Rooij 

 

How can we understand each other in the face 

of word ambiguity and knowledge asymmetry? 

Using cognitive agent-based models of 

probabilistic pragmatic inference, we 

systematically vary ambiguity and asymmetry 

in the lexicons of interacting agents. We show 

that pragmatic communicators successfully 

deal with ambiguity by means of recursive 

pragmatic reasoning, and, remarkably, exploit 

the ambiguity of their lexicons to overcome 

knowledge asymmetries. Our formalization 

offers a principled explanation for the success 

of pragmatic inference in adverse conditions, 

even before recourse to computationally 

costlier contextual scaffolding and interactive 

feedback. 

We investigated the effect of ambiguity 𝛼 , 

asymmetry and order of pragmatic inference 

on the agents' ability to communicate 

successfully. Agents produce and interpret 

signals based on Rational Speech Act (Frank & 

Goodman, 2012). Simulations show that 

pragmatic communicators can overcome 

asymmetry by exploiting the ambiguity in their 

lexicons. Figure 6 shows the results, where 

there is a clear increased asymmetry tolerance 

for pragmatic agents with moderately 

ambiguous lexicons. This proves that there 

exist computationally leaner mechanisms that 

allow interlocutors to counter the detrimental 

effects of asymmetry prior to resorting to more 

costly forms of pragmatic inference and 

interactive repair.  

This framework guides the integration of 

intuitive theories from the subprojects in BQ3 

in a unified, formal theoretical framework, 

which is instrumental to BQ3’s 

interdisciplinary goal. Moreover, the project is 

innovative on multiple fronts: novel simulation 

methodology based on interacting agents, 

accessibility and open-science (see tutorials 

here). 

The project and its team members have proven 

to be highly successful in translating difficult 

computational notions to non-expert 

collaborators. Through focus sessions, it has 

been the foundation of BQ3 internal 

collaboration, giving the team members a 

common language to speak. The full paper is 

available online as a preprint.

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Main simulation results. A: Mean communicative success for interacting agents with moderately ambiguous lexicons 

(𝛼1 =
3

8
, 𝑎𝑙𝑝ℎ𝑎2 =

3

8
), where ∆ indicates peak performance of literal (zero order) agents, 𝛻 the first point where performance 

of pragmatic (first order) agents drops below that, and the dotted line between them is the additional amount of asymmetry 

pragmatic agents can tolerate by exploiting ambiguity. B: Increased asymmetry toleration for each possible combination of 

lexicon ambiguity, showing that for pragmatic agents there is a 'sweet spot' where moderate ambiguity on both sides helps 

rather than hinders communication. Surrounding smaller panels illustrate communicative success for different combinations of 

lexicon ambiguity (𝛼1, 𝛼2). 

https://github.com/markblokpoel/lanag-ambiguityhelps
https://osf.io/q56xs/
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 BQ3 - Highlight 2 

Multimodal and pragmatic alignment in dialogue 

Marlou Rasenberg, Asli Özyürek, and Mark Dingemanse 

 

We aim to understand how people reach mutual understanding, for example when talking about 

novel objects or abstract ideas. Previous work has shown that people often repeat each other’s 

words and gestures, something referred to as “alignment”. However, little is known about when 

and why people exactly align to each other. Furthermore, we do not yet have a complete 

understanding of the relationship between different types of alignment (e.g., alignment of words 

vs. alignment of gestures). Our research sheds new light on these questions and enables us to 

unify different theoretical perspectives. 

An initial step has been to review the diverging theoretical interpretations and empirical 

operationalizations of lexical and gestural alignment. To capture the multidimensional nature of 

the phenomenon of ‘alignment’, we identified five key dimensions to formalize the relationship 

between any pair of behaviors: sequence, time, semantics, form and modality.

Figure 7. Conceptual framework for understanding and investigating alignment. 

 

The integrative framework proposed here draws upon work from a range of disciplines, and 

introduces a novel perspective on alignment by considering it from a multidimensional as well as 

a multimodal perspective. It also functions as a stepping stone for future empirical and theoretical 

work within BQ3, and contributes to the overall goal of Language in Interaction to understand the 

dynamics of language in social interaction. 

The review is a direct result of BQ3’s endeavour to investigate various kinds of alignment (both in 

terms of behaviour and conceptual representations), which highlighted the need for an integrative 

framework. The combination of expertise within BQ3 – from psycholinguistics to gesture studies 

and from joint action to computational cognitive science – consequently shaped the development 

of a framework that is both applicable and relevant across a wide range of disciplines.  
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BIG QUESTION 4: VARIABILITY IN LANGUAGE PROCESSING AND IN LANGUAGE 

LEARNING  

This Big Question aims at characterizing 

variation in language processing and 

learning skills and at relating variation at the 

behavioural level to variation in the 

underlying neurobiology and genetics of 

individuals. The BQ has two strands: Strand 

A focuses on language processing skills in 

young adults, and Strand B on language 

learning skills in children and adults.  

Strand A has developed a comprehensive 

battery of tests targeting: (1) linguistic 

knowledge, (2) general cognitive skills, and 

(3) language processing skills (word 

comprehension and production, sentence 

comprehension and production). Strand B 

investigates variability in individuals’ 

learning ability, focusing on why second-

language (L2) acquisition typically becomes 

harder in adulthood. Strand B focuses on 

two aspects of foreign language learning: 

grammar and vocabulary acquisition. 

 

Progress in 2019 

Strand A has conducted a large-scale pilot in 

which 112 participants with different 

educational backgrounds completed all 

battery tests twice (with 4 weeks’ time 

between test sessions) and additional pilot 

studies, which confirmed the tests were well 

suited for assessing individual differences in 

language and other cognitive skills in the 

target population. The data from this 

Megapilot will be made available as a data 

resource for other interested researchers. 

Strand B  finalized the earlier developed 

Grammar training task and fMRI paradigm. 

A short pilot has been run in 2019 and data 

collection has started after the success of this 

pilot.  

The strong sequential interdependency 

between sub-projects within and across 

strands results in a high degree of cross-talk 

between members from different sub-

projects.

  

KEY PUBLICATIONS: 
1. Fisher, S. E. (2019). Key issues and future directions: Genes and language. In P. Hagoort (Ed.), Human 

 language: From genes and brain to behavior (pp. 609-620). Cambridge, MA: MIT Press. 

2. Hintz*, F., Jongman*, S. R., Dijkhuis, M., Van 't Hoff, V., McQueen, J. M., & Meyer, A. S. (2019). 

 Shared lexical access processes in speaking and listening? An individual differences study. Journal of 

 Experimental Psychology: Learning, Memory, and Cognition. Advance online publication. *equal 

 contribution 

3. Kidd, E., & Donnelly, S. (2020). Individual differences in first language acquisition. Annual Review of 

 Linguistics, 6, 319-340. 

4. McQueen, J. M., & Meyer, A. S. (2019). Key issues and future directions: Towards a comprehensive 

 cognitive architecture for language use. In P. Hagoort (Ed.), Human language: From genes and brain 

 to behavior (pp. 85-96). Cambridge, MA: MIT Press. 

 

AWARD HIGHLIGHTS: 
1. James McQueen was awarded a grant for a four-year PhD project “Scrutinizing speech recognition through 

the lens of word learning”. 

2. Evan Kidd was named ‘Australia’s leading researcher in Language and Linguistics’ by the Australian Higher 

Education Supplement. 

3. Simon Fisher is co-investigator on a NIH Grant: Neurobiological Markers of Rhythm (2019-2024) in a 

collaboration with Vanderbilt University Medical Center, Nashville Tennessee, USA. 
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BIG QUESTION 4 - HIGHLIGHTS  

 BQ4 - Highlight 1

An open-access data source for exploring individual differences in language skills and 

general cognitive abilities. 

Florian Hintz, Marjolijn Dijkhuis, Vera van ‘t Hoff, James McQueen, and Antje Meyer

We assessed the quality of our behavioural test battery 

(including tests measuring linguistic knowledge, general 

cognitive skills, and linguistic processing abilities) in a 

group of 112 individuals in a large-scale pilot study. Next to 

test-retest reliability, we assessed overall suitability of all of 

our ~30 tests for a diverse participant group. As individual 

differences studies naturally involve large numbers of 

participants and are therefore expensive and labour-

intensive, few labs can conduct them. Moreover, individual 

differences studies on language often focus on a specific 

aspect or domain (e.g. vocabulary knowledge) rather than 

providing a comprehensive picture of language ability. We 

will make available the whole dataset from our large-scale 

pilot study, including raw as well as pre-processed data, as 

an open-access data resource. Our goal is to encourage 

interested researchers to perform exploratory or targeted 

analyses of the relationships between language and/or more 

general cognitive abilities by providing the data for free. We 

hope that this unprecedented resource will interest many 

researchers and may inspire new research programs.  

 BQ4 - Highlight 2 

Dutch Author Recognition Test 

Florian Hintz (collaboration with Marc Brysbaert, Gent University)

Book reading shows large individual variability and correlates with language ability and empathy. This 

makes reading exposure an interesting variable to study. In this project, we developed a Dutch author 

recognition test (DART for older participants and DART_R for younger participants). Our data show 

that the test is reliable and valid, both in the Netherlands and in Belgium (split-half reliability over .9 

with university students, significant correlations with language abilities) and can be used with a young, 

non-university population. The test is free to use for research purposes. 

This test was developed by Marc Brysbaert and piloted in a collaboration with BQ4. Research in English 

suggests that an author recognition test is the most reliable objective assessment of reading frequency. 

It is frequently used in individual difference research. The collaboration between a Belgian and a Dutch 

research institution was important to ensure the test can be applied to both groups of language user.

Table 1. Correlations DART with other tests for a sample of non-university participants (N = 72). Source: Unpublished data collected 

by Hintz, Dijkhuis, van ‘t Hoff, McQueen, and Meyer. 

Test Correlation with DART Reliability test 

Knowledge Words .33 N/A 

Spelling Test .24 .73 

Grammar Test .08 .31 

Non-verbal IQ (Raven) .20 .79 

 

Figure 8. Summary of the Language in 

Interaction test battery. 
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BIG QUESTION 5: THE INFERENTIAL GEOMETRY OF LANGUAGE AND ACTION 

PLANNING: COMMON COMPUTATIONS?

The efficiency and flexibility with which 

humans infer (or generate) meaning during 

language comprehension (or production) is 

remarkable. How does our brain do it? To 

move beyond the many extant attempts to 

address this big quest, Big Question 5 will 

treat linguistic inference as an advanced 

solution to the multi-step, sequential choice 

problems that has been long faced in other 

cognitive domains (e.g. chess, foraging and 

spatial navigation).  

BQ5 anticipates to make unique progress in 

unravelling the mechanisms of fast, flexible 

linguistic inference by leveraging recent 

major advances in our understanding of the 

representations and computations 

necessary for sequential model-based action 

planning. It will encourage the integration of 

so-called ‘cognitive habits’ and their 

associated cognitive map-related neural 

mechanisms into theoretical models of both 

linguistic and non-linguistic inference. 

Leveraging the recently developed 

approaches to understand action planning, 

we will contribute unique advances in our 

understanding of the neural code and 

computations that underlie the unbounded 

combinatoriality of language, i.e., the ease 

with which we can generate meaning. 

Progress in 2019 

The content of this Big Question was 

formulated in 2019 and the research team 

was formed. Andrea Martin joined BQ5 as 

PI and coordinator alongside Roshan Cools. 

Five subprojects under BQ5 have been 

developed and the corresponding postdocs 

and PhDs are appointed.  

Various BQ5-wide meetings were held to 

maximize alignment of each of the 

subproject PI’s mental states and to obtain 

agreement on the joint overarching goal. 

This has involved multiple interdisciplinary 

brainstorming sessions, in which experts 

from three radically different subfields 

(reinforcement learning modeling, 

neuroscience of cognitive mapping, and 

linguistic computational modelling and 

electrophysiology) have attempted to create 

a common language for BQ5.   

 

 

 

 

 

KEY PUBLICATIONS: 
1. Cools, R. (2019). Chemistry of the adaptive mind: Lessions from dopamine. Neuron, 104(1), 113-131. 

 

AWARD HIGHLIGHTS: 
1. Andrea Martin received a VIDI award from the Dutch Organization for Science (NWO) for ‘The Rhythms 

of Computation: A combinatorial mechanism for language production and comprehension’, 2019-2023). 

2. Andrea Martin received an NWO Aspasia grant for women in science. 

3. Roel Willems received an ‘Empirical Study of Literature Training Network (ELIT)’ grant in the Initial 

Training Networks scheme of the European Research Council (Horizon2020, Marie-Skłodowska-Curie 

Actions). 
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SYNERGY CALL 

 
 

In 2018, LiI issued an open external Synergy Call to further trigger and reward innovative, 

interdisciplinary, and more than “business as usual” research. One proposal was granted and 

the project “Communication in Context” started in the fall of 2019.  

 

SYNERGY PROJECT: COMMUNICATION IN CONTEXT 
Arjen Stolk and Jana Basnakova 

A major challenge of understanding the human 

language faculty is to account for the extreme 

flexibility with which humans employ their 

words and gestures in everyday 

communicative interactions. We seem to be 

endowed with a remarkable ability to rapidly 

find relevant context for selecting and 

interpreting mutually understood 

communicative behaviours. This Synergy 

project aims to understand what counts as 

context and how that context determines the 

meaning of an utterance. In four interrelated 

projects, the notion will be tested that a large 

portion of the context is contingent on the 

shared cognitive space implied by the ongoing 

interaction between interlocutors. Neural 

mechanisms will be identified that critically 

support a shared cognitive space by having 

people interact in novel communicative 

settings that minimize the need for the use of 

pre-existing shared representations. In 

subproject 1, neural activity will be recorded 

from neurosurgical patient pairs (dual-EEG), 

and the causal nature of the mechanistic 

insights using electrical brain stimulation will 

be tested.  

In subproject 2, using dual-fMRI, we will 

examine the possibility that impaired 

communication and interaction skills in 

individuals with ASD are caused by difficulties 

in using the conceptual space defined by an 

ongoing interaction. This may impair 

individuals in resolving the pervasive 

ambiguity of human communicative signals. 

In subprojects 3 and 4 we will focus on whether 

and how the shared cognitive space interacts 

with linguistic material and gestures to 

constrain the meaning of utterances during 

controlled dialogs. This is achieved by 

measuring neurocognitive processing (fMRI 

and eye-tracking) while quantitatively varying 

the strength of conflicting semantic constraints 

on the communicative meaning of verbal and 

gestural utterances. The causal nature of 

processes thought to promote and arbitrate 

between communicative and semantic 

constraints will be tested using TMS and 

additional neuroimaging in autistic patients.  

As a whole, this Synergy project will 

characterize a fundamental and evolutionary 

unique ability of our species, opening the way 

for understanding and treating disorders of 

communicative language use. 

 

Progress in 2019 

The project is in its initial phase, having started 

in September 2019. We have prepared and 

piloted the dual-fMRI setup for subproject 2 

and developed a verbal paradigm to be used 

with ASD and neurotypical participants in 

subproject 2, which we are piloting using eye-

tracking and fMRI. We have applied and 

obtained the approval of the CMO for 

subprojects 2 and 3 with neurotypical and ASD 

participants. 

 

 

AWARDS: 
Arjen Stolk received an ASP Rising Star Award from the Association for Psychological Science.  
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SOCIETAL IMPACT 

 
 

Our consortium aims at implementing research outcomes directly in society. As staying in the 

lead in science imposes high demands on researchers, all general dissemination and PR activities 

both within the consortium and to outside world are organised by the LiI-office. 

In addition, one work package is specifically dedicated to knowledge utilisation within our 

organizational structure. The focus of this work package is on charting and developing ways for 

LiI research outcomes to be applicable and relevant in the outside world. It shapes the LiI 

infrastructure for knowledge utilization by ensuring that the means and personnel are available 

to support researchers in their utilization efforts.  

These range from ideas, theories, inventions and innovations towards actual use and benefit to 

society. Key innovation is the active encouragement of LiI researchers to transform ideas into 

commercial and/or societal products. The Societal Impact WP coaches and assists them in 

identifying and designing applications (of any kind), in finding partners, and finding their way in 

the world of patent and grant application. Where necessary external infrastructure will be 

recruited consisting of tools, personnel, organization and expertise. Members of the Utilization 

WP participate in research projects in the domain of language research that can be applied in 

clinical, educational or technological settings. 

UTILISATION OF SCIENTIFIC KNOWLEDGE 

UTILISATION CALL 1 - APP DEVELOPMENT 

The first internal Utilisation call provided winning applicants with the opportunity to implement 

an app. A total of five apps have been developed within the utilisation call. In 2019, all apps were 

still available as free download from the Apple App Store and/or Google Play Store. All apps are 

clearly recognizable due to the application of the LiI corporate identity. 

 

UTILISATION CALL 2 - HUMAN MACHINE INTERACTION 

The second utilisation call addressed applications and technologies for human-machine 

interaction (HMI). In this call, the aim was for applications that cover HMI in a broad sense. 

Applications had to be directed at development of a new product or service in the field of HMI, or 

one or a few steps in the larger research utilisation chain of an already ongoing effort to develop 

such a product or service. In 2018, the three granted proposals were completed, covering brain-

computer interfacing and e-health, namely: 

Creation of CoCoNUT: a fully autonomous program for communication in motor disabled with 

a Brain-Computer Interface input. Main applicant: Prof. dr. Ramsey (UMCU), 

SIMPTELL: Semi-independent Interactive Multimodal Production Training of 

ELLipses (in Broca’s aphasia). Main applicant: Prof. dr. A. Roelofs (DCC) 

Aiding people with visual impairments or neurodegenerative disorders by real-time linguistic 

description of their surroundings. Main applicant: Prof dr. Peter Desain (DCC). 

SimpTell is a therapeutic app for those with chronic Broca’s aphasia. These are people who 

typically find it difficult to produce sentences, resulting in severe communication problems. 
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Chronic aphasia is estimated to affect 30,000 people in the Netherlands, 90% of whom feel 

socially isolated. Crucial to this innovative product is its ability to support self-management 

among people who are empowered to take the initiative to manage their aphasia independently. 

This is optimized by developing a personalized therapy that adjusts its exercises to the level of 

competence of the individual concerned. The aim of SimpTell is to support speech and language 

therapists by teaching their clients to produce reduced utterances. Intensive practice and 

immediate feedback are needed to create a new routine. Patients can practice this new way of 

talking at home. In 2019, user tests were conducted with the CLS and the orthopaedic hospital 

Sint Maartenskliniek, to ensure that the product was optimized for the intended user group. The 

main external stakeholders were the Sint Maartenskliniek, RUMC and AfasieNet. 

 

UTILISATION CALL 3 - OPEN CALL FOR LiI INNOVATION PROJECTS 

The objective of this third call is to support the best innovation projects within LiI. Funding could 

be allocated to the development of a new product or service, or to one or a few steps in the larger 

research utilization chain of an already ongoing effort to develop such a product or service. 

Criteria for rating took into account collaboration with external parties, users and end-users and 

teamwork among LiI researchers.  

In 2018, seven proposals were received that were assessed by an independent assessment 

committee.  

Five of the submitted proposals received funding: 

LEARNING TO READ: An Individual Approach to Diagnose Reading Abilities. 

Team members: Bekkering, Steenbeek, and Cools 

DETECTOR FOR VISUAL ATTENTION: A Brain Computer Interface Kit 

Team members: Desain and Schoffelen 

HARE: A Tool to Automatically Recognize Online Harassment in Progress 

Team members: Van den Bosch, Stoop (CLST), and Kunneman (CLS) 

LETTERPRINS Next Generation: A Playful App that Helps Children Learning to Read 

Team members: Bekkering, Steenbeek, Fernandez, and Konrad (DCCN) 

LEARNING TO LEARN: An Adaptive Approach to Vocabulary Acquisition. 

Team members: Fernandez, Neville, and Marquand (DCCN) 

In 2019, elaboration of the five granted proposals continued. For two of the proposals license 

agreements were made with spin-offs of a LiI hosting institute (Learning to read and Detector for 

visual attention). Learning to learn received a follow-up subsidy ICT in Education (Proeftuinen, 

€8000,-).  
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TENURE TRACKS 

 
 

There are three tenure tracks within the LiI consortium: 

1. Tenure Track 1: Stefan Frank 

2. Tenure Track 2: Willem Zuidema 

3. Tenure Track 3: Vitória Piai 

The following section details the progress in 2019 for these tenure track researchers. Progress 

and output of related postdoctoral research associates and PhD candidates is listed under First 

Phase Research. 

TENURE TRACK 1: STEFAN FRANK 

Computational Psycholinguistics of Sentence Processing 

Centre for Language Studies, RU  

PhD candidate: Chara Tsoukala 

The general aim of this tenure track is the 

development and the application of 

computational models of human sentence 

processing, bridging between: (1) linguistic 

and cognitive theory, (2) psychological 

experimentation, and (3) neuroimaging 

data; particularly in the context of 

multilingualism. Thus, statistical models of 

language are developed, implemented, and 

trained on linguistic data; and their 

quantitative predictions of behavioural 

and/or neural responses serve to evaluate to 

the models’ value as cognitive theories. In 

addition, human language comprehension 

experiments are run to test specific (model) 

predictions of language use as rooted in the 

application of language statistics. 

Implemented statistical models of language 

processing form testable theories of how  

 

properties of the cognitive system interact 

with properties of the language. 

 This speaks to the question of boundary 

conditions of language and language use. 

Progress in 2019 

Stefan Frank completed five collaborative 

projects in 2019 with researchers from other 

universities, including Tilburg University, 

Groningen University, Saarland University 

(Germany), and University of Birmingham 

(UK).  

There were ongoing collaborations with BQ1  

and the tenure track PhD project  produced 

output in the form of scientific publications 

(published and under review). Two new 

collaborations were also started by Stefan 

Frank with researchers from the University 

of Birmingham and University College 

London. 

KEY PUBLICATIONS: 
Aurnhammer C., & Frank, S.L. (2019). Evaluating information-theoretic measures of word prediction in 

 naturalistic sentence reading. Neuropsychologia, 134, 107198 
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TENURE TRACK 1: STEFAN FRANK - HIGHLIGHT 

The costs of linguistic prediction may not outweigh the gains: an analysis using 

information-theoretic measures of word prediction 

Stefan Frank, Christoph Aurnhammer (Saarland University, Germany) 

Surprisal is a well-known information-

theoretic metric of the extent to which a word 

occurs unexpectedly. Its validity as measure of 

cognitive processing load during sentence 

comprehension is well-established: both word-

reading times and neural activity increase 

(linearly) with surprisal. Although this is often 

taken as evidence for linguistic prediction, 

surprisal is fundamentally backward looking. 

We develop and evaluate a novel metric called 

Lookahead Information Gain (LIG) that (like 

surprisal) is based in information theory and 

can be derived from fundamental assumptions 

about the cognitive processes involved in 

sentence comprehension, but (unlike 

surprisal) is truly forward looking. 

We evaluated to what extent LIG explains 

reading time and N400 size measured during 

naturalistic sentence reading tasks in English, 

over and above surprisal. Contrary to our 

expectations, there were no consistent effects 

of  LIG whatsoever, casting doubt about the 

hypothesis that upcoming words are pre-

activated according to their probability of 

occurrence. Moreover, we found that our LIG 

values increase with the quality of the 

probabilistic language model that estimates 

them (unlike surprisal values, which decrease; 

see Figure 9). Informally, this implies that 

having more accurate knowledge of the 

language makes prediction harder rather than 

easier. This means that, under a strict 

probabilistic prediction account of language 

processing, having more accurate knowledge 

results in more accurate predictions, but 

predicting more accurately requires more 

effort. Hence, the costs of linguistic prediction 

may not outweigh the gains. 

This work is interdisciplinary because it 

integrates computational modelling with 

behavioural and neuroimaging data. Its main 

innovativeness lies in the novel information-

theoretic measure for cognitive processing 

load during language comprehension. The 

development of computationally explicit 

models contributes to the overarching quest of 

LiI because it is instrumental in bridging 

between functional, algorithmic, and 

implementational (neural) levels of 

explanation; and thereby coming to a 

comprehensive understanding of observed 

language phenomena. More specifically, 

implemented statistical models of language 

processing form testable theories of how 

properties of the cognitive system interact with 

properties of the language, which speaks to the 

question of boundary conditions of language 

and language use.

Figure 9. Average surprisal and LIG measures as a function of the number of training sentences presented to the recurrent neural 

network model that estimates the measures. LIG1 and LIG2 refer to two versions the LIG that differ in the assumed prior probability 

distribution over words (image taken from Aurnhammer & Frank, 2019) 
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TENURE TRACK 2: WILLEM ZUIDEMA 

Hierarchical structure in natural language: bridging computational linguistics, 

neurobiology and formal semantics 

Institute for Logic, Language, and Computation, UvA 

PhD candidate: Dieuwke Hupkes  

A unique feature of human language – and 

the key property that arguably sets it apart in 

nature – is its hierarchical compositionality: 

all languages allow meaningful atomic units 

(e.g. words) to be combined into larger units, 

and these larger units to be further 

combined to form meaningful sentences.  

The work performed within this tenure track 

investigates: (1) How corpus data and 

computational models can be used to study 

the nature of this combinatory system, (2)  

How such a system may be implemented in 

a neural architecture, (3) How the system 

may be learned by children and machines, 

and (4)   How such a system emerged in 

evolution.  

Progress in 2019 

Much progress has been made on 

understanding how a neural architecture 

may represent the hierarchical structure of 

language and how these representations 

might be learned. In August 2019, we 

organized a successful week-long Lorentz 

workshop on this question. Multiple papers 

on this topic were published by the senior 

researcher and the PhD candidate. 

An important new development was the 

focus on data-driven interpretability 

techniques for neural language models. We 

developed a technique called Generalized 

Contextual Decomposition. We used it to 

analyse the flow of information in various 

neural language models. We demonstrated a 

default reasoning effect, showing that 

‘singular’ is assumed by default in models 

keeping track of number agreement between 

subjects and verbs in a sentence. And we 

then generalized these findings to gendered 

pronouns in coreference constructions. 

Results showed that current models assume 

‘male’ by default, while requiring explicit 

evidence that a referent is female in order to 

predict a female pronoun. This project 

revealed a gender bias in current neural 

language models. 

 

KEY PUBLICATIONS: 
1. Zuidema, W., French, R.M., Alhama, R.G., Ellis, K., O’Donnell, T.J., Sainburg, T., & Gentner, T.Q. (2019). 

 Five ways in which computational modeling can help advance cognitive science: Lessons from 

 artificial grammar learning. Topics in Cognitive Science. 

2. Uddén, J., de Jesus Dias Martins, M., Zuidema, W., & Tecumseh Fitch, W. (2019). Hierarchical structure 

 in sequence processing: How to measure it and determine its neural implementation. Topics in 

 cognitive science. 

3. Jumelet, J., Zuidema, W., & Hupkes, D. (2019). Analysing Neural Language Models: Contextual 

 decomposition reveals default reasoning in number and gender assignment. arXiv preprint 

 arXiv:1909.08975. 

 

AWARDS: 
1. Raquel Alhama and Willem Zuidema won the best paper award from Psychonomic Bulletin & Review for 

their paper “A review of computational models of basic rule learning: The neural-symbolic debate and beyond”. 

2. Jaap Jumelet, Willem Zuidema and Dieuwke Hupkes received an honourable mention for their paper 

“Analysing Neural Language Models: Contextual Decomposition Reveals Default Reasoning in Number and 

Gender Assignment” (Conference on Computational Natural Language Learning (CoNLL)). 
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TENURE TRACK 2: WILLEM ZUIDEMA - HIGHLIGHT 

Generalized Contextual Decomposition 

Dieuwke Hupkes and Willem Zuidema 

 

Deep learning models such as neural 

networks are now used in many applications 

employed in the public domain. It is thus 

vital to thoroughly understand how such 

models operate and what kind of biases they 

encode. However, the “black-box” nature of 

neural networks makes them notoriously 

difficult to interpret. In this study, we 

investigated what happens inside neural 

language models. 

Although it has become clear in recent years 

that these models are highly proficient in 

processing language, how they are able to do 

this is still largely unknown. We argue that 

investigating a model’s output is no longer 

sufficient to obtain a thorough and 

qualitative understanding. Existing 

techniques, including some of our own, 

require specific hypotheses.  

In this new work, we explored a data-driven 

analysis method called Contextual 

Decomposition. We proposed a generalised 

version of this method -- Generalised 

Contextualised Decomposition --  which we 

then employed to investigate the behaviour 

of language models. In particular, we 

evaluated tasks pertaining to syntactic 

agreement and coreference resolution and 

discovered that the model strongly relies on 

a default reasoning effect to perform these 

tasks. By applying these techniques to 

analyse language models, we are able to gain 

unprecedented insights into the ways these 

models operate.

 

Figure 10. Average contributions for the NounPP corpus of Lakretz et al. (2019). INIT denotes the contribution of the initial states. 

The picture depicts an asymmetry in the way that the model encodes singularity and plurality: while plural verbs depend strongly on 

the subject, for singular sentences this is not the case. 
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TENURE TRACK 3: VITÓRIA PIAI 

Hierarchical structure in natural Neuropsychology of Language and Language 

Disorders 

Donders Centre for Cognition and Donders Centre for Neuroscience, RU and RUMC 

Postdoctoral Research Associate: Joanna Sierpowska 

PhD candidate: Ileana Camerino 

This tenure track focuses on performing pre-

clinically and clinically oriented research on 

language. This position bridges the gap 

between clinical and non-clinical research 

on language in Nijmegen, nationally and 

internationally, and promotes interactions 

between RU and RUMC. It aims at 

establishing a research programme on 

language function and dysfunction. This 

approach takes the strength of both basic 

and applied fields to widen the theoretical 

understanding of brain and language 

relationships and to improve the care for 

clinical populations that suffer from speech, 

language, and communication deficits. 

Progress in 2019 

Several new collaborations were established 

in 2019. Multiple manuscripts have been 

submitted to top journals, others are under 

review, and several have been published.   

Furthermore, a Dutch translation of 

TeleLanguage was developed as 

TeleLanguage-NL. This  tool provides the 

opportunity for clinicians to call patients 

and assess their language abilities via 

telephone.  It is currently already in use at 

the Radboud University Medical Centre to 

monitor patients in the weeks and months 

after brain surgery.

 

KEY PUBLICATIONS: 
1. Piai, V., Prins, J. B., Verdonck-de Leeuw, I. M., Leemans, C. R., Terhaard, C. H., Langendijk, J. A., ... & 

 Kessels, R. P. (2019). Assessment of neurocognitive impairment and speech functioning before head 

 and neck cancer treatment. JAMA Otolaryngology–Head & Neck Surgery, 145(3), 251-257. 

2. Klaus, J., Schutter, D. J., & Piai, V. (2019). Transient perturbation of the left temporal cortex evokes 

 plasticity‐related reconfiguration of the lexical network. Human brain mapping. 

3. Piai is co-editor of special issue “Language and Memory: Understanding their Interactions, 

 Interdependencies, and Shared Mechanisms” with Melissa Duff (Vanderbilt University). 

 

AWARDS: 
1. Piai obtained a grant as co-applicant in the Discovery Project of the Australian Research Council for the 

project “How the brain produces speech: Neuronal oscillations to neuro-modulation”.  
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TENURE TRACK 3: VITÓRIA PIAI - HIGHLIGHTS 

 Highlight 1 

White-matter connectivity in the left posterior middle temporal gyrus – 

Differentiation from chimpanzees to human 

Sierpowska, Bryant, Janssen, Mangnus, Römkens, Roelofs, Kessels, Freches, Mars, Piai 

 

We compared white matter connectivity of 

the left posterior middle temporal gyrus 

(L_pMTG) structural bottleneck and left 

anterior temporal lobe (L_ATL) bottleneck 

between humans and chimpanzees.  

We revealed an extensive ventral system of 

white matter pathways (including IFOF) 

originating from the L_ATL seed in both 

humans and chimpanzees. Importantly, the 

maps did not substantially differ between 

the two species. In humans, the probabilistic 

tracking from L_pMTG showed that the 

ventral white-matter system extends to both 

the right hemisphere via the tapetum and to 

the dorsal pathways for language via the 

connection between the posterior superior 

temporal sulcus and the inferior parietal 

lobe. In chimpanzees, this circuitry was 

similar with regard to the interhemispheric 

connections, but connectivity to the dorsal 

stream was less robust than in humans. 

Quantification of these (dis)similarities 

indicated that the L_pMTG difference in 

connectivity may be mainly explained by 

how this circuitry connects towards the 

canonical, dorsal pathways for language, 

whereas this pattern is explained by the 

connectivity towards the ventral pathways 

for language for the L_ATL.  

In this project we addressed one the core 

questions of the BQ2: what characteristics of 

human brains may support our unique 

abilities to acquire/use language. The 

previous experience of the team, indicating a 

particular sensitivity to language 

impairments when any of the white matter 

hub is damaged in clinical populations, 

inspired a question of their possible role in 

human language evolution. 

Thanks to this project, various members of 

two LiI-associated groups a new and 

dynamic working team. Conjoined expertise 

in neuroimaging and white matter 

neuroanatomy brought together clinical and 

comparative perspectives in order to explore 

temporal lobe white matter bottlenecks in 

language.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Comparison of white matter connectivity in the left posterior middle temporal gyrus (L_pMTG) and the left anterior temporal lobe 

bottleneck (L_ATL) in humans and chimpanzees. 
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TENURE TRACK 3: VITÓRIA PIAI – HIGHLIGHTS CONTINUED 

 Highlight 2 

The effect of Deep Brain Simulation on the Subthalamic Nucleus on language 

function in Parkinson’s Disease: A review 

Sandra H. Vos, Roy Kessels, and Vitória Piai 

We conducted a systematic review of the effects of deep brain stimulation (DBS) on the 

subthalamic nucleus on language in patients with Parkinson’s disease (PD). Verbal fluency tasks 

are the most frequently used and investigated. Overall, verbal fluency was negatively affected by 

DBS. Importantly, this could not be ascribed to general disease progression as the studies were 

critically selected on having a matched PD control group without surgery but on best medical 

treatment, and this control group did not show the same amount of decline over time. Third, 

picture naming is frequently used as an additional measure of language function.  

The present review shows that it is not affected after DBS surgery in PD on a group level, in 

contrast to verbal fluency. However, studies investigating individual change patterns showed 

more variability for picture naming performance than for verbal fluency after DBS. Fourth, the 

present review shows that there is a lack of studies using other language tasks than verbal fluency 

and/or picture naming. The results of the present review add to current recommendations that 

the investigation of language function in PD requires sensitive language tests with and without 

time pressure. 

We brought knowledge on psycholinguistics to the field of neuropsychology. It contributes to LiI 

by showing how surgery and stimulation of the subthalamic nucleus relates to language and to 

societal relevance by highlighting the gaps in our knowledge that are important for improving 

health care. The questions asked and answered by this review were only made possible by the 

collaboration between the fields of psycholinguistics, neuropsychology, and neurology. 
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FIRST PHASE RESEARCH 

 
 

This section updates on progress made in research projects that were initiated in the first phase 

of the LiI consortium, before the Big Questions were implemented. For several of these projects, 

the contract has ended in 2019. Wherever possible, all projects are related to the BQs they are 

relevant to now. First, we discuss output for the coordinating postdocs from the first phase and 

list some research highlights. Then, PhD projects are discussed with projects that were still 

ongoing in 2019 listed first, followed by results of PhD projects that ended in 2019 or before. 

 COORDINATING POSTDOCS FROM THE FIRST PHASE 

BIG QUESTIONS 1, 3, AND 4 - DAVID NEVILLE 

This postdoc position has resulted in five scientific manuscripts in 2019: Two of which are in 

preparation, one that is submitted, and two that are in revision with top journals (NeuroImage 

and Neuropsychologia). Furthermore, two manuscripts resulting from the project were published 

in 2019.  David Neville has also collaborated on a publication with researchers from BQ3.  

 

KEY PUBLICATIONS: 
1.  Martins, M. J. D., Krause, C., Neville, D. A., Pino, D., Villringer, A., & Obrig, H. (2019). Recursive 

 hierarchical embedding in vision is impaired by posterior middle temporal gyrus lesions. Brain, 142(10), 

 3217–3229. https://doi.org/10.1093/brain/awz242 

2. Neville, D. A., Raaijmakers, J. G. W., & van Maanen, L. (2019). Modulation of the word frequency effect in 

 recognition memory after an unrelated lexical decision task. Journal of Memory and Language, 

 108(May), 104026. https://doi.org/10.1016/j.jml.2019.05.004. 

 

AWARDS: 
Neville was awarded a Radboud University ‘Proeftuin grant from ICT’ to test a software app he developed for 

vocabulary learning in adults (co-applicant with Ian Cameron and Ivan Toni ( both DCCN)).  

 

BIG QUESTIONS 2 AND 4 - HANS RUTGER BOSKER 

This postdoc position, which ended in 2018, produced five collaborative publications in 2019. 
 

KEY PUBLICATIONS: 
1. Rodd, J., Bosker, H. R., Ten Bosch, L., & Ernestus, M. (2019). Deriving the onset and offset times of 

 planning units from acoustic and articulatory measurements. The Journal of the Acoustical Society of 

 America, 145(2), EL161-EL167. 

2. Maslowski, M., Meyer, A. S., & Bosker, H. R. (2019). How the tracking of habitual rate influences speech 

 perception. Journal of Experimental Psychology: Learning, Memory, and Cognition, 45(1), 128-138. 

3. Maslowski, M., Meyer, A. S., & Bosker, H. R. (2019). Listeners normalize speech for contextual speech 

 rate even without an explicit recognition task. The Journal of the Acoustical Society of America, 146(1), 

 179-188.  

https://doi.org/10.1093/brain/awz242
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 PHD PROJECTS FROM THE FIRST PHASE 

TENURE TRACK PHD PROJECTS 

1. TENURE TRACK: STEFAN FRANK  

PhD Candidate: Chara Tsoukala (start date: September 01, 2015)  

PUBLICATIONS (2019): 

1. Tsoukala, C., Frank, S.L., Van den Bosch, A., Valdés Kroff, J., & Broersma, M. (2019). 

 Simulating Spanish-English code-switching: El modelo está generating code 

 switches. Proceedings of the Workshop on Cognitive Modeling and 

 Computational Linguistics. (pp. 20-29). Minneapolis, Minnesota: Association for 

 Computational Linguistics. 

2. Frank, S.L., Monaghan, P., & Tsoukala, C. (2019). Neural network models of language 

 acquisition and processing. In: P. Hagoort (Ed.), Human Language: from Genes 

 and Brains to Behavior (pp. 277-291). Cambridge, MA: The MIT Press. 

2. TENURE TRACK: WILLEM ZUIDEMA 

PhD Candidate: Dieuwke Hupkes (start date: July 01, 2015)  

PUBLICATIONS (2019): 

1. Baan, J., Leible, J., Nikolaus, M., Rau, D., Ulmer, D., Baumgärtner, T., ... & Bruni, E. 
 (2019). On the realization of compositionality in neural networks. arXiv preprint 
 arXiv:1906.01634.  
2. Ulmer, D., Hupkes, D., & Bruni, E. (2019). Assessing incrementality in sequence-to 

 sequence models. arXiv preprint arXiv:1906.03293. 

3. Korrel, K., Hupkes, D., Dankers, V., & Bruni, E. (2019). Transcoding compositionally: 

 using attention to find more generalizable solutions. arXiv preprint 

 arXiv:1906.01234. 

4. Lakretz, Y., Kruszewski, G., Desbordes, T., Hupkes, D., Dehaene, S., & Baroni, M. 

 (2019).  The emergence of number and syntax units in LSTM language models. 

 arXiv preprint arXiv:1903.07435. 

AWARD: Jaap Jumelet, Willem Zuidema and Dieuwke Hupkes received an 

honourable mention for their paper “Analysing Neural Language Models..” (Conference on 

Computational Natural Language Learning (CoNLL)). 

 

3. TENURE TRACK: VITÓRIA PIAI 

PhD Candidate: Ileana Camerino (start date: March 01, 2017)  

OUTPUT (2019): 

1. Camerino, I. L., Sierpowska, J., Meyer, N. H., Tuladhar, A. M., Reid, A. T., Kessels, R. 

 P. C., de Leeuw, F.-E., & Piai, V. (2019). White-matter bottleneck in small vessel 

 disease: A lesion-symptom mapping study of executive-language functions. Talk 

 presented at 20th International Science of Aphasia Conference, Rome, Italy. 
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FIRST PHASE PHD PROJECTS: FINISHED (GRADUATED 2019) 

1. From Kawapanan to Shawi, topics in language variation and 

change 

PhD Candidate: Luis Miguel Rojas Berscia (PIs: Levinson and Muysken)  

Luis Miguel Berscia defended his dissertation in 2019. Congratulations! 

DISSERTATION:  

Rojas-Berscia, L. M. (2019). From Kawapanan to Shawi: Topics in language variation 

 and change (Doctoral dissertation, Radboud University Nijmegen Nijmegen). 

KEY PUBLICATION:  

Thorin, J., Sadakata, M., Desain, P., and McQueen, J. M. (2018). “Perception and 

 production in interaction during non-native speech category learning,” The 

 Journal of the Acoustical Society of America, 144, 92–103. 

AWARD: Luis is the winner of the 2019 AVT/Anéla Dissertation Prize. 

2. On the oscillatory dynamics underlying speech-gesture 

integration in clear and adverse listening conditions 

PhD Candidate: Linda Drijvers (PIs: Özyürek and Jenssen)  

Linda Drijvers defended her dissertation in 2019. Congratulations! 

DISSERTATION: 

Drijvers, L. (2019). On the oscillatory dynamics underlying speech-gesture integration in 

 clear and adverse listening conditions (Doctoral dissertation, [Sl: sn]). 

KEY PUBLICATION:  

Drijvers, L., Ozyurek, A., & Jensen, O. (2018). Hearing and seeing meaning in noise: 

 Alpha, beta and gamma oscillations predict gestural enhancement of degraded 

 speech comprehension. Human Brain Mapping, 39(5), 2075-2087.  

AWARD: Linda obtained her dissertation with a cum laude distinction. 

 

FIRST PHASE PHD PROJECTS: ONGOING IN 2019 

3. Language regions in Interaction: An investigation of directional 

connectivity in the human language system using laminar fMRI 

PhD Candidate: Daniel Sharoh (PIs: Norris and Hagoort)  

Daniel defended his dissertation in January  2020. Congratulations! 

KEY PUBLICATION:  

Sharoh, D., Van Mourik, T., Bains, L. J., Segaert, K., Weber, K., Hagoort, P., & Norris, D. 

 G. (2019). Laminar specific fMRI reveals directed interactions in distributed 

 networks during language processing. Proceedings of the National Academy of 

 Sciences, 116(42), 21185-21190. 

4. Feedback loops in learning to perceive and produce non-native 

speech 

PhD Candidate: Jana Thorin (PIs: McQueen and Desain)  

Jana defended her dissertation in February  2020. Congratulations! 

KEY PUBLICATION:  

Thorin, J., Sadakata, M., Desain, P., and McQueen, J. M. (2018). “Perception and 

 production in interaction during non-native speech category learning,” The 

 Journal of the Acoustical Society of America, 144, 92–103. 

5. Neural processing of action, gesture and language in healthy and 

autistic individuals 

PhD Candidate: James Trujillo (PIs: Özyürek and Bekkering)  

James defended his dissertation in February 2020. Congratulations! 

KEY PUBLICATION:  

Trujillo, J. P., Simanova, I., Özyürek, A., & Bekkering, H. (2019). Seeing the unexpected.

 How brains read communicative intent through kinematics. 
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FIRST PHASE PHD PROJECTS: ONGOING IN 2019 

6. Data driven investigation of intrinsic dynamic brain states 

underlying language processing 

PhD Candidate: Julia Berezutskaya (PIs: Ramsey and Desain)  

Julia defended her dissertation in April 2020. Congratulations! 

KEY PUBLICATION:  

Berezutskaya, J., Freudenburg, Z. V., Güçlü, U., van Gerven, M. A., & Ramsey, N. F. 

 (2017). Neural tuning to low-level features of speech throughout the perisylvian 

 cortex. Journal of Neuroscience, 37(33), 7906-7920. 

7. Sharpening sensory predictions by linguistic primes 

PhD Candidate: Lara Todorova (PIs: Bekkering and Hagoort)  

KEY PUBLICATION:  

Todorova, L., Neville, D., & Piai, V. (2019). Lexical-semantic and executive deficits 

 revealed by computational modelling: a drift diffusion model perspective. 

8. Neurogenomics of vocal learning: decoding the functions of 

FoxPs in vocal perception and production learning 

PhD Candidate: Fabian Heim (PIs: Ten Cate and Fisher)  

KEY PUBLICATION:  

Heim, F., Fisher, S. E., ten Cate, C., Scharff, C., & Riebel, K. (2016). Birds and brains-what 

 songbirds tell us about language. In the FENS Hertie Winterschool on 

 Neurobiology of Language and Communication. 

9. Driving forces behind perceptual adaptation in speech 

PhD Candidate: Shruti Ullas (PIs: Formisano and Cutler)  

KEY PUBLICATION:  

Ullas, S., Formisano, E., Eisner, F., & Cutler, A. (2020). Interleaved lexical and audiovisual 

 information can retune phoneme boundaries. Attention, Perception, & 

 Psychophysics, 1-9. 

10. Perception of multidimensional sounds in humans and birds: 

Are speech categories special? 

PhD Candidate: Merel Burgering (PIs: Vroomen and Ten Cate)  

KEY PUBLICATION:  

Burgering, M. A., ten Cate, C., & Vroomen, J. (2018). Mechanisms underlying speech 

 sound discrimination and categorization in humans and zebra finches. Animal 

 cognition, 21(2), 285-299.  

11. Modeling and mapping generalization and knowledge 

acquisition in the hippocampal-prefrontal-thalamic circuit 

PhD Candidate: Stephanie Teves (PIs: Döller and Fernández)  

KEY PUBLICATION:  

Theves, S., Fernandez, G., Doeller, C.F. (2019). The hippocampus encodes distances in 

 multidimensional feature-space. Current Biology (29),7, 1226-1231. 

AWARD: Abstract Award at the Conference on Concepts, Actions, and Objects, 

Rovereto 2019. 

12. Neurobiologically realistic computational models of language 

processing 

PhD Candidate: Marvin Uhlmann (PIs: Petersson and Hagoort)  

KEY PUBLICATION:  

Fitz, H., Uhlmann, M., van den Broek, D., Duarte, R., Hagoort, P., & Petersson, K. M. 

 (2019). Neuronal memory for language processing. bioRxiv, 546325. 

13. Connectivity-based fingerprinting of memory and language 

network dynamics 

PhD Candidate: Izabela Przezdzik (PIs: Beckmann and Fernández)  

KEY PUBLICATION:  

Przeździk, I., Faber, M., Fernandez, G., Beckmann, C. F., & Haak, K. V. (2019). The 

 functional organisation of the hippocampus along its long axis is gradual and 

 predicts recollection. Cortex, 119, 324-335. 
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FIRST PHASE PHD PROJECTS: ONGOING IN 2019 

14. The Game of Language: Complex Communication and Mental 

States 

PhD Candidate: Iris van de Pol (PIs: Toni and Van Benthem)  

KEY PUBLICATION:  

van de Pol, I., Steinert-Threlkeld, S., & Szymanik, J. (2019). Complexity and learnability 

 in the explanation of semantic universals of quantifiers. Proceedings of the 41st 

 Annual Meeting of the Cognitive Science Society, 2019. 

15. Contributions of dorsal and ventral neural pathways to 

speaking in health and disease 

PhD Candidate: Nikki Janssen (PIs: Kessels and Roelofs)  

KEY PUBLICATION:  

Roelofs, R. L., Janssen, N., Wingbermühle, E., Kessels, R. P., & Egger, J. I. (2016). 

 Intellectual development in Noonan syndrome: a longitudinal study. Brain and 

 behavior, 6(7), e00479. 

16. Encoding and decoding the neural signatures of natural 

language comprehension 

PhD Candidate: Alessandro Lopopolo (PIs: Van den Bosch and Petersson)  

KEY PUBLICATION:  

Lopopolo, A., Frank, S. L., Van den Bosch, A., & Willems, R. M. (2017). Using stochastic 

 language models (SLM) to map lexical, syntactic, and phonological information 

 processing in the brain. PloS one, 12(5). 

 

17. Genomics of speech and language disorders: The next 

generation 

PhD Candidate: Lot Snijders-Blok (PIs: Brunner and Fisher)  

KEY PUBLICATION:  

Blok, L. S., Kleefstra, T., Venselaar, H., Maas, S., Kroes, H. Y., Lachmeijer, A. M., ... & 

 Study, T. D. (2019). De novo variants disturbing the transactivation capacity of 

 POU3F3 cause a characteristic neurodevelopmental disorder. The American 

 Journal of Human Genetics, 105(2), 403-412. 

18. Do brain potentials reflect individuals’ potential to learn a 

second language? Individual differences in language interaction 

during L2 acquisition 

PhD Candidate: Lisette Jager (PIs: Schiller and McQueen)  

KEY PUBLICATION:  

McQueen, J. M., Krutwig, J., Jager, L., Desain, P., Witteman, J., & Schiller, N. O. (2018). 

 Learning foreign-language sounds in adulthood: Listening, speaking, and 

 individual differences. The Journal of the Acoustical Society of America, 144(3), 

 1716-1716. 
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 LIST OF ABBREVIATIONS 
AR  Articulation Rate 

ASD  Autism Spectrum Disorder 

BQ(s)  Big Question(s) 

CLS  Centre for Language Studies 

CMO  Commissie Mensgebonden Onderzoek  

DBS  Deep Brain Stimulation 

DCC  Donders Centre for Cognition 

DCCN  Donders Centre for Cognitive Neuroimaging 

DDM  Drift Diffusion Model 

DNN  Deep Neural Network 

DSMT  Digit Symbol Modality 

DWI  Diffusion Weighted MRI 

EBS  Electrical Brain Stimulation 

EEG  ElectroEncephaloGraphy 

ERP  Event Related Potential 

fMRI  functional Magnetic Resonance Imaging 

GoogleLM Google Language Model 

HDDM Hierarchical Drift Diffusion Model 

Hz  Hertz 

ILLC  Institute for Logic, Language, and Computation 

L2  Second Language  

L_ATL Left Anterior Temporal Lobe 

LIG  Lookahead Information Gain 

LiI  Language in Interaction 

L_pMTG  Left Posterior Middle Temporal Gyrus 

LSTM  Long Short-Term memory 

MEG  MagnetoEncephaloGraphy 

MPI  Max Planck Institute for Psycholinguistics 

MRI  Magnetic Resonance Imaging 

MTG  Middle Temporal Gyrus 

NLP  Natural Language Processing 

PD  Parkinson’s Disease 

PI  Principal Investigator 

ROI  Region of Interest 

RSA  Representational Stability Analysis 

RT  Response Time 

RU  Radboud University 

RUMC Radboud University Medical Center  

SVD  Small Vessel Disease 

TMS  Transcranial Magnetic Stimulation 

UM  University Maastricht 

UMCU University Medical Center Utrecht 

VLSM  Voxel-based Lesion Symptom Mapping 

WML  White Matter Lesions 

WP  Work Package 

WPM  Word-Picture Matching 
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