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Abstract

Weaknesses in context-sensitive socio-pragmatic understanding are common in autism spectrum
disorder causing challenges in social relationships. This research studied the neural-basis of socio-
pragmatic understanding in young autistic adults and non-autistic controls by examining their
brain functioning in task-free (resting-state) and task conditions. The brain-level data were
acquired using functional magnetic resonance imaging (fMRI).

When the communication between the brain network pairs was measured in task-free
conditions utilising a fast fMRI sequence and a dynamic lag analysis approach, responses in the
autistic persons showed temporally and directionally altered patterns of mutual communication in
network pairs associated with social information processing, suggesting atypical deactivation
mechanisms related to the posterior default mode network. In addition, deviant interplay between
brain networks in autistic persons was found in network pairs including sensory networks.

While neural-level associations were examined using video clips containing non-verbal
pragmatic communication events as stimuli, inter-subject correlation analysis revealed more
homogenous brain activation patterns in the control group, and less synchrony of brain activity in
the autistic group, suggesting weaker modulation of brain states in response to the stimulus.
Reduced synchrony of brain activity in the autistic group was concentrated predominantly in the
region of the salience network. On the behavioural level, no significant difference between the
groups was found in answering accuracy concerning the pragmatic content of the video clips,
although there was more variability in accuracy in the autistic group. Long mean reaction and
answering times were associated with more severe autistic traits implying altered processing
mechanisms in autism.

Neural-level responses to socio-pragmatically challenging communication were studied using
video clips of complex social scenes as stimuli. Responses of selected brain network components
showed that processing between the groups was similar during the majority of the social scenes
but differed during situations including concurrent verbal and non-verbal communication events.
The results suggest that autistic adults had challenges adjusting their mental resources to the
dynamics of social situations which required the processing of parallel streams of communication.

Keywords: autism spectrum, autistic adults, fMRI, neural networks, non-verbal,
pragmatic understanding, processing, socio-pragmatic communication
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Tiivistelmä

Kontekstisidonnaisen sosiopragmaattisen ymmärtämisen pulmat ovat yleisiä autismikirjon hen-
kilöillä, ja ne aiheuttavat haasteita sosiaalisiin suhteisiin. Tässä väitöstyössä tutkittiin sosioprag-
maattisen ymmärtämisen neuraalista perustaa autismikirjon häiriö -diagnoosin saaneilla nuorilla
aikuisilla sekä verrokeilla tarkastelemalla heidän aivotapahtumiaan lepotilassa sekä heidän kat-
soessaan videoleikkeitä. Aineistona tutkimuksessa käytettiin toiminnallisen aivokuvantamisen
(fMRI) keinoin kerättyä dataa.

Kun lepotilahermoverkkojen välinen kommunikaatio mitattiin hyödyntäen nopeaa fMRI-sek-
venssiä ja dynaamista viiveanalyysiä, havaittiin, että autismikirjon henkilöillä informaation
välittyminen ja ajallinen kytkeytyminen sosiaalisen tiedon käsittelyyn osallistuvien hermoverk-
kojen välillä oli verrokkeihin nähden poikkeavaa. Hermoverkkojen välinen poikkeava kommu-
nikaatio ilmeni erityisesti epätyypillisenä posteriorisen peruslepotilaverkoston deaktivaatioku-
viona. Lisäksi autismikirjon henkilöillä havaittiin poikkeavaa aistihermoverkkoihin liittyvää her-
moverkkojen välistä vuorovaikutusta.

 Kun neuraalisen tason ilmiöitä tarkasteltiin käyttämällä herätteenä ei-verbaalisia pragmaatti-
sia kommunikaatiotilanteita sisältäviä videoleikkeitä, intersubjektiivinen korrelaatioanalyysi pal-
jasti, että verrokkiryhmässä aivojen aktivaatiokuviot olivat enemmän toistensa kaltaisia, kun taas
autismikirjon ryhmässä aivotoiminnan keskinäinen synkronoituminen oli vähäisempää. Autismi-
kirjon henkilöillä synkronoituminen oli vähäisempää etenkin olennaisen tunnistavan hermover-
kon alueella. Vaikka käyttäytymistasolla ryhmät vastasivat samankaltaisesti videoleikkeiden
pragmaattista sisältöä koskeviin kysymyksiin, reaktioajan ja vastauksen keskipituuden korre-
loiminen autististen piirteiden vaikeusasteen kanssa viittasivat prosessointimekanismin erilaisuu-
teen autismikirjon henkilöillä.

Tarkastelemalla videoleikkeillä esitettyjen sosiaalisesti ja pragmaattisesti monimutkaisten
kommunikointitilanteiden aiheuttamia aivovasteita havaittiin, että aivovasteet tietyissä sosiaali-
seen prosessointiin osallistuvissa hermoverkoissa olivat pääosin samankaltaisia molemmissa
ryhmissä. Kuitenkin aivotoiminnan erot ryhmien välillä päällekkäisissä kommunikointitapahtu-
missa antoivat viitteen siitä, että autismikirjossa sosiopragmaattiset haasteet liittyvät vaikeuteen
sopeuttaa mentaaliset resurssit tilannedynamiikkaan, joka vaatii rinnakkaisen kommunikaation
nopeaa prosessointia.

Asiasanat: autismikirjo, autismikirjon aikuiset, ei-verbaali, fMRI, hermoverkot,
pragmaattinen ymmärtäminen, prosessointi, sosiopragmaattinen kommunikointi





 

 

To my family 
 

 “Have no fear of perfection – you’ll never reach it.” 

 Salvador Dali 



8 

 



9 

Acknowledgements  

The study was carried out during 2017–2021 in the Research Unit of Logopedics, 

Faculty of Humanities, the Oulu Functional Neuroimaging (OFNI) group, Research 

Unit of Medical Imaging, Physics and Technology, and the Department of Child 

Psychiatry, Faculty of Medicine at the University of Oulu. 

I want to express my deepest gratitude and appreciation to my supervisor 

Adjunct Professor Soile Loukusa, who introduced me to this fascinating research 

theme and who has given me her full support and guidance during this study. Her 

persistent optimism together with insightful comments have helped me enormously. 

I also want to thank my other supervisor Professor Hanna Ebeling for her support 

and encouragement during the research. I feel privileged that I have had the 

opportunity to be a member of the Oulu Autism Research project. 

I would like to express my gratitude to Professor Vesa Kiviniemi who has given 

me the wonderful opportunity to participate in the Oulu Functional Neuroimaging 

(OFNI) group and who has guided me in the world of brain imaging and 

neuroscience. Without him, this work would not have been possible. In addition to 

giving me the resources to conduct my studies, he has relentlessly given his support 

and encouragement. He has also used his research networks to arrange me to come 

into contact with brilliant scientists such as Dr Ville Raatikainen, Professor Jussi 

Tohka, Dr J-P Kauppi and Professor Aapo Hyvärinen, whom I want to thank for 

introducing me to novel and inspiring methods of analysing brain imaging data. In 

addition, I want to express my warmest thanks to Dr Vesa Korhonen for all the 

valuable help concerning brain imaging data processing. My special thanks go for 

Matti Järvelä, my brother-in-science, for all the deep-diving discussions and for his 

existence in the same physical and mental space. I also want to thank the wonderful 

OFNI team for all the help, support and inspirational discussions during the lunch 

hours. 

I would like to thank Adjunct Professor Taina Välimaa, Professor Sari Kunnari 

and the whole staff of Logopedics, who have accepted me as part of the team. My 

special thanks are dedicated to Dr Katja Dindar, Dr Leena Mäkinen and Dr Ilaria 

Gabbatore for all their co-operation, guidance and inspirational discussions.  

In particular, I want to thank Dean Paula Rossi for believing in me and giving 

me the opportunity to work in the Department of Human Sciences. I also want to 

express my gratitude to the Eudaimonia Institute, University of Oulu and the Alma 

and K. A. Snellman Foundation, Oulu, Finland for financial support which made 

this thesis possible. 



10 

The official reviewers of this dissertation Adjunct Professor Juha Salmitaival 

and Professor (emerita) Synnöve Carlson are warmly thanked. Their constructive 

comments helped me to improve this work. In addition, my steering group members 

Professor Tiina Ikäheimo and Dr Terhi Hautala are warmly thanked for their 

support and kind words during this process. 

The participants of this study were part of a multidisciplinary study “Autism 

Spectrum Disorder – a follow-up study from childhood to young adulthood” 

ongoing at the Clinic of Child Psychiatry at the Oulu University Hospital and 

University of Oulu. I thank the researchers of the Oulu Autism Group at the Unit 

of Child Psychiatry for their enormous effort in diagnosing the participants in their 

childhood. In particular, I want to thank the participants of this study who made 

this thesis possible by giving their time and effort. 

The member of the Oulu Autism Research project, Adjunct professor Tuula 

Hurtig, is also greatly thanked for generating ideas for the study and for collecting 

the autism data. She has also helped me in improving the manuscripts with her 

comments. I also want thank Antti Siipo, Linda Kailaheimo-Lönnqvist and Laura 

Mämmelä for their effort in data collection phase of the study. I addition, I thank 

statisticians Leena Joskitt and Marianne Haapea for their advice in statistical 

matters. 

I also want to express my gratitude to my co-author Professor Eeva Leinonen, 

who has given insightful comments and suggested additions to improve the original 

papers. Her impeccable English skills have also been of great benefit during the 

study. 

Most importantly, I thank my husband Pekka for his endless love, patience and 

understanding during these years. Without him, this thesis would have never seen 

the light of day. I also want to thank my children Juho, Viivi and Lauri, my sister 

Minna and my parents for their support. 

31.3.2022 Aija Kotila  
  



11 

Abbreviations 

ABaCo Assessment Battery of Communication 

ACC Anterior cingulate cortex 

ADI-R The Autism Diagnostic Interview-Revised 

ADOS The Autism Diagnostic Observation Schedule 

AI Anterior insula 

AQ Autism Spectrum Quotient 

ASD Autism spectrum disorder 

BET Brain extraction tool 

BOLD Blood oxygen level dependent 

CEN Central executive network 

DLA Dynamic lag analysis 

DMN Default mode network 

EEG Electroencephalography 

FDR False discovery rate 

FOV Field of view 

fMRI Functional magnetic resonance imaging 

FMRIB Oxford Centre for Functional MRI of the Brain 

FSL FMRIB software library 

gICA Group independent component analysis 

IC Independent component 

ICA Independent component analysis 

ICD International Classification of Diseases 

ISC Inter-subject correlation 

MCFLIRT Motion correction tool for fMRI time series 

MEG Magnetoencephalography 

MELODIC Multivariate exploratory linear optimized decomposition into 

independent components 

MNI Montreal Neurological Institute 

MPFC Medial prefrontal cortex 

MPRAGE  Magnetization-prepared rapid gradient-echo 

MREG Magnetic resonance encephalography 

MRI Functional magnetic resonance 

NT Neurotypical 

PCC Posterior cingulate cortex 

RSN Resting state network 



12 

SAM Significance analysis of microarrays 

SD Standard deviation 

SN Salience network 

STS Superior temporal sulcus 

TE Echo time 

T1 Longitudinal relaxation time 

ToM Theory of mind 

TPJ Temporal-parietal junction 

TR Repetition time 

WHO World Health Organization 
  



13 

Original publications  

This thesis is based on the following publications, which are referred throughout 

the text by their Roman numerals:  

I  Kotila, A., Järvelä, M., Korhonen, V., Loukusa, S., Hurtig, T., Ebeling, H., Kiviniemi, 
V., Raatikainen, V. (2021). Atypical inter-network deactivation associated with the 
posterior default-mode network in autism spectrum disorder. Autism Research, 14(2), 
248–264. https://doi.org/10.1002/aur.2433 

II  Kotila, A., Tohka, J., Kauppi, J.-P., Gabbatore, I., Mäkinen, L., Hurtig, T. Ebeling, H. 
E., Kiviniemi, V., & Loukusa, S. (2021). Neural-level associations of non-verbal 
pragmatic comprehension in young Finnish autistic adults. International Journal of 
Circumpolar Health, 80(1), 1909333. https://doi.org/10.1080/22423982.2021.1909333 

III  Kotila, A., Hyvärinen, A., Mäkinen, L., Leinonen, E., Hurtig, T., Ebeling, H. E., 
Korhonen, V., Kiviniemi, V. & Loukusa, S. (2020). Processing of pragmatic 
communication in ASD: a video-based brain imaging study. Scientific Reports, 10, 1–
10. https://doi.org/10.1038/s41598-020-78874-2 

Aija Kotila is the first author in all Studies I, II and III.  

In Study I, I had the main responsibility for analysing the raw statistical data 

generated by Matlab script and writing the manuscript. 

In Study II, I had the main responsibility for analysing the behavioural data, 

measuring and analysing the reaction and answering times, planning the fMRI 

analysis method, analysing the fMRI data and writing the manuscript. In addition, 

I participated in transcribing the behavioural data from audiofiles. 

In Study III I had the main responsibility for planning and implementing the fMRI 

analysis method, analysing the fMRI data and writing the manuscript. In addition, 

I participated in collecting the validation data for the Ruusun aika -video-clips. I 

was also responsible for analysing the validation data. 
  



14 

  



15 

Contents  

Abstract 

Tiivistelmä 

Acknowledgements 9 

Abbreviations 11 

Original publications 13 

Contents 15 

1  Introduction 17 

2  Literature review 19 

2.1  Autism ..................................................................................................... 19 

  Definition of autism spectrum disorder ........................................ 19 

  Socio-pragmatic abilities in autism .............................................. 20 

  Theoretical background for socio-pragmatic features in 

autism ........................................................................................... 23 

2.2  Functional magnetic resonance imaging ................................................. 25 

  The basis of functional magnetic resonance imaging ................... 25 

  Characteristics of fMRI BOLD and fast fMRI ............................. 26 

2.3  Socio-pragmatic processing on brain-level ............................................. 27 

  Brain regions associated with socio-pragmatic processing .......... 27 

  Large-scale brain networks associated with socio-

pragmatic processing .................................................................... 28 

  Brain imaging studies based on naturalistic stimuli ..................... 29 

2.4  Brain level findings associated with autism ............................................ 30 

  Atypical functional connectivity in resting-state .......................... 30 

  Atypical brain function in tasks related to social 

understanding ............................................................................... 31 

  Brain responses of autistic persons viewing naturalistic 

stimuli ........................................................................................... 32 

3  Aims of the study 35 

4  Materials and methods 37 

4.1  Participants .............................................................................................. 37 

4.2  Behavioural-level assessment of pragmatic abilities in Study II ............. 39 

4.3  Brain-level data ....................................................................................... 41 

  Data acquisition ............................................................................ 41 

  Data pre-processing ...................................................................... 43 

  Data analysis ................................................................................. 44 



16 

5  Results 49 

5.1  Brain dynamics in task-free conditions ................................................... 49 

  Time lag structures between deactivated resting-state 

networks ....................................................................................... 49 

  Time lag structures between anticorrelated resting-state 

networks ....................................................................................... 52 

5.2  Results related to viewing non-verbal extralinguistic items of 

ABaCo ..................................................................................................... 56 

  Behavioural level results for ABaCo items................................... 56 

  Brain response for ABaCo items .................................................. 57 

5.3  Socio-pragmatically challenging situations from a TV series ................. 60 

6  Discussion 65 

6.1  Interplay between brain networks in resting-state conditions 

(Study I) .................................................................................................. 65 

6.2  Processing of non-verbal socio-pragmatic tasks (Study II) ..................... 68 

  Behavioural level findings ............................................................ 68 

  Brain level findings ...................................................................... 69 

6.3  Processing of naturalistic communication events (Study III) .................. 71 

6.4  Critical appraisal of the studies of the doctoral thesis and further 

directions ................................................................................................. 74 

6.5  Clinical implications ............................................................................... 76 

6.6  Conclusions ............................................................................................. 77 

List of references 79 

Appendices 105 

Original publications 113 

 

  



17 

1 Introduction  

Autism is a behaviourally defined neurobiological disorder that affects how autistic 

persons connect and interact with other people, and how they fit in socially (World 

Health Organization [WHO], 2018). Persons on the autism spectrum often find 

everyday social communication situations demanding, which has implications on 

their social participation and quality of life (Orsmond et al., 2013; Tobin et al., 

2014). In communication between autistic and non-autistic persons, 

misunderstandings happen frequently, which can cause a risk of social exclusion 

for autistic people. In general, adults on the autism spectrum have fewer social 

contacts, and experience more difficulty in social relationships and in securing their 

position on the job market compared to their non-autistic peers (Bauminger & 

Kasari, 2000; Shattuck et al., 2012). 

 In autism, social and communication challenges emerge in early childhood 

and challenges persist typically across the whole lifespan (Gillespie-Lynch et al., 

2012; Loukusa, 2021). Although many cognitively able autistic adults gain better 

functioning over time by using compensative strategies, the area of social 

interaction is often resistant to improvement (Billstedt et al., 2007). In addition, 

many theoretical constructs that have earlier been used to explain autistic features 

can only partially explain the social functioning challenges of autistic adults 

(Bottema-Beutel et al., 2019). Despite numerous studies concerning autism in 

childhood, there are fewer studies on young autistic adults. 

In social interaction, communicative intentions are conveyed through versatile 

and multimodal cues (Gibbs & Moise, 1997; Enfield, 2009; Scarantino, 2017). 

Therefore, the interpretation of a communication intention is not only based on the 

linguistic content, but also on the non-verbal means of expression, such as facial 

expressions, gestures and speech prosody (Bara, 2010). Socio-pragmatic 

understanding refers to how communicative intentions are understood in relation 

to contextual information in social situations (Huang, 2017; Sperber & Wilson, 

1995). In addition to verbal and non-verbal cues, many other contextual factors, 

such as conceiving the mental state of the communication partner, contribute to the 

understanding of the expression (Airenti et al., 1993; Sperber & Wilson, 2012b). In 

order to be able to interpret the expressed intention, a person needs to observe all 

pieces of relevant information and connect them together to form a mental 

representation of the meaning (Gibbs & Colston, 2012; Sperber & Wilson, 2012b). 

For non-autistic persons, inferencing the meaning by using contextual cues is an 

automated process that usually does not cause additional strain. On the contrary, 
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many autistic persons struggle in understanding the intentions and actions of others 

in everyday social situations (Kissine, 2012). 

Functional neuroimaging studies can give insight into brain-level mechanisms 

in autism and how these mechanisms differ between autistic and non-autistic 

persons. The resting-state functional connectivity of brain networks has been 

widely studied in autistic persons without consensus about which connectivity 

patterns are typical for autism (Hull et al., 2017). However, only a few studies have 

considered the temporal dynamics of functional networks (Mitra et al., 2015; 

Raatikainen et al., 2020). In addition, previous neuroimaging studies have tried to 

find a connection between brain-level phenomena and social functioning, 

suggesting, for example, altered processing of facial expressions in autism (e.g. 

Rahko et al., 2012). Although there is evidence of deviant processing of separate 

aspects of social communication, everyday challenges of dynamic social 

information processing may not emerge in brain studies using oversimplistic 

stimuli (Zaki & Ochsner, 2009). Few studies have investigated how autistic persons 

process naturalistic communication situations. In this thesis, brain-level differences 

between autistic and non-autistic young adults were investigated in 1) a stimulus-

free condition to examine temporal dynamics of intrinsic functional networks 

(Study I) and 2) by using naturalistic videos of simple non-verbal communication 

(Study II) and 3) videos of multimodal complex communication situations (Study 

III) to examine the processing of socio-pragmatic communication.  

During this study, there has been an ongoing debate concerning the preferred 

terminology, when discussing autism and persons who have received a diagnosis 

of autism (Kenny et al., 2016). What was considered appropriate in scientific 

articles a few years ago, may not be acceptable anymore. The field of autism 

research is changing rapidly and nowadays the preference is to use terms that 

consider more the autistic perspective (Bottema-Beutel et al., 2021). In this thesis, 

terms “an autistic person” or “a person on the autism spectrum” were used instead 

of “an individual with autism spectrum disorder” to value the current opinion of 

the autistic community (Bury et al., 2020). In addition, although there are issues 

that autistic persons struggle with on average, the intention in this study was to 

avoid deficit-based language and focus on the differences between autistic and non-

autistic persons instead (Milton, 2012). 
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2 Literature review 

2.1 Autism 

2.1.1 Definition of autism spectrum disorder 

Autism spectrum disorder (ASD) is a complex neurodevelopmental condition that 

is characterised by atypical social interaction and communication, along with 

restricted and repetitive behavioural patterns and special interests (WHO, 2018). In 

addition to restrictions in the social domain, many autistic persons show elevated 

sensory modulation i.e. hypo- or hypersensitivity (Ben-Sasson et al., 2009; Jussila 

et al., 2020; Robertson & Simmons, 2013). Autistic behaviour typically emerges 

during the first years of life, when age-appropriate demands for social and 

communication development exceed the capabilities of an autistic child (Ozonoff 

& Iosif, 2019). The general consensus is that autism persists throughout a person’s 

lifespan, however, the manifestation of autistic characteristics may vary in different 

stages of life (LeBlanc et al., 2008; Orinstein et al., 2015). Autism can have various 

negative impacts on the quality of an individual’s life and restrictions depending on 

the severity of autistic traits (Mason et al., 2018). Although 50–55% of autistic 

persons have an intellectual disability, the rest have normal or above normal 

intellectual abilities (Loomes et al., 2017).  

The prevalence of ASD is approximately 1.5% in developed countries (Lyall 

et al., 2017; Christensen et al., 2018). There has been a steady increase in the 

prevalence rate of autism in the last decades (Chiarotti & Venerosi, 2020), but the 

reasons for the increase have been debated. The reasons may include, for example, 

changes in the diagnostic procedure and/or environmental variables (Lyall et al., 

2017). Often, multiple members of a family have autistic traits, implying that 

autism is a strongly heritable condition (Bai et al., 2019; Hallmayer et al., 2011; 

Ozonoff et al., 2011), however, genetic factors behind autism are polygenetic (de 

la Torre-Ubieta et al., 2016). Similarly, advanced age of parents and perinatal or 

neonatal factors, such as premature birth, may increase the likelihood of autism 

(Croen et al., 2007; Gardener et al., 2011; Johnson, Hollis et al., 2010). Gender 

plays an important role in diagnosing ASD, since diagnoses are 3–4 times more 

common in boys than in girls (Kurasawa et al., 2018; Loomes et al., 2017). It has 

been speculated that the difference in the rate of diagnoses between the genders 

may be due to gender specificity of traits, which has resulted in features typical for 
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autistic girls potentially going unnoticed in diagnostic processes (Conlon et al., 

2019; Dworzynski et al., 2012; Mattila et al., 2011).  

ASD is usually diagnosed in childhood between 3–4 years of age after careful 

examination by a multi-professional team of specialists from several disciplines, 

such as pediatrics, psychiatry, psychology and logopedics using behavioural 

observation with diagnostic instruments such as semi-structured interactive 

sessions and clinician-rated parental interviews, to support diagnosing (Fernell & 

Gillberg, 2010; Lord et al., 1995, 2000; Moilanen et al., 2012). Historically, there 

have been separate diagnostic classes, e.g. F84.0 (“Childhood autism”), F84.1 

(“Atypical autism”) and F84.5 (“Asperger’s syndrome”), under which autistic 

features have been described in the International Classification of Diseases (ICD), 

10th revision (WHO, 1992). However, in the 11th revision of the ICD (WHO, 2018), 

ASD is classified under the category of mental, behavioural and 

neurodevelopmental disorders. In the ICD-11 classification, subcategories define 

the type of ASD in more detail, based mainly on the intellectual development and 

the degree of language functioning. Although some autistic features can exist in 

individuals across the population, in this thesis, term “autism” refers to a condition 

in which the severity of autistic traits fulfill the diagnostic criteria for ASD. 

2.1.2 Socio-pragmatic abilities in autism  

A prominent behavioural feature of autism is an atypical interaction style, which 

often causes challenges for young autistic adults in social relationships (Orsmond 

et al., 2013). It has been frequently noted, for example, that autistic persons have a 

formal or pedantic style of speaking together with a tendency for literal 

interpretation of others’ communicative acts, regardless of their capabilities in other 

areas of language, including morphology, syntax, semantics and phonology 

(Loukusa & Moilanen, 2009). On the conversational level, the communication 

challenges of autistic persons may manifest themselves e.g. in steering discussion 

to restricted topics, or on the other hand, in a difficulty staying on topic (Lam & 

Yeung, 2012; Ying Sng et al., 2018). These challenges are linked to pragmatic 

communication competence, which refers to the capabilities to use and understand 

communicative intentions, verbal or non-verbal, in a manner sensitive to the 

communication context (Bara, 2010; Gibbs & Moise, 1997; Sperber & Wilson, 

1995; Tirassa, 1999). Communication context means all elements in a 

communication situation that can affect how the communicative intention should 

be interpreted (Gibbs & Colston, 2012). Pragmatic communication competence has 
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been associated with social functioning in autistic persons, showing the importance 

of pragmatic skills in initiating and maintaining social relationships (Berenguer et 

al., 2018). Moreover, pragmatic challenges in autism have been linked to 

understanding non-literal expressions, e.g. irony and indirect questions (Bosco & 

Gabbatore 2017; Happé, 1995b). 

In general, maturation of pragmatic competence is a process overarching the 

whole childhood until adolescence (Bosco & Gabbatore, 2017; Glenwright & 

Pexman, 2010; Loukusa et al., 2017). Pragmatic abilities start to develop in 

childhood in interaction with other people through observation and interpretation 

of others’ behaviour, but also through instruction by caregivers (Clark, 2018; 

Whalen et al., 2020). Typically, developing children learn to utilise increasingly 

complex contextual information in their pragmatic processing, while acquired 

pragmatic processing skills reflect their developmental age (Bucciarelli et al., 2003; 

Loukusa, Leinonen & Ryder 2007; Ryder & Leinonen, 2003). For autistic children, 

development of pragmatic skills differs from typically developing children, 

regardless of their other language abilities (Lam & Yeung, 2012; Loukusa, 

Leinonen, Jussila et al., 2007; Loukusa, Leinonen, Kuusikko et al., 2007).  

Socio-pragmatic comprehension includes also the social considerations (e.g. 

politeness rules) into pragmatic inferencing process, which requires the ability to 

perceive, retrieve and connect various pieces of social and contextual information 

(Airenti et al., 1993; Leech, 2014; Sperber & Wilson, 1995). The processing 

demands cover not only linguistic and non-verbal expressions, but also e.g. 

understanding the mental state of others in the specific social situation (Sperber & 

Wilson, 2012a, 2012b). A key ability in pragmatic comprehension is to use as little 

effort as possible in inferring the intended and relevant meaning of the 

communicative expression (Sperber & Wilson, 1995, 2012a). In a communication 

situation, attention is typically directed to relevant contextual cues instead of non-

relevant ones, which reduces the cognitive processing load (Sperber & Wilson, 

1995; Vermeulen et al., 2015). Awareness of the relevant contextual information 

allows for a quick and accurate interpretation of the communicative intention, 

which may differ from the literal meaning of the expression (Gibbs & Colston, 

2012; Sperber & Wilson, 2012a). A body of empirical studies shows that socio-

pragmatic challenges of autistic persons surface in various environments indicating 

inherent challenges in attending to relevant contextual information and utilising this 

information in inferencing (Dennis et al., 2001; Hochstein et al., 2018; Loukusa, 

Leinonen, Jussila et al., 2007; Loukusa et al., 2018; Lönnqvist et al., 2017).  
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In addition to verbal cues, non-verbal cues are an important factor of a 

communication situation conveying the intentions, desires and motives of the 

communication partner (Bara, 2010; Kelly, 2001). Non-verbal communication does 

not only convey meaning together with speech, but can also act as a stand-alone 

message, and can be used, for example, for commenting on or regulating the 

interaction. Non-verbal communication includes means such as speech prosody, 

dynamic facial expressions, eye gaze behaviour, gestures, as well as body-related 

cues (Adams & Nelson, 2016; Cartmill & Goldin-Meadow, 2016; Dindar et al., 

2021; Hwang & Matsumoto, 2016; Matsumoto et al., 2016; Wilson & Wharton, 

2006). In addition to challenges comprehending certain type of verbal expressions 

(e.g. figurative), autistic persons often have problems understanding and using non-

verbal communication, to the extent that this has been included as one of the 

diagnostic measures (Lord et al., 1995, 2000).  

Although non-verbal communication typically consists of a set of cues from 

multiple communication modalities, non-verbal abilities in autistic persons have 

been mostly studied focusing on a single modality at a time (e.g. Portnova & 

Maslennikova, 2020; Spencer et al., 2011). Most of the studies concerning facial 

expression recognition have focused on perception and judgement of basic 

emotions (anger, disgust, fear, happiness, sadness, surprise), bearing the evidence 

that autistic persons are less accurate in interpreting emotions from facial 

expressions than non-autistic controls (Griffiths et al., 2019; Humphreys et al., 

2007; Kuusikko et al., 2009; Leung et al., 2015; Philip et al., 2010; Wallace et al., 

2008). Studies have also demonstrated that persons on the autism spectrum tend to 

use less holistic strategies than non-autistic persons in face processing, 

concentrating on details instead of the whole (Kätsyri et al., 2008; Neuhaus et al., 

2016). Moreover, studies have found that compared to non-autistic persons, autistic 

persons spend overall less time looking at faces, especially when viewing dynamic 

stimuli (Kirchner et al., 2011; Riby & Hancock, 2009).  

The eye region of the communication partner presents a salient contextual cue 

giving information on their mental state and therefore has a crucial effect on 

pragmatic understanding. Earlier studies have shown that eye region -based mental 

state judgement capabilities are deviant in autism (Baron-Cohen, Wheelwright & 

Jolliffe, 1997). However, the findings by Baron-Cohen et al. (1997) are limited to 

understanding complex mental states rather than basic emotions. In addition, while 

the direction of eye gaze conveys socially important non-verbal information of 

attentional focus of others, studies have reported diminished attention to the 

direction of eye gaze or reduced eye gaze following in autistic persons (Böckler et 
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al., 2014; Pelphrey & Carter, 2008). On the other hand, autistic persons often focus 

less on the eye region, fixating more on the mouth instead (Klin et al., 2002; 

Neumann et al., 2006; Pelphrey et al., 2002; Spezio et al., 2007).  

Furthermore, autism affects how gestures are used and understood (Lord et al., 

1995, 2000; Pudło & Pisula, 2018), although research related to the comprehension 

of communicative gestures in autistic persons is scarce. However, some evidence 

exists indicating that the processing of gestures with high communication value 

requires additional effort from persons on the autism spectrum (Aldaqre et al., 

2016). In addition to studies concentrating on single modalities, a study by Philip 

et al. (2010) shows that recognition of non-verbal emotional cues is altered in 

autism across multiple modalities. 

2.1.3 Theoretical background for socio-pragmatic features in autism 

One of the first attempts to explain autistic features was a study done by Kanner 

(1943) who reported a group of children who had an inability to form an affective 

contact with others. Over the years, researchers have formed several theoretical 

constructs in an attempt to find the underlying mental processes that would explain 

autistic features, including social and pragmatic understanding challenges. Deviant 

social and pragmatic understanding may be related to, for example, difficulties 

recognising other’s mental state, information integration problems, or imbalance 

between systemising and empathising skills. Theories linked to socio-pragmatic 

understanding will be discussed next. 

While persons on the autism spectrum often have problems in understanding 

the intentions and actions of others, it has been suggested that this is related to 

atypical Theory of Mind (ToM) skills (Baron-Cohen et al., 1985; Baron-Cohen, 

1995; White et al., 2009). ToM refers to the capability to understand other people’s 

mental states which may differ from one’s own mental state. ToM starts to develop 

early in childhood (Baron-Cohen, 2000). Many studies have shown that compared 

to typically developing individuals, autistic persons are deviant and slow in 

attributing mental states to others, which implies differences in social information 

processing styles (Kaland et al., 2002; Mazza et al., 2014; Shamay-Tsoory et al., 

2002). It has been, however, suggested that some autistic persons are able to 

compensate for ToM deficits later in their lives, and can acquire good social skills 

by using alternative cognitive strategies (Livingston et al., 2019). Since intact ToM 

skills are an important aspect of social cognition, it has been argued that there is a 

connection between ToM and pragmatic communication skills in autism 
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(Berenguer et al., 2018; Cardillo et al., 2020; Happé, 1995a; Lam & Yeung, 2019). 

However, there are also opposite arguments pointing to the notion that pragmatic 

deficits found in autistic persons cannot be attributed to ToM deficits alone (Bosco 

& Gabbatore, 2017; Volden et al., 1997). 

Despite the potential of ToM theory explaining social and pragmatic deficits in 

autism, it does not contribute to explaining other autistic features such as detail-

oriented processing style. Another theory, weak central coherence theory, suggests 

that there is a common deviant mechanism behind many autistic features, which is 

related to the ability to integrate parallel, and often multisensory, information from 

multiple sources into a unified representation (Frith, 1989; Frith & Happé, 1994; 

Stevenson et al., 2014). This refers to more general information processing 

difficulty than what ToM deficits present. Since socio-pragmatic inferencing 

requires the integration of various pieces of contextual information, it has been 

proposed that weak central coherence could explain some of the socio-pragmatic 

challenges in autism. Weak central coherence could also be related to over- or 

under-selectivity of contextual cues in social interaction (Happé, 1997; Jolliffe & 

Baron-Cohen, 1999, 2001). However, Martin & McDonald (2004) did not find a 

link between pragmatic understanding and weak central coherence in young autistic 

adults. Also, Barzy et al. (2020) did not find evidence for impaired integration of 

multimodal cues in autistic persons related to pragmatic inferencing. In addition, 

based on the evidence, ToM and weak central coherence appear to be independent 

from each other (Happé, 1997; Martin & McDonald, 2004).  

Furthermore, some studies have suggested that autistic features can be 

explained by problems in the area of executive functions (Hill, 2004; Leung et al., 

2016). Executive functions comprise several cognitive processes which enable 

individuals to adapt flexibly to changing situations, inhibit unwanted behavioural 

reactions and plan actions. These processes are closely intervened to pragmatic 

understanding (Kissine, 2012), and executive function deficits have also been 

associated with poor social and pragmatic skills in autism (Filipe et al., 2020). 

However, opposite evidence exits claiming that execution function problems in 

autism do not contribute to pragmatic skills (Cardillo et al., 2020). In addition, 

research related to divided attention capacity in autism, an aspect of executive 

functions, has remained inconclusive (Bogte et al., 2009; Rutherford et al., 2007). 

Another theory that is linked to the cognitive style of autistic persons postulates 

that the core deficit of autism is related to challenges in complex information 

processing (Minshew & Goldstein, 1998), which suggests that atypical processing 

style in autism emerges when the processing load increases. 
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Although ToM abilities are connected to understanding other persons’ mental 

states, cognition-based ToM does not alone explain deviant responses to emotional 

reactions, which are often reported in the context of autism (Baron-Cohen, 1988; 

Sucksmith et al., 2013). Therefore, Baron-Cohen (2009) postulated that social 

deficits in autism may arise from atypical empathising abilities. By definition, 

empathising comprises both emotional and cognitive sides of understanding others' 

state of mind. Empathising-systemising (E-S) theory suggests that a pertinent 

feature in autism is the discrepancy between systemising and empathising skills, 

and as a result, especially cognitively able autistic persons often have good skills 

in rule-oriented analysing or constructing, and they also prefer careers in the fields 

of engineering, mathematics or science (Baron-Cohen, Wheelwright, Stott et al., 

1997; Wei et al., 2013). According to this theory, autism is viewed as a somewhat 

extreme, but not defective, cognitive style among other cognitive styles. Therefore, 

Baron-Cohen (2009) suggests that challenges in tasks assessing central coherence 

or executive functions can be explained by the system-oriented cognitive style. 

Finally, the social motivation hypothesis by Chevallier et al. (2012) suggests 

that autistic persons have an inherent decreased motivation towards social 

situations, which then leads to atypical developmental trajectories in social 

cognition because the brain functions that are responsible for social interaction do 

not get enough practice. The research literature has provided mixed evidence 

concerning the social motivation hypothesis, probably due to various 

methodologies used in the studies (Bottini, 2018). Nevertheless, similar to the ToM 

theory, the social motivation hypothesis does not explain all non-social features of 

autism. 

2.2 Functional magnetic resonance imaging 

2.2.1 The basis of functional magnetic resonance imaging 

Several different technologies, such as electroencephalography (EEG) and 

magnetoencephalography (MEG) can be used to study dynamic function of the 

human brain. One of the most popular technologies in brain research is functional 

magnetic resonance imaging (fMRI), which has been widely used in studies that 

have sought to examine the time-varying changes in brain function, and the neural 

basis of human cognition (Logothetis, 2002, 2008). An advantage of the fMRI 

method is its capacity to show the function of the whole brain when the subject is 
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reacting to external stimuli or performing cognitive tasks. In addition to acquiring 

imaging data under task conditions, an important line of brain research is resting-

state studies, where the fMRI responses are detected during rest when no external 

tasks are being performed. In resting-state brain imaging, the subject is typically 

fixating their eyes on a cross. The resting-state fMRI studies have, for example, led 

to the discovery of large-scale brain networks (Biswal et al., 1995; Raichle, 2015).  

The basis of the fMRI method is manipulating the magnetisation of tissue away 

from being aligned to the external field and detecting the induced signal in a non-

invasive manner. Blood oxygen level dependent (BOLD) contrast arises from the 

magnetic properties of hemoglobin and allows indirect detection of neuronal 

activity by measuring the hemodynamic changes in the brain tissue (Ogawa et al., 

1990, 1992). Cortical neuronal activity causes metabolic demands that increase 

blood flow to activated brain areas, therefore increasing the amount of oxygenated 

and decreasing the amount of deoxygenated hemoglobin, respectively (Buxton, 

2012). Due to the different magnetic properties of oxygenated and deoxygenated 

hemoglobin, changes in neuronal activity can be measured indirectly detecting 

changes in the magnetic fields. The BOLD signal reflects the ratio between 

deoxygenated and oxygenised hemoglobin in the brain tissue, and therefore it can 

be used as the source of contrast in fMRI.  

2.2.2 Characteristics of fMRI BOLD and fast fMRI 

Due to the indirect measuring of brain activity, fMRI BOLD can reveal neuronal 

mass activity, but not the activity of individual neurons (Logothetis, 2008). The 

BOLD contrast has relatively high (millimetre) spatial resolution (Menon & Kim, 

1999), but generally it has been thought that temporal resolution of fMRI BOLD is 

limited by some physiological and technical constraints (Buxton, 2012; Lin et al., 

2013). The latency of BOLD response to neural activity is typically 3-5 s to peak 

value (Kim & Ogawa, 2012). Studies have shown that sequential neuronal events 

can modulated fMRI signal rapidly (resolution about 350 ms) following the order 

of external events (Lin et al., 2013; Ogawa et al., 2000). 

The fMRI signal can be affected by several noise sources and therefore 

complex statistical methods and artifact removal strategies are applied in signal 

preprocessing and analysis stages. For example, controlling of head motion is 

essential. Typical sampling time of conventional BOLD imaging is in the range of 

2-3 s, which can cause aliasing of physiological pulsations (i.e. respiration and heart 

rate) into the low frequencies of BOLD signal, where neuronally induced activity 
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can typically be found. However, the power of neuronal activity dominates in grey 

matter, and therefore additional noise caused by physiological pulsations has not 

been shown to markedly impact the functional brain network connectivity metrics 

(Bhattacharyya & Lowe, 2004; Huotari et al., 2019). 

The fast fMRI technique, magnetic resonance encephalography (MREG), 

enables a 20-30 times faster sampling rate than the conventional BOLD allowing 

better temporal resolution (Assländer et al., 2013; Zahneisen et al., 2012). The 

advantage of the faster sampling rate is that aliasing of physiological signals 

(respiration and heart rate) is minimised, and they can be separated from neural 

responses (Huotari et al., 2019). Although fast imaging sequences can have an 

impact on spatial resolution, the spatial resolution of MREG using 100 ms sampling 

time is comparable to the conventional BOLD fMRI (Assländer et al., 2013). The 

MREG technique has recently demonstrated its potential in studies concerning 

fluctuations of brain function in different disorders (e.g. Raatikainen et al., 2020; 

Järvelä et al., 2020). 

2.3 Socio-pragmatic processing on brain-level  

2.3.1 Brain regions associated with socio-pragmatic processing 

Earlier, it was believed that socio-pragmatic processing is concentrated in the right 

hemisphere and in the frontal cortex (Boss, 1996; Ozonoff & Miller, 1996), but 

nowadays, due to advances in neuroimaging technologies and research methods, it 

has been shown that multiple brain regions bilaterally contribute to processing 

communicative intentions and social inferencing. For example, regions such as the 

medial prefrontal cortex (MPFC), the precuneus, the insular cortex, the cingulate 

cortex, and also the temporal-parietal junction (TPJ) and the superior temporal 

sulcus (STS) have frequently been associated with social understanding of others 

(Castelli et al., 2000; Corradi-dell’Acqua et al., 2020; Kim et al., 2016; Stietz et al., 

2019; Zaki & Ochsner, 2012). 

Tomasello et al. (2019) found in an electroencephalography (EEG) based study, 

which used gestural-linguistic pragmatic communication acts as stimuli, that 

communicative functions are typically processed very fast and pragmatic 

inferencing occurs immediately without delay, giving support for the parallel 

processing model (Egorova et al., 2013; Pulvermüller et al., 2009). There are 

probably several parallel neural pathways that participate in socio-pragmatic 
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processing, where each pathway processes certain aspects of a communicative act 

(Hickok & Poeppel, 2007). For example, neuroimaging findings have shown that 

separate brain networks are dedicated for processing affective and cognitive aspects 

of communication (Corradi-dell’Acqua et al., 2020; Fan et al., 2011). Affective 

processing has often been associated with the right hemisphere and regions such as 

the anterior insula (AI) and the anterior cingulate cortex (ACC), whereas cognitive 

processing has been linked to the posterior cingulate cortex (PCC) and MPFC (Fan 

et al., 2011; Stietz et al., 2019). 

2.3.2 Large-scale brain networks associated with socio-pragmatic 

processing 

One of the main brain networks, the default-mode network (DMN), is a higher-

level associative network, which comprises the MPFC, lateral temporal regions, 

and lateral and medial parietal regions, including e.g. the PCC and precuneus (Fox 

& Raichle, 2007; Raichle, 2015). The DMN is typically activated in non-task 

conditions, while its activity is often suppressed during attention demanding tasks. 

However, regions of the DMN have shown to increase activity during tasks that 

require social or self-referential inferencing (Andrews-Hanna et al., 2014; Buckner 

& DiNicola, 2019), or during processing of complex narratives (Nguyen et al., 

2019). Several brain imaging studies have shown the connection between the DMN 

and social understanding (Mars et al., 2012; Spreng et al., 2009; Spreng & 

Andrews-Hanna, 2015). For example, the DMN and its sub-regions, especially the 

posterior part, have been frequently associated with the judgement of the mental 

state of others (i.e. ToM) (Abu-Akel & Shamay-Tsoory, 2011; Castelli et al., 2000; 

Saxe & Powell, 2006; Schurz et al., 2014). In addition, activation patterns of the 

DMN have been shown to present transitions between internal thoughts and 

external stimuli processing (Buckner & Carroll, 2007). Moreover, the DMN has 

also been associated with social information consolidation during rest (Meyer et al., 

2019). 

Another large-scale brain network that has been connected to socio-pragmatic 

understanding is the salience network (SN) which is composed of the bilateral AI 

and the ACC (Seeley et al., 2007). One of the main roles of the SN is contributing 

to the detection and subjective evaluation of salient events (Uddin, 2015; Uddin & 

Menon, 2009). In particular, the AI, one of the key nodes of the SN, participates in 

integrating sensory experiences with emotional states and cognition (Cauda et al., 

2011; Gu et al., 2013; Silani et al., 2008). For example, in a study by Nguyen et al. 
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(2016) the AI tuned to emotionally salient events during naturalistic auditory 

stimuli. The SN has been connected to social understanding in several studies 

(Bernhardt & Singer, 2012; Chen, Cai et al., 2016; Zaki et al., 2009), including 

recognising and inferring the mental states of others (Corradi-dell’Acqua et al., 

2020; Braadbaart et al., 2014). In addition, regions of the SN participate in 

supporting cognitive flexibility (Uddin et al., 2021). It has been suggested that the 

SN lies at the top of the network hierarchy coordinating interaction between the 

large-scale brain networks, e.g. between the DMN and the central executive 

network (CEN), and hence, plays a role in the bottom-up control of attention 

(Menon & Uddin, 2010; Uddin, 2015). The right AI in particular plays a critical 

role as a switch between the DMN and the CEN (Sridharan et al., 2008; Uddin & 

Menon, 2009).  

2.3.3 Brain imaging studies based on naturalistic stimuli 

Traditionally, neurocognitive fMRI studies have used specific task/no-task 

sequences and still pictures in order to reveal brain regions that participate in social 

communication information processing. However, overall processing requirements 

and true cognitive load in social communication situations can remain obscured in 

studies that use oversimplified and tightly controlled stimuli to examine distinct 

aspects of social interaction (Zaki & Ochsner, 2009). In real life, communication 

situations are dynamic, including quickly changing, and often parallel, multimodal 

information that is also contextually loaded, both mentally and physically (Gibbs 

& Colston, 2012). Therefore, it is critical to use more natural paradigms in fMRI 

studies in order to understand how complex social communication situations are 

processed in everyday life.  

It has been previously suggested that a naturalistic movie stimulus allows for 

the examination of brain responses to complex stimuli with temporally ordered 

cues, which represent everyday social situations (Hasson, Malach et al., 2009; 

Jääskeläinen et al., 2008). The findings from studies using a movie stimulus have 

demonstrated that the brain activity of viewers becomes synchronised, if the 

viewers assume similar mental perspectives during movie viewing (Kauttonen et 

al., 2015; Lahnakoski et al., 2014; Lankinen et al., 2014; Nguyen et al., 2019). For 

example, movie viewing has been found to synchronise brain activity across 

viewers not only in sensory areas, but also in higher-level cortical association areas, 

including areas belonging to the DMN and the SN (Hasson et al., 2008; 

Jääskeläinen et al., 2008). 



30 

The assumption-free inter-subject correlation (ISC) method allows for 

examination of brain activation during complex naturalistic stimuli (Hasson et al., 

2004, 2008). This method has sufficient sensitivity towards the brain activity 

caused by the stimuli without making any pre-assumptions about the stimulus 

content. ISC analysis shows how brain activity is correlated amongst a group, but 

it can also be used to identify differences in brain synchrony between groups 

(Tohka et al., 2018). 

2.4 Brain level findings associated with autism 

2.4.1 Atypical functional connectivity in resting-state  

Functional connectivity refers to an fMRI data analysis where temporally 

correlated BOLD activity is identified in functionally related but spatially distant 

regions allowing the detection of large-scale brain networks (Biswal et al., 1995). 

Several functional brain imaging studies have demonstrated that in the absence of 

an external task i.e. in resting-state condition, large-scale brain networks exhibit 

spontaneous intrinsic functional organisation (Raichle, 2015; Fox et al., 2005).  

Autistic traits have often been associated with atypical functional connectivity 

within (e.g. Cheng et al., 2015; Monk et al., 2009; Starck et al., 2013; Weng et al., 

2010), or between the large scale networks (e.g. Assaf et al., 2010; Cherkassky et 

al., 2006; Fishman et al., 2014; Nomi & Uddin, 2015). Static functional 

connectivity studies of brain networks have typically overlooked temporal 

fluctuations in connectivity, which has probably led to inconsistent findings, 

suggesting both hypo- or hyper-connectivity in autism, or no differences in 

connectivity between autistic and non-autistic persons (e.g. Li et al., 2020; Tyszka 

et al., 2014). However, when differences have been found, atypical connectivity of 

the large-scale brain networks in autism has often shown to be network specific 

(Abbott et al., 2016). Discrepancies between functional connectivity findings can 

potentially be explained by developmental factors in autism (Uddin et al., 2013). 

Many studies have reported DMN-related deviant brain function in autism 

(Besseling et al., 2018; Joshi et al., 2017; Mash et al., 2019; Plitt et al., 2015). For 

example, atypical connectivity within the DMN has been associated with autistic 

traits (Abbott et al., 2016; Assaf et al., 2010; Kennedy & Courchesne, 2008; Monk 

et al., 2009; Starck et al., 2013; Uddin et al., 2013; Yerys et al., 2015). In addition, 
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atypical deactivation and poor functional segregation of the DMN have been linked 

to autism (Mash et al., 2019; Murdaugh et al., 2012; Yerys et al., 2015).  

Other brain networks that have been associated with autistic traits in resting-

state studies are the SN (e.g. Assaf et al., 2010; Chen, Duan et al., 2016; Menon & 

Uddin, 2010; Plitt et al., 2015; Uddin et al., 2013), and also the CEN. For example, 

studies have revealed atypical connectivity between the DMN and the SN (Assaf 

et al., 2010; Chen, Duan et al., 2016; Hogeveen et al., 2018), and also between the 

DMN and the CEN in autism (Abbott et al., 2016).  

Recent research has provided more information about the spatio-temporal 

connectivity of the brain and about the dynamic interactions between the large-

scale networks (Amemiya et al., 2016; Iraji et al., 2019; Petkoski et al., 2018). 

Although fMRI studies have not always found differences between autistic and 

non-autistic persons in static connectivity that assumes synchronous (i.e. zero-lag) 

activity between functionally related regions, there is evidence of differences in 

dynamic connectivity (Bernas, Aldenkamp et al., 2018; Li et al., 2020; Mash et al., 

2019), for example, connections can be more unstable over time in autism 

(Falahpour et al., 2016). Indeed, there is some evidence pointing to the notion that 

only temporal connectivity is deviant in autism, not spatial (Bernas, Barendse et al., 

2018). Furthermore, studies have suggested that distinct temporal patterns exist in 

the human brain, showing lagged propagation of activity between the brain regions 

(e.g. Hindriks et al., 2019; Järvelä et al., 2020; Mitra et al., 2015, 2014). Based on 

the measurements of lagged interaction across brain regions, there is some evidence 

of atypical information flow in autism (King et al., 2018; Mitra et al., 2015; 

Raatikainen et al., 2020). 

2.4.2 Atypical brain function in tasks related to social understanding 

Although a scant amount of fMRI studies has been dedicated to brain level 

responses in socio-pragmatic tasks in autism, there are some brain studies that have 

used social paradigms to examine differences in brain activity between autistic 

persons and non-autistic controls. A meta-analysis by di Martino et al. (2009) 

showed that atypical brain activation in social tasks, typically hypofunction, is 

often associated with the AI, ACC/MPFC, PCC and amygdala in autistic persons. 

For example, reduced brain response in AI and ACC when processing socially 

painful and complex situations has been associated with autism (Krach et al., 2015). 

In addition, an EEG-based study found decreased activity in ACC in autistic 
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children when viewing social interaction in semi-naturalistic cartoon movies (Jan 

et al., 2019). 

However, there are some conflicting findings related to brain activity in autism 

during mental state attribution i.e. ToM tasks. While some studies have found 

atypical activation in autistic persons in brain regions (e.g. MPFC, ACC, PCC, 

insula, precuneus, TPJ, STS) that haven been implicated in ToM processes (Kana 

et al., 2015; Kim et al., 2016; Nijhof et al., 2018; White et al., 2014), not all studies 

have found such evidence (Dufour et al., 2013). It has been shown, for example, by 

Kim et al. (2016) that mental state inferencing tasks requiring either cognitive or 

affective ToM abilities cause overactivation in autistic children and adolescents in 

prefrontal areas, which may be a sign of compensatory processing. ToM tasks with 

affective aspects in particular increased activation in the insula region more in 

autistic persons than in non-autistic controls. However, in the study by Dufour et 

al. (2013), no difference was found between the autistic and control groups in brain 

activation in ToM regions during verbal false belief -stories. 

In addition, earlier studies have found evidence of altered brain activity in 

autistic persons during non-verbal social tasks. For example, atypical patterns of 

neural activation related to the processing of facial expressions have been found in 

several studies, in which the deviant responses have been located e.g. at the insula, 

ACC and MPFC (Leung et al., 2015; Klapwijk et al., 2016; Odriozola et al., 2016; 

Rahko et al., 2012). Neural-level processing of dynamic facial expressions in 

particular has been shown to be altered in autism (Sato et al., 2012; Pelphrey et al., 

2007). 

2.4.3 Brain responses of autistic persons viewing naturalistic stimuli 

Table 1 presents findings from neuroimaging (fMRI) studies that have used 

naturalistic audiovisual stimuli and compared brain responses between persons on 

the autism spectrum and non-autistic control subjects. In order to investigate 

differences in brain responses between the groups, all studies in Table 1 have used 

the ISC method or its variant. Studies predominantly show more idiosynchrony, i.e. 

more individual differences during naturalistic stimuli viewing in the autistic 

groups and more synchronous brain responses in non-autistic control groups 

(Bolton et al., 2020; Byrge et al., 2015; Hasson, Avidan et al., 2009; Lyons et al., 

2020; Ramot et al., 2020; Salmi et al., 2013). The differences in brain synchrony 

between the groups have for the most part been concentrated in high-level 

associative areas of the brain (e.g. Byrge et al., 2015; Ramot et al., 2020; Salmi et 
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al., 2013). The only study (Hasson, Avidan et al., 2009) that found differences in 

sensory areas (visual and auditory) was rather unpowered with only 12 autistic 

participants and 8 controls. In addition, Byrge et al. (2015) found that idiosyncratic 

brain responses were concentrated in a subgroup of autistic persons while the rest 

of the autistic group had similar brain synchrony with the control group. The 

idiosyncratic brain responses in the autistic subgroup were connected to challenges 

to infer characters’ social motivations.  

Table 1. Findings from naturalistic stimulus -based studies. 

Paper Subjects Methods Stimulus Findings 

     

Bolton et al, 2020 15 autistic persons 

(M=20.4y, all males),  

16 controls (M=22.4y, 

all males) 

ISC at 

functional 

network level 

scientific 

movie documentary 

(5.8 min) 

Homogenous 

recruitment of 

functional networks: 

controls > autistic 

persons 

     

Byrge et al., 2015 17 autistic persons 

(M=28.9y, 5 females),  

20 controls (M=26.7y, 4 

females) 

ISC at voxel 

and functional 

network level 

TV sitcom 

(10.3+10.7 min) 

Amount of ISC: 

controls > autistic 

persons, differences 

located in DMN, SN, 

CN and 

somatomotor cortex 

     

Hasson, Avidan et 

al., 2009 

12 autistic persons 

(range 20-35y, all 

males),  

8 controls 

ISC, intra-SC Western feature film 

(10 min) 

Amount of ISC: 

controls > autistic 

persons, 

idiosyncratic brain 

responses in autism 

in sensory (e.g. V1, 

A1) and high-level 

associative (e.g. 

FFA, STS) areas 
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Paper Subjects Methods Stimulus Findings 

Lyons et al., 2020  28 autistic persons 

(M=9.4y, 2 females), 

34 high autistic traits, 

no diagnosis (M=9.2y, 

13 females), 

64 low autistic traits 

(M=9.9y, 27 females) 

ISC Animated feature 

film (10 min) 

Amount of ISC: 

autistic persons 

(diagnosed) < other 

groups across the 

whole brain, 

especially in the 

lateral prefrontal 

cortex, no difference 

in ISC between non-

diagnosed groups 

 

Ramot et al., 2020 36 autistic persons 

(M=20.7y), 

36 controls (M=20.8y) 

 

ISC Feature film with 

dialogue (9.5 min) 

Amount of ISC: 

controls > autistic 

persons in rTPJ, 

MTG, STS, IFG, AI, 

ACC, PCC, 

putamen, Cau 

     

Salmi et al., 2013 13 autistic persons 

(M=29y, all males), 

13 controls (M=29y, all 

males) 

 

ISC Feature film with 

social interaction 

(67 min) 

Amount of ISC: 

controls > autistic 

persons in ACC, 

insula, PCC, 

precuneus, SMG, 

LOC, Cau, SMC 

     

Note. A1 primary auditory cortex, ACC anterior cingulate cortex, AI anterior insula, Cau caudate nucleus, 

CN control network, DMN default mode network, FFA fusiform face area, IFG inferior frontal gyrus, intra-

SC intra-subject correlation, ISC inter-subject correlation, LOC lateral occipital cortex, PCC posterior 

cingulate cortex, M mean age, MTG middle temporal gyrus, SMC supplementary motor cortex, SMG 

supramarginal gyrus, SN salience network, TPJ temporal-parietal junction, STS superior temporal sulcus, 

V1 primary visual cortex 
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3 Aims of the study 

The purpose of this study was to examine the dynamics of intrinsic brain activity, 

and brain responses to challenging socio-pragmatic situations, in autistic and non-

autistic persons using fMRI data. 

The aims of this study were: 

1. to examine dynamic communication between brain networks in autistic and 

non-autistic participants during a resting-state condition (Study I)  

2. to compare answering accuracy and reaction and answering times between 

autistic and non-autistic participants when answering behavioural questions 

assessing understanding of non-verbal pragmatic communication situations 

(Study II)  

3. to investigate synchrony of brain activity across viewers in autistic and non-

autistic participants when viewing non-verbal pragmatic communication 

situations (Study II)  

4. to compare brain activity between autistic and non-autistic participants when 

viewing naturalistic social situations (Study III)  
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4 Materials and methods 

4.1 Participants 

This thesis is part of a multidisciplinary Oulu University Hospital and the 

University of Oulu project called “Autism spectrum disorders – a follow-up study 

from childhood to young adulthood” which is led by the Unit of Child Psychiatry. 

The participants were drawn from two longitudinal studies belonging to this project: 

1) a community-based study in the Norther Ostrobothnia Hospital District (e.g. 

Mattila et al., 2007), and 2) a clinic-based study at Oulu University Hospital (e.g. 

Kuusikko et al., 2008; Weiss et al., 2009). The autistic participants of this thesis 

were originally recruited when they were young children. The participants of the 

follow-up study were re-recruited again during 2014–2015 for clinical and fMRI 

assessment, and the data used in this thesis are based on this assessment. The 

control participants were randomly selected from the controls of the earlier 

published studies belonging to the follow-up study (Jansson-Verkasalo et al., 2005; 

Kuusikko et al., 2008, 2009; Mattila et al., 2007, 2011). In addition, four controls, 

who did not participate earlier phases of the longitudinal studies, were recruited for 

the fMRI phase of the study. All participants and their parents gave written 

informed consent. The follow-up study was approved by the Regional Ethics 

Committee of the Northern Ostrobothnia Hospital District and conducted in 

accordance with the Declaration of Helsinki. 

Diagnoses of the autistic participants were confirmed at the age of 7–19 years 

by a pediatrician and/or a child psychiatrist and a trained clinical psychologist. The 

diagnosis was based on clinical assessment (see more e.g. Kuusikko et al., 2008; 

Mattila et al., 2007, 2011) using the ICD-10 (WHO, 1992) criteria. The diagnostic 

procedure was supported by the usage of the Autism Diagnostic Interview-Revised 

(ADI-R) (Lord et al., 1995) and Autism Diagnostic Observation Schedule (ADOS) 

(Lord et al., 2000), and also by several other investigations conducted by a multi-

professional team. 

The sample of this thesis consisted of young adults. The group sizes, gender 

profiles and mean ages of autistic and control participants in Study I and Studies II 

and III are described in Tables 2 and 3, respectively. The participants were assessed 

in 2014–2015 using the general ability index (GAI) of Wechsler’s adult intelligence 

scale (Wechsler, 2012). There was no significant difference between the autistic 

and control groups in GAI for participants in Study I (Mann-Whitney U = 141.5, p 
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= .555) (Table 2), or in Studies II and III (Mann-Whitney U = 232.5, p = .130) 

(Table 3) and none of the participants had intellectual disability. In Study III, 

performance in subscales for verbal comprehension index (VCI) and perceptual 

reasoning index (PRI) were compared using Mann-Whitney U -test, which did not 

show statistical differences between the groups in these indices either (VCI: U = 

141.0, p = .248; PRI: U = 135.0, p = .183). In Study I, GAI results were not 

available for four control participants, but based on their academic and work 

performance they were performing within normal cognitive range.  

The autistic traits were assessed using the Autism-Spectrum Quotient (AQ) 

questionnaire (Baron-Cohen et al., 2001). The mean and median AQ scores of 

autistic and control groups in Study I, and Studies II and III are presented in Table 

2 and Table 3, respectively. There was a significant difference between the groups 

in the AQ scores (Study I: Mann-Whitney U = 40.5, p = .004, Studies II and III: 

Mann-Whitney U = 217.5, p = .002). AQ results were not available for two autistic 

participants, but based on the longitudinal study, it was evident that they had autistic 

traits. AQ results were missing also from six controls in Study I and three controls 

in Studies II and III. However, all controls were performing well in worklife 

without evident problems in social interaction. Based on a study by Loukusa et al. 

(2021) the mean AQ score in Finnish autistic persons is 22.5(SD 8.3) and 13.1(SD 

6.4) in controls.  

Table 2. Description of participants in Study I. 

Participants  Autistic Control 

n 20 20 

Gender (male/female) 15/5 16/4 

Age   

Mean (SD) 23.7(3.2) 25.3(6.2) 

AQ   

Mean (SD) 

Median 

20.3(9.1)1 

20.0 

10.5(5.1)2 

10.5 

GAI   

Mean (SD) 110.7(13.1)3 107.7(10.5)4 

Median 109.5 107.5 

1 n= 18, 2 n= 12, 3 n= 20, 4 n= 16 
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Table 3. Description of participants in Studies II and III. 

Participants  Autistic Control 

n  19 19 

Gender (male/female) 14/5 15/4 

Age   

Mean (SD) 23.6(3.3) 22.7(2.2) 

AQ   

Mean (SD) 

Median 

19.7(9.0)1 

19.0 

10.6(4.9)2 

10.0 

GAI   

Mean (SD) 111.3(13.2) 103.7(13.0) 

Median 110.0 103.0 

1 n=17 , 2 n=16  

4.2 Behavioural-level assessment of pragmatic abilities in Study II 

In Study II, pragmatic comprehension abilities of the participants were assessed 

using selected extralinguistic items (Table 4) from the Assessment Battery for 

Communication (ABaCo, form A) (Angeleri et al., 2012; Bosco et al., 2012). In 

these extralinguistic items, simple communicative intentions were expressed non-

verbally using gestures and facial expressions only. These language-free items were 

adapted to Finnish population (Gabbatore et al., 2019). Each item is shown in a 

video clip where an actor presents the communicative intention. After watching 

each video clip the participants were asked about the content of the video using the 

questions of the ABaCo battery. After transcription of the recorded answers, the 

answers were rated according the ABaCo’s procedure giving ‘1’ for correct answer 

and ‘0’ for incorrect, and the score was formed by calculating the ratio of correct 

answers. The behavioural test situation was arranged before fMRI scanning on a 

different day. The test situation was recorded using both audio and video recorder. 

In Study II, reaction and answering times concerning answers given to the 

questions of the ABaCo items were measured. The times were measured using 

f4transkript (f4) software, a transcription tool for audio recordings 

(https://www.audiotranscription.de/english/f4analyse). The measurement of the 

reaction and answering times was done from the transcribed audio waveforms. The 

f4 tool shows the exact timepoints of the transcribed recordings and allows using 

markers that indicate the precise length of the passage of time. The reaction time 

was measured from the end of the prompt question (“In your opinion, what did he 

want to say to you?”) to the initiation of the verbal answer by the participant. The 
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length of the reaction time indicates cognitive effort needed for deriving an answer, 

and it has been linked to pragmatic inferencing capabilities (Sperber & Wilson, 

1995; Saarinen et al. 2012). The answering time was measured from the initiation 

of the verbal answer to the end of the answer. Although answering time does not 

reveal the content of the answer, it may give initial insight on the communication 

style. 

Table 4. Extralinguistic items of ABaCo used in Study II. 

Communicative act Item Description 

Request X9 The actor is carrying a tray 

of chocolates. He holds it 

out for the spectator as if to 

ask: “Would you like some 

too?” 

Statement X1 There is a cake in front of 

the actor who gives a thumb 

up sign as if to say: “It’s 

good!” 

Request X10 The actor rubs his hands up 

and down his arms looking 

cold. He looks at the open 

window making a closing 

movement with his hands as 

if to say: “Could you close it, 

please?” 

Question X8 A tourist is holding a map 

looking confused. He turns 

to the spectator pointing a 

specific point at the map as 

if to say: “How do I get 

there?” 

Order X16 A man is pointing at a chair 

by a set table indicating very 

firmly as if to say: “Sit 

down!”  

Statement X4 The actor is sitting on a 

chair with a hand on his 

forehead looking suffering 

as if to say: “I’m so tired!” 
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4.3 Brain-level data 

4.3.1 Data acquisition 

Study I 

Study I used a fast fMRI method, magnetic resonance encephalography (MREG; 

Assländer et al., 2013; Zahneisen et al., 2012), which allows for good temporal 

resolution, and therefore, cardiorespiratory noise sources can be filtered from the 

data leaving the very low frequency component that is assumed to dominantly 

represent the neuronal fluctuations of the brain (LeVan et al., 2018). The MREG 

data in Study I were acquired on a Siemens MAGNETOM Skyra 3 T MRI scanner 

using a 32-channel head coil. The MREG sequence used the following parameters: 

TR (repetition time) = 100ms, TE (echo time) = 36 ms, FOV (field of view) = 192 

mm, 3 mm cubic voxel, FA (flip angle) = 5°. After data reconstruction by L2-

Tikhonov regularisation with λ=0.1, the resulting spatial resolution was 4.5 mm. 

Anatomical 3D T1-weighted images for each participant were acquired using a 

MPRAGE (magnetisation-prepared rapid gradient-echo) sequence with the 

following parameters: TR = 1900 ms, TE = 2.49 ms, TI = 900 ms, flip angle = 9°, 

FOV = 240 mm, slice thickness 0.9 mm. The participants wore soft ear padding to 

minimise head motion and the effect of the fMRI noise to hearing. Duration of the 

scan was 5 min (2961 volumes) per subject. Study I was a stimulus-free resting-

state study in which the participants were asked to lie still and focus on a cross on 

a screen during the fMRI scan.  

Study II 

Studies II and III used conventional BOLD fMRI imaging (Ogawa et al., 1990), 

which can provide temporal signals of BOLD contrast, indirectly revealing 

alterations in brain activity. The BOLD data in Studies II and III were acquired on 

a Siemens MAGNETOM Skyra 3 T MRI scanner using a 32-channel head coil and 

echo-planar imaging (EPI) pulse sequence. The scanning parameters for the BOLD 

data were the following: TR = 2150 ms, TE = 28 ms, flip angle = 15°, 3 mm cubic 

voxel, matrix size 64 × 64. A total of 45 axial slices were sampled for whole-brain 

coverage. For each participant, total of 430 volumes of BOLD data were taken, of 

which 62 brain volumes starting from volume 92 comprise the data of Study II. In 
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addition, anatomical T1-weighted MPRAGE image was taken for each participant 

using the same parameters as in Study I. The participants were introduced to the 

scanning procedure before the scan by showing an introductory video. The 

participants saw the stimulus video via a screen designed for fMRI usage and heard 

the sounds through a plastic tube in the hearing protection earplug. The sounds were 

adjusted to comfortable hearing level. Soft ear padding was used to minimise fMRI 

noise and head motion. 

The fMRI phase of Study II used the ABaCo video clips (Table 4) for stimulus 

to allow for comparison of behavioural and brain-level results. The range of 

duration of ABaCo’s video clips was 11–27 s and videos were presented 

concatenated in the same order as in Table 4. The total duration of scanning was 2 

min 12 s. The behavioural part of ABaCo was completed at least one day before 

the fMRI scanning. 

Study III 

The fMRI data for Study III were acquired during the same fMRI scanning event 

as data for Study II using the same scanning parameters. The BOLD data used in 

Study III consisted of the last 224 volumes of the 430 volumes. The stimulus was 

7 concatenated video clips taken from a TV soap opera (“Ruusun aika”) produced 

by a Finnish commercial media operator (MTV). The range of clip duration was 

50–84 s. The TV show was presented in Finnish TV during 1990-1991 and it was 

unlikely that the participants of this study had previously seen it. The clips included 

in this study depicted naturalistic social communication situations, and they were 

selected for their pragmatic and social content. These clips were selected for this 

study because they require advanced socio-pragmatic inferencing abilities from the 

viewer and usage of verbal and non-verbal communicative cues in pragmatic 

understanding. 

The pragmatic communication features of chosen “Ruusun aika” video clips 

were pre-assessed by university students (N = 45, 40 female, mean age = 24.1 years, 

SD = 5.4 years, range = 19–41 years). The students answered multiple choice (7 

choices) questions that were formulated by a team of four researchers from the area 

of pragmatics. Four answering choices were considered relevant or nearly relevant 

to the pragmatic content of the clip, two were irrelevant and the last choice was an 

open question. After viewing each clip, students selected which alternative (A–G) 

described the content the best (3 points), the 2nd best (2 points) and the 3rd best 

match (1 point). Those two choices that gained most points used to describe the 
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contextual content of the video (Appendix 1). In addition, transcriptions of video 

clips 2 and 4 can also be found in Appendix 2 and Appendix 3.  

4.3.2 Data pre-processing 

Study I 

The fMRI data were preprocessed using the typical FMRIB software library (FSL) 

pipeline (Jenkinson et al., 2012) including removal of the first 80 volumes, high-

pass filtering (cut-off 0.0025 Hz), motion correction (MCFLIRT), brain extraction 

(BET), spatial smoothing (5 mm full width at half maximum Gaussian kernel), and 

registration of MREG data to the subject’s own anatomy and MNI (Montreal 

Neurological Institute) 152 space. In addition, advanced secondary artifact removal 

(ICA FIX; Griffanti et al., 2014) was performed on preprocessed MREG data of 

each participant applying 10% threshold. ICA FIX was trained using previously 

collected MREG data. There was no significant difference between the groups in 

temporal signal-to-noise ratio before or after ICA FIX. Also, there was no 

difference between the groups in relative head motion. These preprocessing steps 

were similar to Raatikainen et al. (2020). 

Study II and Study III 

The fMRI data was preprocessed using the typical FSL pipeline (Jenkinson et al., 

2012) including the removal of the skull (BET), motion correction (MCFLIRT), 

brain registration to a common MNI-space. In addition, the fMRI data was 

smoothed using Gaussian filtering (5 mm full width at half maximum). The 

timeseries in each voxel was also high-pass filtered (cut-off frequency 0.008 Hz) 

to control for trending. No significant differences between the groups were found 

in relative or absolute head motion concerning fMRI volumes acquired for Study 

II or Study III, respectively. 
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4.3.3 Data analysis 

Study I 

Group-level independent component analysis (ICA) was run in FSL tool separately 

for both of the groups for pre-processed fMRI data to identify independent 

functional network components (ICs). Next, the cross-correlation (FSL’s fslcc) was 

run between the groups to find topographically matching network components 

between the groups. Sixteen resting-state networks (RSNs) were identified that had 

a correlation of 0.60 or higher between the groups (see Raatikainen et al., 2020 for 

RSN images). Four of these RSNs represented regions of the DMN. These were the 

DMNprecuneus (precuneus), DMNprecuneus L (left precuneus), DMNpcc (posterior 

cingulate cortex) and DMNvmpf (ventromedial prefrontal cortex). Four of the RSNs 

represented the sensory networks: V1 (primary visual cortex), V2 (secondary visual 

cortex), A1 (primary auditory cortex) and S2 (somatosensory). The rest of the RSNs 

were the SN, executive, CEN (central executive), DAN R (right dorsal attention), 

memory/attention, language, right language and left primary motor networks. 

These RSNs were used in the dynamic lag analysis (DLA) phase of the study. 

The DLA analysis used in this study, has been originally described in detail in 

Raatikainen et al. (2020), except, in this study the time lags were defined between 

negative peaks, or between positive and negative peaks of RSN time signals, when 

analysing deactivated or transiently anticorrelated RSNs, respectively. In case of 

analysing the DLA between deactivated RSNs, the following analysis steps were 

applied. First, an RSN pair (out of 120 combinations) was selected to perform the 

analysis for the corresponding concatenated (N x 5min) fMRI time signals. 

Secondly, negative peaks (i.e. pits) of bandpass filtered (0.01–0.1 Hz) and de-

trended time signals were detected for the control and autistic groups using 

MATLAB’s findpeak function (Fig. 1). Next, lag vectors were created for both by 

calculating the time lag values pit-by-pit between the selected RSN time signals 

using the nearest neighbour principle whereby only lag values < ± 5 s were 

completed to the lag vector. Lag counts and median lag values were calculated from 

the lag vectors. The Kolmogorov-Smirnoff (K-S) test was applied to the lag vectors 

to find out if the lag variations differed statistically between the autistic and control 

groups. These steps were repeated for each RSN pair resulting in a p-value matrix 

including all the RSN pair combinations. 

In order to perform DLA for the transiently anticorrelated RSN pairs, some 

modifications were made for the DLA workflow described above (Fig. 1). Instead 
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of detecting negative peaks from both RSN time signals, positive peaks were 

determined from the other time signal (reference signal) and negative peaks from 

the other time signal of the RSN pair, after which time lag value between the RSNs 

was calculated between the positive peak of the reference signal and the negative 

peak of the other signal applying the nearest neighbour principle (< ±5s). After 

completion of the time lag vectors for both groups, the K-S test was calculated as 

above. All the steps were done separately for each RSN pair as in case of the 

deactivated RSNs, except in this case, the lag vector of an RSN pair included 

information from activated RSN1 (the reference signal) to deactivated RSN2 (the 

other signal), and also from deactivated RSN2 to activated RSN1. 

 

Fig. 1. Construction of lag vectors for autistic and control groups in the case of finding 

lags between deactivated RSNs (Figure adapted from Original Publication I, published 

with permission by John Wiley & Sons). 

To correct p-values for possible false positives, next the phase of the statistical 

analysis included surrogate data generation for the deactivated RSN pairs (120 

combinations) and anticorrelated RSN pairs (240 combinations), separately. 

Surrogate time signals of length N x 5 min were generated for sixteen RSNs using 

the randi function in MATLAB. DLA steps were applied to surrogate data for the 
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deactivated and anticorrelated RSN pairs, respectively, which resulted in p-values 

for the surrogate data sets. The smallest p-value was determined as the threshold 

for significance. The obtained thresholds for statistically significant p-values were 

p = 0.003 for deactivated RSN pairs and p = 0.002 for anticorrelated RSN pairs. 

Study II 

ISC analysis method (Hasson et al., 2004) was used to find the degree of shared 

processing in different brain locations within and between the groups in Study II. 

the ISC method was chosen, because it allows for the analysis of fMRI data that 

has been acquired under naturalistic model-free stimulus, such as movies. In this 

analysis phase, voxel-wise correlations between the fMRI timeseries were 

calculated, using Pearson’s correlation coefficient, in corresponding brain regions 

across the subjects, and ISC maps were created based on statistical inferencing. 

Only grey matter voxels of the brain were used in ISC calculations. The grey matter 

voxels were extracted using Harvard Oxford cortical atlas -based mask which 

excluded white-matter, brain stem and ventricles from the full brain volume. The 

fMRI data were analysed in MATLAB (R2017b, MathWorks, Natick, MA, USA) 

environment using the ISC 3.0 toolbox (Kauppi et al., 2014). 

In the first phase of the analysis, basic ISC analysis (Kauppi et al., 2010, 2014) 

was used to examine the correlation of brain responses within the autistic and 

control groups, separately. After computing average ISC statistics for each voxel, a 

non-parametric voxel-wise bootstrap resampling test was run with 1 000 000 

realizations. Benjamini-Hochberg adjusted p values were calculated for all voxels 

to control for the false discovery rate (FDR) (Benjamini & Hochberg, 1995). In the 

next phase, the autistic and control groups were compared by calculating maps 

considering studentized SAM (Significance Analysis of Microarrays) statistics 

(Tohka et al., 2018; Tusher & Tibshirani, 2001; Xie et al., 2005). A subject-wise 

permutation test (15 000 permutations) was performed for each voxel based on an 

ISC matrix of a size (Nautistic + Ncontrol) x (Nautistic + Ncontrol) that included both within- 

and between group ISC values (Chen, Shin et al., 2016). The voxels with low p-

values (p < .05) were entered for additional permutation iterations for increased 

accuracy of the p-values. The obtained p-values were corrected for multiple 

comparison by using Storey’s procedure (Storey, 2002; Storey & Tibshirani, 2003). 

Visual GUI of the ISC 3.0 toolbox with the MNI-152 stereotactic template was used 

to view the ISC brain maps. 
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In Study II, the IBM SPSS Statistics -tool was used for analysing the 

behavioural-level data. Because of the ceiling effect in the control group, non-

parametric Mann-Whitney U test was applied to determine the differences between 

the groups for ABaCo scores that indicate the ratio of correct answers. To explore 

the group differences for answering and reaction times in ABaCo questions, 

respectively, repeated measures ANOVA was applied. This parametric method was 

selected after consulting a statistician, and because the distribution profiles of 

answering and reaction times in the groups approached normal distribution. To test 

for extreme reactions of mean answering and reaction times and the likelihood of 

them in the groups, the Moses extreme reaction test with the outliers trimmed 

option was applied. Furthermore, the relationship between a person’s mean 

answering or reaction time and his/her AQ score was assessed using the Pearson’s 

correlation test.  

Study III 

Seventy time-independent brain network components were identified applying the 

group independent component analysis (gICA) tool of FSL MELODIC on the 

preprocessed 224 brain volumes presenting the “Ruusun aika” data of the control 

group, to find brain regions that share the same activation pattern in time (Abou-

Elseoud et al., 2010). These acquired gICA maps were used to find individual time 

courses and spatial maps of the participants for independent brain network 

components by using FSL dual regression (Kiviniemi et al., 2003). Based on visual 

inspection of the gICA components together with the Harvard-Oxford cortical 

structural and Juelich histological atlases, components IC4, IC15 and IC27 (Fig. 2) 

were manually chosen for Study III based on their location and for their assumed 

role in socio-pragmatic understanding (e.g. Chen, Cai et al., 2016; Dionisio et 

al.,2019; Tesink et al., 2009; Uddin, 2015; Yeo et al., 2011; see also Study II). Brain 

network components IC4 and IC27 predominantly included regions of the insular 

cortex belonging to the SN. The IC15 comprised regions of the anterior cingulate 

and insular cortices typical for the SN, but also had regions associated with the 

anterior DMN. Permutation test with 5000 permutations on each selected three 

components did not find significant (p < .05) differences between the autistic and 

control groups for spatial maps of the components. 

In the next phase, the timecourses of the brain network components IC4, IC15 

and IC27 were compared between the autistic and control groups. The statistical 

analysis between the groups was carried out in the MATLAB environment. First, 
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the timecourses of the selected components were normalised for each participant, 

after which the average value of the timecourses was 0 and all values were between 

-1 and 1. The average value of each timepoint within a group (𝑥  and 𝑦  for the 

ASD and NT groups, respectively) was calculated for each independent component 

k (k = 1, 2, 3). Next, the p value of the group difference (|𝑥 𝑦 |  ) for each 

timepoint was calculated by running a permutation test (10000 permutations). 

Fisher’s (Fisher, 1958) combined probability test was run over ICs (k = 1, 2, 3) in 

order to combine the p values of the timecourses. After this, Benjamini and 

Hochberg’s (Benjamini & Hochberg, 1995) false discovery rate (FDR 0.05) was 

used to correct multiple comparisons over timepoints of each video clip.  

 

Fig. 2. Regions of the selected independent components. IC4: bilateral insular cortex, 

left opercular cortex, anterior cingulate cortex; IC15: anterior cingulate cortex, right 

insular cortex, bilateral inferior frontal gyrus, bilateral primary auditory cortex; IC27: 

bilateral insular cortex, paracingular cortex. (Figure adapted from Original Publication 

III, published with permission from Springer Nature). 
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5 Results 

5.1 Brain dynamics in task-free conditions 

Study I investigated the time lag structure of the human brain in autistic and control 

participant by applying the DLA method to MREG fMRI data. Lag structures were 

analyzed in 120 mutually deactivated (Chapter 5.1.1.) and in 240 anticorrelating 

(activated vs. deactivated and vice versa) resting-state network (RSN) pairs 

(Chapter 5.1.2). 

5.1.1 Time lag structures between deactivated resting-state networks 

Significant differences in mutual deactivation patterns between the autistic and the 

control groups were found in the following three RSN pairs (threshold level p = 

0.003): DMNpcc – V1 (KS test D = 0.184, p = 0.001), DMNprecuneus – SN (KS test D 

= 0.222, p < 0.001) and DMNprecuneus L – CEN (KS test D = 0.187, p = 0.002). All 

statistically significant pairs included a region of the posterior DMN (Fig. 3).  

 

Fig. 3.  The p-values between the groups in mutually deactivated resting-state network 

pairs. (Figure adapted from Original Publication I, published with permission from John 

Wiley & Sons). 

When examining the median lag values in these RSN pairs (Table 5), the positive 

median lag values in the control group indicated that the deactivation of the DMNpcc, 

DMNprecuneus 1.000
DMNprecuneus L 0.993 1.000

DMNpcc 0.856 0.008 1.000
DMNvmpf 0.260 0.434 0.475 1.000

Salience 0.000 0.324 0.374 0.623 1.000
Executive 0.267 0.207 0.216 0.272 0.040 1.000

CEN 0.364 0.002 0.688 0.658 0.052 0.710 1,000
DAN R 0.244 0.594 0.081 0.152 0.180 0.384 0.392 1.000

Memory/attention 0.963 0.821 0.936 0.251 0.738 0.796 0.187 0.118 1.000
Language 0.045 0.115 0.457 0.705 0.057 0.058 0.012 0.065 0.004 1.000

Language R 0.412 0.129 0.015 0.405 0.940 0.728 0.741 0.335 0.946 0.311 1.000
V1 0.007 0.101 0.001 0.416 0.009 0.975 0.124 0.603 0.185 0.482 0.221 1.000
V2 0.091 0.710 0.975 0.234 0.085 0.402 0.010 0.594 0.059 0.413 0.309 0.547 1.000
A1 0.058 0.294 0.323 0.186 0.469 0.952 0.510 0.550 0.884 0.380 0.297 0.604 0.551 1.000

M1 L 0.738 0.623 0.711 0.142 0.484 0.978 0.275 0.394 0.569 0.694 0.644 0.205 0.177 0.426 1.000
S2 0.563 0.351 0.606 0.444 0.158 0.336 0.227 0.629 0.395 0.534 0.650 0.517 0.279 0.391 0.364 1.000
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DMNprecuneus and DMNprecuneus L predominantly followed the deactivation of the V1, 

SN and CEN, respectively. The relationship related to the mutual order of 

deactivation in the RSN pairs was greatly reduced in the autistic group, showing 

near-zero median lags, which indicates that the order of deactivation in RSN pairs 

was more random in this group. 

Table 5. Lag characteristics between deactivated resting-state networks in significantly 

different pairs. 

RSN_1 – RSN_2 Overall lag count1 Median lag (SD)2 [s] 

DMNpcc – V1   

Control  240 0.4 (1.7) 

Autistic 186 -0.3 (1.9) 

DMNprecuneus – SN   

Control  185 1.0 (1.9) 

Autistic 170 0.0 (2.1) 

DMNprecuneus L – CEN   

Control  212 1.2 (2.1) 

Autistic 176 0.3 (2.2) 

1 Lag count includes also zero-lags, 2 Positive value = deactivation of RSN_1 succeeds deactivation of 

RSN_2, negative value = deactivation of RSN_1 precedes deactivation of RSN_2 

In addition, the lag counts of reciprocal information flow between the RSNs in 

Table 6 show a stronger source/destination relationship in deactivation between 

DMNprecuneus – SN and DMNprecuneus L – CEN in the control group, and also opposite 

tendency of source/destination relationship between the groups in DMNpcc – V1. 

When examining lag patterns in Fig. 4, Fig. 5, and Fig. 6, the figures show more 

peaked, and more left-skewed, lag distributions in the control than in the autistic 

group in DMNpcc – V1, DMNprecuneus – SN and DMNprecuneus L – CEN pairs. 

Furthermore, the overall lag counts were higher in the control group in these 

significant RSN pairs (Table 5). 
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Table 6. Directed lag counts in deactivated resting-state network pairs in significantly 

different pairs. 

RSN_1 – RSN_2 Directed lag count1 RSN_1 leads [%]2 RSN_2 leads [%]3 

 RSN_1 

leads 

RSN_2 

leads 

  

DMNpcc – V1     

Control  97 142 40 59 

Autistic 104 79 55 42 

DMNprecuneus – Salience     

Control  56 128 30 69 

Autistic 84 84 49 49 

DMNprecuneus L – CEN     

Control  76 131 36 62 

Autistic 74 97 42 55 

1 Lag counts do not include zero-lags, 2 Percentage of all lags when deactivation of RSN_1 precedes 

deactivation of RSN_2, 3 Percentage of all lags when deactivation of RSN_2 precedes deactivation of 

RSN_1 

 

Fig. 4. Lag patterns of the DMNpcc – V1 pair in the control and the autistic groups. ASD 

autistic group, NT control group. 



52 

Fig. 5. Lag patterns of the DMNprecuneus – Salience pair in the control and the autistic 

groups. ASD autistic group, NT control group. 

 

Fig. 6. Lag patterns of the DMNprecuneus L – CEN pair in the control and the autistic groups. 

ASD autistic group, NT control group. 

5.1.2 Time lag structures between anticorrelated resting-state 

networks 

When comparing the autistic and the control groups, there was a statistically 

significant difference between the groups in the time lag structures in anticorrelated 
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RSN pairs A1 – V2 (KS test D = 0.208, p = 0.002) and DMNprecuneus – V1 (KS test 

D = 0.287, p = 0.001), when considering the threshold level p = 0.002 (Fig. 7).  

 

Fig. 7. The p-values between the groups in anticorrelative states of the resting-state 

network pairs. RSN_1 in the vertical panel is activated and the corresponding pair 

RSN_2 in the horizontal panel is deactivated. (Figure adapted from Original Publication 

I, published with permission from John Wiley & Sons). 

The median lag values in Table 7, and the lag patterns in Fig. 8, reveal that 

activation of A1 predominantly followed the deactivation of V2 in the control group, 

whereas the trend was opposite in the autistic group. The same could also be 

observed when examining the lag counts in both directions between the activated 

A1 and deactivated V2 (Table 8). However, the overall lag count between A1 and 

V2 was similar in both of the groups (Table 7). 

In the DMNprecuneus – V1 pair, activation-deactivation directionality was similar 

in both groups showing that deactivation of the V1 followed activation of the 

DMNprecuneus (Fig. 9 and Table 8). However, the median lag was longer between the 

anticorrelated DMNprecuneus – V1 pair in the control group (Table 7). Overall, 98.4% 

more temporal lags were found in the autistic than in the control group between 

anticorrelated states of the DMNprecuneus and V1 indicating stronger interaction 

between these brain regions (Table 7). 

DMNprecuneus 1.000 0.404 0.209 0.282 0.511 0.624 0.276 0.940 0.659 0.042 0.084 0.001 0.417 0.427 0.435 0.633
DMNprecuneus L 0.245 1.000 0.705 0.029 0.429 0.973 0.474 0.269 0.227 0.110 0.450 0.008 0.574 0.897 0.105 0.275

DMNpcc 0.715 0.906 1.000 0.683 0.056 0.168 0.681 0.498 0.054 0.398 0.724 0.123 0.962 0.279 0.696 0.110
DMNvmpf 0.333 0.503 0.399 1.000 0.325 0.229 0.448 0.214 0.101 0.069 0.585 0.861 0.793 0.801 0.758 0.861

Salience 0.012 0.300 0.196 0.579 1.000 0.207 0.481 0.841 0.984 0.009 0.057 0.093 0.207 0.176 0.768 0.503
Executive 0.721 0.494 0.970 0.089 0.910 1.000 0.902 0.443 0.901 0.257 0.674 0.861 0.565 0.232 0.548 0.847

CEN 0.192 0.082 0.940 0.390 0.257 0.992 1.000 0.952 0.853 0.043 0.288 0.699 0.199 0.552 0.172 0.010
DAN R 0.040 1.000 0.677 0.562 0.140 0.708 0.095 1.000 0.530 0.410 0.516 0.746 0.962 0.050 0.446 0.594

Memory/attention 0.355 0.808 0.739 0.974 0.663 0.066 0.580 0.940 1.000 0.178 0.166 0.046 0.376 0.180 0.463 0.912
Language 0.990 0.480 0.143 0.991 0.018 0.045 0.572 0.570 0.616 1.000 0.800 0.162 0.372 0.326 0.786 0.797

Language R 0.003 0.831 0.242 0.296 0.273 0.861 0.660 0.033 0.972 0.112 1.000 0.047 0.02 0.622 0.726 0.637
V1 0.634 0.114 0.073 0.326 0.403 0.508 0.582 0.569 0.629 0.186 0.380 1.000 0.947 0.273 0.173 0.829
V2 0.467 0.087 0.824 0.491 0.062 0.015 0.605 0.463 0.015 0.508 0.148 0.022 1.000 0.054 0.182 0.024
A1 0.039 0.339 0.198 0.892 0.027 0.224 0.067 0.628 0.606 0.843 0.973 0.038 0.002 1.000 0.477 0.544

M1 L 0.757 0.943 0.203 0.179 0.731 0.053 0.228 0.182 0.148 0.089 0.432 0.027 0.066 0.434 1.000 0.935
S2 0.493 0.804 0.183 0.869 0.061 0.847 0.521 0.776 0.562 0.557 0.181 0.465 0.063 0.519 0.790 1.000
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Table 7. Lag characteristics between anticorrelated states of resting-state networks in 

significantly different pairs between the groups. 

RSN_1 (activated) – RSN_2 (deactivated) Overall lag count1 Median lag (SD)2 [s] 

A1 – V2   

Control  156 -0.5 (2.4) 

Autistic 157 0.4 (2.3) 

DMNprecuneus – V1   

Control  64 2.2 (2.3) 

Autistic 127 0.9 (2.6) 

1 Lag count includes also zero-lags 
2 Positive value = activation of RSN_1 precedes deactivation of RSN_2, negative value = activation of 

RSN_1 succeeds deactivation of RSN_2 

Table 8. Directed lag counts in anticorrelated states of resting-state network pairs in 

significantly different pairs between the groups. 

RSN_1 – RSN_2 Directed lag count1 RSN_1 leads [%]2 RSN_2 leads [%]3 

 RSN_1 

leads 

RSN_2 

leads 

  

A1 – V2     

Control  60 91 38 58 

Autistic 89 66 57 42 

DMNprecuneus – V1     

Control  48 15 75 23 

Autistic 73 53 57 42 

1 Lag counts do not include zero-lags 
2 Percentage of all lags when activation of RSN_1 precedes deactivation of RSN_2 
3 Percentage of all lags when deactivation of RSN_2 precedes activation of RSN_1 
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Fig. 8.  Lag patterns of the A1 – V2 pair in the control (NT) and autistic (ASD) groups. 

 

Fig. 9. Lag patterns of the DMNprecuneus – V1pair in the control (NT) and autistic (ASD) 

groups. 
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5.2 Results related to viewing non-verbal extralinguistic items of 

ABaCo 

5.2.1 Behavioural level results for ABaCo items 

In Study II, answering accuracy of the autistic and control participants to 

behavioural-level ABaCo questions was analyzed. Mann-Whitney U did not reveal 

a significant difference (U = 120.5, p = .060, r = .31) between the autistic (n = 19, 

median = .83, range = .33–1.00) and the control (n = 19, median = 1.00, range 

= .67–1.00) groups for scores that measured answering accuracy for extralinguistic 

video-based ABaCo items, although there was a trend towards significance with 

medium effect size showing lower scores for the autistic group. Ceiling effect 

impacted the result in the control group, unlike in the autistic group. However, the 

ABaCo scores were more dispersed in the autistic group (Moses extreme reaction 

test, p = .003) showing more variability in the performance within the group.  

There was no statistical difference (repeated measures ANOVA, F(1, 36) = 3.24, 

p = .080, ƞ2 = .082, r = 0.29) between the autistic (mean = 6.9 s, range = 0.4–40.9, 

SD = 7.9) and the control groups (mean = 4.6s, range = 1.1–19.8, SD = 4.6) 

concerning the duration of answering to ABaCo test items, when all answering 

times were considered together. However, there was a positive correlation between 

a participant’s mean answering time and his/her AQ score (Pearson’s, r = .410, p 

= .018, n = 33) showing that longer answering time was related to more severe 

autistic traits. In addition, further analysis revealed that there were more extreme 

reactions in mean answering times in the autistic group (Moses test, p < .001). 

Analysis of mean times showed a subgroup of 6 (31,6%) autistic persons whose 

mean answering times exceeded mean + 1 SD (9.2s) value of the control group.  

Repeated measures ANOVA (F(1, 36) = 2.13, p = .153, ƞ2 = .056, r = 0.24) did 

not reveal statistical differences in reaction times to behavioural ABaCo items 

between the autistic (mean = 2.5 s, range = 0.0–27.4, SD = 3.9) and the control 

groups (mean = 1.7s, range = 0.0–12.9, SD = 2.1), when all reaction times were 

considered together. However, mean reaction times and AQ scores were positively 

correlated (r = .380, p = .029, N = 33). There was no statistical difference for 

extreme reactions in mean reaction times between the groups (Moses test, p = .116).  
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5.2.2 Brain response for ABaCo items 

In Study II, in addition to behavioural-level assessment, correlation of the brain 

activity in the autistic and control groups for extralinguistic ABaCo items was 

analysed. When ISC maps of brain activity were calculated for the groups, the ISC 

maps (p < .001, FDR corrected) of the control group revealed that synchronous 

activity was predominantly located in the visual cortex, but also in the fronto-

temporal areas (Fig. 10). In comparison, the ISC maps of the autistic group showed 

that synchronous activity within the group was mostly located in the visual areas 

(Fig. 11).  

 

Fig. 10. Areas of ISC in the control group (p < .001, FDR corrected). (Figure from Original 

Publication II, published with permission from Taylor & Francis.) 

Fig. 11. Areas of ISC in the autistic group (p < .001, FDR corrected). (Figure from Original 

Publication II, published with permission from Taylor & Francis). 
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The ISC maps for the groups (Fig. 10 and Fig. 11) revealed, in general, more ISC 

in the control than in the autistic group and that there were location-related 

differences for the synchronous activity. Therefore, in the next phase, ISC 

difference maps were calculated to find statistically significant differences in 

regional synchrony between the groups. The difference maps showed several areas 

were the ISC of brain activity differed significantly between the groups, the 

correlation of activity being greater in the control group. At p < .05, uncorrected 

level, the ISC map showed more synchronous activity in the control group that 

could be located in the bilateral insula and midline cingulate cortex areas, which 

are typically associated with the SN (Fig. 12). In addition, higher ISC areas of the 

control group included ventromedial frontal areas that belong to the DMN. At p 

< .05, voxel-wise FDR corrected level (threshold at p = .000026, z = 4.20), more 

ISC in the control group was found in the areas including the right anterior insula, 

the left superior frontal gyrus, and the left somatosensory cortex together with the 

left posterior insula (Fig. 13 and Table 9).  

 

Fig. 12. Areas of greater ISC in the control group than in the autistic group (p < .05, 

uncorrected level). (Figure from Original Publication II, published with permission from 

Taylor & Francis.) 
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Fig. 13. Clusters of peak difference in ISC between the groups (control > autistic, FDR 

corrected): a) the right anterior insula, b) the left superior frontal gyrus, and c) the left 

somatosensory cortex and the left posterior insula. (Figure from Original Publication II, 

published with permission from Taylor & Francis.) 

Table 9. Locations of peak difference between the groups in ISC (control > autistic). 

Anatomical 

regions 

MNI (2mm) coordinates  

(max. value)  

Cluster size 

(voxels) 

Z value (max) 

x y z 

Right opercular 

cortex, anterior 

insula 

42 0 8 51 4.84 

Left SFG, 

premotor cortex 

-14 -10 74 7 4.62 

Left S2, parietal 

operculum 

-68 -26 14 2 4.36 

Left S2, parietal 

operculum, 

posterior insula 

-38 -26 14 2 4.25 

Note. SFG superior frontal gyrus, S2 secondary somatosensory cortex 
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5.3 Socio-pragmatically challenging situations from a TV series 

In Study III, the responses of selected brain network components IC4, IC15 and 

IC27 (Fig. 2) were acquired when the participants of autistic and control groups 

were watching seven pragmatically challenging video clips taken from a Finnish 

TV series. The group averages of IC4, IC15 and IC27 activities showed that the 

brain functioning was mostly similar between the groups throughout the seven 

video clips (Fig. 14, Fig. 15, and Fig. 16). However, statistical differences, when 

the time courses of IC4, IC15 and IC27 were considered together by calculating a 

combined p-value, were found in timepoints located in two of the video clips (Fig. 

14, Fig. 15, and Fig. 16). 

 

Fig. 14. Average brain response (±SD) of IC4 in the autistic (ASD) and control groups.   

* = timepoints of significant difference (p combined over IC4, IC15 and IC27). (Figure 

adapted from Original publication III, published with permission from Springer Nature). 
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Fig. 15. Average brain response (±SD) of IC15 in the autistic (ASD) and control groups 

* = timepoints of significant difference (p combined over IC4, IC15 and IC27). (Figure 

adapted from Original publication III, published with permission from Springer Nature). 

Fig. 16. Average brain response (±SD) of IC27 in the autistic (ASD) and control groups. 

* = timepoints of significant difference (p combined over IC4, IC15 and IC27). (Figure 

adapted from Original publication III, published with permission from Springer Nature). 

Group comparison revealed statistically significant differences between the autistic 

and control groups in fMRI timepoint 60 (χ 2(6) = 24.10, p < .001), and also in two 

consecutive timepoints 104 (χ2(6) = 20.34, p = .002) and 105 (χ 2(6) = 20.50, p 

= .002). Timepoint 60 was related to the second video and timepoints 104–105 to 

the fourth video of the shown stimulus. The location of these timepoints is marked 
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in Fig. 14, Fig. 15 and Fig. 16. Statistical differences in these time points were 

found after calculation of Fisher combined probability over the three brain network 

components IC4, IC15 and IC27 and after multiple comparison correction (FDR) 

over the timepoints of the video clips. Statistical comparison did not reveal any 

significant differences between the groups for any of the timepoints in the video 

clips 1, 3, 5, 6 or 7. 

Next, to find out the link between the moments of group differences and the 

socio-pragmatic content of the stimulus, video clips were analysed qualitatively in 

more detail. Although all seven video clips included pragmatically complex social 

situations, only video clips 2 and 4 included episodes of overlapping 

communication events, and these two events were also temporally related to those 

timepoints where significant differences were found. During these moments, 

concerning both of the clips, the other events included verbal communication about 

one topic, and the concurrent other event non-verbal communication about another 

topic. On the contrary, the other video clips (1, 3, 5, 6 and 7) did not include 

concurrent communication events, but only one-to-one or one-to-many 

communication related to a single topic at a time. 

Inspection of video clip 2 content reveals that the mother (Marja) of the family 

is scolding the grandmother (Senni) about the new organization of the kitchen while 

Marja’s daughter (Roosa-Maria) enters the room with a dog. The two older women 

do not notice Roosa-Maria, but continue their heated conversation. Meanwhile, 

Roosa-Maria uses gestures to communicate to the dog that they should get out of 

the situation. A significant difference between the groups in brain responses was 

found in fMRI timepoint 60. While taking into account the response latency of the 

BOLD signal, this timepoint is temporally related to the events that are transcribed 

below. The complete transcription of the video clip 2 can be found in Appendix 2. 

[01:57] Marja (mother): THERE IS NO SENSE IN THIS AT ALL ((Marja’s 

voice can be heard in the background while the camera shows Roosa-Maria, 

who makes a silence gesture to the dog with one finger on her lips)).  

[01:59] Senni (grandmother): well I thought that when you are cooking- 

((Senni’s voice can be heard but the camera shows Roosa-Maria, who whispers 

something to the dog)).  

[02:00] Marja: =DON’T THINK (.) this is MY order here ((Marja’s voice can 

be heard in the background while the camera shows Roosa-Maria, who pulls 

the dog by the collar to leave the room quietly)).  
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[02:02] Marja: =because this is MY kitchen (.) have you forgotten that? ((the 

camera now shows Marja and Senni facing each other, Roosa-Maria is no 

longer visible)). 

In the video clip 4 there are three people involved: the son of the family (Illi) and 

his new girlfriend (Ilona), and also Illi’s little sister (Roosa-Maria). Illi and Ilona 

wish to have a private moment together, but they find Roosa-Maria at home. Roosa-

Maria distracts the couple by talking about a horse (Sulo). The couple uses non-

verbal gestures and facial expressions to communicate with each other that they 

should go upstairs together, meanwhile Roosa-Maria continues talking about the 

horse without noticing the intentions of the couple. A significant difference in brain 

responses between the groups was found in timepoints 104–105, which is 

temporally related to the events transcribed below. The complete transcription of 

video clip 4 can be found in Appendix 3. 

[03:39–03:45] Roosa-Maria (daughter): no (0.7) you know something Illi? (0.9) 

Sulo has had horse colic several times ((Roosa-Maria speaks in front of the 

mirror while she is adjusting her riding helmet; meanwhile Illi nods 

meaningfully to Ilona and takes her by the hand. Ilona glances at Roosa-Maria 

to make sure she does not notice what is going on between the couple. The 

couple sneaks secretly upstairs behind Roosa-Maria's back.))  

Transcriptions of video clips 2 and 4 show that statistically significant differences 

between the groups in brain network component activity in these video clips were 

temporally related to two episodes of concurrent communication events. In both 

episodes, there was overlapping verbal communication about one topic and 

simultaneous non-verbal facial expression- and gesture-based communication 

about another topic. For example, Fig. 17 shows the episode in the clip 4, where 

Roosa-Maria is in front of the mirror having her monologue, while Illi and Ilona 

gesture in the background. Observation of the episode required attention shifting 

between these parallel, verbal and non-verbal, events. 
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Fig. 17. Concurrent communication events in video clip 4. An arrow to the left shows 

Roosa-Maria expressing herself verbally in front of the mirror. Arrows to the right show 

non-verbal communication (a nod and a hand gesture) between Ilona and Illi. (Figure 

adapted from Original publication III, published with permission from Springer Nature). 
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6 Discussion 

This research studied the neural-basis of socio-pragmatic understanding in young 

autistic adults and non-autistic controls using fMRI data. In Study I, the dynamics 

of intrinsic brain activity were examined in the resting-state conditions. In Studies 

II and III, brain responses to socio-pragmatic situations were studied while the 

participants were viewing naturalistic videos. 

6.1 Interplay between brain networks in resting-state conditions 

(Study I) 

Study I examined dynamic lag pattern variations between deactivated and 

anticorrelated (activated vs. deactivated) states of functional brain networks in task-

free conditions in young autistic adults and control participants showing altered 

temporal lag structures in the autistic participants in three mutually deactivated, 

and in two anticorrelated RSN pairs. Temporally altered deactivation cascading was 

found in pairs including the posterior DMN and its respective network pair the SN, 

the CEN or the V1. In addition, mutual information flow was deviant in the 

anticorrelated (activated versus deactivated) DMNprecuneus-V1 and A1-V2 pairs. 

Temporally and directionally, the deviant network interaction that was found in this 

study in autistic participants can be a sign of reduced neurodynamics and unstable 

brain connections (Falahpour et al., 2016). Altered deactivation mechanisms and 

atypical anticorrelative states between functional brain networks may also reflect 

deviant capability of the brain to optimise its function according to the processing 

needs, also in resting-state. 

The results of this study are in line with findings of some recent temporal lag -

based studies that have also evidenced atypical dynamics in RSN connections in 

autism (King et al., 2018; Mitra et al., 2015; Raatikainen et al., 2020). However, 

this was the first time that altered lag structures in autism were associated with 

deactivation or anticorrelation mechanisms of RSNs. Recently, altered inter-

network temporal coupling in autistic persons has also been found in studies that 

have examined connectivity dynamics using other than lag-based methods, 

suggesting perhaps reduced capacity to switch between different brain states 

(Bernas, Barendse et al., 2018; Damiani et al., 2019; de Lacy et al., 2017; Hong et 

al., 2019). Furthermore, temporal alterations in functional connectivity have been 

associated with the severity of autistic features, and e.g. with diminished processing 

speed (King et al., 2018; Li et al., 2020).  
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In Study I, deviant temporal coupling and diminished directed connectivity in 

autistic persons was found between the DMN and the SN, the CEN or the V1, 

respectively, which is also in accordance with other studies (Bernas, Barendse et 

al., 2018; Hong et al., 2019; Raatikainen et al., 2020). These findings suggest 

potentially weaker anticorrelation between internal thought (i.e. the DMN) and 

external task related functional networks, and also reduced segregation of the DMN 

from other functional networks, especially from the SN, the CEN and the visual 

networks (Mash et al., 2019; Paakki et al., 2021; Yerys et al., 2015). 

The results of Study I demonstrated that atypical temporal coupling between 

networks was predominantly associated with the posterior DMN. In particular, the 

results showed a rather random deactivation order in the autistic group in RSN pairs 

including the posterior DMN, while in the control group the source-destination 

relationship between these RSN networks was more distinct, indicating that the 

deactivation of the DMN typically followed the deactivation of the other RSN in 

the pair. Atypical connectivity in autism has been associated with the posterior 

subnetwork of the DMN in some previous studies (Besseling et al., 2018; Cheng et 

al., 2015; Joshi et al., 2017; Monk et al., 2009; Park et al., 2021; Starck et al., 2013). 

In addition, the deactivation failure of the DMN has been linked to the autistic traits 

during both rest and task processing conditions (Hesling et al., 2010; Kennedy et 

al., 2006; Murdaugh et al., 2012; Rahko et al., 2016; Spencer et al., 2012). In 

particular, Kennedy et al. (2006) found that autistic persons failed to deactivate the 

posterior regions of the DMN when switching from rest to a cognitively demanding 

task, and hence atypical deactivation of the DMN may be related to attention 

switching challenges that are often found in autism (Gomot et al., 2006; Leech & 

Sharp, 2014). Especially, attentional challenges in Study I can be linked to an 

imbalance in attention between interoceptive and external cues (Schauder et al., 

2015). Furthermore, the altered deactivation dynamics of the DMN may also reflect 

problems in the mental state representation forming loop that utilises the posterior 

regions of the DMN (Abu-Akel & Shamay-Tsoory, 2011; Schulte-Rüther et al., 

2011).  

Atypical temporal dynamics linked to the SN, and interaction between the 

DMN and the SN, have been found in autism in some recent studies (Bernas, 

Barendse et al., 2018; Damiani et al., 2019; Raatikainen et al., 2020). In addition, 

atypical functional connectivity between the SN and the DMN has been associated 

with autistic traits, e.g. socio-communicative features (Abbott et al., 2016; Assaf et 

al., 2010; Hogeveen et al., 2018; Plitt et al., 2015). The SN has an important role in 

detecting meaningful events, and it also mediates interaction between external 
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stimuli and internal cognition-related functional networks (Chen, Cai et al., 2016; 

Dionisio et al., 2019). The results of Study I confirmed the leading role of the SN 

in the network hierarchy (Menon & Uddin, 2010). On the other hand, since the 

DMN is responsible for internal thought processes and the SN regulates the activity 

of the DMN (Bonnelle et al., 2012; Zhou et al., 2018; Uddin & Menon, 2009), 

deviant temporal patterns of interaction between the SN and the DMN that were 

found in this study can potentially have many clinical and socio-pragmatic 

implications, such as affecting timely detection and interpretation of social and 

contextual cues (Chen, Cai et al., 2016).  

In addition, Study I showed atypical information flow in autistic persons that 

was related to sensory networks, which is in line with the notion that hyper- or 

hypo-responsitivity to sensory data is not uncommon in autism (Ben-Sasson et al., 

2009; Jussila et al., 2020; Robertson & Simmons, 2013). Deviant activation-

deactivation order showing altered temporal lag structure between the visual (V2) 

and auditory (A1) networks may be connected to temporal integration problems of 

multimodal sensory information that has been found in autistic persons (Smith et 

al., 2017; Stevenson et al., 2014; Turi et al., 2016). Challenges in temporal 

integration of sensory information can impede detection and interpretation of 

relevant visual and auditory cues in social communication situations (Russo et al., 

2012). In Study I, interaction between the DMN and the V1 was deviant in both 

mutually deactivated and anticorrelated RSN pairs showing atypical interaction 

between these networks in autistic persons (see also Hindriks et al., 2019; Martínez 

et al., 2020; Mash et al., 2019; Raatikainen et al., 2020). The result confirms the 

findings concerning altered hierarchical network interaction related to the visual 

pathway in autism (Kolodny et al., 2020). Atypical transient connectivity from the 

V1 to the DMN can possibly be linked to challenges converging sensory 

information to mental representations (Hong et al., 2019), which can in part explain 

reduced dynamic social cue perception capabilities in autism (Tardif et al., 2007; 

Vanmarcke et al., 2016), and atypical facial expression processing (Rahko et al., 

2012). The results of Study I showed also diminished mutual deactivation 

cascading originating from the V1, which can indicate overactivated visual network 

thus conforming findings by Paakki et al. (2021).  
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6.2 Processing of non-verbal socio-pragmatic tasks (Study II) 

6.2.1 Behavioural level findings 

When non-verbal comprehension skills of autistic and control participants were 

measured using selected non-verbal extralinguistic items from the ABaCo battery, 

no statistically significant difference was found between the groups in answering 

accuracy. The scores showed, however, a ceiling effect in the control group and 

significantly more variability for scores in the autistic group. The result suggest 

heterogeneity in the ability to interpret non-verbal cues in the autistic group, which 

can be related to individual pragmatic development trajectories suggesting that 

some autistic young adults may have developed their extralinguistic 

comprehension skills further than the others, probably due to their general cognitive 

abilities or environmental factors (Lord et al., 2015; Whyte & Nelson, 2015). In 

previous studies, ABaCo has been shown to be a sensitive tool for assessing 

pragmatic challenges in autistic persons (Angeleri et al., 2016: Gabbatore et al., 

2021). The outcome of Study II may be connected to the relatively low sample size, 

since the difference between the groups had a tendency for significance. However, 

despite similar performance between the groups in selected ABaCo items on the 

surface level, these results do not reveal underlying compensatory strategies, which 

are often mentioned in context of socio-pragmatic information processing in 

autistic persons (Pexman et al., 2011; White et al., 2014). Although many autistic 

persons were sensitive to non-verbal cues of these items, the pragmatic processing 

of the contextual cues may have required an increased effort (Aldaqre et al., 2016; 

Kim et al., 2016). Furthermore, while some autistic persons have developed 

pragmatic understanding skills which are sufficient for the requirements of these 

structured ABaCo items, these skills may not be enough for subtle everyday 

communication situations, which require more complex inferencing and attention 

to multiple and multimodal concurrent contextual cues (Ben-Yosef et al., 2017; 

Deliens et al., 2018; Minshew & Goldstein, 1998). Atypical attention to and use of 

contextual information in pragmatic inferencing tasks has been shown in previous 

autism studies (Kaland et al., 2002; Loukusa et al., 2018; Lönnqvist et al., 2017), 

which can possibly be related to a detail-oriented cognitive style that has often been 

associated with autism (Frith, 1989; Sasson et al., 2008). Reduced performance of 

some autistic persons in these non-verbal comprehension items can also be 

connected to altered perception of dynamic facial expressions and gesturing (Uono 

et al., 2014). 
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The results of Study II also showed that participants with more prominent 

autistic traits measured by AQ spent, on average, more time answering the 

questions concerning the pragmatic content of the ABaCo video clips. These 

findings implicate that information integration of contextual cues to arrive at a 

conclusion is more effortful for persons with autistic traits, which is in concert with 

studies that have associated autism with deviant capabilities to adjust reasoning 

effort to the contextual information (Kaland et al., 2002; Loukusa, Leinonen, 

Jussila et al., 2007; Pijnacker et al., 2009). Longer answering times can be a sign 

of using compensatory processing strategies and atypical brain resources in order 

to infer the pragmatic meaning of the communication situation (Kaland et al., 2007). 

Although the difference between the groups did not reach statistical significance, 

there were significantly more extreme mean answering times in the autistic group. 

Taken together, the results imply more heterogeneity in the autistic group in their 

pragmatic processing styles. On the other hand, long answering times can also 

reflect dysfluent speech or verbose communication style of some autistic persons 

(Scott, 2015). It is also possible that excessive verbalising has been part of the 

compensatory strategies and may have helped in the explicit processing of the 

communication situations (Happé, 1995b).  

When examining the reaction times between the groups, there was no statistical 

difference in times, which is consistent with earlier findings concerning processing 

of facial expressions (Ciaramidaro et al., 2018; Leung et al., 2015) or audiovisual 

stimuli (Rosso et al., 2012). It can also be that these pragmatic situations were not 

complex enough to evoke a difference in reaction times between the groups (Ben-

Yosef et al., 2017). Interestingly, when all participants were analyzed together, 

longer mean reaction times correlated with more severe autistic traits measured by 

AQ. Longer reaction time can potentially indicate more effortful context processing 

and non-automated pragmatic inferencing strategies (Colich et al., 2012).  

6.2.2 Brain level findings 

In Study II, when compared to the control group, the autistic group had less neural 

synchrony in several brain areas when watching video clips of ABaCo items which 

included pragmatic communication intentions that were conveyed non-verbally by 

gestures and facial expressions. Although there was no significant difference 

between the groups in the behavioural level answers when interpreting these 

communication situations, the brain level results revealed altered recruitment of 

brain resources in the autistic group showing that non-verbal socio-pragmatic 
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stimulus does not modulate brain states as coherently as in the control group. 

Deviant capability to modulate brain states in autism has also been found in another 

study including autistic participants from the same sample as in Study II when they 

were teenagers (Rahko et al., 2016).  

This result is also in line with other studies which have used the ISC method 

showing that autistic brains do not always synchronise with others (e.g. Lyons et 

al., 2020; Ramot et al., 2020; Salmi et al., 2013). Greater ISC in the control group 

indicates that the participants of this group assumed perhaps highly similar mental 

perspectives during ABaCo item viewing (Lahnakoski et al., 2014; Lankinen et al., 

2014), while there was more variability in the autistic group. The autistic 

participants may have had an idiosyncratic way of attending to essential cues that 

were presented in the video clips (Nguyen et al., 2019). In addition, the autistic 

participants may have used atypical, social or non-social, contextual information 

together with compensatory brain resources in their socio-pragmatic processing 

(Loukusa, Leinonen, Kuusikko et al., 2007). 

When examining synchronous brain activity in the groups, ISC maps showed 

that in the autistic group, synchronous activity was concentrated in the visual areas, 

whereas in the control group ISC was spread more widely, including not only visual, 

but also temporal and frontal areas. This can be related to compensatory processing 

mechanisms in autism. Previous studies have indicated that visual processing is 

often enhanced in autism and plays a major role in reasoning in autistic persons 

(Soulières et al., 2009). In addition, the result is also in line with the evidence that 

processing of visual information, such as gestures and facial expressions in the 

video clips, relies on posterior areas of the brain in autism (Kana et al., 2013). 

When comparing ISC maps between the groups, areas of greater synchrony in 

the control group included the bilateral insular and cingulate cortex regions, which 

are typical for the SN (Uddin, 2015). This result is in-line with other studies that 

have demonstrated that atypical responses of the SN during social target processing 

are linked to autistic features (Damiani et al., 2019; di Martino et al., 2009; 

Odriozola et al., 2016). Insular-midcingular areas have also been previously 

associated with cognitive flexibility, which may be one influencing factor behind 

the socio-pragmatic challenges in autism (Kissine, 2012; Uddin, 2021). 

When examining the significant group differences after stringent multiple 

comparison correction, reduced ISC was located mainly in the right anterior, and 

to a lesser extent in the left posterior, insula area in the autistic group. Several other 

studies have also associated deviant insula activation patterns with autistic traits 

(e.g. Krach et al., 2015; Leung et al., 2015). Altered responsivity in the insula region 
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in the autistic participants may indicate reduced capability attending to meaningful 

social cues, due to the major role of the insula as a mediator in attention directing 

processes (Uddin et al., 2015). While the insula has also been connected to 

pragmatic language and gesture processing, this finding further strengthens its 

involvement in communicative function (Dionisio et al., 2019; Kuperberg et al., 

2000; Yang et al., 2015). In particular, Study II found less correlated activity in the 

autistic group in the right insular cortex. Atypical response of the right insula has 

been previously associated with, for example, face processing tasks in autistic 

persons, and therefore this finding may also be linked to challenges in dynamic 

facial expression decoding (Loth et al., 2018; Odriozola et al., 2016; Rahko et al., 

2012).  

Significant differences in brain synchronisation between the groups were also 

found in the region belonging to the left posterior superior frontal gyrus and 

premotor cortex. This region is part of the motor control and mirror neuron systems, 

and it has an important role in understanding actions by others (Martino et al., 2011; 

Rizzolatti et al., 2002). Atypical activation in this region has been associated with 

autistic traits in some other studies (Perkins et al., 2015; Umesawa et al., 2020). 

These findings can be potentially linked to altered mirror neuron system function 

in autism during action observing. Minor group differences were also found in the 

left auditory cortex together with the parietal operculum and the posterior insula, 

which can be related to integration of multimodal, including auditory, information 

(Kaplan & Iacoboni, 2007; Rosso et al., 2012). Although the video clips contained 

only non-verbal communication, sounds of the actions were present, and some 

autistic persons may have had an idiosyncratic way of processing those sounds 

together with visual socio-pragmatic information, such as gestures and facial 

expressions. Because of potential multimodal sensory integration challenges, 

attention to salient contextual cues may have been deviant in some autistic persons, 

which potentially had implications on their socio-pragmatic information processing 

abilities (Burack et al., 2016).  

6.3 Processing of naturalistic communication events (Study III) 

Study III examined brain responses of autistic and control persons when the 

participants were viewing naturalistic communication events in which pragmatic 

communication intentions were carried using multimodal, verbal and non-verbal, 

cues. This study focused on responses of brain network components belonging to 

regions that have been associated with socio-pragmatic understanding in previous 
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studies (e.g. Study II) and which predominantly belonged to the SN. Although the 

majority of brain responses in these regions were similar between the groups, there 

were significant group differences in certain time points in two of the video clips. 

The group differences in brain responses were related to two separate incidents that 

required interpretation of two concurrently happening communication events, of 

which the other included predominantly verbal, and the other non-verbal, 

communication.  

The findings of Study III suggest that autistic persons may have had challenges 

adjusting their mental resources to the dynamics of communication situations 

which required simultaneous processing of parallel streams of communication. 

These results lend support for the complexity theory implying that deviant brain 

responses in autism may be related to the complexity of the contextual information, 

and parallel streams of multimodal information might have caused cognitive 

overload in autistic persons (Ben-Yosef et al., 2017; Minshew & Goldstein, 1998). 

In video clip 2 the concurrent communication streams included other-oriented non-

verbal communication together with simultaneous verbal dialogue, while in the clip 

4 parallel streams consisted of non-verbal communication between a couple and 

simultaneous verbal monologue by a third person. These events were demanding 

because they included several multimodal contextual cues from multiple persons, 

and in addition, required inferencing of mental states from many persons at the 

same time. Typically, processing of verbal and non-verbal aspects of 

communication happens near-instantaneously, implying that gestural-verbal 

pragmatic cues are processed in parallel neural streams, in contrast to serial 

processing (Egorova et al., 2013; Hickok & Poeppel, 2007; Tomasello et al., 2019). 

Autistic persons may have had atypical compensatory recruitment of brain 

resources suggesting more effortful parallel processing strategies (Johnson, Blaha 

et al., 2010). However, increased cognitive effort does not necessarily lead to better 

judgement of social situations compared to automatic and rapid judgement 

(Patterson, 2006). These findings potentially have a connection to pragmatic 

challenges associated with autism (Loukusa et al., 2018). 

The neural level processing was predominantly similar between the groups 

throughout the video clips, reflecting perhaps the fact that the autistic participants 

were from the mildest end of the spectrum and had good cognitive abilities. 

However, the differences between the groups were connected to those moments 

that required simultaneous processing of multiple elements related to parallel 

communication. It should be noted that other parts of the videos included only one-

to-one or one-to-many communication situations. The results imply that when the 
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processing demands of a communication situation increase, the deviant socio-

pragmatic processing mechanism of autistic persons becomes more discernible 

(Kim et al., 2016; Krach et al., 2015; Vulchanova et al., 2015). Therefore, socio-

pragmatic challenges in cognitively able autistic persons may not manifest 

themselves in simple settings, but only when the processing load exceeds a certain 

threshold. Even though the processing of social information may be similar to non-

autistic persons in simple static image viewing tasks, dynamic parallel multimodal 

communication situations like in this study can exceed the threshold after which 

pragmatic understanding becomes more challenging for autistic persons (Fletcher-

Watson et al., 2009; Vanmarcke et al., 2016).  

Atypical response of the components of the SN in autism has been shown also 

in earlier studies (Abbott et al., 2016; di Martino et al., 2009; Odriozola et al., 2016; 

see also Study II), however this was the first time when a deviant brain response in 

the SN was associated with certain communication events. The SN has an important 

role as a regulator in responding to external events and in attention switching 

(Menon & Uddin, 2010; Seeley et al., 2007). Therefore, differences in brain 

responses between the groups in Study III are potentially related to switching 

salience attribution from one communication event (or modality) to another, 

suggesting that mental functions that permit attention shifting are atypical in autism 

(Gomot et al., 2006). However, based on earlier research, there is no conclusive 

evidence of divided attention deficit in autism (Bogte et al., 2009; Mann & Walker, 

2003; Rutherford et al., 2007). Although stimulus over-selectivity has been earlier 

associated with autistic traits, it has also been shown that concurrent tasks increase 

stimulus selectivity in typically developing persons, in order to reduce processing 

load (Lovaas et al., 1979; Reed & Gibson, 2005; Reed, 2017; Tillmann & 

Swettenham, 2017). The results of Study III suggest that the autistic persons have 

deviant mechanisms for adjusting their attentional focus to socio-pragmatically 

relevant information, which has perhaps caused them excessive load while they 

were observing situations that included multiple concurrent contextual elements. 

There is also the possibility that the autistic persons may have focused on different 

concerns on the video clips compared to the control persons, which could imply 

that their cognitive resources have been reserved for other features of the 

communication events than those which are important for making socio-pragmatic 

inferences (Dindar et al., 2021; Lönnqvist et al., 2017). Deviant orienting to socially 

relevant cues in a communication situation that contains competitive sources of 

information can potentially attribute to socio-pragmatic challenges in autistic 

persons (Lepistö et al., 2005).  



74 

Furthermore, since the SN has a role in integrating multimodal sensory 

information to internal state, atypical brain responses in the SN may reflect altered 

capabilities for auditive and visual cue integration in order to attribute mental states 

to others (Uddin & Menon, 2009). Although in autistic persons, perceptual capacity 

across modalities may be intact or even above average, challenges in cross-modal 

information integration have been reported (Silverman et al., 2010; Tillmann & 

Swettenham, 2017). This can potentially be linked to pragmatic inferencing 

capabilities in autism, especially in situations involving overlapping verbal and 

non-verbal information from multiple persons. 

6.4 Critical appraisal of the studies of the doctoral thesis and 

further directions 

The autistic participants of Studies I–III were diagnosed as children. The thesis was 

based on the assumption that autism is a permanent condition and therefore the 

diagnosis is permanent. However, there is some evidence showing that a small 

subgroup of autistic children does no longer meet the diagnostic criteria for autism 

later in their lives (Anderson et al., 2014; Fountain et al., 2012; Lord et al., 2015). 

Opposite evidence indicates improvement in their cognitive capability only, while 

autistic symptoms remain stable over time (Simonoff et al., 2020).  

Nevertheless, in future studies concerning autistic adults, the participants 

should be re-diagnosed as adults to confirm the severity of their autistic traits. Also, 

the autistic participants of Studies I–III belonged to the mild end of the spectrum, 

which also made them better candidates for fMRI scanning compared to persons 

with more severe autistic traits. Nevertheless, the autistic participants of Studies I–

III had reported considerable challenges in their everyday social functioning and 

the AQ results showed a significant difference in autistic features between the 

groups. In the future, more research is needed concerning persons on the severe end 

of the spectrum. Therefore, novel research methods should be developed to allow 

for convenient and fast measurement of their performance in social tasks. 

In addition, due to the longitudinal nature of the autism research and the small 

population of Northern Finland from which the participants of this thesis were 

drawn, the sample size was rather small. However, the sample was homogeneous 

in terms of age and none of the participants had severe cognitive challenges. Gender 

differences were not considered in this study, although there is evidence that gender 

plays a role, for example, in brain connectivity (Alaerts et al., 2016; Lawrence et 
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al., 2020). Further studies with larger sample sizes and a gender specific approach 

are warranted.  

This thesis treated autistic persons as a single group and did not take 

heterogeneity of the group into consideration. However, autistic traits may vary 

considerably, and earlier studies have shown that a subgroup of autistic persons can 

have similar neural synchrony as non-autistic persons (Byrge et al., 2015; Lyons et 

al., 2020). Therefore, in future studies, heterogeneity in the autistic group should 

be studied by detecting between-subject variability of idiosyncratic brain responses 

(Finn et al., 2020), and in addition, subgroups of autistic participants should be 

identified using, e.g., clustering analysis in brain-level studies (Byrge et al., 2015; 

Lyons et al., 2020). Also, in future studies, brain level results of the sub-groups 

should be compared to respective behavioural results to find associations between 

brain network functioning and autistic traits of the subgroups. 

Although temporal lag variations can also be studied at the individual level, in 

Study I, lag variability between RSNs was analyzed at group level using the 

concatenated fMRI data of the group members, similar to the study by Raatikainen 

et al. (2020). It has been shown that spatio-temporal patterns are similar at group 

level compared to individual level (Raut et al., 2020). At the individual level, 5 min 

MREG scan would have included about 15 lag values on the chosen very low 

frequency band, which was considered too low to ensure sufficient statistical power. 

Even if longer scan duration would have allowed more statistical power at 

individual level, the vigilance of the participants was better controlled using shorter 

5 min scans. In future studies, multiple short scans per participant could be acquired 

to ensure statistical power at individual level and to allow for test-retest settings.  

In Study II, the fMRI sample used in the ISC analysis was rather short. 

However, even a relatively short fMRI sample can give statistically reliable results 

in ISC analysis, if the level of neural reactions is sufficient (Kauppi et al., 2014). It 

was considered that pragmatically challenging video clips of ABaCo of Study II 

were able to evoke enough neural reactions in the participants for the purpose of 

ISC analysis.  

Study III was rather experimental in nature allowing new neural-level findings 

to emerge in the area of dynamic socio-pragmatic processing in autism. Thus, 

further studies are needed to replicate the findings of processing challenges in 

autistic persons related to overlapping communication events. For example, eye 

movements of the participants were not tracked in the fMRI phase of this study. 

Therefore, it is difficult to say whether the viewers of the autistic group have 

attended to the same or different features of the movie clips compared to the control 
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group. Although some studies have demonstrated a deviant focus to social cues in 

autism (e.g. Lawson et al., 2018; Lönnqvist et al., 2017), in general, there is no 

consensus concerning visual social attention in autism (Guillon et al., 2014). In 

future studies, eye tracking technology should be involved in brain studies to 

investigate the link between the attentional focus and brain response when the 

participants view complex communication situations. In addition, the Study III 

would also have potentially benefitted from multimodal measurements (e.g. eye 

tracking) which would have perhaps explained, at least partly, the participants 

attentional focus. The behavioural data were not available, mainly because the 

intention originally was that the viewers would be naive to the stimuli. On the other 

hand, behavioural answers could have been misleading, because in the pre-

assessment phase of the video stimuli, the students typically only remembered the 

main idea of a video clip and did not report details of the situations. Furthermore, 

Study III would have benefitted from application of the test-retest paradigm and 

group splitting to increase reliability of the study. For example, Hasson, Malach et 

al. (2009) has found that responses evoked by video stimulus in autistic persons are 

reliable in test-retest settings. Unfortunately, the rather limited number of 

participants in this study did not allow for group splitting. In addition, fast fMRI 

data could be used in future video-based studies instead of the BOLD signal for 

more temporally accurate results. 

6.5 Clinical implications 

Based on the results of this thesis, clinical assessments that are based on using 

simple tasks in structured test situations may not give a comprehensive picture of 

the challenges experienced by cognitively able autistic young adults in everyday 

communication situations and can lead to misinterpretations concerning their 

socio-pragmatic abilities. Therefore, assessments should involve tasks that are 

complex enough to reveal situations that can potentially cause additional stress for 

them. The results of this study suggest that it is critical to assess their functioning 

for example in situations which involve multiple persons and multimodal 

communication in parallel communication streams.  

Implications of the findings of this study are that autistic persons have 

challenges adjusting their mental resources to dynamics of social interaction, 

especially when situations require processing of overlapping information. Using 

more accurate knowledge of their processing limitations, guidance can be given to 

people that are closely involved in their lives and the communication environment 
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be adjusted to reduce events which can potentially cause misunderstandings. An 

example of an event to be avoided is where multiple people communicate at the 

same time.  

In addition, determining the areas of strengths and weaknesses in socio-

pragmatic understanding allows for the development of focused intervention 

strategies for autistic persons. Since the challenges are most pronounced in 

complex situations, intervention programs that are based on over-simplistic social 

scenarios and limited contextual cues may not be efficient enough for the needs of 

everyday socio-pragmatic function. Also, intervention paradigms should allow for 

gradual increase in processing effort. This requires for building new innovative 

intervention environments utilising recent technological developments. For 

example, a virtual reality environment offers the possibility to practice challenging 

social communication situations through intermediate steps, in which the 

contextual load can be regulated and the amount of it builds up gradually. One 

major benefit of a virtual reality environment is also that it diminishes the social 

pressure experienced by the autistic person. 

6.6 Conclusions 

The studies of this thesis show that persistent difficulties related to social 

communication in autistic persons can be associated with deviant mental resonance 

to overlapping socio-pragmatic cues, which is potentially connected to atypical 

neural network recruitment and temporally altered interaction between networks 

that participate in the social information processing. Taken together, the results 

indicate reduced capability to optimise brain function according to processing 

needs in autism. In addition, the results suggest that different socio-communicative 

functioning in autistic persons is not always caught in simplistic behavioural-level 

assessments, but challenges following dynamic social context and non-verbal cues 

emerge only when the processing load exceeds a certain threshold, for example in 

parallel communication situations including multiple persons and several 

contextual elements. Since the participants of the autistic group were performing 

in the normal or above cognitive range, the results can be attributed to the core 

challenges of autistic persons. 

The results of this study point to the notion that thought processes are not as 

flexible in the autistic young adults as in their non-autistic peers, despite their 

cognitive potential. Although the performance on the behavioural level, at least in 

mildest end of the spectrum, can be comparable to non-autistic peers, the neural-
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level processing of socio-pragmatic cues may recruit compensatory or additional 

brain resources in autistic in comparison to non-autistic persons, suggesting 

increase in processing effort in autistic persons. Furthermore, the results of this 

study further confirmed the deviant brain function related to the salience and the 

default mode networks in autistic persons. 
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Appendices  

Appendix 1 

Table 10. Contents of the video clips in Study III. 

Video clip Story content  Contextual content1  Inferencing based mainly on 

following pragmatic features 

      

1 Young daughter (“Roosa-

Maria”) visits a shop to buy 

chocolate for the birthday 

cake in order to make her 

mother (“Marja”) happy (at 

least this is what she insists 

to the shopkeeper). Her 

mother is upset when she 

gets home, because she 

does not know where she 

has been. 

 Marja being upset 

because Roosa-

Maria did not act as 

agreed; conflict 

between Marja and 

Roosa-Maria 

 Verbal: Marja’s indirect verbal 

expressions of anger 

Prosody: Marja’s frustrated 

and angry tone of voice, high 

intensity 

Body language: 

Marja’s frustrated and irritated 

facial expressions (e.g. 

intensive stare), quick-

tempered movements, crossed 

arms 

World and/or social knowledge: 

one should keep one’s 

promises  

 

      

2 Grandmother (Senni”) and 

her daughter (“Marja”) are 

having a power struggle 

over the organization of the 

kitchen. Marja is not happy 

that Senni has re-organized 

the kitchen. Marja’s 

daughter (“Roosa-Maria”) 

watches the situation for a 

while with her dog, 

communicates to it using 

gestures and then leaves 

with the dog. 

 Marja’s anger 

towards Senni; 

Senni’s chagrin 

because she only 

tried to help 

 Verbal: Marja directly confronts 

Senni 

Prosody: Marja’s upset voice  

Body language: 

Marja’s angry and Senni’s sad 

facial expressions; Roosa-

Maria’s silencing gesture to the 

dog 

World and/or social knowledge: 

unsolicited organization of the 

kitchen is not always welcome 

Concurrency: 
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Requires the ability to focus on 

two parallel communication 

situations (Marja and Senni; 

Roosa-Maria and the dog) at 

the same time and connect 

information based on them via 

deduction 

 

      

3 A good-looking young 

woman (“Ilona”) enters a 

shop where the young 

shopkeeper (“Illi”) becomes 

infatuated with her, not 

realizing that she is the new 

employee, because he 

expected someone with 

more modest looks.  

 Illi’s infatuation 

towards Ilona; 

confusion about the 

identity of Ilona  

 Verbal: Ilona explains her 

reason for coming; Illi reacts 

with questions 

Prosody: Illi’s astonished and 

confused voice 

Body language: Illi’s rigid body 

language 

World and/or social knowledge: 

infatuation makes young people 

act funny 

 

      

4 Son of the family (“Illi”) 

enters home with his new 

girlfriend (“Ilona”) wishing to 

have a private moment 

together with her, but 

finding his little sister 

(“Roosa-Maria") at home. 

Roosa-Maria talks about a 

horse facing a mirror, 

meanwhile the couple 

decides to leave upstairs. 

Roosa-Maria follows them 

upstairs and continues 

distracting them verbally.  

 Roosa-Maria 

distracting the 

young couple; Illi 

irritated because of 

Roosa-Maria's 

presence 

 Verbal: Roosa-Maria’s indirect 

answers to Illi’s direct 

questions; Roosa-Maria talks 

about a horse 

Prosody: Illi’s irritated voice 

Body language: 

Illi’s irritated facial expressions; 

physical closeness of the young 

couple; gesturing between the 

young couple showing 

suggestion and agreement 

World and/or social knowledge: 

young couples want privacy 

Concurrency: Requires the 

ability to focus on two parallel 

communication situations 

(Roosa-Maria explaining in 

front of a mirror; Illi gesturing to 

Ilona) at the same time and 

connect information based on 

them via deduction 
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5 Little sister (“Roosa-Maria”) 

has taken her big sister’s 

(“Meri”) belongings without 

her permission, because 

Meri is getting married and 

leaving home. Meri 

confronts Roosa-Maria 

about it. 

 Meri’s irritation 

because of Roosa-

Maria's actions; 

conflict between 

sisters 

 Verbal: Meri directly confronts 

Roosa-Maria; Roosa-Maria 

replies defensively 

Prosody: Meri’s angry voice; 

Roosa-Maria's precocious voice  

Body language: Meri’s irritated 

facial expressions and quick-

tempered movements 

World and/or social knowledge: 

one should not take other’s 

belongings without permission 

 

      

6 Mother of the family “Marja” 

is crying. First, her daughter 

(“Roosa-Maria”) mentions 

her horse hobby and makes 

a comment about Marja’s 

state and leaves. Next, 

Marja’s husband (“Esko”) 

enters and asks about her 

crying. Marja explains that 

she is crying because her 

older daughter (“Meri”) has 

moved away from home. 

Esko figures out that Marja 

has been fighting with Meri, 

which Marja confirms.  

 

 Marja’s difficulty to 

let go; Marja’s 

sorrow because her 

daughter is leaving 

home  

 Verbal: Marja explains why she 

is crying; Esko and Roosa-

Maria comment about her 

crying, suggesting a reason for 

it 

Prosody: Marja’s sad voice; 

Esko's calm voice  

Body language: Marja’s sad 

and crying facial expressions, 

tears in her eyes 

World and/or social knowledge: 

letting go is not easy; parting 

should be done on good terms 

 

      

7 Little sister (“Roosa-Maria”) 

tells the family about a 

horse, while her big brother 

(“Illi”) comments and 

identifies with the story, 

accidentally revealing that 

he is in love with Ilona. 

Roosa-Maria teases him 

about it. 

 Roosa-Maria's and 

Illi’s direct and 

indirect expressions 

of happiness, Illi 

identifies with what 

Roosa-Maria is 

saying 

 Verbal: Roosa-Maria describes 

her wonderful experiences with 

a horse; Illi joins in, indirectly 

reflecting his own experiences 

with Ilona 

Prosody: Roosa-Maria's and 

Illi’s daydreaming voices; 

Roosa-Maria's teasing voice 

Body language: Roosa-

Maria's and Illi’s daydreaming 

facial expressions 
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World and/or social 

knowledge: people who have 

recently fallen in love 

experience strong feelings and 

think constantly about their 

loved one  

 

1 based on the assessment by students from the University of Oulu 
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Appendix 2 

Transcription of the video clip 2 in Study III 
 

[01:24] Senni: what did they say there? ((inquires in a friendly manner from 
Marja who pours coffee into Senni’s cup)) 
[01:25] Marja: nothing ((annoyed)) 
[01:26] Senni: thank [you] ((Senni looks downwards while Marja speaks)) 
[01:27] Marja: [do you think] that you can get a proper answer from the doctors 
(.) they just beat around the bush 
[01:31] Marja: where are the cups? ((starts opening the cupboards)) 
[01:32] Senni: well, I cleaned the cupboards 
[01:33] Marja: =what has happened here? ((opens more cupboards)) 
[01:34] Senni: they were so dirty so dirty and (.) surely no-one had wiped them (.) 
since you [wiped them last time] 
[01:39] Marja: [HOW COME] you have set these kinds of papers here? 
[01:41] Senni: I set those pape- shelfpapers because they are so pretty when you 
open the door [we had-] 
[01:44] Marja: [well no-one] uses shelfpapers anymore they just gather [dust] 
[01:48] Senni: [look here] I put (.) ((opens the cupboard to show)) salt and (.) 
sugar (.) [and here] you see is flour (.) ((opens another cupboard)) just within your 
reach 
[01:52] Marja: [did you-] 
[01:53] Marja: why did you reorganize everything here? ((At the end of the 
speech act, the camera shows Roosa-Maria who enters the room holding Nero the 
dog by the collar. The two women are in the middle of the quarrel and do not 
notice her.)) 
[01:57] Marja: THERE IS NO SENSE IN THIS AT ALL ((Marja’s voice can be 
heard in the background while the camera shows Roosa-Maria who makes a 
silence gesture to the dog with one finger on her lips)) 
[01:59] Senni: well I thought that when you are cooking- ((Senni’s voice can be 
heard but the camera shows Roosa-Maria who whispers something to the dog)) 
[02:00] Marja: =DON’T THINK (.) this is MY order here ((Marja’s voice can be 
heard in the background while the camera shows Roosa-Maria, who pulls the dog 
by the collar to leave the room quietly)) 
[02:02] Marja: =’cos this is MY kitchen (.) have you forgotten that? ((the camera 
now shows Marja and Senni facing each other, Roosa-Maria is no longer visible)) 
[02:06] ((Senni is shown alone, closing the cupboards and looking hurt))   
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Appendix 3 

Transcription of the video clip 4 in Study III 
 

[03:22] Illi: hi ((entering home)) 
[03:23] Roosa-Maria: hi ((speaking outside the camera view)) 
[03:24] Ilona: hi ((she enters after Illi, Roosa-Maria looks at Ilona curiously, 
Roosa-Maria is wearing a riding helmet)) 
[03:27] Illi: aha, are you going riding? ((asking hopefully)) 
[03:29] Roosa-Maria: it depends ((Illi gazes at Ilona)) 
[03:31] Illi: well on what? ((Illi and Ilona are side by side both looking at Roosa-
Maria)) 
[03:32] Roosa-Maria: on when Ida and daddy are going to pick me up ((looking at 
the couple)) 
[03:34] Illi: Is there anyone else at home?  
[03:35] Roosa-Maria: it depends 
[03:37] Illi: come on now Roosa-Maria (.) answer properly ((requesting facial 
expression)) 
[03:39] Roosa-Maria: no (0.7) you know something Illi? (0.9) Sulo has had horse 
colic several times 
((Roosa-Maria speaks in front of the mirror while she is adjusting her riding 
helmet, meanwhile Illi nods meaningfully to Ilona and takes her by the hand. 
Ilona glances at Roosa-Maria to make sure she does not notice what is going on 
between the couple. The couple sneaks secretly upstairs behind Roosa-Maria's 
back.))  
[03:45] Roosa-Maria: do you know Illi what colic is? ((she turns to the couple to 
notice that they have left)) 
[03:48] Roosa-Maria: hmph (0.9) Illi:: (0.7) come on Nero ((she calls the dog and 
walks upstairs entering Illi's room where the couple sits on the bed)) 
[04:01] Illi: aach ((annoyed grunt, stops making out with Ilona)) 
[04:02] Roosa-Maria: just like that it said 
[04:03] Illi: huh (.) who? ((frustrated)) 
[04:05] Roosa-Maria: that Sulo 
[04:06] Illi: argh ((more annoyed grunt)) 
[04:07] Roosa-Maria: have you been sniffing? 
[04:08] Illi: @what@ ((frustrated and angry)) 
[04:09] Roosa-Maria: because you grunt like that (.) Sulo always gets colic when 
he sniffs ((clearly not understanding what colic or sniffing means))  
[04:13] ((Illi and Ilona gaze at each other)) 
[04:14] Ilona: I don't understand a thing now ((looking confused)) 
[04:15] Roosa-Maria: because you are from the countryside ((looking 
precocious)) 
[04:17] Illi: hhh (0.7) Roosa-Maria dear why won't you go riding now ((speaks 
gently)) 
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[04:21] Roosa-Maria: ok ((speaking outside the camera view, footstep sounds 
when leaving)) 
[04:24] ((Illi lifts his finger to his lips making a "silence" gesture to Ilona. The 
couple sneaks behind Roosa-Maria's back into another room. Roosa-Maria starts 
to descend the stairs)) 
[04:31] Roosa-Maria: oh yeah (.) I forgot to explain what sniffing means ((turns 
around in the staircase in order to return to Illi's room)) 
  



112 

 



113 

Original publications  

I  Kotila, A., Järvelä, M., Korhonen, V., Loukusa, S., Hurtig, T., Ebeling, H., Kiviniemi, 
V., Raatikainen, V. (2021). Atypical inter-network deactivation associated with the 
posterior default-mode network in autism spectrum disorder. Autism Research, 14(2), 
248-264. https://doi.org/10.1002/aur.2433 

II  Kotila, A., Tohka, J., Kauppi, J.-P., Gabbatore, I., Mäkinen, L., Hurtig, T. Ebeling, H. 
E., Kiviniemi, V., & Loukusa, S. (2021). Neural-level associations of non-verbal 
pragmatic comprehension in young Finnish autistic adults. International Journal of 
Circumpolar Health, 80(1), 1909333. https://doi.org/10.1080/22423982.2021.1909333 

III  Kotila, A., Hyvärinen, A., Mäkinen, L., Leinonen, E., Hurtig, T., Ebeling, H. E., 
Korhonen, V., Kiviniemi, V. & Loukusa, S. (2020). Processing of pragmatic 
communication in ASD: a video-based brain imaging study. Scientific Reports, 10, 1-
10. https://doi.org/10.1038/s41598-020-78874-2 

Reprinted with permission from John Wiley & Sons (I), Taylor & Francis (II) and 

Springer Nature (III). 

Original publications are not included in the electronic version of the dissertation. 
  



114 

 



A C T A  U N I V E R S I T A T I S  O U L U E N S I S

Book orders:
Virtual book store

http://verkkokauppa.juvenesprint.fi

S E R I E S  B  H U M A N I O R A

181. Sokol, Robin (2021) Taking the next step in a collaborative project: a multimodal
analysis of verbal and embodied actions at the computer

182. Koivumäki, Kaisu (2021) Fragmented science communication : mapping the
contemporary challenges of organizational science communication

183. Partanen, Lea (2021) Communication, narration, and reading and spelling skills in
primary school-aged children born with fetal growth restriction

184. Nuortimo, Kalle (2021) Hybrid approach in digital humanities research : a global
comparative opinion mining media study

185. Hakonen, Aki (2021) Local communities of the Bothnian Arc in a prehistoric
world

186. Martikainen, Anna-Leena (2021) Intra-word variability in children acquiring
Finnish

187. Keränen, Teija (2021) Everyday energy information literacy : defining the concept
and studying it empirically in Finland

188. Vehkavuori, Suvi-Maria (2021) Early lexicon : associations to later language skills
and screening

189. Cooke, Taina (2021) Culture on trial : an ethnographic study of the de/
constructing of culture in Finnish law courts

190. Grasz, Sabine (2021) Mehrsprachige Praktiken beim Lernen im Tandem : eine
empirische Untersuchung zu deutsch-finnischen Tandemgesprächen

191. Nyfors, Mervi (2021) Lapsen kuolema : traumaattinen suru kotimaisessa
omaelämäkerrallisessa kirjallisuudessa

192. Multas, Anna-Maija (2022) New health information literacies : a nexus analytical
study

193. Kanto, Kati (2022) Pohjoisen nuorten tilat ja paikat Anna-Liisa Haakanan 1980-
luvun nuortenkirjoissa

194. Molnár-Bodrogi, Enikő (2022) ”Kieli on sielun sormenjäljet” : Pohjois-
Fennoskandian ja Romanian suomalais-ugrilaisten vähemmistöjen kielinarratiivit
identiteetin rakentajana

195. Matila, Tuuli (2022) Seeing the war through a Finnish lens : representation and
affect in the World War II photographic heritage

196. Hyrkäs, Eve-Riina (2022) Psychosomatic connections : mind-body histories in
Finnish medicine, ca. 1945–2000



UNIVERSITY OF OULU  P .O. Box 8000  F I -90014 UNIVERSITY OF OULU FINLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

University Lecturer Tuomo Glumoff

University Lecturer Santeri Palviainen

Postdoctoral researcher Jani Peräntie

University Lecturer Anne Tuomisto

University Lecturer Veli-Matti Ulvinen

Planning Director Pertti Tikkanen

Professor Jari Juga

Associate Professor (tenure) Anu Soikkeli

University Lecturer Santeri Palviainen

Publications Editor Kirsti Nurkkala

ISBN 978-952-62-3294-2 (Paperback)
ISBN 978-952-62-3295-9 (PDF)
ISSN 0355-3205 (Print)
ISSN 1796-2218 (Online)

U N I V E R S I TAT I S  O U L U E N S I SACTA
B

HUMANIORA

B
 197

A
C

TA
A

ija-R
iitta K

otila

OULU 2022

B 197

Aija-Riitta Kotila

NEURAL BASIS OF
SOCIO-PRAGMATIC 
UNDERSTANDING IN
YOUNG ADULTS ON
THE AUTISM SPECTRUM

UNIVERSITY OF OULU GRADUATE SCHOOL;
UNIVERSITY OF OULU,
FACULTY OF HUMANITIES, LOGOPEDICS (LOGO);
FACULTY OF MEDICINE, PEDEGO RESEARCH UNIT (PEDEGO)


	Abstract
	Tiivistelmä
	Acknowledgements
	Abbreviations
	Original publications
	Contents
	1 Introduction
	2 Literature review
	2.1 Autism
	2.1.1 Definition of autism spectrum disorder
	2.1.2 Socio-pragmatic abilities in autism
	2.1.3 Theoretical background for socio-pragmatic features in autism

	2.2 Functional magnetic resonance imaging
	2.2.1 The basis of functional magnetic resonance imaging
	2.2.2 Characteristics of fMRI BOLD and fast fMRI

	2.3 Socio-pragmatic processing on brain-level
	2.3.1 Brain regions associated with socio-pragmatic processing
	2.3.2 Large-scale brain networks associated with socio-pragmatic processing
	2.3.3 Brain imaging studies based on naturalistic stimuli

	2.4 Brain level findings associated with autism
	2.4.1 Atypical functional connectivity in resting-state
	2.4.2 Atypical brain function in tasks related to social understanding
	2.4.3 Brain responses of autistic persons viewing naturalistic stimuli


	3 Aims of the study
	4 Materials and methods
	4.1 Participants
	4.2 Behavioural-level assessment of pragmatic abilities in Study II
	4.3 Brain-level data
	4.3.1 Data acquisition
	4.3.2 Data pre-processing
	4.3.3 Data analysis


	5 Results
	5.1 Brain dynamics in task-free conditions
	5.1.1 Time lag structures between deactivated resting-state networks
	5.1.2 Time lag structures between anticorrelated resting-state networks

	5.2 Results related to viewing non-verbal extralinguistic items of ABaCo
	5.2.1 Behavioural level results for ABaCo items
	5.2.2 Brain response for ABaCo items

	5.3 Socio-pragmatically challenging situations from a TV series

	6 Discussion
	6.1 Interplay between brain networks in resting-state conditions (Study I)
	6.2 Processing of non-verbal socio-pragmatic tasks (Study II)
	6.2.1 Behavioural level findings
	6.2.2 Brain level findings

	6.3 Processing of naturalistic communication events (Study III)
	6.4 Critical appraisal of the studies of the doctoral thesis and further directions
	6.5 Clinical implications
	6.6 Conclusions

	List of references
	Appendices
	Original publications



