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ABSTRACT 

Psychosis is a condition where the ability to distinguish between external and 

internal experiences is diminished or distorted. It is a core symptom of several 

psychiatric disorders which have a crucial impact on the quality of patients’ 

lives. Although the neuronal basis of psychosis is unknown, studies suggest 

that psychosis is derived from glutamate-driven and dopamine-related altered 

signaling within and between different brain regions. Brain imaging studies 

have typically used resting state or simple task paradigms to study brain 

mechanisms related to psychosis. In this thesis, naturalistic stimulus during 

functional magnetic imaging was used to explore more complex stimulus 

processing. Movies have been shown to synchronize brain activity across 

subjects more efficiently than resting state and are increasingly used in 

neuroscience. The main aim of this thesis was to characterize differences in 

brain functioning between first-episode psychosis patients and control 

subjects during naturalistic stimulus, i.e., movie viewing. Participants were 

drawn from the Helsinki Psychosis Study. The patient group consisted of 

individuals treated for first psychotic episode in the hospitals and outpatient 

clinics of the Helsinki University hospital and the city of Helsinki. Age-, sex- 

and area of residence matched control subjects were recruited via the Finnish 

Population Registration System. Papers I and II include data from 32 patients 

and 46 control subjects, and paper III includes 71 patients and 57 control 

subjects.    

 

In paper I, machine learning was used to identify a bilateral region in the 

precuneus, where activation patterns during movie viewing distinguished 

patients from control subjects. Classification accuracy was associated with 

positive symptoms in that the higher the symptom score the more reliable the 

classification. In paper II, both fuctional and structural connectivity were 

studied to establish that the precuneus region showed functional connectivity 

across the movie to the default mode network and that patients had increased 

function connectivity between the precuneus seed region and the medial 
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prefrontal cortex. No differences were observed in the underlying white matter 

structural connectivity. In paper III functional connectivity was used on the 

whole-brain level to identify a subnetwork, or component, where connectivity 

differed between patients and control subjects. Patients had mainly decreased 

but also, in some connections, increased functional connectivity. Also, 

differences between patients and control subjects in graph measures were 

observed, most prominently in the centrality of the insula.  

 

The results suggest brain functioning during naturalistic stimulus is altered in 

first-episode psychosis. Most prominent differences are concentrated in the 

hub regions of the brain and regions and functional networks related to 

salience attribution and model updating. Understanding naturalistic stimulus 

related brain correlates of aberrant cognitive processes already present during 

early stages of psychosis might provide better targeted and more efficient 

biological, cognitive and behavioural interventions in the future.  
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TIIVISTELMÄ 

 

Psykoosilla tarkoitetaan todellisuudentajun vakavaa heikentymistä, mikä voi 

ilmetä aistiharhoina, harhaluuloina, hajanaisuudessa puheessa ja käytöksessä 

sekä katatonisina oireina.  Psykoosi on keskeinen oire useassa elämänlaatua 

merkittävästi heikentävässä vakavassa mielenterveyden häiriössä. Psykoosiin 

liittyviä aivojen toiminnallisia muutoksia ei vielä täysin tunneta, mutta niiden 

uskotaan olevan yhteydessä glutamaatti-johdannaiseen ja 

dopamiinisidonnaiseen poikkeavaan viestintään eri aivoalueiden välillä. 

Aivokuvantamistutkimuksissa on tyypillisesti käytetty ärsykkeenä resting-

state, eli lepotila-asetelmaa tai yksinkertaisia tehtäviä. Tässä tutkielmassa 

käytettiin naturalistista stimulusta elokuvan muodossa, jolloin ärsykkeen 

käsittely vastaa paremmin arjen vaatimuksia kuin yksinkertaisissa 

ärsykkeissä. Elokuvan katsomiseen liittyvä aivotoiminta on myös 

vertailukelpoisempaa katsojien välillä kuin lepotilassa. Tämän tutkielman 

päätavoitteena on tutkia eroja ensipsykoosipotilaiden ja verrokkien 

aivotoiminnassa naturalistisen stimulaation, tässä tapauksessa elokuvan 

katsomisen aikana. Tutkielman potilasaineisto koostuu henkilöistä, joilla oli 

ensimmäinen hoitokontakti Helsingin yliopistollisen keskussairaalan tai 

Helsingin kaupungin palvelujen piirissä psykoosioireiden vuoksi. 

Vertailuhenkilöt on rekrytoitu Suomen väestörekisterin kautta. Osatöissä I ja 

II aineistossa on mukana 32 potilasta ja 46 vertailuhenkilöä ja osatyössä III 71 

potilasta ja 57 vertailuhenkilöä.  

 

Osatyössä I hyödynnettiin koneoppimismenetelmiä ja tunnistettiin 

bilateraalinen alue prekuneuksesssa, jossa signaalin vaihtelu elokuvan aikana 

erotteli potilaita verrokeista sattumaa merkittävästi paremmalla tarkkuudella.  

Potilaiden luokittelu oli sitä varmempaa, mitä korkeampi oli heidän 

positiivisten oireiden pistemäärä. Osatyössä II käytettiin sekä funktionaalisen 

että rakenteellisen konnektiviteetin menetelmiä potilas - verrokki erojen 

selvittämiseen prekuneus-alueen ja muiden aivoalueiden välillä. Potilailla 
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havaittiin vahvempi funktionaalinen konnektiviteetti prekuneuksen ja 

mediaalisen prefrontaalikorteksin välillä. Alueita yhdistävissä rakenteissa ei 

ollut ryhmäeroja. Osatyössä III käytettiin funktionaalista konnektiviteettiä 

funktionaalisen alaverkoston tunnistamiseen, jossa konnektiviteetti poikkesi 

potilaiden ja verrokkien välillä. Potilailla oli verkostossa enimmäkseen 

heikentyneitä, mutta joidenkin aivoalueiden välillä myös verrokkeja 

vahvempia yhteyksiä aivoalueiden välillä. Lisäksi havaittiin potilas – verrokki 

eroja verkoston rakennetta kuvaavissa graafimittareissa, selvimmin insulan 

keskeisyydessä.  

 

Tulokset vahvistavat käsitystä, että ensipsykoosipotilaiden aivotoiminta 

poikkeaa terveistä vertailuhenkilöistä. Selvimmin poikkeavuudet näkyvät 

toiminallisten verkostojen hubikohdissa sekä alaverkostoissa, jotka liittyvät 

muun muassa salienssin määrittelyyn sekä sisäisten mallien päivitykseen. 

Sellaisten poikkeavien kognitiivisten aivoprosessien ymmärtäminen, jotka 

ovat läsnä jo psykoosisairauksien alkuvaiheessa, voi tulevaisuudessa 

edesauttaa kohdennettujen ja mahdollisesti tehokkaampien biologisten sekä 

käyttäytymisterapeuttisten interventioiden suunnittelua tulevaisuudessa.  
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1 INTRODUCTION 

 

1.1 PSYCHOSIS  

 
Psychosis can be described as a mental state, where the ability to distinguish 

between external reality and one's inner thoughts and experiences is 

diminished or disabled. Psychotic symptoms include delusions, 

hallucinations, disorganized thinking, and grossly disorganized or abnormal 

motor behavior. In addition, negative symptoms such as avolition and 

diminished emotional expression are common in psychotic disorders. In the 

5th edition of the Diagnostic and statistical manual of mental disorders (DSM-

5), psychotic disorders are classified based on the duration, level, and number 

of psychotic symptoms and mood symptoms, if present (Association, 2013). In 

addition, DSM-5 includes a dimensional assessment of delusions, 

hallucinations, disorganized speech, negative symptoms, abnormal 

psychomotor behavior, mania, depression, and cognition, which allows for a 

more specific and individual description of psychosis (Heckers et al., 2013). 

The most common diagnoses of psychotic disorders are nonaffective psychotic 

disorders, such as schizophrenia, schizophreniform disorder, schizoaffective 

disorder, and brief psychotic disorder. However, psychotic symptoms are also 

related to mood disorders, such as major depressive disorder and bipolar 

disorders, or can be substance-induced or caused by a general medical 

condition. (Association, 2013) In the Finnish population, the lifetime 

prevalence of any DSM-IV psychotic disorder is estimated to be 3.5%, with 

schizophrenia being the most common one (Perälä, 2012).  

 



Introduction 

16 

1.2 FIRST-EPISODE PSYCHOSIS 

First-episode psychosis refers to the first time a person experiences a psychotic 

episode and the term is typically used to describe individuals in the early 

course of a psychotic illness (Breitborde et al., 2009). The recovery process 

varies, as patients may never experience psychotic episodes again or develop 

life-long chronic psychotic disorders that are resistant to treatment (Lally et 

al., 2017).  According to one meta-analysis, approximately half of first-episode 

psychosis patients are in remission in four years and about a third in full 

recovery in the course of five years (Catalan et al., 2021). The outcome of the 

course of the illness can be predicted to some degree, both clinically and in 

regard to overall functioning. For example, longer duration of illness, more 

severe negative symptoms, suicide attempts, and male gender are predictive 

of a more severe illness, and cognitive functioning is associated with the ability 

to take care of oneself in the community and thus affects the quality of life 

(Suvisaari et al., 2018).  

 

 

1.3 COGNITION AND EMOTIONS IN PSYCHOSIS 

 

Psychosis is associated with cognitive impairment nearly without exception 

(Bora et al., 2011; Bora & Murray, 2014; Keefe et al., 2005), with affected 

domains including processing speed, attention, verbal and visual memory and 

learning (Bowie & Harvey, 2005) and social cognition (Healey et al., 2016). A 

recent meta-analysis highlighted specifically the speed of processing and 

psychomotor coordination to be impaired regardless of the general level of 

cognitive functioning in verbal and working memory or executive processing  

(Bechi et al., 2019). Elements of social cognition that are known to be impaired 

already in the early stages of psychosis include theory of mind, emotion 

recognition and social perception (Barkl et al., 2014; Thompson et al., 2012). 

How these impairments affect every-day life of patients is unclear. For 

example, studies have seen no association between social perception 

impairments in a laboratory setting and every-day social functioning 



 

17 

(Janssens et al., 2012). Furthermore, there appears to be no decline in 

cognitive functioning after the first psychotic episode (Bora & Murray, 2014), 

suggesting that cognitive deficits predate illness.  

 

Patients with psychotic disorders are known to exhibit emotional 

dysregulation (O’Driscoll et al., 2014). Although psychosis is typically 

associated with diminished emotional expression, patients have been shown 

to experience more intense negative emotions than control subjects (Cohen & 

Minor, 2010) and use more dysfunctional strategies to regulate emotions 

(Livingstone et al., 2009). The emotions that are experienced during psychotic 

episodes have been described as as unstable, foreign and perturbing with 

anxiety being the most prevailing one (Vodušek et al., 2014). 

 

 

1.4 HYPOTHESES ON CAUSES OF PSYCHOSIS 

 

There are several current theories on the causes of psychotic symptoms, but 

conclusive empirical support for any theory is, however, yet to be found. The 

long-held dopamine hypothesis of psychosis arose in the 1960s, with the 

observation that neuroleptics block dopamine receptors in rodent brains 

(Carlsson & Lindqvist, 1963). Same observations were made in the human 

brain in the 1970s (Creese et al., 1976; Seeman et al., 1976). The hypothesis 

initially suggested a hyperactive dopaminergic signaling as the cause of 

positive symptoms in psychosis (Seeman, 1987). It has since received critique 

(Moncrieff, 2009) but also evolved and includes now a much more complex 

view of several dysregulated neurotransmitter pathways, including glutamate 

and serotonin (Coyle et al., 2020; Jauhar et al., 2018; Stahl, 2018). The most 

current view of the hypothesis on the etiology of psychosis suggests an array 

of risk factors related to pregnancy, stress, genetics and environmental issues 

that together influence the presynaptic glutamate-driven dopaminergic 

function (Howes et al., 2020; Howes & Kapur, 2009).  
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1.4.1 BRAIN PROCESSES AND THE EXPERIENCE OF PSYCHOSIS 

 

It has been suggested that dopamine-related experiences of aberrant salience 

cause the experience of psychotic symptoms such as delusions and 

hallucinations (Kapur, 2003). The hypothesis puts forward that a dysregulated 

dopamine transmission leads to a stimulus-independent release of dopamine, 

replacing the normal process of contextually driven salience and leading to 

aberrant assignment of salience to external objects and internal 

representations. In this framework, delusions can be seen as top-down 

cognitive explanations for the aberrant salience attributed meanings given to 

stimuli in an effort to make sense of them. Hallucinations can be seen as 

arising from abnormal salience of internal memories, preceptions, and 

representations.   

 

In a more elaborate model (Fletcher & Frith, 2009), Kapur's theory of aberrant 

salience is incorporated with a Bayesian approach of prediction error, or the 

discrepancy between sensory input and expectations, and learning. In this 

framework, the brain's disabled ability to correctly predict outcomes is 

thought to lead to falsely assigned stimulus salience and result in correcting 

one's world view on falsely perceived meanings and causalities. Ultimately this 

will lead to the need to develop a set of beliefs that must account for strange 

and contradictory data, beliefs that will manifest themselves as delusions. 

Also, due to the inability to predict the experience of inner speech or thought, 

these will be experienced as hallucinations.  

 

1.4.2 BRAIN NETWORKS AND TOPOLOGY 

 
It is suggested that the organization of the brain has developed to achieve a 

balance between fast, localized, and specialized processing and the ability to 
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efficiently combine information from different and distant parts of the brain 

while maintaining an optimal level of redundancy in case of damage to parts 

of the system (Sporns, 2010). Studies have shown that the functional topology 

of the human brain, or the way brain regions are functionally organized and 

related to each other, is indeed not random but can rather be described as a 

complex network (Bullmore & Sporns, 2009).  

 

To conceptualize the idea of the brain as a network, neuroscience has adapted 

the concepts of graph theory (Bollobás, 2001), where neurons or small regions 

can be seen as nodes, and interactions between them as lines or edges 

(Bullmore & Sporns, 2009). Sets of nodes, otherwise known as clusters, are 

thought to be connected to other clusters via hubs. These highly connected hub 

nodes tend to be also highly connected to each other, forming a set of hubs, 

sometimes known as “the rich club”, suggested to have a central role in the 

integrative processes of the brain (Heuvel & Sporns, 2011; Towlson et al., 

2013). This set of hubs is believed to exist both structurally and functionally 

and is thought to consist of medial parietal, medial frontal, and insular regions 

(Heuvel & Sporns, 2011). More specifically, the hubs include the medial 

parietal/posterior cingulate cortex (PCC), superior frontal/anterior cingulate 

cortex (ACC), insula, and inferior temporal cortex (Grayson et al., 2014). These 

hub nodes tend to overlap with many known functional networks, such as the 

default mode and fronto-parietal networks (Grayson et al., 2014).  

 

1.4.3 PSYCHOSIS AND DYSFUNCTIONAL CONNECTIVITY 

 
Current research points towards the idea of psychotic disorders as a function 

of altered brain networks or dysfunctional connectivity (Bora et al., 2011; Dong 

et al., 2018; Ellison-Wright & Bullmore, 2010; Fornito et al., 2012; Pettersson-

Yeo et al., 2011; Skudlarski et al., 2010). Studies on structural connectivity 

suggest patients with psychotic disorders have a less globally integrated 

structural brain network and a reduced role of key hubs, resulting in a limited 

capacity to integrate information across brain regions (van den Heuvel et al., 
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2013; van den Heuvel, Mandl, Stam, Kahn, & Hulshoff Pol, 2010; Yu et al., 

2013). While studies on the functional connectivity of psychotic disorders are 

somewhat conflicted, showing both decreased and increased connectivity in 

patients (Crossley, Fox, et al., 2016; Fornito et al., 2012), results do indicate 

aberrant connectivity in the prefrontal, temporal and parietal lobes, roughly 

overlapping resting state networks (Chang et al., 2014; Cole, Anticevic, 

Repovs, & Barch, 2011; Karbasforoushan & Woodward, 2012; Liu et al., 2008; 

Wang et al., 2014; Whitfield-Gabrieli & Ford, 2012). Some studies show 

increased coupling between structural and functional connectivity, thought to 

tell of a stronger tendency in patients to have functional connections based on 

the underlying structures, due to a reduced global connectivity efficiency (van 

den Heuvel et al., 2013). However, other studies suggest patients having 

higher decoupling between anatomical and functional connectivity, with the 

strongest focus on decoupling localized to the posterior cingulate cortex 

(Skudlarski et al., 2010). A detailed understanding of brain connectivity of 

patients with psychotic disorders is therefore still lacking, calling out for not 

just additional research, but possibly for different ways of looking at 

connectivity.  

 
 

When brain functioning is observed as a network (Bollobás, 2001; Rubinov & 

Sporns, 2010), evidence suggests that patients with psychotic disorders have 

altered network properties (Rubinov & Bullmore, 2013) that predate first-

episode psychosis (Lord et al., 2012) but the nature of the alterations varies. 

One consistent finding across studies seems to be the concentration of 

abnormalities in the highly interconnected hub regions of the brain (Crossley 

et al., 2014; Crossley, Mechelli, et al., 2016; van den Heuvel & Fornito, 2014). 

Evidence suggests psychosis to be related to diminished integration and hub 

domination (Lynall et al., 2010), more vulnerable hubs (Crossley, Mechelli, et 

al., 2016) and less segregation (Peeters et al., 2016). Studies have also shown 

network properties to be associated with clinical factors, such as positive 

symptoms and response to treatment (Kang & Sponheim, 2017; Palaniyappan 

et al., 2016; Su et al., 2015). So far, studies using topological measures to 
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examine brain functioning in psychosis have predominantly used resting-state 

data (Farahani et al., 2019). 

 

1.5 THE BASICS OF FMRI AND DTI 

The most common method of functional magnetic resonance imaging is based 

upon the blood-oxygen-level dependent (BOLD) signal. Local physiological 

regulation results in increased flow of oxygenated hemoglobin in the region of 

neuronal activation.  The changes in blood flow and neuronal activity in the 

brain is called the hemodynamic response (HDR) and reaches its peak after 

approximately 4-6 seconds after the neuronal activation. As baseline BOLD 

baseline level varies between subjects, the measure is not descriptive on its 

own but is rather compared to different time points within the same subject 

(implying change in activation related to, for example, whatever external 

condition was manipulated in the experiment between these time periods) or 

used to examine which other parts of the brain exhibit related activation 

patterns (co-activation or functional connectivity). 

    

Diffusion tensor imaging (DTI) utilizes the Brownian motion of water 

molecules to recognize changes in brain white matter microstructure.  

Commonly used measures are fractional anisotropy (FA), mean diffusivity 

(MD), axial diffusivity (AD) and radial diffusivity (RD) (Alexander et al., 

2007). FA is a measure of how directed the motion of water molecules is and 

the microstructure of white matter compels the motion to be more directed in 

white than in grey matter. FA is therefore thought to mainly reflect white 

matter microstructural changes and integrity. MD measures the amount of 

overall diffusion and is thought to be an inverse measure of membrane density. 

AD measures diffusivity along the principal axis and RD gives the sum 

diffusivity along the two minor axes. 
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1.6 NATURALISTIC STIMULUS IN NEUROIMAGING 

 
The resting-state paradigm, often used in various studies examining whole-

brain functioning (Crossley et al., 2014; Palaniyappan et al., 2016; Peeters et 

al., 2016), involves the subjects not being engaged in any task and are, for 

example, asked to let their mind wander or fixate on an x on the screen. This 

approach gives valuable information of shared intrinsic networks between 

subjects but is unable to reveal brain dynamics or topological organization 

during the processing of complex external stimuli, as faced in everyday life. 

Furthermore, during resting state, the content of the mind varies between 

subjects and is therefore impossible to control. Some studies have used 

reduced tasks (Lord et al., 2012) that are controllable but capture a narrower 

field of brain functioning. However, different tasks evoke distinct patterns of 

activity and affect what brain function is observed.  

 

When considering the nature of psychotic symptoms, ranging from cognitive 

deficits to difficulties in social interaction and emotional dysregulation, it is 

reasonable to consider using complex, naturalistic stimulus, such as movies. 

Movies are known to evoke high cross-subject synchrony (Hasson et al., 2004; 

Simony et al., 2016). Synchronization appears to be nonspecific to modality 

and is related to the comprehensiveness of the story (Nguyen et al., 2019). For 

example, sounds or scrambled words without context synchronize primary 

auditory cortices, whereas hearing comprehensive stories synchronizes 

regions associated with higher level cognitive processing such as the prefrontal 

and parietal areas (Baldassano et al., 2018). Synchronization appears to be 

stronger and more widespread when subjects are mentally simulating 

thoughts and actions of others (Nummenmaa et al., 2014) and specific to what 

perspective in relation to the movie stimulus the viewer is asked to take  

(Lahnakoski et al., 2014), suggesting that mental state also affects 

synchronization. Naturalistic stimulus has also been shown to enhance 

individual differences in functional connectivity when compared to resting-

state (Sanchez-Alonso et al., 2021; Vanderwal et al., 2017). In psychosis 

research, movies as a form of naturalistic stimulus is a relative novel method 
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but has shown promising results (Patel et al., 2021; Yang et al., 2020), 

including the previous work sharing the data with this thesis (Mäntylä et al., 

2018). 

 

 

 

1.7 CLINICAL APPLICATIONS OF MACHINE LEARNING 
AND BRAIN IMAGING IN PSYCHOSIS 

 

Machine learning refers to a type of artificial intelligence, where algorithms 

identify patterns, or “learn”, from data and make predicitions or classifications 

based upon this. Psychosis-related research using machine learning has 

included biomarkers as a diagnostic tool, predicting the onset of disease and 

for evaluating and predicting response to treatment (Bleich-Cohen et al., 2014; 

Koutsouleris et al., 2012; Orrù et al., 2012). Since the first study using gray 

matter patterns and machine learning to distinguish schizophrenia patients 

from controls (Davatzikos C et al., 2005), studies using structural or functional 

data have consistently shown relatively good diagnostic classification rates 

(Costafreda et al., 2011; Ingalhalikar et al., 2010; Kempton & McGuire, 2015; 

Orrù et al., 2012) and have been successful in predicting disease onset using 

structural imaging, with accuracies distinguishing control subjects from at-

risk subjects that developed psychosis as high as 92.3 % (Koutsouleris et al., 

2012). However, it is improbable that equally high classification rates would 

be observed in clinical use, as the conversion rate in the study was substantially 

higher than in the general population. Regions with discriminative power have 

been located in the cerebellum and frontal areas, when using a resting state 

paradigm (Shen et al., 2010) and in areas associated with word production in 

a verbal task study (Costafreda et al., 2011).  

 

Earlier psychosis-related machine-learning studies have mainly focused on 

chronic schizophrenia, where arguably long-term effects of the illness and 

treatment are also contributing factors to any neural features.  Some studies 
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have also concentrated on first-episode psychosis patients, showing scattered 

patterns of discriminative regions (Borgwardt et al., 2013; Peruzzo et al., 2014; 

Pettersson-Yeo et al., 2011). 
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2 AIMS OF THE STUDY 

The main aim of this thesis is to bring new understanding to how the brain 

functions as a network during every-day-like complex information processing 

in the early stages of psychotic disorders, which specific regions are involved, 

how the functioning differs from control subjects and how these differences 

relate to symptoms. 

 

In paper I, machine learning methods are used to capture multivariate 

functional patterns and brain regions related to the distinction between first-

episode psychosis patients and control subjects. In paper II, the aim is to 

further investigate the functional and structural connectivity properties of the 

differentiating region from the machine learning analysis. The network to 

which the seed region is functionally associated is examined and between-

group differences in functional connectivity are investigated. Furthermore, 

any white matter integrity changes related to the observed functional 

connectivity changes are examined. In paper III, the aim is to examine brain 

functional patterns of subnetworks and topology during a naturalistic 

stimulus.  
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3 METHODS 

3.1 PARTICIPANTS 

The participants of the current thesis were drawn from the Helsinki Early 

Psychosis Study (Keinänen et al., 2015; Mäntylä et al., 2015; Raij et al., 2016), 

which investigates the clinical course and prognosis of first-episode psychosis. 

A brief overview of the measures used in the study is presented in Table 1. 

Papers I and II include fMRI and clinical data of 32 first-episode psychosis 

patients and 46 control subjects. In paper II, in addition to the fMRI data used 

in paper I, diffusion tensor imaging data was available for 26 patients and 19 

control subjects. In paper III, fMRI and clinical data of 71 patients and 57 

control subjects were included. Differences in sample sizes between papers 

were due to ongoing data gathering, and between imaging modalities due to a 

prescheduled scanner change and quality issues. The patient group consisted 

of patients treated for first-episode psychosis in hospitals and outpatient 

clinics of the Helsinki University Hospital and city of Helsinki. The first 

episode was defined based on having the first treatment contact for psychotic 

disorder. The inclusion criterion for psychosis was defined as a score of 4 or 

higher in either the Unusual thought content or Hallucinations in the Brief 

Psychiatric Rating Scale Extended (BPRS-E) (Ventura et al., 1993). Trained 

clinical professionals carried out the clinical diagnostic interviews using the 

Structured Diagnostic Interview for DSM-IV (SCID) (First et al., 2002). All 

diagnoses were verified by a senior psychiatrist, together with the interviewer, 

including an extensive review of all available medical records. Medical records 

were also used to verify that patients had no earlier treatment contacts for 

psychosis. Imaging was done as soon as treatment had started, and patients 

were able to provide informed consent. This was mostly within a couple of 

weeks after admission. Control subjects were matched for birth year, sex, and 

area of residence, and they were recruited via the Finnish Population 

Registration System. Data were gathered during 2010-2016. Information on 

the study was given in both oral and written form to all subjects and written 
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informed consents were obtained. All research files used for data analysis have 

de-identified pseudonyms. The study has been approved by the Ethics 

committee of the Hospital District of Helsinki and Uusimaa (decision number 

226/13/03/03/2013). 

 

In addition to the Helsinki Psychosis Study subjects, in paper I, an 

independent sample of 17 healthy control subjects (7 female, mean age 26.5 

years) was recruited to acquire a measure of the movie experience, including 

fantasy content.  Information on the study was given in written form to all 

subjects. 

 

 

3.2 DATA ACQUISITION AND STIMULI  

Magnetic imaging was conducted at the Advanced Magnetic Imaging Centre 

at Aalto University. Due to the prescheduled change of the MRI scanner during 

the study, the first 26 subjects (14 patients, 12 controls) were scanned using 

the GE Signa VH/i 3-T scanner with a 16-channel head coil (Scanner 1). All 

subsequent subjects were scanned using the Siemens Skyra 3-T scanner with 

a 32-channel head coil (Scanner 2). FMRI data from both scanners were 

included, whereas due to quality issues, diffusion data only from the Siemens 

Skyra –scanner (Scanner 2) was used. Detailed imaging parameters are 

presented in Table 2.  
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The fMRI data was collected while subjects were shown scenes from the movie 

Alice in Wonderland (Tim Burton, Walt Disney Pictures, 2010; Finnish 

soundtrack) for the duration of 7 min 20 sec. Content of the scenes varied from 

realistic scenarios to increasingly unrealistic ones with animated scenes and 

characters. The scenes depict a short storyline, starting out with Alice being 

proposed to in front of a crowd. While hesitating, she sees a rabbit pointing at 

its ticking pocket watch.  Alice starts to run after the rabbit and arrives at a 

rabbit hole, which she ends up falling into. This leads her to discover the 

Wonderland and meet several fantasy creatures. Among those, the Chesire cat, 

whom she has a conversation with. At one point, Chesire cat disappears and 

appears again just as a head next to Alice. Continuing the conversation, the 

head starts to spin and grows a body. The stimulus ends with Chesire cat 

appearing on the horizon and Alice starting to run to follow it. The camera tilts 

up and the image fades to black.  

 

In paper I, among other ratings, fantasy content of the stimulus was acquired 

by asking an independent sample of raters to evaluate the fantasy content of 

the movie. Using a web-based software 

(https://git.becs.aalto.fi/eglerean/dynamicannotations/tree/master) 

(Nummenmaa et al., 2012), subjects evaluated continuously how likely the 

events in the movie could happen in real life. The rating was done by sliding a 

bar. The ratings were recorded every 200 ms, using a scale of 0 to 1 and 

converted to match the imaging repetition time (TR).  A mean fantasy content 

score was calculated for each volume.  

 

 

3.3 PREPROCESSING 

In all three papers, fMRI data underwent standard preprocessing steps. The 

images were realigned to the first image in the series using rigid-body 
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transformations, normalized using the Montreal Neurological Institute (MNI) 

template and smoothed with an 8-mm full-width-at-half-maximum Gaussian 

kernel.  Constant offset, linear drift and components correlating with motion 

parameters were removed using multiple linear regression. Preprocessing was 

done using Data Processing Assistant for Resting-State fMRI Advanced 

Edition (DPARSFA) version 2.3 (Chao-Gan & Yu-Feng, 2010). Additional 

preprocessing that applied only to the paper in question are described below. 

 

3.3.1 MAXCORR AND CONVOLUTION 

In paper I, after the common preprocessing steps to the fMRI data described 

above, a novel maxCorr method (Pamilo et al., 2015) was employed to find and 

remove subject-specific components.  Using the data of other subjects as a 

reference, maxCorr removes components that are subject-specific and more 

likely related to movement and physiological noise. The remaining 

components, common across subjects, are thus typically related to the external 

stimuli, in this case, the movie. 10 maxCorr components per subject were 

removed.  

 

After preprocessing and removing subject-specific components, the data were 

amplitude-normalized (i.e., L2 norm set to 1) and convolved with a filter W = 

[–1 –1 –1 –1 –1 –1 6]/6 in the time domain. In other words, the time-course 

values could be interpreted as measuring change compared to the six 

preceding time-points.  

 

3.3.2 DTI PREPROCESSING 

In paper II, preprocessing steps of the diffusion imaging data included 

resampling, skull removal and brain cropping, eddy-current effect correction, 

normalisation to a FMRIB58_FA template in the MNI space with 2mm 

resolution and smoothing with a full-width-half maximum kernel size of 6 



Methods 

32 

mm. We used PANDA pipeline tool for diffusion MRI 

(https://www.nitrc.org/projects/panda) (Cui et al., 2013).  

 

 

3.4 DATA ANALYSIS 

3.4.1 PAPER I 

 
In paper I, machine learning algorithms were used to distinguish patients from 

control subjects on the basis of their brain functioning during the movie 

stimulus. Furthermore, the association between symptom severity and 

classification success was examined and a post-hoc analysis of the association 

between fantasy ratings of the movie and the functioning of the discriminative 

voxels was done.  

 

Subjects were divided into 32 groups, with 2-3 subjects per group and each 

containing at least one patient and one control subject. The classification 

process was repeated 32 times and each group served as a test set once and as 

part of the training set all other times. This process is known as the stratified 

k-fold cross-validation, with k=32 in our case, and it is used to provide 

independent test and training samples. In each repetition of the process, the 

training data was used for feature and best-classifying parameter selection. 

Each time the different test set was kept separate from training and used for 

prediction only, ensuring an independent sample.    

 

The feature vectors that served as inputs to the classification algorithms were 

created from the convolved data, using two-sample t-values to identify best 

differentiating time points and voxels. For classification, the scikit-learn 

package (Pedregosa et al., 2011) was employed, which consisted of 5-

component principal component analysis (PCA) for feature compression and 

the actual machine-learning classification using several classifiers. The used 

classifiers were logistic regression, support-vector classifier (linear kernel, 
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parameter C = 0.1, 1.0, or 10.0), decision-tree classifier (max. depth 3), linear 

discriminant analysis classifier, and quadratic discriminant analysis classifier. 

 

For each patient, the BPRS-E sum scores for positive symptoms, including 

hallucinations, delusions, bizarre behaviour and disorganization were 

calculated. Detailed items of sum scores are presented in Table 3. The training 

set correct classification score was then used to calculate spearman rank 

correlation for the association between positive symptoms and classification.  

 
To test for the association between fantasy content of the stimulus and the 

functioning of the regions involved in the classification, subject-level 

parameter estimates were extracted from the discriminative voxels and 

entered together with the fantasy rating into one-sample t-tests for patient and 

control subject groups and into a two-sample t-test to test for group 

differences.  
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3.4.2 PAPER II 

 

Paper II examines the functional and structural connectivity of the region that 

discriminated between first-episode psychosis patients and control subjects in 

Paper I.  The overall functional connectivity of the region during the movie is 

examined, functional connectivity between groups is compared and the 

underlying structural connectivity between regions that revealed differences 

in functional connectivity is investigated.  

 
Voxel-wise functional connectivity maps of the 134-voxel seed region in the 

precuneus, observed in Paper I, were constructed. A one-sample non-

parametric permutation test was performed to investigate the overall 

functional connectivity during the movie. A non-parametric two-sample test 

was then used to observe any differences in the seed region’s functional 

connectivity between groups. The between-group test was used separately for 

both scanner -samples. Permutation analyses were done using the SnPM13 

toolbox for SPM12 (Nichols & Holmes, 2001). 

 

To identify and investigate white matter tracts underlying the seed region and 

regions with group differences in functional connectivity, mask images from 

the functional connectivity analysis were obtained and white matter pathways 

between these regions were constructed. Trackvis software (Wang et al., 2007) 

and interpolated streamline propagation algorithm was used to construct 

tracts and extract each subject’s fractional anisotropy (FA), medial diffusivity 

(MD), radial diffusivity (RD) and axial diffusivity (AD) values. A two-sample 

t-test between groups was then performed, using IBM SPSS statistics.  
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3.4.3 PAPER III 

 

In paper III, the main goal was to identify subnetworks of functional 

connectivity where patients and control subjects differ. Furthermore, 

differences in topological measures between the groups and associations 

between symptoms and topology in patients were examined.  

 

Graph statistical analysis was done using GraphVar software (Kruschwitz et 

al., 2015), based upon the Brain Connectivity Toolbox (Rubinov & Sporns, 

2010). For each subject, a 160x160 functional connectivity matrix was 

constructed. A functionality-based parcellation (division into nodes) that is 

based on a meta-analysis of shared functionalities across tasks (Dosenbach et 

al., 2006, 2010) was used (Figure 2 A). The parcellation is further divided into 

the default-mode network, the cingulo-opercular network, the fronto-parietal 

network, the sensorimotor network, the occipital network and the cerebellum.  

 
Network-based statistics (Zalesky et al., 2010) was used to identify 

subnetworks of nodes, or components, where functional connectivity between 

all nodes differed between the groups.  

 
Unweighted networks of the correlation matrices were constructed using 

relative network thresholding in the range of 0.1-0.3 and with incremental 

steps of 0.01. This resulted in, for each subject, networks consisting of 10%, 

11%, …, 30% of the strongest connections. It is recommended to excluded 

weaker connections, as it reduces noise (Rubinov & Sporns, 2010). Graph 

metrics inferring segregation, integration and centrality (Bullmore & Sporns, 

2009) were then calculated and compared. Segregation is the measure of how 

specialized a node or a subnetwork is in its functioning, and it was measured 

with global and local clustering, transitivity, and modularity. Integration is the 

measure of how efficiently a node, or a subnetwork combines information 

from different parts of the brain, and it was measured with global and local 

characteristic path length. Centrality is the measure of how centrally a node is 

positioned and how well it is connected to other nodes, and it was measured 

with degree and betweenness.  
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For the analysis of the association between network topology and symptoms, 

symptom sum scores of BPRS-E items measuring delusions and hallucinations 

and disorganization (Ventura et al., 1993) and SANS and BPRS-E items of 

negative symptoms (Andreasen, 1989) were constructed (Table 3).  All 

statistical analysis was done using general linear model (GLM) as it is 

implemented in GraphVar software.  
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4 RESULTS 

4.1 DESCRIPTIVE STATISTICS 

Descriptive statistics of all papers are presented in Table 4. In papers I and II, 

patients’ mean age was lower than in control subjects.    

4.2 PAPER I, CLASSIFICATION ACCURACY AND 
DISTINGUISHING VOXELS 

Classification accuracies of different classifiers reached a mean accuracy of 

77.5% with the highest being 79.5% with quadratic discriminant analysis. 194 

voxels that were selected into the discriminating feature vectors in all 32 

repetitions of the classification process were identified. 136 of the voxels are 

situated in the bilateral precuneus, forming a continuous cluster (Figure 1 A). 

Symptom severity was associated with classification success: more severe 

positive symptoms in a patient were associated with better classification 

accuracy. Fantasy content was related to the functioning of the precuneus 

cluster both in patients and control subjects, showing a stronger relationship 

in control subjects.   

 

4.3 PAPER II, FUNCTIONAL AND STRUCTURAL 
CONNECTIVITY 

During the movie viewing, the precuneus region of interest had overall 

functional connectivity to regions overlapping with the default-mode network 

(Shirer et al., 2012) (Figure 1 B). This same pattern of connectivity was 

observed both in patients and control subjects. In addition, a cluster in the 

medial prefrontal cortex was identified, where functional connectivity with the 

precuneus seed region was increased in patients. The result was consistent in 

both scanner subsamples (Figure 1 C). White matter tracts connecting the two 

regions were observed to be part of the cingulum bundle. No differences 

between groups in the underlying white matter tracts were found.   
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Figure 1 Distinguishing region in Paper I and functional connectivity in Paper II 
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4.4 PAPER III, SUBNETWORKS AND TOPOLOGICAL 
MEASURES 

A component, or a subnetwork, of 64 nodes and 97 links was identified where 

patients had mostly decreased functional connectivity (Figure 2 B). Most of 

the nodes of the component were in the cingulo-opercular, sensorimotor and 

the default-mode networks. Most of the decreased links were either within the 

cingulo-opercular or between the cingulo-opercular and sensorimotor 

networks (Table 4). In topographical measures, patients had decreased degree 

in the left insula. No significant symptom associations between graph 

measures and symptom scores were observed.  

 

 

 

 

 

 

Figure 2 Parcellation and the observed component in Paper III 
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5 DISCUSSION 

This thesis explores how brain activity is altered in first-episode psychosis 

patients during multimodal naturalistic stimulation, i.e., a movie. By using 

machine learning methods, a bilateral region in the ventral part of the 

precuneus was observed, where functioning patterns were strongly related to 

the differentiation between patients and control subjects.  A relationship 

between positive symptom scores and differentiation accuracy in patients was 

also found: the higher the positive symptom score was, the more likely patients 

were correctly classified as patients. Then, by using this bilateral region as a 

seed region, an increase in the functional connectivity in patients between the 

precuneus seed and the medial prefrontal cortex was seen. This increase was 

consistently present in two separate subsamples, imaged with different 

scanners. Measures of white matter microstructure of the underlying white 

matter tracts between these two regions were also compared and no 

differences between the two groups were found. Finally, differences in the 

overall structure of the functional network between the two groups and 

associations between symptom scores and network structure patterns were 

examined. A subnetwork that differed in functional connectivity between 

groups was found and a less central role of the left insula in patients was 

identified.  

 

5.1 THE ROLE OF THE PRECUNEUS 

 
The precuneus is considered to be a core hub and part of the default mode 

network (Heuvel & Sporns, 2011; Shirer et al., 2012; Utevsky et al., 2014) and 

can be considered central in combining information from different parts of the 

brain, as the region has complex interactions with many functional networks 

(Leech & Sharp, 2014; Utevsky et al., 2014). Recent studies have also revealed 

that the precuneus has unique white matter connections, suggesting also a 
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unique functional role  (Tanglay et al., 2022). The functioning of the precuneus 

is associated with mental imagery (Cavanna & Trimble, 2006; Schurz et al., 

2013) as well as episodic memory (Tulving et al., 1994), visuospatial and 

visuomotor integration and processing related to self (Kircher et al., 2000; S. 

Zhang & Li, 2012).  The precuneus is also believed to be central to episodic and 

autobiographical memory retrieval (Hebscher et al., 2020). 

 

In psychotic disorders, the precuneus is suggested to have aberrant structural 

and functional properties, as well as functional connectivity (Bora et al., 2011; 

Luna et al., 2022; Lynall et al., 2010; Mashal et al., 2014; van den Heuvel & 

Fornito, 2014; F. Zhang et al., 2014). Recently, a study involving a subsample 

of the same early-psychosis subjects as this thesis showed the precuneus to be 

involved in processing clinical insight (Mäntylä et al., 2021). Interestingly, a 

study differentiating schizophrenia and depressive episode patients by 

combining self-assessment and fMRI found the precuneus to be involved in 

the classification (Stoyanov et al., 2021).  

 

Precuneus-related functioning has been pinpointed also in other psychiatric 

disorders. In depressive disorders, precuneus functional connectivity appears 

to be associated with symptom severity (Peng et al., 2015; Rubart et al., 2022) 

and suicidality (Schreiner et al., 2019). Memory impairment in Alzheimer’s 

disesase appears to be associated with precuneus functioning and connectivity 

already at the early stages of illness (Gili et al., 2011; Klaassens et al., 2017). 

Interestingly, transcranial magnetic stimulation (TMS) of the region has 

shown to improve memory retrieval in Alzheimer patients (Koch et al., 2018), 

making it also a potential and promising target for interventions.  

 

The results of this thesis add to the existing research that precuneus 

functioning and connectivity are affected in psychosis and other psychiatric 

disorders, related to symptom severity and possibly associated with self 

referential processes and memory retrieval.  
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5.2 NETWORK DYNAMICS 

In paper II it was observed that the distinct bilateral differentiating region in 

the precuneus was, during this naturalistic stimulation, functionally 

connected to the nodes of the default-mode network and that connectivity 

between the midline structures was increased in patients. Results in paper III 

indicate that on the whole-brain level, the between-group differences in 

functional connectivity are distributed across several subnetworks and consist 

of both decreased and increased links. Furthermore, salience-related regions 

and networks are implicated. The findings therefore appear to be in line with 

the ideas of aberrant salience and dirupted signaling between brain regions.  

 

5.2.1 THE DEFAULT-MODE NETWORK  

 

The default mode network can be described as collection of hubs (Crossley, 

Fox, et al., 2016) and it has been suggested to act as an integrative platform 

between the intrinsic and extrinsic experiences over long timescales 

(Yeshurun et al., 2021). The medial prefrontal cortex and the anterior 

cingulate cortex conjointly form a central hub that together with the precuneus 

are considered core regions of the default-mode network (Andrews-Hanna et 

al., 2014). These hubs’ coactivation is typically seen to be associated with self-

referential processing (van der Meer et al., 2010) and has been suggested to be 

central in constructing personal meaning of a perceived stimulus (Andrews-

Hanna et al., 2014). The anterior cingulate cortex is also involved in emotional 

processing and updating internal models (Etkin et al., 2015; Kolling et al., 

2016).  

 

In psychotic disorders, alterations in functional connectivity tend to 

concentrate in the nodes of the default-mode network (Sheffield & Barch, 

2016; Whitfield-Gabrieli & Ford, 2012). Overall, functional connectivity of the 

default-mode network is typically decreased in patients (Dong et al., 2018), 

which has also been suggested to reflect less deactivation of the network in 

patients (Anticevic et al., 2012; Whitfield-Gabrieli et al., 2009). Interestingly, 
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some studies have observed that functional connectivity of the precuneus or 

posterior cingulate cortex hub is increased to other nodes in the network 

(Peeters et al., 2015; Woodward et al., 2011), which would be in line with our 

results in paper II.   

 

Changes in functional connectivity in psychotic disorders tend to be complex 

and task- or stimulus-dependent (van den Heuvel & Fornito, 2014; Whitfield-

Gabrieli & Ford, 2012) leading to a field of somewhat inconsistent results 

(Karbasforoushan & Woodward, 2013; Sheffield & Barch, 2016). Thus, 

although several studies have identified widespread changes in white matter 

integrity and network structure in schizophrenia patients (Klauser et al., 2017; 

Nelson et al., 2017), our failure to observe any white matter changes between 

the two default-mode network nodes is likely due to the fact that functional 

and structural alterations do not correspond as the functional network is more 

complex than its underlying structure. It should be also mentioned that 

replicating the result of increased functional connectivity between the midline 

structures with two separate samples in two different scanners does provide 

some added consistency.      

 

 

5.2.2 CROSS-NETWORK FINDINGS 

 

Most of the observed decreased links of functional connectivity in patients in 

Paper III were between the nodes of the cingulo-opercular network, associated 

with cognitive control and salience attribution, and the sensorimotor network. 

Sensorimotor gating is the habituation to constant and unimportant stimuli 

and it involves somewhat same networks that are implicated in our results 

(Campbell et al., 2007). The impairment in sensorimotor gating has long been 

known to be present in patients with psychotic disorders (Braff et al., 1992) 

and has recently been shown to exist already in first-episode psychosis 

(Hedberg et al., 2021). Our results could be indicating patients’ difficulties in 

ignoring features in the movie that would be irrelevant to them, a description 
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that coincides with the idea of salience attribution and model updating (Howes 

et al., 2020; Kapur, 2003).  

 

The results of mainly decreased functional connectivity are in concurrence 

with earlier resting-state data, where often widespread decreased connectivity 

has been observed (Dong et al., 2018; van den Heuvel & Fornito, 2014). 

Interestingly, earlier findings have suggested that patterns of decreased 

functional connectivity are more characteristic of later stages of psychotic 

illnesses (Anticevic et al., 2015; Li et al., 2016). 

 
When combining all papers of the thesis, the specific brain regions clearly 

implicated as having between-group differences were the precuneus, the left 

insula, and the left medial prefrontal cortex, extending to the anterior 

cingulate cortex. The results appear to be somewhat in line with a recent meta-

analysis comparing neural correlates of 598 FEP patients and 567 control 

subjects during cognitive tasks, which revealed statistically significant 

hypoactivation in patients in the bilateral striatum, left anterior insula, and the 

precuneus (Soldevila-Matías et al., 2020). 

  

The insula is involved in a vast number of functions, among those emotional 

experience, empathy, social cognition and salience processing (Perini et al., 

2018; Uddin et al., 2017). Changes in the region’s functioning, connectivity 

and volume are regularly associated with psychotic disorders (Mallikarjun et 

al., 2018; Palaniyappan & Liddle, 2012; Sheffield et al., 2021) as it also 

included in salience network and thus involved in salience attribution (Perini 

et al., 2018). The results of this thesis point to a less central role of the insula 

during movie viewing in patients, which is in line with the hypothesis of 

aberrant salience attribution in psychosis (Kapur, 2003).  
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5.3 FUTURE DIRECTIONS 

 

This study was one of the first to utilize naturalistic stimulus to investigate the 

brain functioning of first-episode psychosis patients. The results are 

promising, in that distinct activity, functional connectivity, and topology 

specific to patients were observed. However, associating group differences 

with any specific features of the movie was beyond the scope of this thesis. It 

would be of great interest and added value in the future to investigate which 

aspects of the naturalistic stimulus contribute to group differences. For 

example, the degree to which the multimodality, the narrative, emotional 

content, etc. might affect brain activity and thus reveal patient-specific 

features, is left to future studies. It would also be of interest to investigate any 

long-term changes in activity and connectivity during the same stimulus in 

patients and whether these relate to the course of illness. As the naturalistic 

stimulus is increasingly used in neuroscience, the related knowledge as well as 

available methods become more and more sophisticated and are sure to 

provide countless possibilities in the future.      

 

The results of this thesis emphasize the role of the precuneus in first-episode 

psychosis. As current research suggests the region to be implicated also in 

other psychiatric disorders, one future direction could be investigating what, 

if any, features in activity or connectivity of the precuneus might be specific to 

psychosis. Respectively, examining which features are shared with other 

psychiatric disorders but not with control subjects would be of great interest, 

also.  Furthermore, the precuneus could be considered as a possible 

neuromodulation target in the future. 

 
As psychosis, and many other psychiatric disorders, are believed to result from 

altered interaction between different brain regions, studying the brain’s 

functioning as a network provides for many promising research directions in 

the future. For example, implementing network topology measures with 

alternative parcellations and stimuli as well as comparing network features 

with other psychiatric disorders could give valuable insight into brain 



Discussion 

50 

functional processes in disease. Understanding these brain processes involved 

and altered in first-episode psychosis might allow for better targeted 

interventions in the future.   

 

5.4 LIMITATIONS 

 

Although a strength in many aspects, there were also limitations in using 

naturalistic stimuli in this study. Due to the complexity of the stimulus, it was 

not possible to deduce which elements of the movie contributed to the 

observed differences between groups, or to which extent the external cues 

affected the results in relation to internal processes. Also, as resting-state data 

of the subjects was not available, it could not be conclusively shown that using 

a movie had an advantage in this study. However, it should be mentioned that 

there is strong evidence in the current literature of movies synchronizing brain 

activity across subjects better than resting-state and narratives engaging 

broader networks than, for example, scrambled words (Baldassano et al., 

2018; Hasson et al., 2004; Nguyen et al., 2019; Simony et al., 2016).   

 

Reverse inference refers to using brain functioning patterns to conclude the 

engagement of specific underlying cognitive, emotional, or other mental 

processes. It is a practice often used and increasingly critiqued in neuroscience 

(Poldrack, 2006, 2011).  As in this study, it was not possible to associate 

specific movie features with related brain activity, reverse inference was relied 

upon in some instances in the discussion of the results. However, one 

suggested solution around reverse inference is using large-scale decoding to 

predict and classify mental states from raw data (Poldrack, 2011), a method 

that was used in Paper I of the thesis to predict the patient – control subject 

status. Overall, inferring cognitive processes from neuroimaging data should 

be done with caution.  
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Analyzing network topology is heavily dependent on the used parcellation as 

well as how the networks are constructed. Furthermore, the analysis is fairly 

new in the context of brain imaging and to our knowledge has not been used 

together with naturalistic stimulus. Therefore, there were no available well-

established parameters for our analysis. The most challenging trade-off was 

taking into account multiple comparisons without losing significant results.  

Another challenge, as in any neuroimaging study attempting to associate brain 

functioning with behaviour, was the limited sample size. As a recent study 

suggests that thousands of subjects are needed for reproducible results (Marek 

et al., 2022), it is probable, that our result reveal only a fraction of the 

underlying dynamics but hopefully contribute to future meta-analyses that 

might gradually fill in the bigger picture.   

 

5.5   CONCLUSIONS 

During movie viewing, the functioning of a distinct bilateral region in the 

precuneus is altered in first-episode psychosis patients. Functioning patterns 

of the region appear to be associated with both positive symptoms as well as 

fantasy content of the movie. The region has functional connectivity with areas 

overlapping the default-mode network both in patients and control subjects. 

Functional connectivity between the midline regions, i.e., the precuneus seed 

and the medial prefrontal cortex, extending to the anterior cingulate cortex, is 

increased in patients. No corresponding white matter changes associated with 

the between-group differences in functional connectivity were found.  

 

Using a functionality-based parcellation of the brain a subnetwork can be 

observed, where each link represents a between group difference in functional 

connectivity. Patients have mainly decreased but also some increased links 

when compared to control subjects and most of the nodes of the component 

overlap with regions associated with sensorimotor functions, cognitive control 

and salience as well as the default-mode network. Based upon the parcellation, 
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the left insula also appears to have a less central functional role in patients 

during movie viewing.  

 
The results of all the papers in this thesis combined suggest that while viewing 

a naturalistic stimulus, there are whole-brain level differences in the 

functional dynamics of first-episode psychosis patients that cannot be 

attributed to only one region or be simply described as hypo- or 

hyperconnectivity. In line with earlier research, known hub regions associated 

with, among others, integrative functions, self-referencial processing, 

sensorimotor gating and salience attribution are implicated in these results, 

suggesting these processes to be affected already at the early stages of 

psychosis. Using naturalistic stimulus might have been useful in possibly 

evoking such versatile processes during one measurement. Better 

understanding of whole-brain level dynamics in psychosis and the association 

between specific features of naturalistic stimulus and brain function is a 

worthwhile goal of future research.   
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