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Abstract 

Author: Anna Maria Matziorinis 

Title: Towards a Non-Invasive Test Battery Using EEG Biomarkers of Brain Plasticity: 

Visual Evoked Potential, Mismatch Negativity, and Prepulse Inhibition of Startle 

Supervisors: Torgeir Moberget and Torbjørn Elvsåshagen (Co-Supervisor) 

 

Background: Dysfunctional synaptic plasticity is one of the leading candidate mechanisms in 

schizophrenia (SCZ). Mismatch negativity (MMN), prepulse inhibition (PPI), and plasticity 

of the visual evoked potential (VEP) are electroencephalographic (EEG) indices of short- and 

long-term synaptic plasticity which may help clarify the role of synaptic dysfunction in SCZ. 

However, whether MMN, PPI, and VEP plasticity index distinct or overlapping synaptic 

processes remains unknown. 

Objectives: To evaluate a test battery of brain plasticity in a large sample of healthy controls 

in order to (i) determine the robustness of the different electrophysiological indices, and (ii)  

to test their degree of overlap/independence. 

Method: 113 healthy controls were measured using EEG and electromyography. Utilizing the 

modulation of the VEP using a checkerboard reversal task, the 'roving' standard 

implementation of the MMN, and the PPI of startle reflex, analyses were performed using 

SPSS and JASP. Correlation and exploratory factor analyses were used to explore the 

hypothesis that the paradigms may be related by a similar underlying neural 

mechanism. Results: As predicted, the MMN and PPI showcased robust effects with medium 

to very large effect sizes. The VEP paradigm also yielded medium to large effect sizes and 

also revealed a significant potentiation of the N145, P100, and P2P measures. Correlational 

analysis found weak tendencies between the paradigms however they did not reach 

significance upon correction for multiple comparisons. An exploratory factor analysis was 

performed resulting in orthogonality between the paradigms. Conclusion: Results indicate 

that these paradigms indeed reflect independent neural systems that can be indexed via EEG 

indices of brain plasticity.  
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1 Introduction 

1.1 Towards a personalized medicine approach to 

psychiatry 

In recent years, oncology and a plethora of other medical fields have gone through a 

revolution in "personalized medicine". Personalized medicine is based on the premise that an 

individual's physiological makeup plays a role in both their unique vulnerability to disease, as 

well as their response to specific therapies. Such individual characteristics comprise genetic 

alterations, epigenetic modifications, clinical symptomatology, biomarker changes, and 

environmental features (Myers & Nemeroff, 2010). A personalized medicine approach does 

not yet exist in the field of psychiatry (Mehta, Jain, & Badve, 2011). To illustrate, it is far 

more complicated to diagnose a mental disorder than it is to treat an observable and 

perceptible solid tumor. Seeing as it is difficult to locate the exact physical correlate 

responsible for the resulting mental disorder, this adds difficulty in identifying what is most 

likely a multidimensional and possibly heterogeneous swath of brain alterations that summate 

to clinical symptoms and the resultant psychopathology (Olbrich, van Dinteren, & Arns, 

2015). Consequently, an approach to personalized care in the realm of psychiatry will aid in 

not only ensuring correct diagnoses of neuropsychiatric diseases, but also aiding to elucidate 

prognosis, and specialized treatment on an individualized basis. The major goals outlined in 

personalized medicine hope to predict an individual's susceptibility to develop a particular 

disease, to correctly diagnose mental illness, and to optimize the most efficient and feasible 

treatment for that individual. Light and Swerdlow (2014) advocate the use of biomarkers of 

"health" which reveal an individual's neural strengths which can be leveraged in the service of 

personalized therapy. An analysis of "healthy" biomarker indices validated from healthy 

populations can provide a catalogue of expected neural responses which can be utilized in the 

formation of a test battery for personalized diagnosis of a disorder or in the selection of 

optimal treatment therapies tailored for the individual. Thus, the aim of this thesis is to 

investigate a proposed battery of electrophysiological paradigms utilizing the modulation of 

the visual evoked potential (VEP), the mismatch negativity (MMN), and the prepulse 

inhibition (PPI) of startle reflex. Briefly, the MMN is an event related potential (ERP) 

component generated in response to an odd stimulus in a sequence of repetitive stimuli 

(Näätänen, Gaillard, & Mäntysalo, 1978). The acoustic startle reflex (ASR) is a defensive 
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response to an abrupt auditory stimuli ensuing in the contraction of facial and skeletal muscles 

(Romirez-Moreno & Sejnowski, 2012). The PPI is defined as the inhibition of the ASR when 

an intense startling stimulus is preceded by a weak prepulse stimulus (S. Ludewig, K. 

Ludewig, Geyer, Hell, & Vollenweider, 2002). A visual evoked potential (VEP) is an event-

related potential induced by some form of high-frequency visual stimulation (Luck, 2005).  

The MMN and PPI paradigms are currently used in research targeting basic neural 

mechanisms in a wide range of psychiatric disorders. Although there has been some literature 

on the modulation of the VEP in psychiatric disorders and healthy populations, this is the 

largest study to date. The current thesis aims to add to the literature by (i) identifying the most 

robust measures in each paradigm, and (ii) to explore potential paradigmatic redundancies 

(i.e., the degree to which they are likely to reflect/index distinct or common underlying 

mechanisms). Recently, evidence has shown that genes expressing proteins involved in the 

regulation of synaptic plasticity are mainly affected in schizophrenia (SCZ) (Kirov et al., 

2012). Plasticity is defined as the ability of the brain to change and adapt to novel 

information. Synaptic plasticity refers to the change that occurs at the synaptic level. Brain 

plasticity cannot occur without the proper neuronal functioning of the glutamatergic receptor 

N-methyl-d-Aspartate (NMDA) (Kandel, Scwartz, & Jessel, 2000) and thus the hypothesis 

that these paradigms may somehow reflect NMDA receptor-dependent synaptic functioning 

and plasticity is at the forefront of the thesis. The MMN and PPI tasks may reflect a form of 

short-term plasticity, whereas the VEP may reflect long-term plasticity. However, the extent 

to which the MMN, PPI, and VEP are correlated (i.e. reflect overlapping or distinct synaptic 

processes) remains unclear. Moreover, results from the analyses will be used to give future 

recommendations for the design of a more robust, time-efficient, non-invasive 

electrophysiological test battery which may ultimately prove useful in providing brain 

plasticity biomarkers in the service of comparing them to those found in neuropsychiatric 

illnesses, specifically SCZ.   

Long-term potentiation (LTP) is the candidate neural mechanism underlying learning and 

memory (Morris, 2003). LTP is defined as the process by which the efficacy of 

communication between brain cells can be swiftly augmented (Kirk et al., 2010). The 

induction of LTP is caused by glutamate release between presynaptic and postsynaptic 

neurons. Glutamate is the chief neurotransmitter in excitatory synapses and activates 

postsynaptic receptors including NMDA and α-amino-3-hydroxy-5-methyl-4-
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isoxazolepropionic acid (AMPA) receptors. Activation of these receptors directs the 

postsynaptic influx of sodium (Na
+
)
 
 and calcium (Ca

2+
)
 
and postsynaptic potentials (Kandel 

et al., 2000). In addition, Ca
2+ 

influx is mediated by postsynaptic voltage-gated calcium 

channels (VGCCs) and triggers signalling cascades that can generate lasting changes in 

synaptic function and plasticity (Lüscher, & Malenka, 2012). Therefore, glutamatergic and 

calcium-mediated signalling are important processes that mediate and regulate synaptic 

transmission and plasticity (Kandel et al., 2000; Bliss et al., 1993). An illustration of LTP can 

be seen in Figure 1 retrieved from Cooke and Bear (2012). 
 
 

 

 

Figure 1.  Model of LTP using NMDA and AMPA receptors retrieved from Cooke and Bear (2012). 

1.2 Genetics, Endophenotypes, and Biomarkers of 

"health" 

Schizophrenia is a severe mental disorder with world-wide prevalence of 1% (Freeman, 

2003). Recent evidence has shown that heritability estimates account for 60 to 80% in SCZ 

(Ripke et al., 2013). Large-scale genome-wide association studies (GWAS) have helped to 
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identify genetic risk variants associated to various psychiatric and medical diseases. 

Considering the polygenetic nature of psychiatric disorders (Schizophrenia Working Group of 

the Psychiatric Genomics Consortium, 2014), an analysis of possible endophenotypes may be 

the bridging factor between genotype and behavioral expression. The genetic variants of 

interest in a GWAS are single nucleotide polymorphisms (SNPs) which are defined as 

commonly carried variants in the genetic code (Thompson et al., 2014). More specifically, 

SNPs are DNA sequence variations that occur when a single nucleotide is altered (Thompson 

et al., 2014). To better clarify the definition of endophenotype, Gottesman and Gould (2003) 

suggested that it should be (i) affiliated with the illness or disorder of interest, (ii) be heritable, 

(iii) be state-independent (i.e. found in people even without showcasing symptoms of illness 

or disorder), (iv) co-segregate with illness or disorder within families, and (v) be observed in 

relatives of affected family members at a higher frequency than in the general population. 

Thanks to GWAS, many common polymorphisms have now been found that increase genetic 

risk for SCZ (Almasy et al., 2008; Stefansson et al., 2009; Ripke et al., 2011; Rietschel et al., 

2012), bipolar disorder (Sklar et al., 2011; Cichon et al., 2011), as well as many other traits 

and diseases. The Schizophrenia Working Group of the Psychiatric Genomics Consortium 

(2014) identified one hundred and eight genes beyond genome-wide significance, validating 

the polygenic nature of SCZ. Risk variants range from common to very rare in occurrence, 

signifying half to a third of the genetic risk of SCZ is indexed in common alleles that are 

genotyped by current GWAS arrays (Schizophrenia Working  Group of the Psychiatric 

Genomics Consortium, 2014). These schizophrenia linked loci span a wide range of protein 

coding genes which include several ion channel-encoding genes (Schizophrenia Working  

Group of the Psychiatric Genomics Consortium, 2014). SCZ is related with genes affecting 

transmembrane currents of all major ionic species, Na
+
, K

+
, and Ca

2+
 (Mäki-Marttunen et al., 

2016). The largest GWAS in SCZ research discovered genetic linkage to an intronic SNP 

within the GRIN2A gene (Schizophrenia Working  Group of the Psychiatric Genomics 

Consortium, 2014) which is said to encode the NR2A NMDA receptor (NMDAr) subunit. 

Research conducted by Fromer and colleagues (2014) and Kirov and colleagues (2012) found 

that analyses of de novo copy number variations also involve NMDAr, with enrichment of 

nonsynonymous polymorphisms and loss of function mutations in the GRIN2A gene in 

patients with SCZ. Dysfunctions of hyper and hypofunction of NMDAr and 

hyperglutamatergic transmission are both allegedly known to be pathophysiological states 

present in SCZ frequently leading to neurotoxicity and dysfunctional neural plasticity (Hasan 
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et al., 2012). Findings have shown that an excess of small deleterious de novo mutations in 

SCZ affect the components of the NMDAr signaling complex and synaptic protein interactors 

of the activity-regulated cytoskeleton-associated protein (ARC) (Fromer et al., 2014). 

Convergent evidence has shown that the involvement of a related group of genes and proteins 

in SCZ which also seem to be linked to processes involved in plasticity, particularly at 

glutamatergic synapses (Hall, Trent, Thomas, O'Donovan, & Owen, 2015; Fromer et al., 

2014; Purcell et al., 2014; Cingolani & Goda, 2008).  

Concerning neurophysiological biomarkers, the simple definition describes them as measures 

of disease burden that can be objectively quantified, ideally being able to identify early or 

correct diagnosis, and making it simpler to test the effects of treatment or prevention 

(Thompson et al., 2014). Despite enormous heterogeneity and multivariate interactions in the 

pathogenesis of brain disorders, biomarkers allow for meaningful clusters of people to be 

linked via an objective measure, and furthermore reliably stratified in terms of the cause, 

course, and/or treatment sensitivity of a given illness (Light & Swerdlow, 2014). Light and 

Swerdlow (2014) have endorsed an approach to biomarkers in psychiatry whereby the 

biomarkers themselves are used to identify intact healthy processes (also known as 

biomarkers of "health"). Since pathogenic pathways leading to an illness are highly 

heterogeneous (Light & Swerdlow, 2014), it may be more efficient to index biomarkers of 

healthy functioning. According to Light and Swerdlow (2014), biomarkers of health can be 

understood as being more 'actionable', meaning their occurrence may lead more directly to a 

predicted therapeutic intervention. In essence, biomarkers of health can reveal a particular 

patient's neural "assets" or neural strengths, which can therefore be used in the service of 

therapy (Light & Swerdlow, 2014). By categorizing these neural strengths using a battery of 

well-validated and dissociable tests, it will be easier to demarcate between impaired and non-

impaired biomarker values in patients (Light & Swerdlow, 2015). Costly treatment failures 

are far too common in psychiatry not only adding a significant burden on the patient but on 

their families as well. Therefore, biomarkers of health can guide patients towards viable 

therapies which can aid in reducing the risk of harm associated with improper treatments that 

can have lasting impacts on those they are seeking to cure. As this thesis will focus on 

schizophrenia, findings relevant to this disease will be most relevant. 
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1.3 Biomarkers in SCZ: MATRICS, CNTRICS, COGS 

The Measurement and Treatment Research to Improve Cognition in Schizophrenia 

(MATRICS) was a collaboration between academics, the pharmaceutical industry, and the 

Food and Drug Administration to attempt to identify cognitive targets of SCZ and develop 

short, repeatable, and standardized battery of tests for use in clinical outcome studies (Green 

et al., 2004). It was concluded that measures must display (i) high test-retest reliability (ii) 

utility as a repeated measure, (iii) a relationship to functional outcome, (iv) potential response 

to pharmacological agents, and (v) practicality/tolerability (Green et al., 2004; Light & 

Swerdlow, 2014). In effect, the measures can shed light on the initial stages of sensory-

perceptual information processing and the ensuing transitions to higher order cognitive 

operations with millisecond accuracy (Light & Swerdlow, 2014). In many cases, patient 

responses can be automatically generated as many of the measures are pre-attentive in nature 

allowing for a lessened cognitive load on the part of the patient (Braff & Light, 2004). After 

MATRICS, the Cognitive Neuroscience Treatment Research to Improve Cognition in 

Schizophrenia initiative (CNTRICS) was organized to categorize the most promising potential 

brain-based tools for measuring cognition and testing new treatments in SCZ (Carter et al., 

2008). Additional to the MATRICS criteria above, CNTRICS added additional criteria of 

cognitive tests whereby measures need to exhibit (i) construct validity, (ii) clear links to 

neural circuits and cognitive mechanisms, in addition to (iii) have an animal model available 

(Barch et al., 2009). The measures that met all the criteria above and were suitable for 

immediate incorporation into multi-site (across many testing sites) clinical studies were the 

MMN and PPI (Butler et al., 2012; Green et al., 2009). Thus, the MMN and PPI were added 

to the experimental design because of their inherent robustness, reproducibility, and multi-site 

reliability (Light & Swerdlow, 2015).  

1.4 Event-related potentials as biomarkers?  

Electroencephalography (EEG) is a method that measures and records the brain's electrical 

activity. The event-related potential is a waveform of averaged EEG activity which is time-

locked to a stimulus. EEG is a very cost-effective method, and is widely available and 

established as a tool in the diagnostic clinical practice (Olbrich et al., 2015). The advantage in 

EEG over other neuroimaging modalities such as functional magnetic resonance imaging 

(fMRI) and positron emission tomography (PET), is that EEG captures ongoing neuronal 



7 

 

activity with high temporal resolution (Olbrich et al., 2015). According to Logothetis (2008), 

EEG is not a surrogate marker of neuronal activity as in the case of fMRI which uses the 

blood deoxygenation level dependent (BOLD) response or in PET which relies on glucose 

utilization. EEG is a direct reflection of neural activity, most specifically postsynaptic 

potentials (Buzsáki et al., 2012). All these features of EEG make it highly plausible, in the 

case of personalized medicine in psychiatry, that electrophysiological biomarkers could be 

used to quantify pathological features and biomarkers of healthy functioning (Light & 

Swerdlow, 2015). Moreover, measures of 'learning' can be highly instructive as it is entirely 

possible that the brain's ability to "learn" may in itself be a valuable biomarker of spared 

neural function that can be accessed (Light & Swerdlow, 2014). In the best possible scenario, 

only 54.5% (d = 1) of the SCZ versus healthy group distributions are non-overlapping, 

suggesting that intact functional systems can be applied toward a therapeutic response (Light 

& Swerdlow, 2015). Since LTP-like plasticity is widely considered one of the major 

cellular mechanisms that underlies learning and memory (Morris, 2003), it seems reasonable 

to hypothesize a possible link between the efficacy of using such biomarkers of 'learning' as a 

way of indexing that ability (or lack thereof).   

Out of the ERP-measures selected in the above-mentioned CNTRICS study, the MMN and 

PPI  met all the criteria above, and thus proved suitable for immediate incorporation into 

multi-site clinical studies (Butler et al., 2012; Green et al., 2009). Recently, the  Consortium 

on the Genetics of Schizophrenia (COGS) study also found that the MMN and P3a 

components have emerged as potentially promising biomarkers for understanding and treating 

psychotic disorders (Belger, Yucel, & Donkers, 2012; Braff & Light, 2004; Light & 

Näätänen, 2013; Light & Swerdlow, 2014). The P3a component of the ERP occurs around 

300 ms and is a positive going deflection (Luck, 2005). The observed results replicate 

findings of highly significant MMN (d = 0.96) and P3a (d = 0.93) amplitude attenuation 

(reduction) in SCZ (n = 877) patients equivalent to those formerly found in a single-

laboratory with no significant differences across sites (Light et al., 2015). This further 

validates the utilization of these measures in a multi-test site capacity. Interestingly, 

biomarkers of susceptibility can also be analyzed helping to identify risk of onset. To 

illustrate, the MMN to duration deviants may be particularly sensitive to the pathophysiology 

of SCZ (Belger, et al., 2012). Todd, Michie, Schall, Karayanidis, Yabe, & Näätänen (2008) 

found that patients early in the illness display an attenuation in MMN to duration and 

intensity deviants but not to frequency deviants. Patients who have had the illness longer 
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display an attenuation in frequency and in duration to a lesser degree but not to intensity 

deviants. Therefore, the longer the illness duration, the harder it is to distinguish frequency 

deviants. Thus, if a distinct attenuation (reduction in amplitude) is noticed in the duration 

MMN, the response of which may need to be flagged as a possible onset marker of SCZ. The 

literature has also found that patients with SCZ seem to have distinct PPI deficits relating to 

prepulse-pulse intervals of 60 ms versus 30 and 120 ms (Swerdlow et al., 2014). Once more 

relating that certain deficits in expected response can be instructive in informing possible 

pathological neural states.   

Recently, the modulation of the VEP has emerged as a promising assay for non-invasive 

examination of cortical LTP-like synaptic processes. The paradigm has been used as a 

measure of LTP-like plasticity. LTP-like plasticity refers to mechanisms that share some 

features of LTP, such as stimulus specificity (McNair et al., 2006; Ross et al., 2008) or 

NMDA receptor (NMDAr) dependence (Stefan, Kunesch, Benecke, Cohen, & Classen, 2002). 

Evidence from these studies have showcased an LTP-like plasticity deficit in bipolar disorder 

type II (Elvsåshagen et al., 2012), schizophrenia (Cavus et al., 2012), major depressive 

disorder (MDD) (Normann et al., 2007), as well as showing an LTP-like plasticity effect in 

healthy controls (Elvsåshagen et al., 2012). Since one of the defining characteristics of LTP is 

its NMDA receptor-dependence (Harris, Ganong, & Cotman 1984; Artola & Singer, 1987) 

and that alterations in NMDAr functioning may be predicted to affect overall balancing of 

cortical excitation and inhibition associated to signal changes in EEG and 

magnetoencephalography (MEG) (Gonzalez-Burgos & Lewis, 2012), it was justifiable to add 

the VEP to the novel experimental design and assess any potential interrelationships present 

between the three paradigms. 

1.5 Mismatch Negativity 

Novel events (or oddballs) that are embedded in a sequence of repeated events (standards), 

produce distinct neural responses that can be non-invasively measured using EEG (Garrido et 

al., 2008). The MMN is one of the ERP components that is elicited by any distinguishable 

violation in acoustic regularity (Garrido et al., 2008) and can be seen as an index of sensory 

learning and perceptual accuracy (Garrido, Kilner, Stephan, & Friston, 2009). The MMN can 

also be elicited depending on stimulus feature such as: duration, frequency (increment or 

decrement), intensity, and by a change in its locus of origin (Näätänen, 1992). The cognitive 
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interpretation of the MMN reveals that it is elicited when the sensory input is not congruent 

with the representation supposedly produced by the standard stimulus (Näätänen & Alho, 

1995). The MMN circuitously offers a measure of the accuracy (stimulus-specificity) of the 

neural representation of the repetitive stimulus (Näätänen & Alho, 1995). The MMN is also a 

pre-attentive process that can be detected without the subject's full attention and considered to 

be a fully automatic process (Garrido et al., 2009; Näätänen, 1992; Näätänen, 1993). The 

MMN depends on intact NMDAr signalling as well as being used as an index of 

glutamatergic synaptic functioning (Garrido et al., 2009; Umbricht, Koller, Vollenweider, & 

Schmid, 2002). Also, the short-term plasticity reflected in the MMN paradigm may provide 

an index of general brain plasticity that can be analyzed non-invasively (Näätänen, 2008).  

The ERP to the deviant tone displays a negative N2 deflection compared to the ERP of the 

standard tone, peaking between 100 and 200 ms after deviant tone onset (Näätänen, 1979; 

Näätänen, Gaillard, & M ntysalo, 1978; Näätänen, Gaillard, & Mäntysalo, 1980; Näätänen & 

Michie, 1979; Näätänen & Alho, 1995). The N2 deflection consists of two overlapping 

negative components, the MMN and the N2b (Näätänen & Alho, 1995). The MMN is 

obtained by subtracting the event-related response to the standard event from the response to 

the deviant event (Garrido et al., 2009). It is suggested that a template is created by an echoic 

memory trace of the previous 'standard' stimulus in which the said template compares new 

stimuli with previously recorded standard stimuli. The MMN increases progressively with 

increasing number of standard repetitions (Näätänen, 1992; Javitt et al., 1998) signifying that 

the MMN mirrors the strength of the echoic memory trace of the standard stimuli. Moreover, 

with an increasing level of discrimination accuracy, the MMN increases in amplitude and 

shortens in peak latency (Näätänen et al., 1993a). The MMN paradigm in this thesis utilizes 

the roving paradigm initially adapted by Baldeweg, Klugman, Gruzelier, & Hirsch (2002) 

who modified the paradigm from works by Cowan, Winkler, Teder, & Näätänen (1993) and 

Winkler, Cowan, Csepe, Czigler, & Näätänen (1996). The continuously varying or 'roving' 

nature of the paradigm creates a de novo echoic memory trace on a trial by trial basis (Cowan 

et al., 2003; Ritter, Deacon, Gomes, Javitt, & Vaughan, 1995; Winkler et al., 1996; Baldeweg 

& Hirsch, 2015). Essentially, the deviant stimulus is a stimulus proceeding standard tones of a 

different frequency which also marks the beginning of a new standard train. More clearly, the 

first stimulus of the new stimulus train consequently also serves as a frequency deviant for the 

preceding train (Baldeweg, Klugman, Gruzelier, & Hirsch, 2004). This varies repeatedly 

throughout the experimental task. By varying the number of standard tone repetitions before 
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each deviant tone, it is feasible to investigate the efficacy of echoic memory trace formation 

(Baldegweg & Hirsch, 2015). NMDAr function is critical during encoding of novel 

information (Kandel, 2001). Therefore, the strength of the echoic memory trace via short-term 

plasticity reflected in the MMN can be quantified as an increase in net negativity in subjects.  

The auditory elicitation of the MMN is largely generated by a change detection process taking 

place bilaterally in auditory cortices (Näätänen, Tervaniemi, Sussman, Paavilainen, & 

Winkler, 2001). ERP source localization in addition to fMRI studies reveal that the main 

generators associated to the MMN are associated with the primary and secondary auditory 

cortex in the superior temporal gyrus (Alho, 1995; Halgren et al. 1995; Rosburg, 2003), along 

with secondary generators in the frontal cortex (Giard, Perrin, Pernier, & Bouchet, 1990; 

Deouell, Parnes, Pickard, & Knight, 1998; Molholm, Martinez, Ritter, Javitt, & Foxe, 2005; 

Tse, Tien, & Penney, 2006). According to Fulham and colleagues (2014), the MMN neural 

generators are thought to extend to a broader network that includes the frontal, temporal, and 

parietal areas.  

Since its first inception in 1978 by Risto Näätänen, the MMN has been extensively used 

across many disparate fields of research, including over 200 "MMN and SCZ" Medline-

referenced articles (Light & Näätänen, 2013). The major finding relates the attenuation in 

amplitude (with an effect size of d approximately 1.00) in SCZ research (Shelley et al., 1991; 

Umbricht & Krljes, 2005; Rissling et al., 2012).  Reasoning behind electing to use the MMN 

paradigm in this experimental procedure comes from its supposed relation to NMDAr related 

mechanisms (Umbricht et al., 2002; Garrido et al., 2009. Over the past two decades, 

glutamatergic dysfunction of SCZ has become progressively acknowledged as an 

etiopathological model of SCZ. These claims are based on clinical observations that 

phencyclidine (PCP) induces a schizophrenia-like psychosis by blocking neurotransmission of 

NMDA-type glutamate receptor (Javitt et al., 2012). MMN studies in monkeys (Javitt et al., 

1996) and healthy humans (Umbricht et al., 2000) have shown that MMN is significantly 

attenuated by NMDA receptor blockade. Javitt and colleagues (1996) where the first to 

demonstrate the sensitivity of the MMN to NMDAr the rhesus macaque. They were able to 

exhibit a dose-dependent reduction in MMN following local intra-auditory cortical infusion of 

PCP but not for repetitive standard sounds. Other researchers since have demonstrated how 

PCP and its analogues in both animal and human studies that the memory-based comparison 

process underlying MMN is critically dependent on the activity of NMDAr (Ehrlichman et 
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al., 2008; Kreitschmann-Andermahr et al., 2001; Tikhonravov et al., 2008; Umbricht et al., 

2000; Umbricht et al., 2002). PCP, ketamine, and dizocilpine (MK-801) essentially bind at the 

intrachannel site of the NMDAr preventing Ca
2+

 influx into the cell (Catts, Lai, Weickert, 

Weickert, & Catts, 2016). Administration of non-competitive NMDAr antagonists to animals 

have demonstrated corresponding cognitive deficits and behavior seen in healthy human 

controls as well as individuals with SCZ showcasing PCP-induced psychotomimetic effects 

(Catts & Catts, 2010). Currently, there exists a common recognition that NMDA receptor-

related neurotansmission is essential for the generation of MMN and that pre-clinical models 

of NMDAr hypofunction are associated with MMN deficits comparable to those found in 

schizophrenia (Catts et al., 2016).  

The MMN has also demonstrated utility for forecasting the duration of time to conversion of 

psychosis in at risk individuals (Bodatsch et al., 2011; Perez et al., 2014b). The paradigm also 

exhibits utility as a repeated measures with high test-retest stability over short and long (12 

month) retest intervals in healthy as well as SCZ patients (Light et al., 2012). Reliability 

coefficients are equivalent or even exceed those obtained from neuropsychological tests over 

1 year with intraclass correlation coefficient (ICC) approximately 0.9 (Light et al., 2012; 

Light & Braff, 2005b). The collective attributes make the MMN paradigm a "breakthrough 

biomarker" (Light & Näätänen, 2013) that is "translatable" (Nagai et al., 2013) and possibly 

"the one we have been waiting for" (Belger et al., 2012) in neuropsychiatric research.  

1.6 Prepulse Inhibition of the Acoustic Startle 

Response 

As measured with electromyography (EMG), the ASR is a defensive response to an intense 

auditory stimulus leading to the contraction of facial and skeletal muscles (Ramirez-Moreno 

& Sejnowski, 2012). Graham (1975) was the first to introduce the prepulse inhibition viewing 

it as a ubiquitous, and largely pre-attentive 'buffer'. The prepulse inhibition  (PPI) of the 

startle reflex is an experiment designed as an operational measure of sensorimotor gating. 

Sensorimotor gating averts excessive irrelevant information from reaching higher cortical 

regions of the brain to avoid overloading these systems. Thus, the PPI is viewed as a measure 

of automatic pre-attentional inhibitory processes (Graham, 1975; Filion, Dawson, & Schell, 

1993). A "healthy" or  normative response is found to be an inhibition of the motor response 

to stimulus B (startle inducing stimulus) in the presence of stimulus A (prepulse), compared 
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with the response to stimulus B alone (Light & Swerdlow, 2014). Therefore, the "PPI is a 

measure of the degree to which a motor response is inhibited by a sensory event" 

(sensorimotor inhibition) (Light & Swerdlow, 2014), in which a weak prepulse inhibits the 

magnitude of a startle response to an abrupt pulse stimulus occurring anywhere from 30 to 

120 ms later. The ASR is therefore a constructive tool to inspect neuropathological 

impairments of sensory information processing and behavioral plasticity (Koch, 1999). In 

effect, the ASR exhibits plasticity through PPI and habituation. Startle habituation refers to 

the diminution of the amplitude of a subject's startle response to a certain repetitive 

presentation of a startle-inducing stimulus over time (Oranje et al., 1999).   

Employing stimulus parameters and equipment for stimulus delivery and response acquisition 

comparable to humans, the PPI has been studied in animal models including mice, rats, 

guinea pigs, and non-human primates (Swerdlow et al., 2008). Although there are differences 

in the neurochemical regulation of PPI across species, there exist similarities in the basic 

parametric properties in both animals and humans (Swerdlow et al., 1994). According to work 

conducted by Greenwood and colleagues (2011; 2012; 2013), the PPI is a rather complex 

heritable phenotype regulated by several different genes and is considered a polygenic trait 

(Nusbaum & Contreras, 2004; Frost, Tian, Hoppe, Mongeluzi, & Wang, 2003; Geyer, 

McIlwain, & Paylor, 2002). NMDAr receptors are important for sensorimotor gating and 

NMDA receptor antagonists have been found to disrupt PPI (Valsamis, Chang, Typlt, & 

Schmid, 2014; Duncan, Moy, Lieberman, & Koller, 2006). In animal models, specifically 

rats, PPI is disrupted by a competitive NMDAr antagonist (Furuya & Ogura, 1997) and does 

not reduce startle amplitude in a dopamine receptor-independent manner in mice (Furuya et 

al., 1999). In human models,  reduced NMDA activity leading to deficits in PPI is not as 

straightforward. PPI is increased in healthy subjects by ketamine, an NMDA antagonist 

(Duncan et al., 2001; Abel, Allin, Hemsley & Geyer, 2003). It is also increased by memantine 

(a low to moderate - affinity) NMDA antagonist (Swerdlow et al., 2009), and by the mixed 

NMDA antagonist/dopamine agonist, amantadine (Swerdlow et al., 2002b). Talledo, 

Sutherland, Schortinghuis, & Swerdlow (2009) found that a single dose of psychostimulant, 

amphetamine potently enhanced PPI. They inferred that among individuals with low basal 

PPI, the neural circuitry regulating PPI retains significant plasticity in that it can respond 

positively to the administration of a drug (Talledo et al., 2009).  
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Subcortical regions including the ventral striatum, pallidum, and pontine tegmentum are 

associated with the PPI (Takahashi et al., 2012). Deficits of the PPI found in SCZ patients 

might reflect abnormalities at any one or more levels of PPI-regulatory circuitry that stretches 

from the prefrontal cortex to the pons (Light & Swerdlow, 2014). Attenuation of PPI may be 

found under excessive dopamine (DA) neurotransmission in subcortical structures, deficient 

DA, or glutamate transmission in cortical structures, excessive serotonin, or deficient GABA 

transmission in the pallidum (Swerdlow et al., 2008). The PPI is reduced in humans afflicted 

with certain types of brain disorders like SCZ (Braff et al., 1978; Swerdlow et al., 2006) and 

many others. Reduction in PPI is not only specific to SCZ (Braff et al., 1978; Braff, Grillon, 

& Geyer, 1992), but to other diseases like Huntington's Disease (Swerdlow et al., 1995), 

Kleinfelter Syndrome (Van Rijn et al., 2011), Fragile X Syndrome (Frankland et al., 2004) 

and others. The amount of PPI related to longer prepulse intervals (60 - 120 ms) correlates 

significantly with higher cognitive processes including working memory (Greenwood et al., 

2013), strategy formation (Bitsios et al., 2006), and measures of cognitive efficiency (Bitsios 

et al., 2006), in addition to global functioning (Swerdlow et al., 2006a).  

In terms of stability over time, PPI levels in SCZ patients are highly stable with a 1 year ICC 

of approximately 0.8 (Light et al., 2012). Some evidence has reported deficits in PPI varying 

in effect size for SCZ patients ranging from medium to large, while work conducted by 

Swerdlow, Light and colleagues (2006a) found effect sizes of 0.24 up to 0.58 (Light et al., 

2012). There are several factors that can contribute to smaller PPI differences between SCZ 

patients and healthy controls. These factors include the fact that women have lower PPI than 

men (Swerdlow et al., 1993b) and in most studies healthy subjects are also predominantly 

female, while SCZ patients are mostly male. Secondly, SCZ-linked deficits in PPI appear to 

be most robust under a particular set of parameters (i.e. type of prepulse [auditory vs. tactile; 

tone vs. noise; prepulse intensity over background noise and prepulse interval]) (Braff et al., 

2001; Swerdlow et al., 2006a; Swerdlow et al., 2006b). Thirdly, PPI is also increased by 

nicotine (Hong et al., 2008; Kumari, Soni, & Sharma, 2001) smoking also being more 

commonplace among those who suffer from SCZ versus healthy control subjects. Lastly, PPI 

is also higher in medicated versus unmedicated SCZ patients with the difference being 

strongest in patients taking second-generation antipsychotics (Csomor et al., 2009; Kumari et 

al., 1999; Swerdlow et al., 2006a). It should also be noted that second-generation 

antipsychotics are used amongst 80% of SCZ patients in more recent studies (Light & 

Swerdlow, 2014).  
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The variable nature of the effect sizes found in PPI research is a helpful indication that 

perhaps "normal" PPI levels in SCZ patients may serve in themselves as a biomarker of 

normal PPI functioning relating that the overall circuit properties are adequately performing 

its function of sensorimotor gating (Light & Swerdlow, 2014). However, it should be noted 

that this does not mean that the entire PPI-regulatory apparatus is intact and therefore needs 

further inspection to make sure that indeed all facets of the apparatus are in working order. 

SCZ patients who may have a high PPI may be able to reap the benefits of a therapeutic 

intervention that is more efficacious as they are already capable of redirecting adequate 

cognitive resources to meet the demands of such an intervention (Light & Swerdlow, 2014). 

In that way the PPI used as a biomarker can be helpful in tailoring a better treatment solution 

to an already overburdened patient. Kumari and colleagues (2012) found that baseline PPI 

levels positively predicted the therapeutic response to cognitive behavioral therapy (CBT). 

Patients with the highest pre-therapy PPI levels yielded the most benefit from CBT 

concerning reductions in symptom severity. In this way, it may be possible to positively 

predict therapeutic response to cognitive interventions namely by identifying intact neural 

mechanisms such as the PPI.  

1.7 Modulation of the Visual Evoked Potential  

The VEP is an electrophysiological response specific for visual stimuli and primarily reflects 

excitatory and inhibitory postsynaptic potentials in the occipital cortex (Luck, 2005; 

Normann, Schmitz, Fürmaier, Döing & Bach, 2007). When using a pattern-reversal protocol, 

the VEP is characterized by three major components of interest: the N75, P100, and N145 (Di 

Russo et al., 2005; Tobimatsu & Celesia, 2006). The N75, also referred to as C1 in the 

literature can be found in the ERP between 50 and 90 ms (Mangun et al., 1993). The N75 is a 

small initial negative wave which has shown great inter-individual variability (Luck, 2005). 

The P100 is a positive amplitude found between 90 and 130 ms. The P100 is also referred to 

as P1 and has lower inter-individual variability than the N75 (Luck, 2005). The N145 

component, also referred to as N1, can be found between 130 ms and 190 ms. This negative 

wave is large and has several subcomponents (Luck, 2005; Odom et al., 2010). Neural 

generators associated with the N75 are generated predominantly in the primary (striate) visual 

cortex (Tobimatsu & Celesia, 2006; Butler et al., 1987). Evidence suggests that the P100 and 

the N145 components are also probably generated by the striate and extrastriate cortex (Di 
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Russo et al., 2005; Tobimatsu & Celesia, 2006; Whittingstall et al., 2007; Novitskiy et al., 

2011; Fuglø, Pedersen, Rostrup, Hansen, & Larsson, 2012).  

NMDAr-dependent LTP is a prevalent phenomenon expressed at most excitatory synapses in 

the brain and the best-characterized form of synaptic plasticity (Cooke & Bear, 2012; 

Lüscher, & Malenka, 2012; Bliss & Collingridge, 1993). Canonical features for LTP include 

(i) long-lasting duration, (ii) frequency dependent (i.e. higher frequencies induce potentiation 

in contrast to low frequencies which induce depotentiation to pre-LTP levels), (iii) input 

specificity, (iv) NMDAr-dependence, and (v) it is saturable (able to reach a ceiling) (Cooke & 

Bliss, 2006). Teyler and colleagues (2005) reported the first demonstration of an 'LTP-like' 

effect in humans using non-invasive sensory stimulation showcasing a distinct enhancement 

of an early component of the VEP. Using a checkerboard reversal task that selectively flashed 

on the left and right visual field, the researchers were able to establish an LTP-like change 

reflected in the increased amplitude of the visual evoked potential (VEP) post-tetanus (high 

frequency stimulation) (Teyler et al., 2005). More recently, Clapp, Hamm, Kirk, & Teyler 

(2012) using a similar reversing checkerboard task found a significant potentiation of the N1 

component relative to baseline measures. Clapp and colleagues (2012) contrasted their EEG-

findings with fMRI using the same task and found an increased BOLD signal concentrated in 

occipital (visual processing) areas. Therefore, the findings reveal that visual stimulation can 

induce and record LTP (Clapp et al., 2012). Normann and colleagues (2007) used modulation 

of VEPs to study LTP-like plasticity in individuals suffering with MDD compared to healthy 

controls. Normann and colleagues (2007) used checkerboard reversals and showcased that the 

stimulation produced clear modulation of the amplitudes in the VEPs in healthy subjects. 

Moreover, VEPs measured with occipital scalp electrodes appear to provide evidence of 

plasticity effects exclusively in V1 suggesting stimulus-specificity (Cooke & Bear, 2012). 

Therefore, the measured amplitudes of the VEPs were significantly stronger when participants 

were presented the same repetitive stimuli. These findings were replicated in a study by 

Elvsåshagen and colleagues (2012) using the same VEP paradigm as in the Normanm (2007) 

study. In addition, using auditory stimulation, Clapp and colleagues (2012) were able to show 

that LTP-like plasticity can also be induced non-invasively in the auditory system. The 

auditory evoked potential (AEP) displayed a significant increase in N1 amplitude where its 

effect was localized in the auditory cortex via fMRI (Clapp et al., 2012).   
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Frequency dependency have been shown in protocols typically utilizing checkerboard 

reversals with slight variations, including the reversal frequency (Lahr et al., 2014). 

Additionally, repetitive visual stimulation resulted in long duration stimulus specific NMDAr 

dependent plasticity of the VEP (McNair et al., 2006; Teyler et al., 2005; Clapp et al., 2006). 

Norman and colleagues (2007) showed that significant plasticity of the P1 and N1 amplitudes 

after a long duration of visual stimulation in healthy participants. These findings suggest that 

the plasticity of the VEP after a certain period of visual stimulation can induce reliable and 

robust results in healthy subjects (Elvsåshagen et al., 2012). Previous research have used this 

repetitive visual stimulation and found plasticity of both P100 and N145 amplitudes (McNair 

et al., 2006; Teyler et al., 2005; Normann et al., 2007; Elvsåshagen et al., 2012). Work 

conducted by Cooke and Bliss (2006) also found that LTP can be induced by tetanic 

stimulation at high frequencies or by associative pre-synaptic and post-synaptic stimulation. 

Hence, the VEP plasticity induced by repeated visual stimulation seems to be a promising 

assay for non-invasive examinations of LTP-like cortical processes in humans (Frenkel et al., 

2006; Cooke & Bear, 2010; Elvsåshagen et al., 2012; 2015).  

Repeated visual stimulation has been shown to induce VEP plasticity in humans and rodent 

models in vivo (Clapp et al., 2005a; Clapp et al., 2005b; McNair et al., 2006). LTP of human 

VEPs also show stimulus specificity, and is NMDAr-dependent (McNair et al., 2006; Teyler 

et al., 2005; Clapp et al., 2006). Other similar studies have also shown stimulus specificity 

and NMDAr-dependency (McNair et al., 2006; Clapp et al., 2006). A study by Cavus and 

colleagues (2009a) administered ketamine to healthy subjects who failed to demonstrate LTP 

to a photic stimulus. Clapp and colleagues (2006) found that the use of an NMDAr antagonist 

3-(2-carboxypiperazin-4-yl) propyl-1-phosphonic acid (CPP) had no effect on VEPs.  Cooke 

and Bear (2012) define the term “stimulus-specific response potential” (SRP) to depict the 

observed plasticity from sensory stimulation. SRP is a long-lasting, experience-dependent 

plasticity that occurs in the primary visual cortex (V1) of mice (Frenkel et al., 2006). This 

suggests that SRP may represent an LTP-like process. Both SRP and LTP are prevented with 

the administration of the NMDAR antagonist CPP (Cooke & Bear, 2012). According to 

Cooke and Bear (2012), phenomena akin to SRP in humans are likely useful biomarkers of 

altered cortical LTP and of treatment response in various psychiatric disorders including SCZ. 

The potential value of SRP as a preclinical assay for the assessment of pharmacological 

treatments on synaptic plasticity (Cooke & Bear, 2012). Not only is SRP a relatively simple 

assay which is robust, but it also seems to capture feed-forward glutamatergic function and 
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visual learning that are deficient in patients. Although VEP plasticity in humans has LTP-like 

features, the precise neural mechanisms underlying VEP plasticity in humans remains to be 

clarified. 

Dysfunctional LTP-like plasticity has also been implicated in the pathophysiology of SCZ 

(Hasan et al., 2012; Cavus et al., 2009b; Cavus et al., 2012). Evidence of impaired visual 

cortical plasticity have also been found while in patients with MDD (Normann et al., 2007), 

dyslexia (Hautus, Setchell, Waldie, & Kirk, 2003; Tallal & Gaab, 2006), and bipolar disorder 

type II (Elvsåshagen et al., 2012). Cavus and colleagues (2012) found that exposure to 

repetitive high frequency visual stimuli resulted in persistent (lasting at least 20 minutes) 

potentiation of the C1 and N1 VEP components in healthy subjects but not in SCZ patients. 

The potentiation of the N1 was also replicated by the literature in healthy controls (Clapp et 

al., 2012; Teyler et al., 2005; McNair et al., 2006; Ross et al., 2008). Although Cavus and 

colleagues (2012) revealed that indeed an impairment in plasticity of the visual cortex was 

found in SCZ patients, it largely seems to be indexing a general brain plasticity dysfunction 

affecting other cortical regions and sensory modalities such as the auditory cortex (Mears & 

Spencer, 2012). In their study, Mears and Spender (2012) were able to show that auditory 

LTP was also disrupted in SCZ. The extent to which these results reflect underlying 

neuropathology of these diseases remains unknown. Seeing as synaptic plasticity is a 

fundamental neurobiological process it may be plausible that future studies may locate 

cortical areas of defective synaptic plasticity which are specific to the certain diseases (Clapp 

et al., 2012).    

1.8 MMN, PPI, and VEP plasticity: indices of short- 

and long-term brain plasticity 

A key ability of neural circuits is the ability to vary over time in terms of synaptic efficacy 

(Hennig, 2013). Cellular processes like LTP contribute to the patterning of the nervous 

system during development are also thought to contribute to the underlying basis of learning 

and memory formation (Morris, 2003). Slow and long-lasting homeostatic processes regulate 

synaptic strength to preserve circuit activity within functional areas (Turrigiano & Nelson, 

2004). On very short time scales ranging from milliseconds to minutes (Zucker & Regehr, 

2002), a whole swath of activity-dependent processes exist that modulate synaptic strength 

continuously. Short-term plasticity in contrast to long-term plasticity, has a direct influence on 
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the computation performed by the neural circuit as these dynamics occur on the time scale of 

stimulus-driven activity, neural computations, and behaviour (Hennig, 2013).   

Combining the evidence showcased in the literature review, it seems that the paradigms seem 

to index a general brain plasticity. The MMN has been associated as an index of auditory 

system plasticity by its creator, Risto Näätänen (2008). The MMN reflects plastic changes 

that can be short or long in duration (Näätänen, 2008). According to Näätänen (2008), the 

MMN data suggests diverse forms of plasticity in the neurophysiological basis of sensory 

memory, encapsulating short-term memory traces (lasting few seconds) to largely enduring 

memory traces such as those for mother-tongue speech sounds. According to the adaptation of 

the classic oddball paradigm, Baldeweg and colleagues (2002) refer to the 'roving' MMN 

paradigm as being able to create de novo memory traces on a trial by trial basis (Cowan et al., 

2013; Winkler et al., 1996). This reveals that each de novo memory trace is indicative of a 

"short term" plasticity marker.  

According to Koch (1999), short prestimulus intervals ( < 60 ms) modulation depends on 

automatic processes, whereas at longer prestimulus intervals ( > 120 ms), attention is 

involved. Koch (1999) relates that attentional "top down" mechanisms affect the PPI at the 

perceptual level in contrast with higher levels of stimulus processing are protected by gating 

mechanisms underlying PPI. There still needs to be more research on the role of attention in 

the modulation of the PPI, but it seems that this form of neural plasticity is independent of 

learning (Koch, 1999). Since the inhibitory effect is not a product of learning, but of sensory 

masking or middle ear protective reflexes (Graham, 1975), there can be no possibility for a 

learning effect (Fendt, Li, & Yeomans, 2001; Blumental, 1999) revealing a possible "short 

term" plasticity marker revealed in the PPI at these prestimulus intervals.  

Recently, the modulation of the VEP has emerged as a promising assay for non-invasive 

examination of cortical LTP-like synaptic processes. The paradigm has been used as a 

measure of LTP-like plasticity. LTP-like plasticity refers to mechanisms that share some 

features of LTP, such as stimulus specificity (McNair et al., 2006; Ross et al., 2008) or 

NMDA receptor (NMDAr) dependence (Stefan, Kunesch, Benecke, Cohen, & Classen, 2002). 

In terms of the VEP paradigm, the modulation of VEPs is most closely defined as an LTP-like 

plasticity effect which inherently categorizes it as a "long-term" plasticity marker.   
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1.9 Aims and hypotheses of the present study 

The main aims of the present study were to (i) identify the most robust measures in each 

paradigm, and (ii) explore potential paradigmatic redundancies (i.e., the degree to which they 

are likely to reflect/index distinct or common underlying mechanisms). These main aims were 

pursued by testing the following specific hypotheses:  

VEP hypotheses: 

1. There will be a potentiation of the P1, N1, and P2P (the sum of the P1 and N1 amplitude) 

measures of the VEP. 

2. The largest potentiation will occur directly after the first four post-modulation blocks when 

measured using P2P (the sum of the P1 and N1 amplitude) measures. 

MMN hypotheses: 

1. The largest MMN will occur following larger standard trains and decrease systematically 

for decreasing standard trains  

2. The most robust measure for the MMN will be the MMN calculated for the difference 

between standards from deviants following 18 standards.  

PPI hypotheses: 

1. There will be a habituation to startle when analyzing the mean of the first and last three 

pulse alone trials.  

2. The largest prepulse inhibition will occur when the prepulse is delivered 120 ms before the 

pulse stimulus and decrease for decreasing prepulse time intervals.  

Correlation and EFA analyses between paradigms: 

1. Due to similar underlying mechanisms citing NMDAr dependence, it is hypothesized that 

these paradigms may be correlated.   

2. The MMN and PPI may be stronger correlated since these paradigms reflect short-term 

plasticity, whereas the VEP might reflect long-term plasticity.  
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2 Methodology 

2.1 Project Description 

The experiments are conducted at NORMENT (Norwegian Center for Medical Disorders 

Research) as part of the TOP project (Tematisk Organisert Psykoseforskning). TOP has 

approval from the Regional Ethics Committee (REC), a license from the Data Inspectorate, 

and a biobank-approval until the year 2050. Criteria specific for healthy control participation 

was the absence of any mental disorder. Other aspects for inclusion involve being between the 

ages of 18 and 65 years old, the ability to give informed consent, speak a scandinavian 

language. All participants are thoroughly examined by a medical doctor as well as a licensed 

psychologist with expertise in diagnosing psychotic disorders. The entire TOP protocol 

includes structured psychiatric interviews, neuropsychological testing, physical examinations, 

blood, urine, and hair cortisol testing as well as brain imaging (MRI) and EEG. Project 

participation is entirely voluntary and thus the participant provides their consent for 

participation and inclusion of their relevant information.   

2.2 Participant Demographics 

A total of N=127 healthy controls were included in the study with normal or corrected-to 

normal vision. All participants were selected randomly through the distribution of a letter in 

the mail whereby participants willing to enlist were further screened via telephone interview. 

14 healthy controls were excluded due to faulty EEG recordings and due to a great deal of 

rejected data during signal processing due to excessive noise. To keep consistency throughout 

the experiment, if one of the paradigms had an excessive amount of rejected trials, the subject 

was rejected from the entire analysis. The final number of participants was 113 (55 females) 

across all three experimental paradigms with age distributions ranging from 18 to 65 years of 

age (M=36.73, SD=9.24). 

2.3 Experimental Procedure 

Each participant signed a general consent form for the entire Tematisk Organisert 

Psykoseforskning (TOP) experimental protocol, as well as a consent form specific to the EEG 



21 

 

experiment. A general practitioner (GP) consent form was signed by each participant ensuring 

that upon any abnormal results, notifications would be made available to the GP for further 

testing. A 500 kroner compensation form with the participants' account information and home 

address was signed. All participants were questioned using a Substance Use Questionnaire, 

the Young Mania Rating Scale (YMRS) (Young et al., 1978), and the Montgomery-Åsberg 

Depression Rating Scale (MADRS) (Montgomery & Åsberg, 1979). Each participant had 

their vision tested with a Snellen chart from a distance of approximately 5 meters to ensure 

sufficient visual acuity during the checkerboard reversal task. A basal hearing test was also 

administered to each participant to ensure sufficient hearing levels (20dB or better at 1000 

Hz). Participants were instructed not to drink coffee for at least two hours prior to the 

experiment. The entire procedure from setup to completion took roughly 2.5 hours per 

participant. The EEG experimental portion used approximately eighty minutes. The procedure 

began with a twenty-two minute VEP paradigm, followed by a twenty-minute MMN, a short 

four minute VEP, twenty-minute PPI, and a third four-minute VEP stimulation (see Figure 2) 

Participants were instructed in Norwegian using a structured instruction paper (see Appendix) 

in order to maintain procedural reliability across participants. The entire process was carried 

out using both English and Norwegian languages 

.

Figure 2. Experimental Procedure (VEP1, MMN, VEP2, PPI, VEP3) 

2.3.1 EEG acquisition  

Continuous EEG recordings were recorded using a BioSemi ActiveTwo system from 64 

active Ag/AgCl electrodes, 6 EMG active electrodes and 2 EKG active electrodes. The first 

two EMG electrodes were distributed on the left (1) and right (2) lateral canthi, supra (3) and 

sub (4) orbital regions, and two directly under the right pupil (5) placed horizontally 1 cm 

apart towards the outer end of cheek (6). Placement of EMG electrodes 5 and 6 were made 
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such that vision was not impeded. The EKG electrodes were placed on the right clavicle and 

slightly above the left pelvic bone. The 64 active electrodes were based on the international 

10-20 system using CMS (active electrode) and DRL (passive electrode) which are used to 

replace the 'ground' electrodes. These electrodes form a feedback loop driving the average 

potential of the Common Mode voltage as close as possible to the ADC reference voltage in 

the AD-box. Electrode offsets were kept at +/- 30 microvolts. EEG activity was sampled at 

2048 Hz with an online amplifier band-pass of 0.05-417 Hz. The BioSemi acquisition 

program ActiView software was used for the EEG recording. 

2.3.2 Paradigms 

All paradigms used PsychToolbox-3 (Brainard, 1997; Pelli, 1997; Kleiner et al, 2007) in 

MATLAB R2015a (The MathWorks Inc., 2015).  JoytoKey version 5.8.2 and DS3 Tool 

version 0.6.0.3 were used to register and record button presses from the Playstation 3 

handheld controller.  

2.3.3 Visual Evoked Potential (VEP) Paradigm 

Instructions were displayed on a AOC G2460PQU 24 inch LCD monitor with a horizontal 

screen (53.3 cm x 30.4 cm) and further instructed by the experimenter using a structured 

script in Norwegian (See Appendix). Screen resolution was 1920 x 1080 with a refresh rate of 

144 Hz. The visual evoked potential (VEP) paradigm uses black and white checkerboard 

reversals (2 reversals/s; check size = 0.5°). These stimuli were presented on an LCD screen in 

binocular vision. Participants were seated at a fixed distance of approximately 60 cm. 

Participants were instructed to focus on a small red circle (0.1°) in the center of the screen 

until further instructed to press a green triangle on a Playstation 3 controller once the stimulus 

had changed from red to green. This feature was implemented as it ensured that the 

participants' focus was continuously centered in the middle of the screen. Pattern-reversal 

VEPs were elicited with checkerboard stimulation in two short pre-modulation blocks (20s; 

40 reversals per short block), a modulation block (10 mins; 1,200 reversals) and eight short 

post-modulation blocks (20s; 40 reversals per short block). This initial VEP1 implementation 

(comprising of 2 pre blocks, 1 modulation block, and 4 post-modulation blocks) was followed 

by the MMN paradigm. After the MMN, a second VEP2 implementation (consisting of 2 

post-modulation blocks) was used. Following the VEP2 was the PPI and lastly a third VEP3 
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implementation was used (consisting of 2 post-modulation blocks). The total number of 

blocks consisted of 11 blocks across all VEP implementations. Inter-trial intervals (ITI) for 

the baseline and post-stimulation blocks had jitters between 500 and 1500 ms. The 

modulation (stimulation) phase was fixed at 500 ms (2 Hz stimulation). The total experiment 

duration was approximately 32 minutes.  

2.3.4  Mismatch Negativity (MMN) Paradigm 

Instructions were displayed on the screen and further instructed by the experimenter using a 

structured script. The number of possible 'roving' standards in each stimulus train was 2, 6, 

and 18. A deviant is defined as the first sound following a new standard train. Stimulus tones 

varying in frequency from 700 Hz to 1250 Hz in increments of 50 Hz were selected. A double 

deviant varying in frequency and duration of tone length (50 ms or 100 ms) was 

simultaneously used in the mismatch paradigm. The stimuli were presented in a pseudo-

randomized fashion with the occurrence of deviants being 7% of total trials (approximately 

2340 total trials). Participants were asked to read a magazine during the MMN task. Total 

experiment duration was approximately 20 minutes.  

2.3.5 Prepulse Inhibition (PPI) Paradigm 

Participants were instructed to gaze at a red dot in the middle of the screen for the duration of 

the PPI paradigm. Intensities of the auditory stimuli included white noise at 70 dB, prepulse 

stimuli at 85 dB, and pulse alone stimuli at 115 dB. Inter-trial intervals (ITIs) were variable 

between 11 and 19 seconds. Stimuli were presented in a pseudo-randomized fashion 

beginning with three pulse alone trials (also known as the startle stimuli), followed by 84 

trials that consisted of 12 pulse alone trials and 12 prepulse-pulse trials of either prepulses 

starting at 30, 60, or 120 ms respectively, and ending with three pulse alone trials for a total of 

90 events. A prepulse-pulse (PP) trial is a prepulse stimulus directly preceding a pulse-alone 

(PA) stimulus. The total experiment duration lasted approximately 20 minutes.  

2.4 EEG Analysis of Paradigms  

EEG analysis for all paradigms was conducted with EEGLAB version 13.3.2b (Delorme and 

Makeig, 2004) and run on MATLAB R2015a (The MathWorks Inc., 2015).  
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2.4.1 Visual Evoked Potential (VEP) 

After collection of experimental data, data was down-sampled from the original sampling rate 

of 2048 Hz down to 512 Hz. Data then underwent further preprocessing using the Prep 

pipeline function (Bigdely-Shamlo, Mullen, Kothe, Su, & Robbins, 2015). The Prep pipeline 

is a standardized preprocessing technique for large-scale EEG analysis which seeks to reduce 

the signal to noise ratio, remove line noise, robustly referencing of the signal to an estimate of 

the "true" average reference, detection and interpolation of bad channels relative to that 

reference, as well as trying to retain sufficient information allowing users to rereference 

(referenced to the average reference) using other choice methods (Bigdely-Shamlo et al., 

2015). Following the Prep pipeline, the data was processed using a high pass filter of 0.1 Hz 

and then a low pass filter of 40 Hz, data was then segmented into epochs (epoched) between 

the time window of -200 before and continuing 500 ms after the onset of each checkerboard 

reversal. An independent component analysis (ICA) was conducted on all 64 scalp electrodes 

in order to isolate blink and other eye movement-related artifacts. Following ICA, a principal 

component analysis (PCA) reduced the components to 35 from 64 possible components. 

Pruning of the eye blink component was conducted across all participants. Any participants 

failing to show a unique eye blink component were flagged. All included participants had one 

eye blink component removed to keep consistency throughout the artifact rejection process 

across all participants. Further, the data went through epoch rejection for amplitudes of +/- 

100 microvolts (uV). Trials that exceeded 25% of total trials (~1600 total epochs) were 

marked for exclusion. Afterwards, deletion of both EKG channels was done of which was 

further rereferenced to the AFz channel and then baseline corrected from -50 to 0 ms. Data 

from the Oz electrode was extracted using guidelines from previous literature on VEP (Cavus 

et al., 2012; Elvsåshagen, et al., 2012). The P1 is measured as a positive deflection between 

90 and 150 ms (Elvsåshagen et al., 2015). The N145 is measured as the first negative 

deflection between 130 and 190 ms (Elvsåshagen et al., 2015). Depending on the polarity of 

the components of interest within the specified time window, amplitudes and latencies of the 

local minima and maxima were extracted. Lastly, a random selection of participants had their 

individual ERP components and latencies measured against figures created through EEGLAB 

to ensure that the scripts were indeed picking out the proper peaks and latencies.  
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2.4.2 Mismatch Negativity (MMN) 

The analysis of the MMN data was the same as the VEP preprocessing however the data was 

epoched between -100 before and 400 ms after stimuli presentation. Pruning of eye blink and 

lateral eye movement components was conducted for all participants (since the participants 

were reading and a distinct lateral eye movement component was to be expected). Any 

participants failing to show a unique eye blink and lateral eye movement component were 

flagged. All included participants had one eye blink and one lateral eye movement component 

removed to keep consistency throughout the artifact rejection process. Further, epoch 

rejection for amplitudes of +/- 100 uV was undertaken whereby rejected trials were recorded 

to ensure data quality and trial number sufficiency. Trials that exceed 25% of total trials (~ 

2340) were marked for exclusion. Subsequently, deletion of both EKG channels was 

undertaken with a further rereferencing to the mastoids (electrodes P9 and P10), and then 

further processed with a baseline correction from -50 to 0 ms. Data from the Fz, Cz, and FCz 

electrodes were extracted based on previous research (Baldeweg et al., 2002; 2004). Using 

EEGLAB, values corresponding to deviants (21, 61, and 181) and standards (2,6, and 18) 

were extracted.  

2.4.3 Prepulse Inhibition (PPI) 

Using guidelines for human startle eye-blink electromyographic (EMG) studies by 

Blumenthal and colleagues (2005), all the preprocessing steps were used with the 

recommendation based on this committee report. EMG data was processed by creating a 

bipolar channel from the two electrodes below the right pupil. Data was then high passed 

using a filter of 28 Hz and a low pass filter of 500 Hz per recommendation. The signal was 

then rectified and further low passed at 40 Hz on the rectified signal. The data was epoched 

between -500 before and 500 ms after stimulus presentation. The maximum (local maxima) 

amplitudes for all events (90 total) as well as mean baseline values of 50 ms before any 

auditory stimulus presentation (either before PA or PP trials) were extracted. In order to 

quantify the responses for acoustically elicited blinks, common response onset latency 

windows between 20 and 120 ms were used (Balaban, Losito, Simons, & Graham, 1986). 

Once all the relevant data was extracted, the mean across all relevant events (i.e. PA and PP: 

30, 60, and 120 ms) were calculated.  
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2.5 Statistical Analyses 

All Frequentist statistical analyses were explored via SPSS, version 24.0 for Windows (IBM 

Corp., 2016) and Bayesian statistical analyses were explored in JASP, version 0.8.1.1 (JASP 

Team, 2017).  

2.5.1 Bayes Factor 

To supplement Frequentist statistics, Bayesian alternatives were utilized using JASP. 

Recently, null hypothesis significance testing (NHST) using p values has been heavily 

criticized. The Bayesian approach allows for researchers to assign probabilities to the 

hypotheses themselves, while also providing the means of comparing these probabilities 

(Quintana & Eriksen, 2017). Bayes' factor is defined as the ratio between the marginal 

likelihoods of the alternative hypothesis (H1) and the null hypothesis (H0). This factor is 

therefore denoted as BF10, relating to the marginal likehoods of the alternative hypothesis 

against the null hypothesis. Simply, the Bayes' factor is considered as the posterior 

("conditioned on the observation") odds of the hypotheses given the observed data (Quintana 

& Eriksen, 2017). Additionally, Bayes' factor can provide support for the existence of an 

effect along with the effect's magnitude, seeing as the odds that the data better fit the H1 or H0 

can be reflected in the results (Quintana & Eriksen, 2017). Bayes' factors are utilized across 

all statistical tests using the default Cauchy prior in JASP with a scale parameter of 0.707 

which presumes a confidence of 50% that the true effect size lies between -0.707 and 0.707. 

An interpretation of the Bayes Factor (BF10) can be seen in Table 1.  

 (BF10) Label Interpretation 

> 100 Extreme evidence for H1 

30 - 100 Very strong evidence for H1 

10 - 30 Strong evidence for H1 

3 - 10 Moderate evidence for H1 

1 - 3  Anecdotal evidence for H1 

1 No evidence 

1/3 - 1 Anecdotal evidence for H0 

1/3 - 1/10 Moderate evidence for H0 

1/10 - 1/30 Strong evidence for H0 
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1/30 - 1/100 Very strong evidence for H0 

< 1/100 Extreme evidence for H0 

Table 1. Bayes Factor label interpretation suggested by Jeffreys (1961). 

2.5.2 Statistical Tests 

The Shapiro-Wilk test was used to test assumptions of normality in the data. Parametric and 

non-parametric tests were used, specifically Student's and Wilcoxon Signed rank Tests were 

implemented as paired sampled t-tests to test differences between groups. Cohen's d effect 

size estimates were calculated which expresses the difference between two means (Field, 

2013). In cases of violations of Mauchly’s test of sphericity, p-value corrections using 

Greenhouse–Geisser corrections were applied if valued lower than 0.75, and Huynh-Feldt 

corrections were applied if valued higher than 0.75 (Field, 2013).  

1-way repeated measures analysis of variance (ANOVA) was utilized along with a Bayesian 

ANOVA to test the overall fit of a linear model. Bayes factors were also used as a supplement 

to Frequentist statistics which aid in further elucidating the maximum likelihood that the 

alternative hypothesis (H1) is more likely than the null hypothesis (H0). Bayes factors are 

utilized across all tests using the default Cauchy prior in JASP with a scale parameter of 

0.707. A correlation matrix was used to correlate the most robust measures from each 

paradigm using Pearson's r and Spearman's rho using an alpha level of 0.05 to imply a 

significant correlation. Additionally, a Bayesian correlation matrix was used to supplement 

the statistics using a BF10 factor of 10 or more to imply a significant correlation. Bonferroni 

corrections for multiple comparisons were also used. Specifically, the correction is applied to 

the alpha level to control the overall Type I error rate when multiple significant tests are used 

(Field, 2013).  

2.5.3 Statistical Analysis of VEP: 

Data quantification included the analysis of the P1 and N1 components in terms of amplitudes 

and latencies as well as an analysis of peak-to-peak measures across all blocks (two baseline 

pre-modulation blocks, one modulation block, and 8 post modulation blocks. The P1-N1 

peak-to-peak (P2P) measure is quantified as the sum of the P1 and N1 and can be used as an 

overall measure of VEP plasticity (Elvsåshagen et al., 2012). The two baseline block 

recordings were combined for P1, N1, and P2P measures and are labelled as baseline blocks. 
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The VEP amplitudes from the eight post-modulation blocks were averaged as post-

modulation VEP (either 4 through 7 and 4 through 11). To inspect the effect of the 

modulation block on the VEP, the P1, the N1, and the P1-N1 peak-to-peak (P2P) baseline 

amplitudes were compared with the subsequent post-modulation amplitudes with paired 

sample t-tests. P1 and N1 baseline amplitudes were also compared with post-block pairings 

(either 4 and 5, 6 and 7, 8 and 9, and 10 and 11) to try to further deconstruct which pairs are 

more robust than others. P1 and N1 baseline amplitudes were also compared to P1 and N1 

post-modulations 4 through 7, 4 through 11, and to examine independent blocks, all post-

modulation blocks from 4 through 11 were measured separately relative to baseline. The  

measures used in the exploratory factor analysis (EFA) and correlation analysis are the 

measure of the "effect of the modulation block". The "effect of modulation" scores were 

computed by subtracting baseline VEP amplitudes from the corresponding post-modulation 

amplitudes for P1, N1 and P2P measures.   

2.5.4 Statistical Analysis of MMN: 

The mismatch negativity was calculated by subtracting deviants (event codes 21, 61, and 181) 

by standards (2, 6, and 18). Calculated from data extracted from the Fz electrode, the MMN 

was found using the grand average ERP across all trials between the time window of 100 and 

200 ms. Data was also extracted for the Cz and FCz electrodes, but for the purposes of 

brevity, the Fz electrode was analyzed for this particular task as it showed the strongest ERP 

consistent with results found by Baldeweg and colleagues (2002; 2004) utilizing the 'roving' 

standard paradigm. Additionally, it should be noted that a greater mean "negativity" is the 

result aimed for using the MMN task.  

2.5.5 Statistical Analysis of PPI:  

Quantification measures used for the analysis of the PPI were the startle magnitude measured 

in microvolts (uV), the habituation to startle, and the prepulse inhibition. The startle 

magnitude is quantified as the mean of the first three pulse alone startles. PPI was calculated 

for prepulses relating to 30, 60, and 120 ms for a total of 3 PPI measures. The PPI was 

quantified as: [[pulse-alone amplitudes - prepulse amplitudes] / [pulse-alone amplitudes] * 

100] (Geyer & Swerdlow, 2001). Habituation measures were calculated using the mean across 

the first three pulse trials (beginning) and the mean across the last three pulse trials (end). The 
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habituation measure was quantified as: [[mean startle end - mean startle beginning] / [mean 

startle beginning]] * 100. Non-responders were defined as participants who failed to respond 

with an eye-blink reflex to a PA or PP. Mean baseline values (50 ms before stimulus) were 

extracted to ensure that there was no EMG activity preceding the stimulus presentation and 

can reliably show the difference between baseline activity and startle reflex activity of the 

blink reflex. 

2.5.6 Correlation and Factor Analysis of Paradigms 

The data was then standardized into standard z scores enabling dimensional reduction into 

one unit across all measures. Firstly, the sign was flipped for the 3 MMN measures, the N1 

measure of the VEP, and the habituation of the PPI.  A large negative value reveals more 

plasticity for these negative going deflections, therefore the signs of the above were flipped in 

order to correlate the rest of the measures in terms of strength of plasticity. The correlation 

and EFA used these transformed scores. Correlation analyses were conducted using Pearson's 

(r) and Spearman's rho (ρ)  to explore possible correlations between paradigmatic measures 

on the standardized data.  

An exploratory factor analysis (EFA) was utilized in JASP whereby EFA is a multivariate 

technique that seeks to find the smallest number of interpretable factors needed to explicate 

the correlations among a set of measures (Field, 2013). Factor loadings are defined as the 

"regression coefficient of a variable for the linear model that describes the latent variables in 

the data" (Field, 2013). Observations selected to be analysed by EFA are chosen based on the 

results of the most robust measures for each paradigm. Furthermore, orthogonal rotations 

using the varimax JASP option were used. Orthogonal rotation is a "method of rotation in 

factor analysis that keeps the underlying factors independent" (i.e. not correlated) (Field, 

2013). Varimax is a method of orthogonal rotation that attempts to maximize the dispersion of 

loadings within factors (Field, 2013). Bartlett's test of sphericity was employed in order to 

distinguish whether the correlation matrix is significantly different from the identity matrix 

(values correlate very badly with all other variables) engendered from the factor analysis 

(Field, 2013). An analysis of scree plots provided in JASP (see Appendix, Figure 14) and 

their inflexion points produced recommendations for how eigenvalues were set. This allowed 

for a reduction of factors to the most important factors that explain a greater proportion of the 

variance.  
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3 Results  

For tables including Bayes factors (BF10), the interpretation of the Bayes factor can be found 

on the rightmost column indicating the degree of evidence relating to the alternative 

hypothesis (H1) compared to the null hypothesis (H0). Amplitudes are measures in microvolts 

(uV) and latencies are measured in milliseconds (ms).  

3.1 Visual Evoked Potential (VEP): 

The Grand average ERP of the VEP paradigm showcasing the effect of modulation for all 

pre- and post-modulation blocks can be found in Figure 3. The figure shows the combined 

pre-modulation blocks 1 and 2 versus all post-modulation blocks (4 through 11) extracted at 

the Oz electrode.  

 

Figure 3. Grand average ERP measured at the Oz electrode. 

The means and standard deviations of the mean amplitudes, latencies, and P2P values for P1 

and N1 for the combined baseline blocks 1 and 2, and the modulation block 3 can be found in 

Table 2. Additional analysis of the baseline blocks 1 and 2 found differences which can be 

seen in the Appendix. The analysis of which will not be relevant for this thesis.  
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Measure Mean (uV) Std. Dev (uV) Mean (ms) Std. Dev 

(ms) 

P1 baseline 1&2 8.17 5.32 126.38 5.56 

N1 baseline 1&2 -6.74 3.62 172.93 15.60 

P2P baseline 1&2 14.91 6.36 NA NA 

P1 modulation 3 9.74 4.83 128.29 7.43 

N1 modulation 3 -5.50 3.27 178.41 15.2 

P2P modulation 3 15.23 6.28 NA NA 

Table 2. VEP amplitudes and latencies for P1, N1, and P2P  for combined blocks 1 and 2 and modulation block.   

A paired sample t-test was performed for P1, N1, and P2P measures measuring all pre-

modulation blocks versus all post-modulation blocks (blocks 4 through 11) (See Table 3). 

Since the VEP2 and VEP3 experimental presentations are presented directly after the MMN 

and PPI respectively, the post-modulation blocks relating to the VEP1 were also calculated 

(i.e. blocks 4 through 7). A Bayesian paired sample t-test was also performed whereby results 

for both tests are displayed in Table 3. A Shapiro-Wilk test of normality was performed on all 

measures revealing non-significant results (alpha 0.05 level) for all measures except for the 

P2P (4 to 7) relative to P2P (baseline), W = 0.971, p = 0.016.  

Measure Test Statistic df p Cohen's 

d 

BF10 Evidence 

for H1 

BP-P1_4to7 Student's -7.364 112 < .001 -0.693 2.663e  +8 Extreme 

BP1-P1_4to7 Wilcoxon 985.000  < .001 -0.693   

BP1-P1_4to11 Student's 2.822 112 0.006 0.265 610.140 Extreme 

BP1-P1_4to11 Wilcoxon 4247.000  0.003 0.265   

BN1-N1_4to7 Student's -4.385 112 < .001 -0.412 4.474 Moderate 

BN1-N1_4to7 Wilcoxon 1744.000  < .001 -0.412   

BN1-N1_4to11 Student's 3.346 112 0.001 0.315 19.156 Strong 

BN1-N1_4to11 Wilcoxon 4435.000  < .001 0.315   

BP2P-P2P_4to7 Student's -8.151 112 < .001 -0.767 1.323e +1

0 

Extreme 

BP2P-P2P_4to7 Wilcoxon 768.000  < .001 -0.767   
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BP2P-

P2P_4to11 

Student's -6.374 112 < .001 0.600 2.436e  +6 Extreme 

BP2P-

P2P_4to11 

Wilcoxon 1263.000  < .001 0.600   

Table 3. Paired sample t-tests comparing pre-modulation blocks (B) and the average of all post-modulation 

blocks for VEP related to the first VEP presentation (4 through 7) and all three VEP presentations (4 through 11) 

for P1, N1 and P2P measures.  

 

A Shapiro-Wilk test of normality was performed for the P1 and N1 post-modulation pairs 4 

and 5, 6 and 7, 8 and 9, and 10 and 11 relative to the combined baseline of P1 and N1 (blocks 

1 and 2) yielded non-significance suggesting no deviation from normality. The Student's t-test 

will be used without the non-parametric Wilcoxon Signed rank which can be seen in Table 4.  

Measure Statistic df p Cohen's d BF10 Evidence for H1 

BP1 vs. P1_4&5 -7.406 112 < .001 -0.697 3.280e +8 Extreme 

BP1 vs. P1_6&7 -6.230 112 < .001 -0.586 1.266e +6 Extreme 

BP1 vs. P1_8&9 0.742 112 0.460 0.070 0.136 Moderate 

evidence H0 

BP1 vs. P1_10&11 0.931 112 0.354 0.088 0.159 Moderate 

evidence H0 

BN1 vs. N1_4&5 2.776 112 0.006 0.261 3.977 Moderate 

BN1 vs. N1_6&7 2.328 112 0.022 0.219 1.382 Anecdotal  

BN1 vs. N1_8&9 3.283 112 0.001 0.309 15.917 Strong 

BN1 vs. N1_10&11 1.923 112 0.057 0.181 0.616 Anecdotal 

evidence  H0 

Table 4. Student's paired sample t-test comparing BP1 and BN1 (combined baseline for P1 and combined 

baseline for N1) versus the post-modulation blocks pairs 4 and 5, 6 and 7, 8 and 9, and 10 and 11.  

A paired sample t-test was conducted comparing P2P measures for the combined baseline 

blocks 1 and 2 versus each individual post modulation block (i.e. blocks 4 through 11). 

Results can be found in Table 5. along with the Bayes' factors engendered from a Bayesian 

paired sample t-test. A Shapiro-Wilk test of normality was used comparing all individual P2P 

blocks 4 through 11 and comparing them to the combined P2P baseline blocks (1 and 2) 

resulting in a non-significant (2-tailed at alpha level 0.05) deviation of normality for all 

blocks except block 4. The Shapiro-Wilk test of normality was found to be significant for 

P2P4 relative to P2P of baseline, W = 0.968, p = 0.008 suggesting a deviation of normality.  
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Measure Test Statistic df p Cohen's 

d 

BF10 Evidence 

for H1 

P2PB-P2P4 Student's -8.234 112 < .001 -0.775 2.006e +10 Extreme 

P2PB-P2P4 Wilcoxon 813.000 112 < .001 -0.775   

P2PB-P2P5 Student's -6.222 112 < .001 -0.585 1.220e  +6 Extreme  

P2PB-P2P5 Wilcoxon 1358.000 112 < .001 -0.585   

P2PB-P2P6 Student's -4.904 112 < .001 -0.461 4424.791 Extreme 

P2PB-P2P6 Wilcoxon 1545.000 112 < .001 -0.461   

P2PB-P2P7 Student's -8.248 112 < .001 -0.776 2.151e +10 Extreme 

P2PB-P2P7 Wilcoxon 806.000 112 < .001 -0.776   

P2PB-P2P8 Student's 2.719 112 0.008 0.256 3.443 Moderate 

P2PB-P2P8 Wilcoxon 4060.000 112 0.016 0.256   

P2PB-P2P9 Student's -5.598 112 < .001 -0.527 77663.923 Extreme 

P2PB-P2P9 Wilcoxon 1433.000  112 < .001 -0.527   

P2PB-P2P10 Student's 2.576 112 0.011 0.242 2.434 Anecdotal 

P2PB-P2P10 Wilcoxon 4185.000 112 0.006 0.242   

P2PB-P2P11 Student's -4.065 112 < .001 -0.382 195.211 Extreme 

P2PB-P2P11 Wilcoxon 1871.000 112 < .001 -0.382   

Table 5. Individual P2P blocks 4 through 11 versus P2P blocks 1 and 2 combined (P2PB) 

3.2 Mismatch Negativity (MMN): 

The Grand average ERP of the MMN paradigm extracted using the Fz electrode can be found 

in Figure 4. The figure shows the MMN between the time window of 100 and 200 ms. 

Standards are represented as event codes (2, 6, and 18) and deviants are represented as event 

codes (21, 61, and 181). 
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Figure 4: Grand average ERP for between -100 and 400 ms (MMN between 100 and 200 ms) at Fz electrode 

The mean and standard deviation of the MMN calculated for deviants relating to 2, 6, and 18 

standards can be found in Figure 5. with error bars relating to the standard deviations. The 

MMN corresponding to deviants 2, 6, and 18 yielded means of -0.45 (SD = 1.55), -2.05 (SD = 

1.61), and -3.13 (SD = 1.90) respectively. The total MMN was calculated as the combined 

deviants minus the combined standards yielding a mean of -1.88 (SD = 1.31).   
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An ANOVA was performed comparing the effect of deviant type on the mismatch negativity 

produced indicating the assumptions of sphericity had not been violated. The ANOVA 

demonstrated a significant effect of deviant type [F(2,224) = 117.6, p < 0.001, η² = 0.512, 

BF10 = 5.621e +32]. Pairwise comparisons using a Bonferroni correction (alpha level at 0.05) 

yielded all significant results p < 0.001. Shapiro-Wilk test of normality showed that the data 

did not deviate from normality. Furthermore, a Student's paired sample t-test and Wilcoxon 

Signed rank test was performed between the MMN61 and MMN181. Results are provided in 

Table 6. 

Measure Test Statistic df p Cohen's 

d 

BF10 Evidence 

for H1 

MMN61 vs. 

MMN181 

Student's 6.019 112 < .001 0.566 488716  Extreme 

MMN61 vs. 

MMN181 

Wilcoxon 5188.00  < .001 0.566   

Table 6. Paired sample t-test comparing the mismatch negativity computed after 6 deviants and after 18 deviants. 

A Shapiro-Wilk test of normality was used for the standards (2,6, and 18) versus the deviants 

(21, 61, and 181) yielding non significant deviance for the first two pairs. A significant test of 

normality was found for the comparison of 18 vs. 181, p < 0.010, W = 0.969. Paired sample t-

tests using Student's t-test and the Wilcoxon Signed rank test comparing standards (2, 6, and 

18) to deviants (21, 61, and 181) can be found in Table 7.  

Measure Test Statistic  df    p Cohen's 

d 

(BF10) Evidence 

for H1 

2 vs. 21 Student's 3.079 112 0.003 0.290 8.904  moderate 

2 vs. 21 Wilcoxon 4280.0

0 

 0.002 0.290     

6 vs. 61 Student's 13.533 112 < 0.001 1.273 1.509e +22  extreme 

6 vs. 61 Wilcoxon 6264.0

0 

 < 0.001 1.273     

18 vs. 181 Student's 17.530 112 < 0.001 1.649 4.108e +30  extreme 

18 vs. 181 Wilcoxon 6422.0

0 

 < 0.001 1.649     

Table 7. Student's, Wilcoxon, and Bayesian paired sample t-tests comparing standards and deviants  
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3.3 Prepulse Inhibition (PPI):  

The mean of the first and last three startle stimuli are presented in Figure 6. with error bars 

relating to standard deviations. The mean of the three beginning startles yielded a mean of 

83.77 uV (SD = 60.31) and the mean of the three ending startles yielded a mean of 46.54 uV 

(SD = 38.53). The habituation to startle was calculated yielding a habituation percentage 

reduction of 43.10% (SD = 26.84).  

 

Figure 6. Mean startle amplitudes of the first three and last three startle stimuli. 

Comparing the mean of the beginning and end startle amplitudes of the first and last three 

startles (See Table 8), a Shapiro-Wilk test of normality was used resulting in a significant 

deviation of normality, W = 0.851, p < 0.001.  

Measure Test Statistic df p Cohen's 

d 

BF10 Evidence 

for H1 

Beg. Startle vs. 

End Startle 

Student's 9.782 112 < .001 0.920 5.675e +13 extreme 

Beg. Startle vs. 

End Startle 

Wilcoxon 6252.00  < .001 0.920     

Table 8. Student's and Wilcoxon paired sample t-test comparing beginning and ending mean startles.  

 

The PPI calculated for prepulse intervals of 30, 60, and 120 ms along with the means and 

standard deviations can be found in Figure 7. with error bars relating to standard deviations. 

Mean prepulse inhibition percentage values for the PPI measures at 30, 60, and 120 ms 

prepulse yielded means 8.19 (SD = 21.54), 41.52 (SD = 22.10), and 41.45 (SD = 28.51) 

respectively.    
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Figure 7. Prepulse inhibition (%) from prepulses delivered 30, 60, and 120 ms before the startling stimulus.  

A Shapiro-Wilk test of normality was performed analyzing the PPI at 60 and the PPI at 120 

ms prepulse resulting in a significant deviation of normality, W = 0.972, p = 0.017. A 

Student's paired sample t-test was performed comparing the PPI measured at 60 and 120 ms 

prepulse and was found to be statistically non-significant, t(112) = 0.037, p = 0.971; d = 

0.003. A Wilcoxon Signed-rank test was performed comparing the PPI measured at 60 and 

120 ms prepulse and was found to be statistically non-significant, T = 3046, p = 0.618; d = 

0.003. A Bayesian paired sample t-test was performed yielding a BF10 = 0.104 signifying 

anecdotal evidence for the alternative hypothesis that the PPI60 and PPI120 are significantly 

different from each other.  

A 1-way repeated measures analysis of variance (ANOVA) was performed for the PPI with 

three time factors (30, 60, and 120 ms). Mauchly's test of sphericity was performed and 

assumptions of sphericity were violated, p < 0.001. Using the Huynh-Feldt correction, there 

was a significant effect of prepulse interval on the PPI [F(1.620, 179.810) = 130.363, p < 

0.001]. A Bayesian 1-way repeated measures ANOVA was performed for the PPI with three 

factors (30, 60, and 120 ms) yielding a BF10 = 2.185e +35 indicating extreme evidence 

supporting the alternative hypothesis that prepulse time interval changes the PPI. 

Lastly, an analysis of non-responders was undertaken using extracted mean baseline values of 

50 ms before the first PA stimuli across all events. A two-tailed paired t-test with significance 

level of 0.05 was used to determine if there were significant differences between the mean 
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baselines 50 ms before any pulse stimuli yielding significant differences between the mean 

baselines and the pulse along stimuli for all responders.  

3.4 Correlations between all experimental 

paradigms: 

3.4.1 Correlations 

A correlation matrix using the most robust measures from the results above produced six 

significant correlations which can be seen in Table 9. None of these survived Bonferroni 

correction for multiple comparisons. Scatter plots created in JASP depict the correlations 

between the six measures in Table 9. which can be found in Figures 8 through 13. 

Measure Pearson's r p Spearman's ρ ρ BF10 Evidence 

for H1 

P2P411_min_B 

vs. MMN181 

-0.230 0.014 NA NA 2.26 Anecdotal 

P147_min_B 

vs. PPI120 

0.234 0.013 0.215 0.022 2.54 Anecdotal 

P147_min_B 

vs. PPI60 

0.214 0.023 0.199 0.035 1.50 Anecdotal 

P1411_min_B 

vs. MMN181 

-0.188 0.046 NA NA 0.83 Anecdotal 

Evidence Ho 

P1411_min_B 

vs. PPI120 

0.242 0.010 0.205 0.029 3.20 Moderate 

P1411_min_B 

vs. PPI60 

0.209 0.026 0.208 0.027 1.35 Anecdotal 

Table 9. Pearson and Spearman correlations across most robust measures along with their Bayes factors. NA = 

Not Applicable. 
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      Figure 8. Correlations MMN181 vs. P1 4 to 11                 Figure 9. Correlations MMN181 vs.  P2P 4 to11 

 

     Figure 10. Correlations PPI120 vs. P1 4 to 7                        Figure 11. Correlations PPI120 vs. P1 4 to 11

 

     Figure 12. Correlations PPI60 vs. P1 4 to 7                           Figure 13. Correlations PPI60 vs. P1 4 to 11 
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3.4.2 Exploratory Factor Analysis (EFA) 

An EFA was performed on 4 total observations using orthogonal rotations with varimax. The 

factor loadings can be found in Table 10. Bartlett's test of sphericity was calculated yielding 

non-significant results (χ²(6) = 6.031,  p = 0.420). 

Factor Loadings (Orthogonal rotations using varimax) 

   Factor 1  Factor 2  Uniqueness  

Habituation_PPI   .   .   0.963   

MMN181   .   .   0.971   

P2P47_min_B   0.910   .   0.164   

PPI60   .   0.570   0.672   

 Table 10. Factor loadings for EFA using orthogonal rotations using the varimax option across all paradigms. 

Factor Correlations  

   Factor 1  Factor 2  

Factor 1   1.000   .   

Factor 2   0.106   1.000   

Table 11. Factor correlations 

4 Discussion 

4.1 Main Results  

4.1.1 Main Results VE 

Based on previous literature using the checkerboard reversal task (Elvsåshagen et al., 2012; 

2015), the expected components of the VEP were expected to fall within time windows for 

the P100 (between 90 and 150 ms) and N145 (between 130 and 190s). The modulation block 

(totalling ~ 1200 epochs) provided a more robust estimate for locating the components of 

interest relative to the 10 other blocks (totalling ~ 35 epochs per block). Therefore the 

analysis of the modulation block confirmed the expected component latencies.  

The VEP plasticity induced by repeated visual stimulation seems to show a type of 

neocortical synaptic plasticity (Frenkel et al., 2006; Cooke and Bear, 2010; Elvsåshagen et al., 

2012; 2015). Teyler and colleagues (2005) were the first to show that VEP plasticity after 

repetitive visual stimulation in healthy subjects. Norman and colleagues (2007) found 

significant plasticity of the P1 and N1 amplitudes after a long period of visual stimulation in 

healthy subjects. These findings suggest that the plasticity of the VEP after a certain period of 
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visual stimulation can induce reliable and robust results in healthy subjects (Elvsåshagen et 

al., 2012). Considering that previous studies have employed this repetitive visual stimulation 

and found plasticity of both P1 and N1 amplitudes (McNair et al., 2006; Teyler et al., 2005; 

Normann et al., 2007; Elvsåshagen et al., 2012), it seemed fair to examine plasticity of the P1, 

N1 and P1-N1 P2P as overall measures of VEP plasticity. As expected from the above 

literature, the combination of all 8 post-modulation blocks relative to the combined baseline 

yielded significant results with effect sizes varying from small to medium-to-large. Bayesian 

probability estimates for P1 and P2P measures yielded extreme evidence towards the 

alternative hypothesis (H1) that there is a significant potentiation of the VEP after a 

modulation phase. Bayesian probability estimates for N145 measures yielded only strong 

evidence towards H1.  

Upon the analysis of the combination of the first four post-modulation blocks compared to the 

combination of all eight post-modulation blocks, it was hypothesized that the most robust 

effects would occur for the former pairing. The effect sizes for the first four modulation 

blocks were systematically greater than the total post-modulation block combinations for P1, 

N1, and P2P measures, with the largest effect relating to the P2P of the first four post-blocks. 

Specifically, the effect sizes corresponding to the first four post blocks resulted in medium to 

large effect sizes while the results of the total combined post-blocks yielded small to medium 

effect sizes. Although reaching an interpretation of "extreme" probability towards H1 

compared to H0 requires a bayes factor over 100, the variability in these factors can be 

extreme. Therefore, just because the label interpretation reveals an extreme likelihood for 

favoring one hypothesis over another, the values themselves need to be carefully analyzed as 

the difference between a bayesian probability being 6.1e +2 times more likely is low 

compared to a bayesian probability of being 6.1e + 10 times more likely. Therefore, upon 

analyses of the variability in BF10 values over 100, the likelihood towards H1 supplied  by 

results specifically from P1 and P2P measures of the first four post modulation blocks, the 

orders of magnitude increase significantly. The interpretation of the N1 component remains 

more obscure. Although significant as well, the small to medium effect sizes and relatively 

low bayes factors reveal there may be less potentation occurring in the N1, or an excess of P1 

potentiation which is understood as a possible lack of N1 potentiation. A possibility can be 

that the P100 potentiation is greatly driving up the results revealing a more robust effect of P1 

potentiation compared to the N1 potentiation. The literature has provided evidence to support 

the increased robustness of the P1 relative to the N1 component as the P1 has been found to 
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be mainly located in the striate cortex of the primary visual cortex (Di Russo et al., 2005; 

Tobimatsu & Celesia, 2006; Whittingstall et al., 2007; Novitskiy et al., 2011; Fuglø et al., 

2012), and the neural sources corresponding to the N145 have been shown to comprise 

multiple subcomponents arising from spatially distinct neural generators (Gomez et al., 1994; 

Clark et al., 1995a; Johannes, Munte, Heinze, & Mangun, 1996). 

To determine the largest effects, the blocks were segmented into pairs of post-modulation 

blocks (4 and 5, 6 and 7, 8 and 9, and 10 and 11) to determine which pairs provided the 

strongest effect of LTP-like plasticity on the VEP for the P1 and N1 components. For P1, 

there was a significant difference relative to baseline for post-block pairs 4 and 5 and 6 and 7. 

Recall, the pairings 8 and 9 relate to the VEP2 which come directly after the MMN paradigm. 

The pairings 10 and 11 relate to the VEP3 which come directly after the PPI paradigm. 

Results for pairings 8 and 9 and 10 and 11 were not significant for P1. As for N1, the pairings 

4 and 5, 6 and 7, and 8 and 9 were significant, with the strongest effect seen in the 8 and 9 

pairing with strong bayesian probability towards the H1.  A subsequent analysis of the P2P 

measures of each individual post block relative to baseline further segmented the pairing 

effects finding significance for all post block pairs. Supporting the previous findings that the 

first four post-modulation blocks yield the strongest effects, the results indicate the same with 

medium to large effect sizes and extremely large bayes factors indicating extreme evidence in 

support of H1. Interestingly, there is extreme evidence for blocks 9 and 11 supporting the 

alternative hypothesis that the P2P measures for each post-block relative to the baseline are 

significantly different. As the theory behind LTP suggests a long duration effect that lasts up 

to one hour (Clapp et al., 2006). Our results indicate that there is indeed a long duration effect 

which showcases a sustained LTP-like plasticity effect.  

Lastly, as there is not a lot of literature on the modulation of the VEP in human subjects, this 

current study offers the largest study to date using the checkerboard reversal task to induce 

LTP-like plasticity in the visual cortex. Additionally, the fact that medium to large effect sizes 

are found for the measures of interest, the added robustness of the paradigm is an acceptable 

result which replicates previous literature using the task,  and adds weight to the possible use 

of this paradigm in future studies.  

Finally, for the analysis of the most robust measure in the VEP paradigm, the P1-N1 peak-to-

peak measure from post-blocks 4 through 7 relative to baseline was chosen confirming the 

hypothesis. Therefore, the P2P 4 to 7 relative to combined P2P baseline was chosen for EFA. 
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4.1.2 Main Results: MMN 

The ERP to the deviant tone displays a negative N2 deflection compared to the ERP of the 

standard tone, peaking between 100 and 200 ms after deviant tone onset (Näätänen, 1979; 

Näätänen, Gaillard, & M ntysalo, 1978,1980; Näätänen & Michie, 1979; Näätänen & Alho, 

1995). Our results were consistent with the literature finding the MMN between the time 

window of 100 and 200 ms (See Figure 4).  

As expected from the literature using this similar 'roving' standard mismatch paradigm 

(Baldeweg et al., 2002; 2004), the greatest mismatch negativity occurred after the 

presentation of the 18 standard train presentation and second strongest after the presentation 

of the 6 standard train presentation, and lastly corresponding to 2 standards. It was found that 

indeed in healthy participants the differential mismatch response at the Fz electrode between 

standards and deviants systematically increased with increasing number of standard 

repetitions (Baldeweg et al., 2004). Results were significant for all standard versus deviant 

comparisons yielding extremely very large effect sizes and bayes factors up to 30 orders of 

magnitude providing extreme evidence for H1. According to Baldeweg and colleagues (2004), 

"the degree of cognitive dysfunction would be proportional to the efficacy of encoding new 

auditory information" (i.e. which is reflected as an attenuation of the MMN memory trace 

effect). Ideally, the produced healthy responses can be indexed against these pathological 

responses to elucidate any potential psychopathology. 

Finally, for the analysis of the most robust measure in the MMN paradigm, the MMN 

computed from the difference between deviants and standards relating to 18 standards was 

indeed the most robust measure while also confirming the hypothesis. Therefore, the 

MMN181 was selected to be part of the EFA.  

4.1.3 Main Results: PPI 

The PPI is considered to be one of the major experimental paradigms useful in the study of 

SCZ (Braff et al., 1978). Lower levels of PPI are found in SCZ patients and are seen as 

reflecting impairments in sensorimotor gating (Dahmen & Corr, 2004). A "healthy" response 

is found to be a diminution of motor response to stimulus two in the presence of stimulus one, 

compared with the response to stimulus two alone (Light & Swerdlow, 2014). Therefore, this 

habituation to startling stimuli can be used as a measure of this diminution of motor response 
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to startling stimuli. Results for this study showed that healthy controls diminished their 

responses substantially (43% reduction) and upon comparative analysis between the mean 

beginning and end startles, a significant difference was found showing that the participants 

successfully inhibited their responses as trials increased. These results are consistent with the 

literature that healthy controls can modulate their responses displaying an intact sensorimotor 

gating mechanism compared to patients who show clear deficits in PPI (Swerdlow et al., 

2006; Braff et al., 2001). 

As predicted, the PPI increased as the time interval of the prepulse increased. The lowest 

inhibition was expected at 30 ms prepulse. However, the difference between the PPI 

calculated at 60 ms prepulse and 120 ms prepulse was not statistically different from each 

other upon applying parametric and non-parametric t-tests yielding a negligent effect size and 

Bayes factor interpretation revealing additional evidence that the hypothesis that these two 

measures are not statistically different from each other. Therefore, the hypothesis stating that 

the greatest PPI would occur at 120 prepulse was not supported. Both the 60 and 120ms 

prepulses are sufficient to evoke an equivalently maximal reduction in startle response. This 

evidence may be helpful in removing either the prepulse interval of 60 or 120 ms from the 

paradigm shortening experiment time for potential patients. The analysis of the habituation to 

startle resulted in large effect sizes further adding validity to the PPI as being useful as an 

index of sensorimotor gating. As there exist large inter-individual variability, the results seem 

promising that this habituation measure can be used to index possible pathologies and better 

identify possible deficits in patients. 

Markedly, a very high degree of inter-individual variability was found while analyzing the 

blink reflex to startle stimuli. Comparative analysis of baseline activity 50 ms before stimulus 

presentation and pulse alone stimuli found that all participants were classified as responders 

to startle inducing stimuli. However, the large inter-individual variation needs to be further 

analyzed in future studies. Women are found to produce a lower PPI when compared to men 

(Swerdlow et al., 2006), therefore future studies should test for this difference. Lastly,  PPI is 

also increased by nicotine (Hong et al., 2008; Kumari et al., 2001) and therefore future studies 

should also look at nicotine as a possible confounding variable. 

Finally, for the analysis of the most robust measure in the PPI paradigm, the PPI computed for 

prepulses delivered 60 ms before the startle inducing stimulus was chosen for further EFA. 

The hypothesis that the PPI at 120 ms was not confirmed as the comparative analysis between 
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them displayed that they were not statistically different from each other. The PPI (%) for both 

were the same value and therefore the choice to select the PPI at 60 ms reveals that the 

mechanism is reaching its maximal peak for intervals at 60 ms in this particular experiment.  

The habituation measure which is characterized as the difference between the means from the 

beginning and end startles was revealed to be highly robust and was also selected to be part of 

the EFA. 

4.1.4 Main Results: Correlation and EFA Analyses 

The correlation analysis found six significant correlations between all paradigms. Although 

none of these corrections survived Bonferroni correction, it is interesting to note some 

potential connections between the paradigms. First of all, the VEP measures chosen related to 

the combination of the post-blocks relative to the baseline blocks for the post-blocks 4 

through 7 and 4 through 11. The VEP was found to correlate with both the MMN and PPI. 

The MMN and the VEP measures were negatively correlated which may reflect that the brain 

plasticity index measured in these paradigms reflect different underlying mechanisms. The 

VEP and the PPI measures were positively correlated possibly reflecting common underlying 

mechanisms. Although there are some weak correlations between the measures, the variance 

among the data can also account for the strengths of the correlations in either direction. There 

are larger inter-individual differences reflected by differences in startle magnitude to startle 

inducing stimuli. Additionally, since the correlations did not survive correction for multiple 

comparisons, it also provides additional evidence that the underlying mechanisms are 

indexing non-redundant neural systems. Moreover, it should be noted that the interpretations 

of the bayes factors were also very low with the strongest effect being linked to the PPI120 

and the effect of modulation of the P1 from post-blocks 4 through 11 resulting in barely 

moderate evidence towards the hypothesis that they are sharing some common brain plasticity 

system. Finally, the hypothesis that the MMN and PPI may be related because of possible 

indices of "short term" plasticity was not confirmed. Although the correlations did not survive 

Bonferroni correction, there were no correlations between the MMN and PPI paradigms. 

There was a weak positive correlation between the PPI and VEP suggestion that the 

hypothesis that the PPI and VEP are not exclusively categorized as either "short term" or 

"long term". Koch (1999) revealed that at short lead intervals ( < 60 ms) modulation depends 

on automatic processes, whereas at longer lead intervals ( > 120 ms), attention is involved. 
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Pre-attentive processes are more closely related to "short term" plasticity markers, whereby 

attentional processes are more closely related to "long term" plasticity markers.  

EFA was performed to assess the whether the correlations between a set of observed variables 

stem from their relationship to one or more latent (cannot be directly measured) variables in 

the data (Field, 2013). Factors, which are defined as independent variables or predictors 

(Field, 2013), were analyzed to assess the possible interrelationships between the paradigms. 

As this is the first time these paradigms have been used in tandem, a factor analysis was 

useful in directly summarizing the data into relationships that can be easily interpreted into 

limited sets of clusters based on shared variance. To explore this further, and EFA was 

performed using orthogonal rotations (keeps underlying factors independent) revealed that 

indeed the measures were not related in terms of factor decomposition and again revealed 

additional support to the interpretation that the paradigms may be reflecting independent 

neural systems. Bartlett's test revealed non-significance revealing that every variable 

correlated very badly with all other variables (Field, 2013). The next step would be to 

replicate these results with a healthy control group and patient group used in tandem (namely 

a SCZ group.  

4.2 Limitations 

There are several limitations involved with the analysis of this experimental procedure as well 

as the data engendered from it. All participants were questioned using a Substance Use, 

YMRS, and MADRS questionnaire. Due to space limitations,  the data collected from these 

questionnaires was not analyzed. The Substance Use questionnaire collected information on 

various substance intake such as: medication, natural or health supplements, alcohol and 

drugs, tobacco, tea and coffee, sleep, as well as physical activity measures. In order to 

supplement the analysis using covariates, it would have been interesting to use these measures 

as possible covariates. However, it should be noted that some of these covariates were not 

controlled for exclusively. The method at which some of these substances were collected was 

uneven, and the memory recall of the participants was different throughout the experiments. 

To illustrate, the questions regarding physical education were selected questions from a larger 

more standardized physical education questionnaire and therefore recalling the amount of 

hours of exercise needed to produce an amount of sweat over the past year is a nonsensical 

question to ask. Participants were also asked not to drink coffee two hours prior to experiment 
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however this was not explicitly controlled for and accounts of coffee intake were accepted in 

faith. In the same token, tobacco or snus (tobacco packets) use was not controlled for as 

several participants were found to be secretly sucking on snus packets during the experiment. 

Participants were also tested at various parts of the day. Participants tested in the evening 

were far more drowsy during experimental implementation than participants tested in the 

morning or afternoon. A correction for drowsiness in the EEG was not analyzed and further 

accuracy measures implemented in the VEP were not analyzed. To illustrate, the participants 

were asked to press a green triangle on a Playstation controller when they saw a red dot in the 

middle of the screen changing from red to green. Each time this color shift occurred the 

participants were supposed to press the button. It is entirely possible that an increased number 

of individuals would have been excluded from the analysis due to the low accuracy ratings. 

Lastly, a comparative analysis between the baseline blocks 1 and 2 was performed for the P1, 

N1, and P2P measures and found a significant difference for the amplitude of the N1 

component. Results can be seen in the Appendix and will need to be analyzed further in future 

studies.  

In terms of limitations regarding the MMN paradigm, participants were instructed to read 

magazines while listening to several tones binaurally for a third of an hour. Although the 

MMN is a pre-attentive process (Garrido et al., 2009; Näätänen, 1992; Näätänen, 1993), it 

remains unclear whether reading material can impact the strength of the MMN analyzed as 

well as having any effects on the subsequently presented tasks. Resting state EEG was 

implemented very late in the protocol and most participants did not have the ten minute post-

experimental resting state EEG measured. The recording measured five minutes of eyes open 

and five minutes of eyes closed resting EEG. It may have been interesting to compare the 

resting state EEG with the experimental procedure results. Baldeweg and colleagues (2002; 

2004) used electrodes F3, Fz, F4, and Cz for frontal MMN and LM, RM for mastoid 

potentials whereby electrode type as a within-subject factor should be used in future studies. 

Generally, the hypothesis that these paradigms are correlated via NMDAr-dependence cannot 

be demonstrably ruled out as there is no biological basis for the claims that these paradigms 

are indeed independent from each other (i.e. we have not tested the NMDAr health of the 

neurons). It may not be feasible to use this exploratory analysis to simply explore the 

correlation between a biological substrate using cognitive tests. It at best offers a very mild 

connection, yet a lot more multidisciplinary data will be required to make claims that these 
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are indeed neurologically correlated or not. Lastly, another limitation is that the analysis does 

not include patients with SCZ, however as patients with BD (I and II) as well as SCZ were 

collected for the entire TOP protocol, it is a natural subsequent extension of this project for 

future studies.  

4.3 Recommendation for a revised non-invasive 

experimental EEG study for patients 

As there were indeed certain more robust measures than others within each paradigm, a 

simple recommendation for experimental revision has been made. The VEP would exclude 

the two shorter VEP implementations (VEP2 and VEP3). Through analyzing the data it seems 

that two baseline blocks, the modulation block, and four post modulation blocks are the most 

efficient way of getting the most robust statistical output given the experimental design. The 

proceeding 'roving' MMN paradigm using 18 standards and altogether excluding 2 and 6 

standards may provide a clear index of MMN plasticity. In addition to the classic MMN 

measured between 100 and 200 ms, it may also be interesting to implement the analysis of the 

P3A component of the oddball paradigm which is also supported by COGS as a robust EEG 

biomarker (Belger et al., 2012; Braff and Light, 2004; Light & Näätänen, 2013; Light & 

Swerdlow, 2014). Furthermore, it may be possible to vary deviant features such as duration 

and frequency deviants instead of using them simultaneously. The literature has shown that 

early SCZ patients have a distinct attenuation in duration deviants, which further develops 

into an attenuation of the frequency deviant as illness duration increases (Todd et al., 2008).  

Following the MMN procedure, the PPI using either PP of 60 ms or 120 ms rather than 30 ms 

PP intervals would be sufficient and can be used interchangeably. Future studies can replicate 

these findings if they are indeed interchangeable. However, literature has found that patients 

with SCZ seem to have distinct PPI deficits relating to PP intervals of 60 ms versus 30 and 

120 ms (Swerdlow et al., 2014). Thus, it may be interesting to keep both PP intervals for the 

purpose of replicating those findings. The analysis of the habituation to startle showcased 

large effect sizes further adding validity to the habituation measure as revealing distinct 

indices of healthy sensorimotor functioning. As there is indeed large inter-individual 

variability, the results seem promising that this habituation measure can be used to index 

possible pathologies.  
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Shortening the experiment will also may be more informative and appropriate as it will 

naturally decrease added noise caused by excess movement and fatigue on the part of the 

participant in addition to noise engendered by virtue of a longer experimental design. Future 

studies might also counterbalance the experiments to make sure that there is no effect of 

sequence of presentation to ensure that the same effects can be replicated. This can add 

supplementary support for the possibly orthogonal qualities of these paradigms. Lastly, the 

next step in the puzzle would be to analyze a patient group, namely patients with SCZ, and to 

analyze the results between two groups. 
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5 Conclusion 

The NMDA systems have been implicated in both the MMN, PPI, and VEP plasticity 

paradigms, yet the evidence remains unclear. Due to the novelty of this experimental design, 

it was imperative to analyze not only the results from the paradigms themselves but also to 

discover any paradigmatic correlations that may be present. It was suggested that perhaps an 

NMDA receptor-dependent mechanism was underlying the possible connections between 

paradigms as they have shown to be disturbed in psychiatric disorders like SCZ or through 

pharmacological studies of NMDAr antagonists. In conclusion, although the correlation 

analyses yielded some interesting nominally significant associations between the three 

paradigms, these were weak and did not survive correction for multiple comparisons. Thus, 

the overall interpretation from the correlation analyses and the exploratory factor analysis was 

one of independence. Consequently, although there is significant evidence relating each of 

these electrophysiological indices to NMDAr-dependence in the literature, they likely rely on 

largely independent neural systems. According to Swerdlow and Light (2016), biomarkers 

can be used to identify neural sources that remain intact and functional in SCZ populations. 

Functional neural "assets" can be used to compensate for those aberrant processes ever-

present in the disorder. It may therefore be possible to restore parallel aberrant circuits by 

using healthy ones (Swerdlow & Light, 2016). Therefore, biomarkers of "health" can be 

leveraged in the service of restorative therapy whilst simultaneously giving an indication to 

which neural systems need servicing and which do not.  As the results of each paradigm 

analyzed in this study replicate prior literature and have been proven to be robust, there is 

added evidence that these EEG indices may be suitable to use as EEG biomarkers of plasticity 

for patients with chronic psychotic disorders like SCZ.  
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7 Appendix 

Tests for normality in the data were analyzed using the Shapiro-Wilk test for baseline blocks 

1 (B1) and 2 (B2) for amplitudes and latencies measured in milliseconds (ms). Results of 

which can be seen in Table 12.  

Measure W p 

P1B1 vs. P1B2 (amp) 0.994 0.906 

N1B1 vs. N1B2 (amp) 0.987 0.326 

P1B1 vs. P1B2 (latency) 0.614 < .001 

N1B1 vs. N1B2 (latency) 0.859 < .001 

Table 12. Comparison of amplitudes and latencies for Baseline 1and 2 for P1 and N1 components 

To explore deviance from normality in the latencies, Student's paired sample t-test and 

Wilcoxon Signed rank tests were performed for the P100 and N145 amplitudes and latencies 

corresponding to blocks 1 (B1) and blocks 2 (B2). Results of which can be seen in Table 13.  

Measure Test Statistic df p Cohen's 

d 

BF10 Evidence for 

H1 

P1B1 vs. 

P1B2 (amp) 

Student's 1.060 112 0.291 -0.100 0.180 Moderate 

evidence for 

H0 

P1B1 vs. 

P1B2 (amp) 

Wilcoxon 2858.00  0.300 -0.100   

N1B1 vs. 

N1B2 (amp) 

Student's 3.788 112 < .001 0.356 76.585 Very strong 

N1B1 vs. 

N1B2 (amp) 

Wilcoxon 4483.00  < .001 0.356   

P1B1 vs. 

P1B2 (lat) 

Student's 1.343 112 0.182 -0.126 0.250 Moderate 

evidence for 

H0 

P1B1 vs. 

P1B2 (lat) 

Wilcoxon 1200.00  0.305 -0.126   

N1B1 vs. Student's 1.148 112 0.253 -0.108 0.198 Moderate 
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N1B2 (lat) evidence for 

H0 

N1B1 vs. 

N1B2 (lat) 

Wilcoxon 1686.50  0.027 -0.108   

Table 13. H0 reveals that there is no difference between the baseline blocks 1 and 2.  

A Shapiro-Wilk test of normality was used comparing the amplitudes of the N1 block 1 and 

N1 block 2 relative to the combined blocks 1 and 2 resulting in a non-significant deviation of 

normality, W = 0.987, p < 0.326.  

Measure Test Statistic df p  Cohen's d BF10 Evidence 

for H1 

N1B1 vs. 

N1B1&2 

Student's 3.788 112 < .001 0.356 76.58 Very 

strong 

N1B2 vs. 

N1B1&2 

Student's -3.788 112 < .001 -0.356 76.58 Very 

strong 

Table 14. Results for the VEP amplitudes and latencies extracted for the P1 and N1 for baseline blocks 1, 2, 

combined blocks 1 and 2, and modulation block 3 are provided in Table 2. 

The means and standard deviations of the mean amplitudes and latencies for P100 and N145 

for the baseline block 1, block 2, combined blocks 1 and 2, and modulation block 3 can be 

found in T14able 14.   

Measure Mean (uV) Std. Dev (uV) Mean (ms) Std. Dev 

(ms) 

P1 baseline 1 8.00 5.45 125.90 7.70 

N1 baseline 1 -6.17 3.95 172.28 16.98 

P1 baseline 2  8.34  5.71 126.85 5.55 

N1 baseline 2 -7.30 3.94 173.59 16.49 

P1 baseline 1&2 8.17 5.32 126.38 5.56 

N1 baseline 1&2 -6.74 3.62 172.93 15.60 

P1 modulation 3 9.74 4.83 128.29 7.43 

N1 modulation 3 -5.50 3.27 178.41 15.2 
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P2P modulation 3 15.23 6.28 NA NA 

Table 15. VEP amplitudes and latencies for P1 and N1 blocks 1, 2, 3, and combined blocks 1 & 2.  

 

Exploratory Factor Analysis (Scree plot) 

 

 

Figure 14. Scree plot with eigenvalue set at 0 demarcated by arrow to display the inflexion point 
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Strukturerte instruksjoner 

 

Introduksjon 

Nå er vi klare til å begynne med selve eksperimentet. Eksperimentet består av 5 

oppgaver, tre som varer i 20 minutter og to som varer i 4 minutter. Til sammen 

kommer eksperimentet til å ta opptil 80 minutter. Husk på at selv om noen av 

oppgavene kan virke enkle, så vil resultatet hjelpe med å forklare vesentlige 

momenter ved sykdommene som vi forsker på.  

 

VEP1 

Din oppgave nå er å fiksere blikket på den røde prikken som kommer opp på 

skjermen. Du skal trykke på den grønne trekanten på joysticken hver gang prikken 

skifter farge til grønt. Du trenger ikke å trykke når den skifter tilbake til rød. I 

bakgrunnen av skjermen kommer det til å komme et sjakkmønster som skifter farge 

slik at de svarte feltene blir hvite og vice versa. Det skiftende sjakkmønsteret kommer 

syv ganger – seks korte perioder på 40 sekunder og én lang periode på 10 minutter. 

Spesielt i løpet av den lange perioden med sjakkmønster kan du oppleve å bli sliten i 

øynene, men det er viktig at du konsentrerer deg om oppgaven. Du vil høre en lyd 10 

sekunder før sjakkmønteret kommer. Hvis du da trenger å bevege på deg, er det 

veldig bra om du gjør det med én gang, siden det er viktig at vi reduserer kildene til 

støy mest mulig under periodene med sjakkmønster. Til sammen kommer oppgaven 

til å vare i 20 minutter. Er det noe du lurer på før vi starter? 

 

MMN 

I den neste delen av eksperimentet skal du lese et av disse magasinene mens du får 

høre noen lyder på øret. Du trenger ikke gjøre noe spesielt, og du trenger ikke legge 

spesielt merke til lydene, bare sitte rolig og se i bladet. Denne delen av 

eksperimentet varer i 20 minutter.  

 

VEP2 

Nå kommer en kortversjon av oppgaven med sjakkmønsteret. Denne gangen 

kommer det to korte perioder med sjakkmønster. Til sammen tar dette 4 minutter. 

Som i sted skal du fiksere blikket på den røde prikken som kommer opp på skjermen, 

og trykke på den grønne trekanten på joysticken hver gang prikken skifter farge til 

grønt. Det kan hende at du blir litt sliten i øynene, men det er viktig at du 

konsentrerer deg om oppgaven.   
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PPI 

Nå kommer den siste oppgaven før du helt til slutt får se sjakkmønsteret i to korte 

perioder. I oppgaven som kommer nå får du igjen noen lyder på øret. Noen av disse 

kan være høye og gjøre at du skvetter, men det er ikke farlig. Du skal ikke gjøre noe 

annet enn å fiksere blikket ditt på prikken som dukker opp på skjermen foran deg. 

Oppgaven varer i 20 minutter. Selv om oppgaven kan oppleves som kjedelig, er det 

viktig at du sitter i ro og at du holder deg våken gjennom hele oppgaven.  

 

VEP3 

Helt til slutt kommer kortversjonen av oppgaven med sjakkmønsteret en gang til. Du 

skal fiksere blikket på den røde prikken som kommer opp på skjermen, og trykke på 

den grønne trekanten på joysticken hver gang prikken skifter farge til grønt. Igjen kan 

det hende at du blir litt sliten i øynene, men det er viktig at du konsentrerer deg om 

oppgaven. 
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Forespørsel om deltakelse i forskningsprosjektet 

 ” GENETISKE VARIANTER OG HJERNENS ELEKTRISKE 

AKTIVITET VED BIPOLAR LIDELSE OG SCHIZOFRENI” 

 

Bakgrunn og hensikt 

Dette er et spørsmål til deg om å delta i en forskningsstudie for å øke kunnskapen om bipolar 

lidelse og schizofreni. De siste årene har forskere påvist flere genvarianter som kan ha 

betydning for utvikling av bipolar lidelse og schizofreni. Men, nøyaktig hvordan disse 

genvariantene påvirker hjernens funksjon er ikke kjent. Hensikten med denne studien er å øke 

forståelsen av hvordan genvariantene påvirker samspillet mellom nerveceller i hjernen. Økt 

kunnskap om dette vil på sikt kunne bidra til utvikling av nye og bedrede behandlingsformer 

ved bipolar lidelse og schizofreni. Oslo universitetssykehus (OUS) og Tematisk Område 

Psykoser (TOP)-studien er ansvarlige for dette forskningsprosjektet.  

 

Hva innebærer studien? 

Du har tidligere samtykket til deltakelse i TOP-studien. I TOP-studien gjennomføres 

undersøkelser av såkalte genetiske sårbarhetsvarianter ved bipolar lidelse og schizofreni. 

Dette er genvarianter som gir lett økt risiko for å utvikle disse tilstandene. Vi vil i denne 

studien bruke resultatene fra de genetiske analysene i TOP-studien og undersøke hvordan 

sårbarhetsvarianter påvirker samspillet mellom nervecellene i hjernen. Dette undersøker vi 

ved hjelp av helt ufarlige målinger av hjernens elektriske aktivitet.  

 

Hjernens elektriske aktivitet måles ved bruk av elektroder på hodets overflate mens du ser på 

en dataskjerm og hører på lyder via hodetelefoner. Denne undersøkelsen varer om lag 80 

minutter. I tillegg til dette vil det bli tatt en blodprøve av deg. I denne prøven vil vi måle 

mengden av ulike stoffer som har betydning for samspillet mellom nervecellene, deriblant 

vekstfaktorer, markører for oksidativt stress og betennelsesstoffer. Vi vil også be deg om å 

fylle ut enkelte skjemaer. Disse skjemaene inneholder spørsmål om hvordan du har hatt det og 

om dine følelser de siste ukene. Du vil også få en samtale med en psykiater, som vil snakke 

med deg om hvordan du har hatt det den siste tiden. Samlet sett tar disse undersøkelsene om 

lag tre timer.  

 

Mulige fordeler og ulemper 
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Resultatene fra dette forskningsprosjektet kan komme personer med bipolare lidelser og 

schizofreni til gode ved at økt kunnskap kan lede til utvikling av mer effektive 

behandlingsformer. Ved deltagelse i forskningsprosjektet vil du gi et verdifullt bidrag. Noen 

personer kan oppleve det som slitsomt å sitte i ro i 80 minutter under måling av hjernens 

elektriske aktivitet, samtidig som en ser på en dataskjerm og hører på lyder. Enkelte synes 

også at blodprøvetaking kan være ubehagelig. Utover dette mener vi studien ikke medfører 

noen ulemper eller ubehag for deg.  

 

Hva skjer med prøvene og informasjonen om deg?  

Prøvene tatt av deg og informasjonen som registreres om deg skal kun brukes slik som 

beskrevet i hensikten med studien. Alle opplysningene og prøvene vil bli behandlet uten navn 

og fødselsnummer eller andre direkte gjenkjennende opplysninger. En kode knytter deg til 

dine opplysninger og prøver gjennom en navneliste. Det er kun autorisert personell knyttet til 

prosjektet som har adgang til navnelisten og som kan finne tilbake til deg.  

 

Blodprøvene vil bli lagret nedfryst ved OUS. I tillegg vil vi sende blodprøver til en 

forskningsgruppe ved University of Toronto, Toronto, Canada, som vil måle markører for 

oksidativt stress i blod.  

 

Frivillig deltakelse 

Det er frivillig å delta i studien. Du kan når som helst og uten å oppgi noen grunn trekke ditt 

samtykke til å delta i studien. Dette vil ikke få noen konsekvenser for deg. Dersom du ønsker 

å delta, undertegner du samtykkeerklæringen på siste side. Om du nå sier ja til å delta, kan du 

senere trekke tilbake ditt samtykke. Dersom du senere ønsker å trekke deg eller har spørsmål 

til studien, kan du kontakte prosjektleder og lege Torbjørn Elvsåshagen på tlf 99155282. 

 

Ytterligere informasjon om studien finnes i kapittel A – utdypende forklaring av hva 

studien innebærer. 

Ytterligere informasjon om personvern og forsikring finnes i kapittel B – Personvern, 

økonomi og forsikring.  

 

Samtykkeerklæring følger etter kapittel B. 

 

Kapittel A- utdypende forklaring av hva studien 

innebærer 
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Bipolar lidelse og schizofreni er kroniske psykiatriske sykdommer som rammer 1-2 % av 

befolkningen. Selv om forskningen omkring tilstandene har vært betydelig de siste tiårene er 

forståelsen av sykdomsmekanismene fremdeles mangelfull. Dette er en viktig årsak til at 

sykdommene kan medføre betydelig sykelighet og redusert livskvalitet på tross av behandling 

i henhold til gjeldende retningslinjer. For å bedre behandlingen av bipolar lidelse og 

schizofreni er det avgjørende å øke kunnskapen om sykdommenes bakenforliggende 

mekanismer. Slik innsikt kan på sikt lede til utvikling av mer effektive behandlingsformer.  

I dag vet vi at psykiske lidelser som bipolar lidelse og schizofreni kan være arvelige, 

og vi kjenner til flere genetiske sårbarhetsvarianter som forekommer hyppigere hos personer 

som har disse lidelsene. Vi vet imidlertid ikke nøyaktig hvilke mekanismer i hjernen disse 

genvariantene påvirker. Men, det er holdepunkter for at samspillet mellom nervecellene i 

hjernen kan være forstyrret ved bipolar lidelse og schizofreni. Vi ønsker derfor å undersøke 

om sårbarhetsvariantene påvirker samspillet mellom nervecellene.  

I denne studien undersøkes samspillet mellom nervecellene indirekte gjennom 

målinger av hjernens elektriske aktivitet. For å måle den elektriske aktiviteten bruker vi 

ufarlige metoder som ikke innebærer fysisk ubehag for deg. Dette innebærer at vi indirekte 

måler hjernebarkens elektriske aktivitet ved hjelp av elektroder på hodets overflate. Vi vil så 

måle den elektriske aktiviteten mens du ser på ulike bilder på en dataskjerm og samtidig som 

du får høre på ulike lyder fra hodetelefoner. Undersøkelsen er helt ufarlige, innebærer ikke 

noe ubehag og man trenger ikke å forberede seg på noen måte. Ved undersøkelsen brukes et 

ufarlig stoff, som ikke farger håret eller irriterer huden, for å bedre kontakten mellom 

elektrodene og hodet.  

Det er også holdepunkter for at stresseksponering kan ha betydning for samspillet 

mellom nervecellene i hjernen. Ulike blodmarkører, slik som markører for oksidativt stress og 

betennelse og vekstfaktorer kan påvirkes av stresseksponering. Derfor ønsker vi å måle slike 

markører i blod fra deg og å undersøke om de påvirker samspillet mellom nervecellene.   

 

Dekning av utgifter 

Deltakerne i studien vil få 500 kroner til dekning av reiseutgifter og kostutgifter.  

 

Kriterier for deltakelse 

Du må være mellom 18 og 60 år for å delta, og du må tilfredsstille kriteriene for diagnosen 

schizofreni, bipolar lidelse type 1 eller bipolar lidelse type 2. I tillegg må du ha normal hørsel 

og normalt eller korrigert-til-normalt syn.  
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Kapittel B - Personvern, økonomi og forsikring 

 

Personvern 

Opplysninger som registreres om deg er resultater fra intervjuer, tester og skjemaer og 

resultatene fra blodanalysene.  

 

Oslo universitetssykehus ved administrerende direktør er databehandlingsansvarlig. 

 

Biobank 

Blodprøvene som blir tatt og resultatene fra blodanalysene vil bli lagret i en 

forskningsbiobank ved Oslo universitetssykehus. Torbjørn Elvsåshagen er ansvarshavende for 

forskningsbiobanken. Biobanken planlegges å vare til 2022. Etter dette vil materiale og 

opplysninger bli destruert og slettet etter interne retningslinjer.  

 

Behandling av materiale og opplysninger hos andre 

Vi vil til enhver tid benytte de samarbeidspartnere som er mest mulig hensiktsmessige. Hvis 

du sier ja til å delta i studien, gir du også ditt samtykke til at prøver og avidentifiserte 

opplysninger oppbevares, analyseres og behandles hos våre samarbeidspartnere. De viktigste 

er for tiden National Institute of Mental Health og University of California (USA), 

Universitetet i Bergen (Norge), Karolinska Institutet (Sverige), Universitetet i København 

(Danmark), deCODE (Island) og Universitetet i Toronto, (Canada). Dette kan være land med 

lover som ikke tilfredsstiller europeisk personvernlovgivning. Ved samarbeid med land med 

dårligere personvernlovgivning enn Norge, vil vi stille samme strenge krav til beskyttelse av 

informasjonen. 

 

Rett til innsyn og sletting av opplysninger om deg og sletting av prøver  

Hvis du sier ja til å delta i studien, har du rett til å få innsyn i hvilke opplysninger som er 

registrert om deg. Du har videre rett til å få korrigert eventuelle feil i de opplysningene vi har 

registrert. Dersom du trekker deg fra studien, kan du kreve å få slettet innsamlede prøver og 

opplysninger, med mindre opplysningene allerede er inngått i analyser eller brukt i 

vitenskapelige publikasjoner. Opplysningene vil da ikke brukes videre i studien.  

Dersom ønskelig, kan det biologiske materialet destrueres og helseopplysninger slettes 

eller utleveres innen 30 dager, jf. helseforskningslovens § 16. Denne adgangen til å trekke 

opplysninger og humant biologisk materiale gjelder for denne studien, uavhengig av om du 

allerede har samtykket til deltakelse i TOP-hovedstudie og forskningsbiobank. 
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Økonomi  

Studien er finansiert gjennom forskningsmidler fra Helse Sør-Øst, Regionale Helseforetak, fra 

Ebbe Frøland-stiftelsen og fra fru Throne-Holst. De har ingen økonomiske interesser i 

forskningsresultatene. 

 

Forsikring 

Du er forsikret gjennom pasientskadeloven.  

 

Informasjon om utfallet av studien 

Alle deltakere i forskningsprosjektet har rett til å få informasjon om resultatene fra dette 

forskningsprosjektet.  
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Samtykke til deltakelse i studien 

 

Jeg er villig til å delta i studien  
 

 

---------------------------------------------------------------------------------------------------------------- 

(Signert av prosjektdeltaker, dato) 

 

 

Jeg bekrefter å ha gitt informasjon om studien 

 

 

---------------------------------------------------------------------------------------------------------------- 

(Signert, rolle i studien, dato) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



84 

 

 


