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Abstract 

Cannabis use is a known risk factor for the development of psychosis, although the precise 

nature of this relationship is unclear. The phenomenological experiences associated with 

cannabis use vary dramatically, and for some resemble certain features of psychosis. We 

hypothesized that individuals who report particularly unusual experiences associated with 

cannabis use demonstrate similar electrophysiological patterns to those who score high on 

schizotypal personality traits. The Cannabis Experiences Questionnaire (CEQ) and the 

Schizotypal Personality Questionnaire (SPQ) were used to measure these experiences and traits. 

A sample of 97 individuals were placed into one of five groups: high CEQ scorers (High CEQ), 

high SPQ scorers (High SPQ), high CEQ and SPQ scorers (High on Both), average CEQ and 

SPQ scorers (Average Users), and average SPQ non-users (Average Non-Users). Participants 

completed a visual task in which they indicated whether they saw a face embedded within a 

static field. Electroencephalography was used to measure the neural response to the stimuli. The 

N170 event-related potential (ERP) was used to measure perceptual encoding of the stimulus. 

The High SPQ and High on Both groups elicited significantly reduced N170 ERPs compared to 

the average groups. The High CEQ group demonstrated significantly reduced N170 ERPs 

compared to Average Non-Users. None of the high scoring groups significantly differed in N170 

ERP response from each other. No interaction was detected between trial-type and group, 

although group differences in laterality were robust and consistent across trial types. Replicating 

past research, the CEQ and SPQ scales moderately correlated with each other. We propose that 

the detected attenuated N170 ERP demonstrated by the high scoring groups is a manifestation of 

an underlying shared cognitive vulnerability.    
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Phenomenological Markers of Future Psychosis: The Role of Cannabis 

Cannabis is the most widely consumed illicit substance in Canada, as reported by The 

Canadian Centre on Substance Abuse (CCSA). The usage rates in 2014 were approximately 

20.3% of youth (aged 15-24) and 8.4% of adults (CCSA, 2014). This constitutes approximately 

10.2% (or 3.5 million individuals) of the Canadian population. Similar percentages are found in 

the United States (Substance Abuse and Mental Health Services Administration, 2013). 

Furthermore, the last few decades have seen a trend toward acceptance for both medicinal and 

recreational cannabis use. Laws surrounding consumption of this substance have become 

increasingly relaxed in Canada, while some American states have legalized recreational use. This 

changing landscape has created a new market, effectively increasing the availability of 

persecution-free access to the substance (Penn, 2013; Kilmer, 2014). 

As acceptance and social tolerance of this substance increases, so does the importance of 

understanding the risks and benefits of its usage. Of the potential hazards, one prominent area of 

investigation is the link between cannabis use and psychosis. The typical age of onset of 

schizophrenia is early-to-mid-twenties for males and late twenties for females (American 

Psychiatric Association, 2013). Interestingly, the age-range associated with the highest cannabis 

consumption rate, 18-to-24, coincides with the most likely age of onset for schizophrenia 

(Roterman & Langlois, 2012). Furthermore, introduction to cannabis during adolescence seems 

to be associated with increased risk for later psychotic episodes resulting in hospitalization 

(Malone, Hill, & Rubino, 2010; Galves-Buccollini et al., 2012; Bagot, Milin, Kaminer, 2015). A 

retrospective study conducted on data from a Swedish cohort found that participants who 

endorsed greater than fifty lifetime uses were six times more likely to develop schizophrenia 

(Andreasson et al., 1987). After potential confounding variables (e.g. social background) were 



    2 
 

controlled for, cannabis continued to remain an independent risk factor (Andreasson et al., 1987). 

However, causality could not be determined from this dataset. In fact, much of the extant 

literature exploring the relationship between cannabis and psychosis is correlational in nature, 

and the causative direction continues to be a topic of debate. 

To further explore this association, Arseneault and colleagues (2002) used data from the 

Dunedin Multidisciplinary Health and Development Study in an attempt to decipher possible 

causative associations between cannabis use and psychosis. This dataset began collection in 

1972-73 and comprises of 1037 individuals with a retention rate of approximately a 95%. 

Information was collected every two years until age 15, and then approximately twice a decade 

onwards. These researchers found that cannabis use beginning at age 15 was associated with a 

four-fold increase in likelihood of a schizophrenia or schizophreniform diagnosis, and an almost 

seven-fold rise to experience some psychotic symptoms (Arseneault et al., 2002). Arseneault and 

colleagues’ concluded that marijuana may play a causal role in psychotic development. 

However, when individuals that demonstrated symptoms of psychosis (specific symptoms 

unspecified) at age 11 were controlled for, the heightened risk for psychotic disorders was no 

longer significant. This result could also be due to the subsequent loss of statistical power, as 

only 29 individuals were classified as users by age 15.  Furthermore, heavy cannabis users (at 

least twice a week) that had a concurrent psychotic diagnosis showed a correlation between age 

of first use and first hospitalization, such that earlier use was followed by an earlier 

hospitalization for psychotic symptoms (approx. 7.0 ±4.3 years after first use; Galves-Buccollini 

et al., 2012). More recently, a meta-analysis concluded that adolescent cannabis use is a 

significant predictor of future psychotic symptoms, where the quantity of use is associated with 

the severity of symptoms (Bagot, Milin, Kaminer, 2015). 
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Does Cannabis Cause Psychosis? 

While the findings presented here may indicate that cannabis use is a risk factor for future 

psychosis, a causative role between these variables has not been established. Research examining 

this link has often been obfuscated by a variety of factors. Broadly speaking, these have been: (1) 

legal and methodological issues, such as the administration of cannabis to study participants, (2) 

the opportunity for missed symptoms or diagnoses due to the expanse of time between initial use 

and future psychotic development, (3) the low base rate of psychotic development in the general 

population, and (4) the presence of confounding variables in a heterogeneous psychotic 

population. This question of causation may be best answered with longitudinal data, however the 

expense of this kind of research has instead led to retrospective analyses of existing data. Despite 

these difficulties, there has been considerable effort to elucidate the mechanisms behind this 

relationship. Support for the hypothesis that cannabis consumption causes later psychosis has 

come from three primary findings. First, psychosis associated with the drug has shown dose-

dependence (Hafner, 2005; Moore et al., 2007; Ongur, Lin, & Cohen, 2009; Large et al., 2011). 

Greater consumption of cannabis is associated with increased risk for psychosis. Second, there is 

evidence for the temporal precedence of the drug (Henquet et al., 2004; Stefanis, et al. 2013). 

That is, in those cases where an individual both uses cannabis and develops a psychotic disorder, 

cannabis use almost always occurs first. Finally, there also appears to be a degree of specificity 

within the relationship (Ksir & Hart, 2016). This has been found in both directions, where other 

drugs do not appear to correlate with future psychotic development as strongly, or at all, and 

cannabis has not been found to be a risk factor of other mental disorders (Arseneault et al., 2002; 

Moore et al., 2007). 
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Dose-dependent effects between two variables are sometimes indicative of a causal role. 

In a review of several longitudinal studies, Hafner (2005) found that psychotic symptoms 

consistently increased with the quantity of cannabis consumed. Within this analysis, the odds 

ratio (OR) of the likelihood to experience psychosis with any history of cannabis use, compared 

to baseline, ranged from 1.31 to 2.3. However, when adjusted to only include those classified as 

frequent users, ORs spanned from 3.1 to 4.1.  Similar findings were present in the 

aforementioned Swedish cohort study, where the heaviest users (>50 times) were approximately 

50% more likely to develop schizophrenia, compared to those who reported using 11-50 times 

(Zammit et al., 2002). Miettunen et al. (2008) conducted a similar study on data from an 

adolescent cohort in northern Finland. Consistent with the above, the quantity of endorsed 

prodromal symptoms of psychosis was positively associated with cannabis use (OR = 2.24 to 

3.46). Another systematic review conducted by Moore et al.  (2007) found a consistent trend of 

dose-dependent effects (adjusted OR = 2.09) for both psychotic experiences and clinically 

diagnosed psychotic disorders. The results from these studies suggest that the relationship 

between cannabis use and future psychotic episodes strengthens as usage increases.  Although, 

despite the notion that dose-dependence can suggest a causative role, it does not necessarily 

inform the direction of the association.  

To elucidate the direction of a possible relationship, it is important to establish temporal 

precedence (Shadish et al., 2002).  To address this, a retrospective study reviewed the drug 

history of several individuals who had developed psychosis (Stefanis, et al. 2013). These authors 

found the age of first use was linearly related to the onset of psychotic episodes, as 

operationalized by hospital records. There was an average period of 7.85 (SD = 6.2) years 

between first use of cannabis and subsequent psychosis. This was found to be consistent across 
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several ages of first use, suggesting no significant interaction between initial consumption and 

the development of psychosis. This led Stefanis et al. (2013) to suggest a possible “cumulative 

toxic effect” from cannabis use, with the precise mechanism yet to be determined.  Similarly, 

Ferdinand et al. (2005) found that cannabis use which preceded the development of psychosis 

imbued individuals with an OR of 2.81 for the future development of a psychotic disorder. 

Additional support for temporal precedence comes from Henquet et al. (2005), who also used an 

existing longitudinal dataset (the Early Developmental Stages of Psychopathology Study). After 

controlling for several variables (e.g. other drugs, depression), this group found that (a) cannabis 

use was associated with an increased risk of psychosis among those aged 14-24, and (b) that this 

relationship was much stronger for individuals who demonstrated a predisposition for psychosis. 

This was defined as a score above the 90th percentile on the “paranoid ideation” and 

“psychoticism” SCL-90-R (a self-report symptom checklist) subscales at baseline assessment. 

Specifically, the risk for psychotic symptoms in users was 21% for those who were not 

predisposed and 51% for those who were. This contrasted sharply to the reported risk for non-

users, which was 15% and 26% respectively (Henquet et al., 2005). Combined, this data suggests 

that cannabis use is associated with future psychosis, and the probability may be even greater for 

those who are classified as particularly vulnerable to psychotic episodes. Following the research 

on dose-dependence, if Stefanis et al.’s (2013) assertion of a toxic effect of cannabis is correct, 

then these findings suggest that psychosis-prone individuals may be especially sensitive to these 

cumulative toxins. 

If cannabis is progressively increasing an individual’s propensity for psychotic episodes, 

then it becomes crucial to determine the mechanism. It has been suggested that the drug may 

sensitize the dopamine system (Howes et al., 2004) via delta-9-tetrahydrocannabinol’s (THC) 
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interaction with the mesolimbic dopaminergic system (Dean, Bradbury, & Copolov, 2003). THC 

is known to induce short-term psychotic experiences in healthy participants (Kenis, Rutten, & 

vas Os, 2010). Furthermore, it is well documented that intermittent exposure to either a 

pharmacological or environmental stimulus can increase the system’s reactivity to a stimulus 

(Lieberman, Sheitman, & Kinon, 1997). If cannabis can be considered one of these stimuli, then 

such sensitization of the dopaminergic system is possible. Indeed, animal models support this 

theory as repeated exposure to THC increases psychomotor activation in rat models (Gorriti et 

al., 1999; Caloni et al., 2000). The most common age range (18 to 25) for the onset of psychosis 

also coincides with significant neural development. Another study found a differential impact of 

THC on the mesolimbic dopaminergic system, dependant on the developmental stage of rats 

(Pistis et al., 2004). Adolescent rats, unlike adults, demonstrated enduring behavioral changes 

after repeated exposure to cannabinoids. Interestingly, these rats displayed substantial individual 

variance to the paradigm, some exhibited heightened sensitivity, whereas others showed 

tolerance to the substance (Pistis et al., 2004). Thus, if it is true that dopaminergic sensitization 

can happen in cannabis-using humans, then subsequent psychotic triggers may be expected to 

disproportionately impact this subgroup.  

The sensitization hypothesis may also apply to mechanisms outside of an exogenously 

stimulated dopaminergic system. For example, childhood trauma has been associated with a 

heightened sensitivity to stress, resulting in a possibly increased risk of psychosis (Glaser et al., 

2006; Lardinois et al., 2011). Additionally, time spent in an urban environment has been 

associated with increased negative thoughts and paranoid thinking, possibly due to the 

sensitisation of threat beliefs (Ellett et al., 2008). These findings are consistent with a review of 

the seemingly disparate risk factors associated with the development of psychosis (Collip et al., 
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2008). These authors integrated the evidence surrounding many of these variables, and suggested 

a mediation model. It was proposed that environmental risk factors (e.g. trauma, prenatal 

environment) could interact with genetic or epigenetic factors, and lead to greater psychological 

(i.e. cognitions) or physiological (i.e. dopamine) sensitivity (Collip et al., 2008). Ultimately, the 

cumulative impact of these variables might cause some people to be especially prone to the 

development of psychosis. If cannabis is a causal factor, these already high-risk individuals may 

more readily demonstrate psychotic symptoms after prolonged use.  

Finally, the specificity of the relationship between two variables can often inform the 

interpretation of causation. Arseneault et al., (2002) found that early cannabis use did not confer 

an increased risk of depression, and use of drugs other than cannabis was not associated with an 

increased risk of psychosis. This is consistent with Moore and colleagues (2007), who saw mixed 

results between cannabis use and depression, with most ORs in the range of 0.77 to 1.59. 

However, Ksir and Hart (2016) argued that the development of psychosis may not be specific to 

cannabis. They provided evidence that suggested increased cannabis use is found in other mental 

health populations, such as depression, anxiety, and bipolar disorder. Furthermore, cannabis use 

often coincides with other drug use, such as tobacco (Rabin, Giddens, & George, 2014). Taken 

together, the parameters that outline the uniqueness of this relationship requires continued 

clarification. However, as Ksir and Hart (2016) state, if there is not a specific relationship 

between cannabis use and the development of psychosis, it is still possible that a variety of 

substances, including cannabis, may increase the likelihood of psychosis in vulnerable 

individuals.   

The aforementioned obstacles of legality, the latency between initial use and future 

psychosis, the low base rate of psychotic disorders in the general population, and the difficulty of 
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controlling extraneous variables that are present in this field of research have often required 

compromise in study design. Most commonly, this has involved a retrospective examination of 

longitudinal data that was not ideally suited to provide insight into the cannabis-psychosis 

relationship (Hall and Degenhardt, 2009). As a result, many of the studies reviewed above 

contained heterogeneous formatting, making comparison difficult. These differences in data 

formats required a certain amount of subjective decision making when comparing the statistical 

results.  For example, psychosis was sometimes operationalized as the number of symptoms 

displayed, rather than development of a disorder. More commonly, it was defined as the number 

of medically reported psychotic episodes, or admission to a hospital setting for a psychotic 

disorder. The latter two do not necessarily coincide with a formal diagnosis, and only the first 

method is likely to detect individuals that had untreated psychotic experiences. As a 

consequence, this could have led to an underestimate of the prevalence of psychotic tendencies 

in the cannabis using population. The question of specificity is complicated as well, because 

precise data on drug use other than cannabis is often lacking (Arseneault et al., 2002; Fergusson, 

Horwood, & Swain-Campbell, 2003). Finally, those studies which compare differing usage rates 

may be inherently confounded. It is possible that a percentage of “low” users (e.g. lifetime use of 

1-10) could experience particularly aversive effects of the drug, and may self-exclude from 

future use.  

There has yet to be a longitudinal study with the appropriate foresight and sensitivity to 

clearly illuminate the nature of the cannabis-psychosis relationship. Such a design might include 

measures of premorbid psychosis, formal diagnoses of schizophrenia spectrum disorders, and 

more accurately detail the degree of cannabis consumption, as well as the type. Despite this, it is 

clear that not all cannabis users develop psychosis. Nor do all individuals who develop psychosis 
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have a history of cannabis use (Arseneault et al., 2004). Thus, it is neither a sufficient, nor 

necessary ingredient in the development of this disorder. However, when both variables are 

present, cannabis use typically precedes psychosis, an earlier age of first cannabis use is 

associated with an earlier age of onset of psychosis, more cannabis use is associated with more 

severe psychotic symptoms, and these relationships persist when potentially confounding 

variables such as upbringing, employment, and prior psychotic symptoms are controlled for 

(Arseneault et al., 2004; Henquet et al., 2004; Moore et al., 2007; Stefanis et al., 2013). 

Alternative Explanations of the Association 

Despite the suggestion of a dose-dependent association in the above longitudinal studies, 

not all evidence has supported the hypothesis that cannabis causes psychotic disorders. An 

Australia-wide analysis compared cannabis consumption over several decades, via percentage of 

the population that reported use, to the prevalence rate of schizophrenia over the same time 

period (Degenhardt, Hall, & Lynskey, 2003). The rate of Australian cannabis use increased from 

approximately 22% to 33% throughout the 1980s to 2000s. Based on this, the mathematical 

models used by these authors predicted that there should be at least a percentage increase in 

schizophrenia. Yet, the incidence rate of schizophrenia remained around the national average of 

1% (Degenhardt, Hall, & Lynskey, 2003). Although, it should be noted their analysis was 

narrow, as it did not include recorded psychotic experiences or non-schizophrenic diagnoses. 

Furthermore, this design could only detect incidences of schizophrenia that would otherwise 

have not occurred.  

It is possible that the drug could act as a catalyst in high risk individuals, hastening their 

development of schizophrenia or worsening the symptoms, without increasing the overall 

number of diagnoses (Malone, Hill, & Rubino, 2010). There is some support for this, individuals 
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with schizophrenia who use cannabis demonstrate more psychotic symptoms and have a worse 

prognosis than those who do not (Hall, Degenhardt, & Teesson, 2004). Linszen et al. (1994) 

tracked 94 psychotic patients and assessed their symptoms monthly. The 24 patients that used 

cannabis exhibited significantly more positive symptoms of psychosis, and there was also 

evidence for a dose-dependent effect. This remained significant after the authors adjusted for 

other drug use and premorbid adjustment (Linszen et al., 1994). A longitudinal study was 

conducted, where participants that displayed early symptoms of psychosis were tracked over a 

two-year period (Corcoran et al., 2008). Cannabis use significantly interacted with time, and was 

associated with a greater incidence rate of perceptual disturbances. No significant results were 

found in a between groups (users vs. non-users) comparison at baseline. Thus, these results are 

suggestive of an exasperation effect of cannabis on psychotic experience (Corcoran et al., 2008). 

However, it should be noted this effect does not exclude a causative role of cannabis in the 

development of a psychotic disorder.  

A “self-medicating” hypothesis should also be considered as an alternative, where those 

who engage in cannabis use do so to lessen the discomfort of pre-existing subthreshold psychotic 

experiences. However, the evidence for this is sparse. First, it is not immediately consistent with 

the findings of temporal precedence. To resolve this discrepancy, premorbid psychosis would 

have to influence cannabis use, on average, for several years before individuals exhibited 

diagnostic symptoms and a diagnosis is made (Stefanis et al., 2013). This is substantially longer 

than the median duration of untreated psychosis, 60 weeks (range 16-130 weeks), that was 

reported in a recent study (Schultze-Lutter et al., 2015). It is also unclear whether the self-

medication hypothesis can account for the possibly specific relationship between cannabis use 

and future psychosis. It could be that incipient psychosis leads individuals to use drugs that 
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produce effects congruent with their early symptomology. However, other substances that 

produce acute psychotic-like states, such as amphetamine and cocaine, are not associated with as 

much risk of future psychosis (Phillips, McKeown, & Sandford, 2009). To test the likelihood that 

the experience of psychosis leads to cannabis use, Fergusson, Horwood, & Ridder (2005) 

constructed two reciprocal causal structural equation models. Using data from the Christchurch 

Health and Development Study (CHDS), their results indicated that the self-medication direction 

of causality was not statistically significant, and that a more probable model was one of cannabis 

use causing subsequent psychotic symptoms. Ferdinand and colleagues (2005) analyzed the data 

from a 14-year follow-up of the “Zuid-Holland” study. Consistent with previous literature, they 

found that cannabis was a risk factor for the development of psychosis (OR = 2.81). However, 

these authors also noted that symptoms of psychosis was predictive of subsequent cannabis use 

(OR = 1.70). Thus, the self-medication model is not entirely without some support. These 

authors suggested that a causal relationship in both directions could exist, or that uncontrolled 

residual variables may modulate both cannabis use and psychosis (Ferdinand et al., 2005).  

Several factors have been suggested as a potential cause for psychotic symptoms, while 

also influencing cannabis use. For example, it is common for schizophrenia and addiction to 

coincide (Hong et al., 2011). This could result from a shared vulnerability between these two 

variables (Batel, 2000; George, 2008). The neural physiology associated with schizophrenia may 

also increase the probability of tobacco addiction (George, 2008). Zullino et al. (2010) found that 

individuals with schizophrenia show an approximate six-fold increase in nicotine use, compared 

to the general population, and two 18-month follow up studies reported evidence for the 

temporal precedence of tobacco use. Both addiction and schizophrenia have been associated with 

reduced grey matter volume, which also negatively correlates with impulsivity (Schiffer et al., 
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2010). Furthermore, addiction, cannabis, and schizophrenia have all been associated with the 

dopamine opioid neurotransmission systems (Batel, 2000). Thus, there are several possibilities 

where a shared vulnerability could manifest.  

 There is also evidence for the cannabis-psychosis relationship to be driven by 

independent genetic factors. McGuire et al. (1995) found that those who experienced acute 

psychotic-like states after cannabis use were more likely to have a family history of 

schizophrenia. Additionally, individuals at a genetic risk for psychosis also experience greater 

psychotic symptoms in response to cannabis use (Degenhardt & Hall, 2002; Rutten, van Os, & 

Kenis, 2010). There is evidence that a variation in the catechol-O-methyltransferase (COMT) 

gene coincides with increased sensitivity to the psychotic effects of THC (Henquet et al., 2006). 

Caspi et al. (2005) argued that a polymorphism in the COMT gene interacts with cannabis use in 

adolescence, but not adulthood, to predict future experiences of psychosis. However, COMT has 

not been reliably associated with the development of schizophrenia (Fan, 2005). More likely, 

COMT may act as a moderator for the development of psychosis when in the presence of other, 

yet to be defined, genes (Henquet et al., 2008). More research is required to determine if COMT, 

in combination with other genes, independently promotes both psychosis and cannabis use, or if 

it moderates the impact of cannabis on future psychosis (van Winkel & Keupper, 2014). 

 Although the current evidence leans toward a causative role of cannabis in the 

development of future psychosis, this relationship requires substantially more study. 

Complicating matters, many of the alternative hypotheses are not mutually exclusive, and a bi-

directional causal relationship is possible. Furthermore, both the dopaminergic system and the 

endocannabinoid systems are associated with psychosis, and activated during cannabis use 

(Kuepper et al., 2010; Gupta et al., 2014). Therefore, it is possible that an underlying 
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vulnerability could exist in one or both of these systems that independently increase the risk of 

psychosis and cannabis use. There is also indication that some individuals are more inclined to 

experience the psychotic effects of cannabis, perhaps because of a shared susceptibility to both 

these experiences and psychosis (Degenhardt & Hall 2002). A subset of this group may be more 

likely to report experiences congruent with a diagnosis of a psychotic disorder. Ultimately, this 

could lead certain people to more readily seek out treatment and receive subsequent diagnoses 

(Ernst, 2002). Since the above studies primarily relied upon diagnosis or hospital admission, this 

may inflate the reported association between cannabis and future psychosis. Yet, even in the 

most conservative interpretation, cannabis use remains a clearly demonstrated risk factor for 

future psychotic symptoms and diagnoses. Therefore, research aimed at elucidating the subset of 

cannabis users most at risk for psychosis, regardless of the precise associative mechanisms, is of 

vital importance.  

Neurochemistry of Psychosis and Cannabis 

There is substantial support for the role of dopamine in schizophrenia (Volavka, Davis, 

Ehrlich, 1979; Laruelle, Kegeles, & Abi-Dargham, 2003; Ellenbroek, 2005). This evidence has, 

in part, come from the intersection of schizophrenia and pharmacology (Ellenbroel, 2005). Many 

antipsychotic treatments function in a similar way, by blocking dopamine D2 receptors (Seeman, 

2013). It is also known that psychostimulants increase dopamine levels while producing 

psychotic-like experiences (Hiroshi, 2002; Seeman, 2013). Amphetamine-induced psychosis and 

schizophrenia both produce deficits in attentional inhibition, thought to be caused by heightened 

dopamine neurotransmission (Asnafi et al., 2013). Further examples of the similarities between 

certain dopamine heightening drugs and the positive symptoms of schizophrenia include: 

paranoid beliefs, altered perception, and thought distortions (Murray et al., 2013). In fact, the 
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administration of drugs that influence the dopamine system has become the primary means to 

simulate schizophrenia in animal models (Milind, Renu, & Sushila, 2013). Thus, an aberration in 

the dopaminergic systems may represent a potential neural vulnerability to psychosis.  

Presynaptic neurotransmitter binding sites have become a particular area of interest in the 

investigation of the dopaminergic abnormalities present in schizophrenia (Howes et al., 2012). 

Elevated pre-synaptic striatal dopamine has been consistently found in schizophrenic patients, 

via radiolabeled L-dopa administration (Howes et al., 2007; Fusar-Poli, 2009). Baseline synaptic 

dopamine levels, dopamine synthesis capacity, and dopamine release were demonstrated to have 

an association with schizophrenia (Howes et al., 2012). Furthermore, most antipsychotic 

medications target the D2 receptor of the post-synapse, rather than pre-synaptic mechanisms 

(Howes et al., 2012). The authors suggest that this may explain the relatively high rate of 

unsuccessful antipsychotic medications. 

Cannabis use has been shown to involve both dopamine and endocannabinoid receptors 

(Gupta et al., 2014). The cannabinoid receptor, CB1, is also located presynaptically (Malone, 

Hill, Rubino, 2010). The primary psychoactive ingredient in cannabis is THC, and it is one of the 

few known exogenous metabolites that influence our endogenous cannabinoid receptors 

(Shrivastava et al., 2014). According to Malone, Hill, & Rubino (2010) neurotransmitter activity 

on the post-synapse appears to release endocannabinoids, these neurotransmitters travel across 

the synapse in a retrograde direction and couple onto CB1 receptors. This inhibits further 

neurotransmitter release and acts as a regulator (Shrivastava et al., 2014). Interestingly, THC was 

not found to significantly alter the amount of dopamine release in the striatum in a sample of 

recreational cannabis users (Stokes et al., 2009). However, cannabinoids also increase 

extracellular dopamine through cannabinoid receptors located on certain dopaminergic neurons 
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(Gardner, 2005). Therefore, there is evidence that cannabis does, at least partially, involve some 

of the same neural systems as schizophrenia and psychosis. 

Shared Phenomenological Experience 

 Much less research has focused on the similarities between the phenomenological 

experiences associated with cannabis and psychosis. The subjective experiences associated with 

cannabis use vary dramatically, and for many individuals do not resemble psychosis at all 

(Barkus et al., 2006). However, a significant minority of users do report psychotic-like 

perceptions and sensations, such as delusional thinking, auditory hallucinations, and paranoia. 

(Barkus et al., 2006). These same experiences overlap with several “positive symptoms” of 

schizophrenia (American Psychiatric Association, 2013). Barkus and Lewis (2008) attempted to 

explain the occurrence of these symptoms within a subgroup of cannabis users. The authors had 

non-clinical participants complete both the Cannabis Experiences Questionnaire (CEQ) and the 

Schizotypal Personality Questionnaire (SPQ). The SPQ asks about perceptions and experiences 

often associated with schizotypal personality disorder, and a higher score is indicative of greater 

schizotypal personality traits (Raine, 1991). Those who endorsed high levels of psychotic-like 

experiences while using cannabis also tended to score higher on the SPQ (Barkus & Lewis, 

2008). The authors suggested that this may be a population at a particularly high risk for future 

psychotic episodes. There were no differences in average SPQ scores between users and non-

users, suggesting that cannabis use by itself does not lead to higher schizotypy, but that unusual 

experiences while using cannabis may be related.  

This correlation has also been demonstrated during cannabis intoxication, rather than 

assessments of past experiences. A study by Mason et al. (2008) attempted to examine the 

relationship between schizotypy and cannabis use in a naturalistic setting. These researchers 
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received ethics approval to allow cannabis using participants to smoke a standard “joint” before 

administration of the SPQ and the Psychotomimetic States Inventory (PSI). The PSI is a measure 

of current schizotypal symptomology. Mason and colleagues (2008) found significantly elevated 

levels of psychotic experiences after consumption for the users who scored high on the SPQ, 

compared to users that scored low on the SPQ, and both non-using groups. This suggests that 

cannabis and psychosis may at least partially share neural processing networks that lead to 

psychosis-like experiences. Thus, perhaps those who have overly sensitized, or vulnerable, 

networks are more likely to have psychotic-like experiences with cannabis use.  

Exploring this Relationship 

 While preliminary data suggests a possible link between the symptoms of psychosis and 

unusual experiences during cannabis use, the neural mechanisms of these phenomena have yet to 

be thoroughly investigated. Electroencephalography (EEG) allows examination of the patterns of 

neural network processing, providing high temporal resolution of neural functioning following 

stimulus presentation. Attenuated early event-related potential (ERP) amplitudes are thought to 

reflect reduced perceptual encoding. For example, the P100 ERP (an electrically positive 

inflection approximately 100 milliseconds after a stimulus) is thought to reflect low level 

perceptual encoding and response to visual stimuli (Luck, 2005). P100 deficits have been 

reported in both schizophrenia (Haenschel & Linden, 2011) and those who score high on 

schizotypal traits (Koychev et al., 2010). It appears that cannabis users may share some of these 

deficits, demonstrating reduced memory, attention, and concentration (Crane et al., 2012). The 

negative 170 millisecond (N170) ERP has repeatedly been shown to play a role in facial 

perception and emotion (Heisz, 2006; Lissa, 2014). N170 ERPs tend to demonstrate the greatest 

amplitude when healthy adults are shown facial stimuli (Luck & Kappeman, 2012; Almeida et 
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al., 2014). Facial emotions have also been found to modulate this ERP (Lynn & Salisbury, 2008; 

Brenner et al., 2014; Brenner et al., 2016). Wild & Busey (2004) demonstrated that highly visible 

faces elicit greater N170s than low contrast faces, and that these ERPs are elicited when facial 

stimuli are believed to have been presented, regardless of whether they were actually presented. 

However, this process is complex, and several factors influence the amplitude of the 

N170 ERP. Greater N170 ERPs may be evoked when healthy adults try to perceive inverted, as 

compared to upright face stimuli (Sadeh & Yovel, 2010). This is thought to be due to the 

recruitment of additional cognitive resources in the perception of such faces, perhaps from more 

general object recognition areas of the cortex (Epstein et al., 2005; Sadeh & Yovel, 2010). 

Repeated exposure to unattended facial stimuli has been shown to demonstrate habituation, and 

reduce the N170 amplitude over time (Heisz, Watter, & Shedden, 2006; Feng, Lou, & Fu, 2013). 

Furthermore, the load placed upon working memory has been seen to inversely impact N170 

amplitude (Morgan et al., 2008). In addition to face-nonspecific cortical regions, some of these 

divergent findings may be accounted for by a model that introduces cognitive-mediation (i.e. 

top-down processing; Bentin & Golland, 2002). Under this premise, visual perception of a face 

may be augmented by stochastic activity in higher-order processes (Wild & Busey, 2004). 

Overall, this may suggest that it is also possible that amplification can occur as a result of 

stimulus expectation.  

The depth of knowledge surrounding the N170 ERP make it a potentially useful measure 

of shared deficits between cannabis users and individuals who demonstrate symptoms of 

psychosis. Individuals with schizophrenia show reduced N170 ERP amplitudes in response to 

facial stimuli (Lynn & Salisbury, 2008; McCleery et al., 2015; Tso et al., 2015). Lynn & 

Salisbury (2008) found that schizophrenic patients failed to show N170 amplitude moderation by 
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facial expression, or right hemisphere bias in processing, compared to controls. Schizophrenic 

patients also failed to demonstrate the aforementioned tendency for greater N170 ERPs in 

response to inverted faces (Tsunoda et al., 2012). Unlike controls, schizophrenic patients were 

not found to elicit greater N170 responses for face stimuli, compared to images of trees (Maher 

et al., 2015). Furthermore, these deficits in ERP amplitude have been positively associated with 

the quantity or endorsed clinical symptoms or severity of social dysfunction (Lynn & Salisbury, 

2008; Kirihara et al., 2012). Similar findings have been reported across numerous additional 

publications. Although reduced N170 amplitudes are most commonly reported, the ERP 

abnormalities associated with schizophrenia have displayed other distortions. A subgroup of 

individuals with schizophrenia, those who exhibit paranoid delusions and more readily feel 

threatened, demonstrate greater N170 responses to fearful facial expressions (Lee et al., 2010; 

Tso et al., 2015). Finally, N170 deficits have also been found in a sample of people related to 

diagnosed schizophrenics (Ibanez et al., 2011). This suggests that cortical firing in response to 

face discrimination tasks may be a feasible marker of vulnerability.  

Although schizotypy has not received the same level of study as schizophrenia, a number 

of studies have reported ERP aberrations compared to controls. Batty and colleagues (2014) 

found reduced N170 amplitudes in response to inverted faces among schizotypal populations. 

Schizotypal individuals also displayed diminished P100, but not N170, ERPs in response to a 

visual paradigm (Koychev et al., 2010). Although the N170 did not display attenuation in this 

study, it could have been the result of non-face stimuli employed in the task. Oestreich et al. 

(2015) measured the N170 in response to auditory stimuli. These authors reported that it is 

common for healthy controls to demonstrate N170 suppression in response to self generated, but 

not externally generated, stimuli. Those who scored high on the SPQ exhibited significantly less 



    19 
 

attenuation than low scorers. While not a visual task, the results of high scorers was consistent 

with findings from schizophrenic samples (Ford et al., 2001). Combined, these results suggest 

that people who do not have a diagnosis, but score high on self-report measures of schizotypy, 

may act as a suitable proxy for individuals with schizophrenia in research designs that target 

cortical functioning.   

The extant literature examining cannabis use or cannabinoids, in relation to the N170 

ERP was scarce. Skosnik and colleagues (2006) found that cannabis users demonstrated 

decreased 20Hz EEG power and signal-to-noise in a steady state auditory task, and that this was 

negatively correlated with SPQ scores. This suggested that they may have had reduced signal 

strength or auditory synchronization (Skosnik, et al., 2006). Cannabis users and non-users 

classified as ultra-high risk for psychosis demonstrated similar P300 attenuations (van Tricht et 

al., 2013). Cannabis users have also shown abnormal event-related potentials in response to a 

variety of stimuli. In a study where cannabis users were provided either placebo cigarettes, or 

THC containing cigarettes, THC ingestion was associated with a decrease in P300 & N400 ERP 

amplitude (Ilan et al., 2005). The authors stated these reductions were suggestive of impaired 

working memory and perception of novelty, respectively. Troup et al. (2016) detected a dose-

dependent relationship between cannabis consumption and P300 reduction on an emotional 

recognition task, as compared to non-users. Conversely, Skosnik and colleagues (2008) found 

heighted P300 amplitudes in cannabis users for both visual oddball and affective categorizations 

tasks, in response to negative affective trait words. Interestingly, individuals with schizophrenia 

often show diminished P300 responses to affective stimuli (Bramon et al., 2004). Skosnik et al. 

(2008) suggested that cannabis may be most similar to the experiences elicited by the positive 
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symptoms of the schizophrenic spectrum (i.e. hallucination and delusion), as compared to 

negative symptoms (i.e. paranoia and attentional deficits).   

Despite the possibility that certain cannabis-induced phenomenological experiences and 

psychotic symptoms are the result of shared or similar neural systems, there has been no 

investigation to determine if these share similar neural firing patterns. Such findings may help to 

delineate a subset of the cannabis using population who may be at a higher risk for the 

development of psychosis. Identifying these individuals may ultimately provide valuable 

preventative public health information. The present study seeks to contribute to this issue by 

using psychophysiological methods. First, we sought to determine if particularly unusual 

experiences during cannabis use are predictive of schizotypy, thereby replicating the results 

found by Barkus & Lewis (2008). Then, we employed ERP analysis in an attempt to determine 

whether those who score high on unusual cannabis experiences (using the CEQ) and high 

schizotypal scorers (using the SPQ) exhibit similar neural deficits.   

In the current study we have used a visual paradigm that requires participants to indicate 

whether a face was present or absent within a Gaussian static field. Our stimuli are loosely based 

off those used by Wild and Busey (2004). We have recorded the electrophysiology elicited by 

these stimuli, and have conducted comparisons across five groups. These include participants (1) 

high in schizotypal endorsements, (2) high in unusual cannabis experiences, and (3) high in both 

of the former. We have two control groups (4) average SPQ and CEQ scoring cannabis users, 

and (5) average SPQ scoring non-users. From this, we hypothesize that participants high in 

schizotypy will show weaker N170 responses toward face-present stimuli, than either control 

group. Following previous literature, this would suggest that their perceptual neurocognitive 

pathways are compromised. Furthermore, we expect the false-positive responses (i.e. endorsed a 
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face in a static-only image) of healthy controls to exhibit a greater N170 amplitude than those 

high on schizotypy. This would be indicative of greater neural efficiency during top-down 

processing. Finally, as compared to high SPQ scorers, we anticipate that those who score high on 

the CEQ will display similar patterns of the N170 response. This hypothesis is based on the 

assumption that the same neural pathways are involved, with similar deficits in neural integrity 

producing particularly unusual experiences with cannabis and more schizotypal experiences. 

Presently, we believe we are the only research team to investigate the electrophysiological 

correlates between the phenomenology of cannabis use and schizotypal personality traits. If these 

associations are found to exist, then the user’s experience of cannabis may be able to act as a 

marker for neural vulnerability to psychosis. 
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Methodology 

Study Objectives 

 (1) To examine whether participants high in schizotypy or high in unusual experiences 

with cannabis (the experimental groups) demonstrate electrophysiological differences in 

response to visual facial stimuli, as compared to average cannabis users and non-users (the 

control groups). (2) To determine whether these responses represent identifiable differences in 

the integration of sensory (bottom-up) and cognitively-mediated (top-down) neural activity. (3) 

To evaluate whether the experimental groups demonstrate similarity in their predicted 

differences from the control groups. 

Research Design 

 This study was a quasi-experimental between groups multifactorial design. The first trait, 

schizotypy, was operationalized through the Schizotypal Personality Questionnaire (SPQ). The 

SPQ asks participants about experiences, thoughts, and perceptions that often correspond with 

schizotypal behavior and personality (Raine, 1991). We were interested in the potential 

differences between those who endorse high schizotypy, as compared to average scorers on the 

SPQ. We defined a high score as equal to or above the 75th percentile. To assess our second trait, 

the phenomenological experiences associated with cannabis use, we administered the Cannabis 

Experiences Questionnaire (CEQ). The CEQ is a self-report questionnaire that assesses thoughts, 

perceptions, and sensations attributed to consumption of cannabis. We separated high and 

average CEQ scorers with the 75th percentile. 

Electroencephalography data collection occurred during the presentation of visual 

stimuli. These stimuli comprised of 480 Gaussian generated static images in greyscale, displayed 
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on a CRT Monitor with a 60 Hz refresh rate. A face embedded within the static, also in 

greyscale, was present in 320 of these images. Of those trials that contained faces, 160 were male 

and 160 were female. Half of the faces were considered “high visibility”, while the remainder 

were considered “low visibility”, with visibility defined as the transparency level of the images 

in Adobe® Photoshop®. Highly visible images were set to 95% transparency (only 5% of the 

face was visible), and low visibility images were set to 97% transparency. Based on pilot data, 

high visibility trials produced a hit rate of approximately 70%, and low visibility trials elicited a 

hit rate of approximately 40%. The remaining 160 images contained only visual static (see 

appendix 1 for image examples). A consistent visual angle was maintained for all images across 

participants, at 5.922 degrees. 

For each trial participants responded, by button press, whether they believed stimulus was 

visual static only, or whether a face was located within the static. This created four trial-response 

combinations (henceforth, trial-types): (1) correct noise-only endorsements (correct rejections), 

and (2) incorrect noise-only endorsements (misses), and (3) Correct face-present endorsements 

(hits), (4) incorrect face-present endorsements (false-positives). The average event-related 

potentials (ERPs) for each group associated with hits provided an indication of their relative 

sensory encoding of face stimuli. The average ERP for false-positives allowed us to examine the 

relative effect of cognitive processes on ERP amplitudes between groups.  

Study Procedure 

 Participants. Written informed consent was obtained from all participants, in accordance 

with UBC ethics. Participants were recruited through three avenues: (1) the Psychology 

Department’s Human Subject Pool (HSP) system to collect an undergraduate sample in exchange 

for course credit, (2) paid undergraduate volunteers, and (3) paid participants from the 
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community. For sources (1) and (2), participants first completed an online survey for HSP credit. 

This was used to screen for the four primary participant groups: (1) Those who scored high on 

the SPQ (the “High SPQ” group), (2) those who scored high on the CEQ (the “High CEQ” 

group), (3) those who scored average on both questionnaires (the “Average Users” group), and 

(4) those who did not endorse past or present cannabis use and also scored low on the SPQ (the 

“Average Non-User” group). Those that fell within one of the above groups were contacted via 

email and invited to participate in the EEG portion of the study. Source (3) was recruited through 

ads and flyers placed throughout the community, in addition to the UBC paid psychology study 

website. These participants completed a brief (10 minute) phone screen that contained a short-

form version of the SPQ and CEQ, constructed specifically for this design (see appendix 2). 

Eligible community volunteers completed the SPQ and CEQ in the laboratory, to establish group 

placement. Both methods of data collection led to the creation of a fifth group, participants that 

scored high on both the SPQ and CEQ (the “High on Both” group). All participants were either 

awarded course credit or $10 an hour for participation.  

Participants had to be between 18-55 years old, had 20/40 corrected vision or better, and 

were capable of reading and understanding English. Participants were excluded if they had a 

history of diagnosed neurological disorder, seizures, or stroke. Participants that reported a 

serious head injury coupled with loss of consciousness for five minutes were also omitted. 

Individuals judged to have complicated histories of comorbid drug use were also excluded for 

participation. Some participants (n = 3) were excluded due to poor quality of 

electrophysiological data (i.e. high impedance). 
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In total, usable data was collected from ninety-seven participants. They were divided 

between the groups as follows: High CEQ (n = 19), High SPQ (n = 19), Average-User (n = 24), 

Average Non-User (n = 20), and High on Both (n = 15). 

 EEG System. We used a 32 electrode site EEG system. During recording, impedances 

were below a 5-kOhm. Recording took place in a dark, quiet room. A common average reference 

was employed during recording and data was sampled at 1000Hz (Brainvision Quickamp).  

Task Administration. Participants were provided with instructions by the research 

assistant, and four practice trials were given with feedback. The research assistant then probed 

for any remaining ambiguity, and clarified the task as necessary. Participants were instructed to 

respond “1” if they perceived a face and “2” if they did not perceive a face. All responses were 

made with the participant’s dominant hand. The duration of the task was approximately 40 

minutes.  

Measures 

 Demographics. Standard demographic information was obtained using an in-house 

questionnaire. Variables that were collected included: sex, age, handedness, ethnicity, level of 

education completed, parental education level, command of the English language, recent alcohol 

or drug use (within 24h), smoking habits, caffeine use, current diagnoses and medication.  

 Schizotypal Personality. Schizotypal personality was measured using the Schizotypal 

Personality Questionnaire (SPQ; Raine, 1991). This is comprised of 74 self-report questions. 

Moderate criterion validity (0.68) and high test-retest reliability (0.82) have been demonstrated 

for the SPQ (Raine, 1991). Exploratory analyses that use the SPQ as a continuous variable for 

comparison with EEG amplitudes was calculated. 
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 Cannabis Experiences. The Cannabis Experiences Questionnaire (CEQ) was used to 

assess unusual experiences during or after marijuana use. The CEQ is a self-report scale that 

measures three aspects of cannabis use; the frequency of pleasurable, psychotic-like, and after-

effect experiences of the drug. Scores in the 75th percentile or higher on any of these sub-scales 

allocated the participant to the High CEQ group. A score below the 75th percentile on every scale 

allocated the participant in the Average User group. This is a relatively new scale, designed by 

Barkus and colleagues (2006), which currently lacks studies reporting its reliability and validity.  

Therefore, Cronbach’s alpha for the total score and for each subscale score was reported at the 

end of the Statistical Procedure subsection in the results section.  

Behavioral & Electrophysiological Recording. Stimuli were presented with E-Prime 

2.0 software of Psychology Software Tools (2013). The rate of correct face-present 

endorsements, incorrect face-present endorsements, correct noise-only endorsements, and 

incorrect noise-only endorsements was recorded, as well as the response time for each trial. Only 

trials where the participant responded within 5000ms were analyzed. This was done to increase 

the probability that responses were the result of believed perception, rather than deliberate 

guesses.   

Electrophysiological activity was recorded with Brain Vision Recorder 2.0 software of 

Brain Products (2015). The electrode sites were baseline corrected, ocular corrected using the 

Gratton-Coles method (Gratton, Coles, & Donchin, 1983), and filtered between 1.0 and 30.0Hz. 

This data was segmented and sorted into the above four trial-types. Each segment began 100ms 

pre-stimulus and ended 900ms post-stimulus. Within the resulting segments, epochs were 

automatically rejected if they exceeded ±100µV. ERPs were produced by averaging the 

segments corresponding to the four trial-types within each participant. Consistent with the 
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literature, we peak-picked N170 ERPs from the P7 and P8 sites (Luck & Kappman, 2012). This 

was defined as the greatest negative inflection between 100-270ms after stimulus onset.   

Initial Power Analysis 

This study’s primary analysis involved the differences in EEG activity between groups. 

Unfortunately, we could find no study that used similar stimuli to compare these groups. 

Tsunada et al. (2012) examined the differences in N170 amplitude elicited from 15 control and 

schizophrenic participants, and found a standard effect size of d = 1.36 for upright faces. Batty et 

al. (2014) investigated the differences in N170 ERPs between participants that were either high 

or low in schizotypy, and found an effect size of d = 0.33. The lower effect size of Batty and 

colleagues may have been partially due to the use of a median split to divide their sample. The 

present study has used the 75th percentile to divide the groups. Thus, we anticipate the High SPQ 

group to exhibit greater deficits than those in the study by Batty and colleagues. 

From these studies, we had predicted that our experiment would produce a Cohen’s d 

between 0.33 and 1.36 for face-present trials. As we expected our effect sizes to be somewhat 

greater than the minimum listed, the midpoint of these two values, 0.85, was used in our power 

analysis. Using this value, a two-tailed p-value of .05, and a targeted power of 0.75, our optimal 

sample size was 21 to detect a difference, between conditions. 
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Results  

Participant Demographics 

A total of 97 volunteers participated in this study, with a mean age of 23.93 years (SD = 

8.35 years). Of these, 43 were recruited through off-campus advertising or a paid studies listing 

(mean age = 28.37, SD = 10.05). The remaining 54 were recruited through the University of 

British Columbia’s human subject pool (HSP; mean age = 20.39, SD = 4.09). Sixty-one 

participants identified as female and 36 as male. Fifty people described themselves as Caucasian, 

41 as Asian, four as Hispanic, one as Aboriginal, and one as Black. Ten participants said they 

had experienced a mood disorder in the past. Via phone-screen or in-lab interview, each of these 

participants was determined to either be in remission, lack a professional diagnosis, or be absent 

of core symptoms. Four participants stated the experience of a “serious head injury”, however, 

upon interview, no symptoms associated with such an injury (i.e. vomiting, loss of focus) were 

reported, nor was any detriment to daily functioning endorsed. Furthermore, none of these 

participants were certain they had suffered a concussion. An additional six participants claimed 

to have lost consciousness for a period longer than five minutes. In each case, these reports did 

not appear to be due to trauma or medical condition (e.g. one participant claimed loss of 

consciousness after cannabis use). 

Thirty-three participants described themselves as non-users of cannabis, 18 as past users, 

and 46 as current users. The frequency of cannabis use endorsed by this sample was: 7.2% = 

“only once or twice”; 2.1% = “about once a year”; 10.3% = “a few times each year”; 8.2% = 

“about once/twice a month”; 5.2% = “about once a week”; 13.4% = “more than once a week”; 

and 19.6% = “everyday”. Forty participants claimed expenditure of greater than $4.00 per week 

on cannabis. Participants were asked to estimate their total cannabis use history, this had a range  
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Table 1: Frequency of Non-Cannabis Drug Use 

Additional 

Substances Used 

Number of 

Participants 

Median Frequency of Use 

Endorsement 

Tobacco 22 “Twice a Week” 

Alcohol 69 “Two to Three Times a Month” 

Hallucinogens 18 “One or Two Times in the Past Year” 

Amphetamines 6 “One or Two Times in the Past Year” 

Cocaine 11 “One or Two Times in the Past Year” 

Barbiturates 1 “One or Two Times in the Past Year” 

Opiates 2 “One or Two Times in the Past Year” 

Tranquilizers 2 “Three to 11 Times in the Past Year” 

Ecstasy/MDMA 18 “One or Two Times in the Past Year” 

 

of 2 to 1,000,000 uses. When outliers were removed from this variable, there was a mean of 

408.43 uses (SD = 695.95, median = 62.50). The mean age of first use was 16.31 years. Table 1 

provides a listing of additional drugs endorsed by this sample, as well as the median endorsed 

statement of frequency. 

Group status was determined by score on the Cannabis Experiences Questionnaire 

(CEQ), and the Schizotypal Personality Questionnaire (SPQ). Nineteen participants were placed 

within the High CEQ group, with a total mean CEQ score of 132.10 (SD = 24.77). The mean age 

was 26.00 (SD = 9.01), with a range of 18 to 47, and a gender distribution of 10 females. These 

participants had a mean score of 28.00 on the CEQ “after-effects” subscale, 52.26 on the 

“paranoid-dysphoric” subscale, and 51.84 on the “pleasurable” subscale. Ten of these 

participants were recruited through the HSP system. Five High CEQ participants endorsed 

cigarette use, and eight indicated previous use of additional illicit substances. Sixteen of these 
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volunteers said that they used cannabis at least once a month, with a median frequency statement 

of “more than once a week”. The total mean SPQ score of this group was 13.79 (SD = 7.05). 

Nineteen individuals had scores consistent with the High SPQ group, with a mean total 

SPQ score of 35.68 (SD = 7.07).  The mean age of this group was 19.42 (SD = 1.43), with a 

range of 18 to 24. Sixteen of these participants were recruited through the HSP system, and 16 

were female. One person endorsed cigarette use, and four stated previous use of additional illicit 

substances. Six indicated cannabis use of at least once a month, with a median endorsed 

frequency statement of “more than once a week”. For those that used cannabis, the mean total 

CEQ score was 108.33 (SD = 18.46). 

Fifteen people met criteria for the High on Both group. Eight of these participants were 

female, and nine were recruited through the HSP system. Their mean age was 24.20 (SD = 7.98), 

with a range of 18 to 44. The mean total CEQ score for this group was 150.07 (SD = 25.80), 

32.01 on the after effects subscale, 65.13 on the paranoid dysphoric subscale, and 52.87 on the 

pleasurable subscale. Their mean SPQ score was 35.80 (SD = 8.18). Eleven participants said 

they used cannabis at least once a month, with a median frequency statement of “more than once 

a week”. Eight endorsed use of additional illicit drugs.  

The Non-User Group consisted of 20 participants. Fifteen of these participants were 

female, and 12 were recruited through the HSP system. Their mean age was 23.30 (SD = 7.49), 

with a range of 18 to 45. This group had a mean total SPQ score of 11.05 (SD = 7.69). None of 

these participants reported cigarette use, nor did any report a history with non-cannabis illicit 

substances.  
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Table 2: Participant Demographics by Group 

 High CEQ High SPQ High on 

Both 

Average 

Non-User 

Average 

User 

 

Group Size 

 

19 

 

19 

 

15 

 

20 

 

24 

 

Mean Age 

(SD) 

26.00 (9.01) 19.42 (1.43) 24.20 (7.98) 23.30 (7.49) 26.21 (10.71) 

 

Sex 

Distribution 

10 Female; 

9 Male 

 

16 Female; 

3 Male 

 

8 Female; 

7 Male 

 

15 Female; 

5 Male 

 

13 Female; 

11 Male 

 

 

Recruitment 

Method 

10 HSP; 

9 Community 

16 HSP; 

3 Community 

9 HSP; 

6 Community 

12 HSP; 

8 Community 

7 HSP; 17 

Community 

 

Mean SPQ 

Score (SD) 

13.79 (7.05) 35.68 (7.07) 35.80 (8.18) 11.05 (7.69) 11.71 (5.95) 

 

Mean CEQ 

Score (SD) 

132.10 

(24.77) 

108.33 

(18.46) 

150.07 

(25.80) 

N/A 93.50 (17.56) 

Median 

Cannabis 

Use 

Statement 

“more than 

once a week” 

“more than 

once a week” 

 

“more than 

once a week” 

N/A “about once 

or twice a 

month” 

 

Note: Not all High SPQ participants used cannabis, the CEQ mean score and median usage 

statement do not include High SPQ non-users.  

 

Twenty-four participants were classified Average Users. Thirteen of these participants 

were female, and seven were recruited through the HSP system. Their mean age was 26.21 (SD 

= 10.71), with a range of 18 to 51. The total mean CEQ score for this group was 93.50 (SD = 

17.56), with a mean score of 20.20 on the after effects subscale, 36.67 on the paranoid dysphoric 

subscale, and 36.63 on the pleasurable subscale. Their total mean SPQ score was 11.71 (SD = 

5.95). Fourteen volunteers in this group stated a usage rate of at least once a month, with a 
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median frequency statement of “about once or twice a month”. Seven reported the use of 

additional illicit drugs.  

Statistical Procedure 

 The mixed model ANOVA used to analyze the data used two within-subject factors, as 

well as a between-subject factor. The within-subject factors were electrode site laterality 

(electrode site P7 on the left side, and electrode site P8 on the right side) and the trial-response 

pattern (henceforth trial-type). Electrode sites P7 and P8 are located above the occipito-temporal 

cortex, and often produce the largest N170 ERP amplitudes in response to facial stimuli (Luck & 

Kappman, 2012). The between-subject factor was the participant’s group categorization. All 

reported results from the Mixed ANOVA include the partial-eta squared effect size ( 2

p ). 

Furthermore, pairwise comparisons were used to determine the principle factors responsible for 

detected significant differences. Cohen’s d was calculated for significant pairwise comparisons. 

Morris and Deshon’s (2002) equation 8 was used to correct for dependence between means, 

where necessary.     

 Prior to the main analyses, outlier ERP amplitudes were determined for each trial-type at 

the P7 and P8 electrode sites. Amplitudes greater than three standard deviations above or below 

the interquartile range for each group were considered outliers and were excluded from analyses. 

Participant exclusion also occurred if any of the four trial-types consisted of less than 20 trials. 

Furthermore, average ERPs that consisted of 20 or more trials, but had a visually 

indistinguishable N170 peak were also excluded.  

Pearson’s bivariate correlations were calculated between three potentially confounding 

variables (age, sex, and recruitment method) and the four trial-types for each electrode site. This 
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resulted in a Bonferroni adjusted significance value of p = .0125. None of these variables were 

significantly correlated with N170 ERP amplitudes for any trial-type at either electrode site (all 

p’s > 0.013). Therefore, covariates were not included in the ANOVAs.  

 The CEQ is a new questionnaire and lacks the same reliability and validity testing as the 

SPQ. Therefore, Chronbach’s alphas were calculated for the total CEQ score and each subscale. 

This analysis included all individuals that participated in the CEQ pre-screen (n = 586). The 

overall scale (Total CEQ) consists of 55 items (α = .914). The paranoid-dysphoric subscale 

consists of 25 items (α = .918), the pleasurable subscale consists of 16 items (α = .893), and the 

after-effects scale is comprised of 12 items (α = .910). Thus, the Total CEQ scale, and each of 

the subscales, demonstrated a high degree of reliability. Cronbach’s alpha was also calculated for 

the Total SPQ score (α = .931), and the high reliability reported previously was replicated in this 

sample.  

Statistical Analyses 

 The initial omnibus Mixed ANOVA that was employed included laterality, trial-type, and 

participant group. Mauchly’s test revealed that the assumption of sphericity had been violated for 

the comparisons of trial-type (X2(5) = 16.30, p = .006), and laterality by trial-type (X2(5) = 

20.14, p = .001). Greenhouse-Geisser estimates were used to correct for this (ɛ = 0.880 and ɛ = 

0.809 respectively). With the Greenhouse-Geisser adjustment, there was a main effect of 

laterality, F(1.00, 64.00) = 4.07, p = .048, 2

p
 = .06, and a main effect of trial-type, F(2.64, 

168.96) = 7.96, p = .002, 2

p
 = .08. A pairwise comparison of trial-types revealed reduced N170 

amplitude for incorrectly endorsed face-present trials compared to both correctly endorsed (p = 

.001, d = 0.47) and incorrectly endorsed noise-only trials (p < .001, d = 0.49). There was also a 
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significant interaction between laterality and group, F(4.00, 64.00) = 5.14, p = .001, 2

p
 = .24 

(see figure 1). No main effect of group was found, F(1.00, 64.00) = 1.80, p = .14, 2

p
 = .10. In 

consideration of the main effect of laterality and an interaction between laterality and group, this 

initial analysis was split into two additional Mixed ANOVAs, where the right and left sites were 

analyzed independently.   

 The second Mixed ANOVA focused on trial-types elicited by the P7 electrode site (left 

side). There was a main effect of trial-type, F(2.55, 168.03) = 3.08, p = .037, 2

p
 = .05, indicating 

reduced amplitudes evoked by incorrectly endorsed face-present trials, compared to correctly (p 

= .003, d = 0.37) and incorrectly endorsed noise-only trials (p < .002, d = 0.44). There was no 

significant interaction between trial-type and group for the P7 site, F(10.18, 168.96) = .86, p = 

.569, 2

p
 = .05. Nor was there for group, F(4, 66) = .67, p = .61, 2

p
 = .04. 

The third Mixed ANOVA was identical to the previous using data from electrode site P8. 

There was a main effect of trial-type, F(2.48, 159.00) = 4.82, p = .005, 2

p
 = .07, indicating that 

smaller N170 ERPs were associated with incorrectly endorsed face-present trials,  compared to 

both noise-only trials (correct: p = .006, d = 0.38; incorrect: p = .002, d = 0.41). Furthermore, 

incorrectly endorsed noise-only trials elicited a greater average N170, as compared to correctly 

endorsed face-present trials (p = .041, d = 0.27). No interaction was found between group and 

trial-type, F(9.94, 159.00) = .86, p = .164, 2

p
 = .08. Unlike the previous analyses, a main effect 

of group was found for the P8 electrode site, F(4, 64) = 3.92, p = .007, 2

p
 = .20 (see figure 2). A 
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Figure 1: Group by Laterality Interaction 

 

 
Note: The omnibus Mixed ANOVA detected a group by laterality interaction, where N170 ERP 

amplitude significantly differed between hemispheres for the High CEQ (p = .036), High SPQ 

groups (greater P7; p = .002), and the Average Non-User group (greater P8; p = .013). No 

significant differences between the left and right hemisphere was detected for the Average User 

(p = .979) and High on Both groups (p = .171).  

 

series of pairwise comparisons indicated this effect was the result of average cannabis users 

eliciting significantly greater N170 ERPs, compared to the High SPQ group (p = .034, d = 0.84) 

and High on Both group (p = .045, d = 0.84). Furthermore, non-using controls had significantly 

larger N170 ERPs than all experimental conditions (High CEQ: p = .022, d = 0.88; High SPQ: p 

= .002, d = 1.28; High on Both: p = .003, d = 1.28). 
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Figure 2: Main Effect of Group at P8 

 
Note: The P8 Mixed ANOVA detected a main effect of group. The two control groups 

demonstrated significantly greater N170 ERPs, as compared to the High SPQ and High on Both 

groups. Furthermore, Average Non-Users demonstrated significantly greater ERPs, as compared 

to the High CEQ group. 

 

Combined Experimental Group Analyses 

 A pair of secondary analyses were conducted on a dataset that merged those participants 

who scored high on both the SPQ and CEQ with the High SPQ and again with the High CEQ 

group. This was calculated to address the small sample size of each group independently, and as 

further exploratory investigation of the effect of unusual experiences while using cannabis and 

experiencing schizotypal traits. Although this procedure increased the power of each analysis, it 
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Figure 3: Grand Average ERPs by Group 

 

Note: Grand average ERPs by group where a significant difference was detected between the 

Average Non-User group and High SPQ, High on Both, and High CEQ groups at P8, and not at 

P7. Significant differences were detected between Average Users and the High SPQ and High on 

Both Groups at P8, but not P7. 

 

also prohibited a meaningful comparison between the augmented group and the unaltered 

experimental group. Thus, these comparisons were only conducted against the two control 

groups (e.g. Augmented High SPQ group vs. Average User group vs. Average Non-User group). 

Augmented SPQ Group Analysis. This omnibus Mixed ANOVA conducted on the 

augmented SPQ dataset included laterality, trial-type, and participant group. Mauchly’s test 

revealed that sphericity had been violated for trial-type (X2(5) = 17.54, p = .004), this was 

corrected for with a Greenhouse-Geisser adjustment (ɛ = 0.85). Sphericity was also violated for 

the laterality by trial-type interaction and subsequently corrected (X2(5) = 24.08, p < .000; ɛ = 

0.74). This dataset did not exhibit a main effect of laterality, F(1.00, 51.00) = .01, p = .928, 2

p
 = 

.00, but did show a main effect of trial-type, F(2.54, 129.44) = 5.67, p = .002, 2

p
 = .10. The 

interaction between laterality and group, F(2.00, 51.00) = 8.03, p = .001, 2

p
 = .24, remained (see 

figure 4). Unlike the primary analysis, this Mixed ANOVA also produced a main effect of group, 
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F(2, 51) = 3.48, p = .039, 2

p
 = .12. Pairwise comparisons revealed the main effect of trial-type 

was due to incorrectly endorsed face-present trials eliciting significantly reduced N170 ERPs 

when contrasted with all other trial-types (correct noise: p = .001, d = 0.47; incorrect noise: p 

<.000, d = 0.49; correct face: p = .010, d = 0.30). The main effect of group was elicited by non-

using controls exhibiting significantly more pronounced ERPs when contrasted with the 

augmented SPQ group (p = .019, d = 0.81). Again, this analysis was split into two separate 

Mixed ANOVAs due to the presence of an interaction between laterality and group. 

The second Mixed ANOVA was conducted on the P7 site, and followed the same 

parameters that were applied to this analysis on the previous dataset. The assumption of 

sphericity was violated (X2(5) = 18.41, p = .002), and corrected (ɛ = 0.81). No outcomes were 

found to be significant. The results were as follows for trial-type, F(2.44, 129.08) = 2.66, p = 

.063, 2

p
 = .05, trial-type by group interaction, F(4.87, 129.08) = 1.06, p = .386, 2

p
 = .04, and 

group, F(2, 53) = .15, p = .862, 2

p
 = .01. 

The third Mixed ANOVA analyzed N170 ERPs elicited by the P8 site. Similar to 

previous analyses, the assumption of sphericity was found to be violated (X2(5) = 26.09, p < 

.000), and corrected with a Greenhouse-Geisser adjustment (ɛ = 0.748). A main effect of trial-

type, F(2.24, 114.37) = 5.88, p = .003, 2

p
 = .10, and a main effect of group was found, F(2, 51) 

= 7.11, p = .002, 2

p
 = .22. No trial-type by group interaction was detected, F(4.49, 114.38) 

=1.58, p = .177, 2

p
 = .06. Pairwise comparisons suggested the trial-type main effect was due to 

significantly reduced N170 ERPs elicited from incorrectly endorsed face-present trials, as 
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Figure 4: Group by Laterality Interaction (Augmented SPQ Dataset) 

 
Note: The omnibus Mixed ANOVA conducted on the augmented SPQ dataset detected a group 

by laterality interaction. N170 ERP amplitude significantly differed between hemispheres for the 

Augmented High SPQ group (greater P7; p = .002) and the Average Non-User group (greater P8; 

p = .017). No significant differences between the left and right hemisphere was detected for the 

Average User (p = .980). 

 

compared to all other trial-types (correct noise: p = .002, d = 0.41; incorrect noise: p < .001, d = 

0.44; correct face: p = .009, d = 0.31). The main effect of group (see figure 5) was the result of 

significantly smaller N170 ERPs produced by the augmented High SPQ scoring group, as 

compared to both average users (p = .019, d = 0.80) and non-using controls (p = .001, d = 1.21).  
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Figure 5: Main Effect of Group at P8 (Augmented SPQ Dataset) 

 
Note: The P8 Mixed ANOVA conducted on the augmented SPQ dataset detected a main effect 

of group. N170 ERP amplitude for the High SPQ group was significantly attenuated, as 

compared to both control groups. No significant difference was detected between Average Users 

and Average Non-Users.  

 

Augmented CEQ Group Analysis. The omnibus Mixed ANOVA conducted on the 

augmented CEQ dataset included laterality, trial-type, and participant group. Similar to previous 

analyses, Mauchly’s test revealed that sphericity had been violated for trial-type (X2(5) = 14.41, 

p = .013) and laterality by trial-type interaction (X2(5) = 19.97, p = .001), these violations were 

adjusted for (ɛ = 0.87 & ɛ = 0.79, respectively). Similar to the augmented SPQ group, this dataset 
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Figure 6: Grand Average ERPs by Group (Augmented SPQ) 

 
 

Note: The grand average ERPs by group (augmented SPQ) that demonstrate a statistically 

significant difference between the control groups and the augmented High SPQ group at P8, but 

not at P7.  

 

indicated there was no main effect of laterality, F(1.00, 53.00) = .15, p = .699, 2

p
 = .00, but a 

main effect of trial-type and a laterality by group interaction (F(2.60, 137.86) = 7.38, p < .000, 

2

p
 = .12; F(2.00, 53.00) = 6.68, p = .003, 2

p
 = .20). The main effect of group was not 

significant, F(2, 53) = 1.89, p = .162, 2

p
 = .07. Pairwise comparisons indicated the main effect 

of trial-type was consistent with the augmented SPQ dataset, where incorrect face-present trials 

demonstrated significantly smaller ERPs (correct noise: p < .000, d = 0.52; incorrect noise: p < 

.000, d = 0.62; correct face: p = .004, d = 0.36). Following the previous two sets of analyses, this 

Mixed ANOVA was split by laterality into two separate ANOVAs. Each were bound by the 

same parameters of prior analyses. 

Analysis of the P7 site indicated that sphericity was violated (X2(5) = 19.47, p = .002), 

and was therefore Greenhouse-Geisser adjusted (ɛ = 0.79). No main effect of group, or trial-type 
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Figure 7: Group by Laterality Interaction (Augmented CEQ Dataset) 

 
Note: The omnibus Mixed ANOVA conducted on the augmented CEQ dataset detected a group 

by laterality interaction. N170 ERP amplitude significantly differed between hemispheres for the 

Augmented High CEQ group (greater P7; p = .012) and the Average Non-User group (greater 

P8; p = .012). No significant differences between the left and right hemisphere was detected for 

the Average User (p = .979). 

 

by group interaction was detected (F(2, 53) = .15, p < .860, 2

p
 = .01; F(4.74, 125.73) = 6.68, p = 

.003, 2

p
 = .20). However, a main effect of trial-type was detected, F(2.37, 125.73) = 3.54, p = 

.025, 2

p
 = .06. This was determined to be the result of reduced N170 ERPs elicited by 

incorrectly endorsed face-present stimuli (correct noise: p = .007, d = 0.40; incorrect noise: p < 

.000, d = 0.55; correct face: p = .025, d = 0.29). 
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 The analysis of the P8 electrode site on this dataset revealed a violation of sphericity 

(X2(5) = 22.34, p < .000). This was adjusted with Greenhouse-Geisser (ɛ = 0.80). Main effects 

were detected for trial-type (F(2.41, 127.63) = 7.37, p < .000, 2

p
 = .12) and group (F(2, 53) = 

4.72, p = .013, 2

p
 = .15). The effect of trial-type was attributed to reduced N170 ERPs in 

response to incorrectly endorsed face-present stimuli, as compared to all other trial-types (correct 

noise: p = .002, d = 0.43; incorrect noise: p < .000, d = 0.53; correct face: p = .008, d = 0.32). In 

addition to this, a significant difference was also found between correctly endorsed face-present 

trials and incorrectly endorsed noise-only trials, where the former was associated with reduced 

ERPs (p = .030, d = 0.31). The main effect of group was determined to be elicited by larger 

N170 ERPs from the non-using control group, as compared to the augmented High CEQ group 

(p = .004, d = 1.00; see figure 8). 

SPQ and CEQ Bivariate Correlations  

Results below a p-value of .05 were detected between P8 amplitudes and total SPQ score for 

trials where a face was perceived. Similar results were detected between P8 amplitudes and total 

CEQ score. This indicated that higher SPQ and CEQ scores were associated with smaller N170 

amplitudes. However, none of these remained significant once a Bonferroni adjustment of the 

critical value to p = .013 (see table 3). When comparing the two self-report measures (SPQ and 

CEQ) a significant correlation was detected between total scores (r = .413, p = .001). The total 

SPQ score was also found to significantly correlate with the after-effects (r = .317, p = .011) and 

paranoid-dysphoric (r = .416, p = .001) CEQ subscales, but not the pleasurable subscale (r = 

.264, p = .035) after a Bonferroni adjustment (critical value of p = .013). 
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Figure 8: Main Effect of Group at P8 (Augmented CEQ Dataset) 

 
Note: The P8 Mixed ANOVA conducted on the augmented CEQ dataset revealed a main effect 

of group. N170 ERP amplitude for the High CEQ group was significantly attenuated, as 

compared to the Average Non-User group. The High CEQ group also demonstrated a trend of 

reduced N170 ERP amplitude, as compared to the Average User group (p = .081, d = 0.57). 
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Figure 9: Grand Average ERPs by Group (Augmented CEQ) 

 
 

Note: The grand average ERPs by group (augmented CEQ) that demonstrate a statistically 

significant difference between Average Non-Users and the augmented High CEQ group at P8, 

but not P7. 
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Table 3: Pearson’s Bivariate Correlations by Site and Trial-type 

 Correct Noise-

Only 

Incorrect 

Noise-Only 

Correct Face-

Present 

Incorrect Face-

Present 

SPQ Total – P7 r = -.102 

p = .387 

r = -.010 

p = .931 

r = .122 

p = .302 

r = -.296 

p = .123 

SPQ Total – P8 r = .174 

p = .144 

r = .249 

p = .039 

r = .231 

p = .053 

r = .124 

p = .299 

CEQ Total – P7 r = -.174 

p = .238 

r = .011 

p = .941 

r = .044 

p = .768 

r = -.019 

p = .897 

CEQ Total – P8 r = .192 

p = .191 

r = .273 

p = .070 

r = .317 

p = .030 

r = .260 

p = .075 

 

Note. Correlations between ERP amplitudes for each trial-type and the total SPQ and total CEQ 

scores. Bonferroni adjustment p < 0.013.  
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Discussion 

 We sought to determine: (1) whether participants that scored high on schizotypal traits 

(via the SPQ) or participants that scored high on cannabis experiences (via the CEQ) displayed 

electrophysiological deficits, as compared to average cannabis users and non-users; (2) to 

evaluate whether the experimental groups were similar in the ways in which they deviated from 

the control groups; (3) whether these differences are identifiable in both the integration of top-

down and bottom-up processing; and finally (4) this study also attempted to replicate the results 

of Barkus & Lewis (2008), where SPQ and CEQ scores were found to moderately correlate. 

Hypothesis Evaluation 

 Hypotheses 1 & 2. We hypothesized that individuals who scored high on schizotypy and 

individuals that scored high on cannabis experiences would demonstrate reduced N170 event-

related potentials, as compared to our control groups. We also anticipated that the experimental 

groups would demonstrate similar reductions. As stated in the results, the right hemisphere (P8) 

demonstrated a main effect of group, where High SPQ, High CEQ and High on Both groups 

exhibited smaller N170 amplitudes compared to the Average Non-Users. This was also true for 

the High SPQ and High on Both, compared to Average Users groups. These differences were 

associated with large effect sizes; where Cohen’s d ranged from 0.88 to 1.28. Furthermore, the 

augmented CEQ dataset demonstrated a trend of reduced N170 ERPs for the Augmented High 

CEQ group, compared to the Average User group (p = .081, Cohen’s d = 0.57). None of the 

experimental groups significantly differed from each other in the P8 analysis (p = .319), 

suggesting similarity in this detected N170 ERP deficit. Thus, our initial findings support the 

first two hypotheses.  
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The reduced N170 ERP associated of the High SPQ group is consistent with previous 

literature in which similar deficits were reported in both schizotypy and schizophrenia (e.g. Batty 

et al, 2014; Maher et al., 2015). Furthermore, the deficits associated with high schizotypy, as 

measured by the SPQ, are not limited to the N170 ERP. Reduced amplitudes have been found 

across several markers of early processing, such as the P50 and P100 ERPs (Koychev et al., 

2010; Park et al., 2015). Schizotypal samples have also displayed impairments in attention 

modulated processes, such as increased duration to allocate maximal attention to a non-face 

stimulus (Fuggetta, Bennett, & Duke, 2015). The deficits associated with schizotypy are also 

similar, but of a lesser magnitude, to those found in schizophrenia (Tsunada et al., 2012). Thus, 

the cognitive deficiencies that produce these amplitude reductions do not appear to be specific to 

face perception, but rather may impact a broader spectrum of perceptual processing. Similarly, it 

is possible that the N170 deficits exhibited by the High SPQ group in the current study represent 

faulty integration of sensory and cognitive processes of perception during this task. 

The reduced N170 ERPs by the High CEQ group is a novel finding. To our knowledge, 

no other group has investigated ERPs in those who report unusual cannabis experiences. As a 

result of the presence and direction of our detected effect between Average Non-Users and the 

High CEQ group, but not Average Users, we propose that a cognitive vulnerability may underlie 

these unusual experiences. While these results require replication and further study with 

functional imaging, the similarity between the High CEQ, High SPQ, and High on Both group’s 

ERPs may represent a common cognitive vulnerability affecting perceptual processing. This 

deficit may mediate both schizotypal traits and proneness to unusual cannabis experiences. 

Furthermore, these results also tentatively argue that cannabis use coupled with particularly 

unusual experiences, but not necessarily the consumption of cannabis itself, is associated with 
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these potential cognitive deficits. This is somewhat bolstered by a trend toward significance 

between average cannabis users and those with unusual experiences in the augmented CEQ 

analysis. However, this analysis is exploratory and these initial inferences require further study. 

Hypothesis 3. We further hypothesized that group differences would interact with a 

particular trial-type. Specifically, we hypothesized that the High SPQ and High CEQ groups 

would exhibit greater N170 ERP reduction for the correct noise-only, correct face-present, and 

incorrect face-present trial-types, compared to the incorrect noise-only trial-type. This hypothesis 

was rooted in the hallucinatory experiences, and increased endorsement of false-positives, 

associated with schizotypy (Grant et al., 2014; Yu, Zaroff, & Bernardo, 2015).  However, we 

failed to reject the null-hypothesis, as no group by trial-type interactions were found in any of the 

analyses.  

 Hypothesis 4. Finally, we sought to replicate the results from Barkus and Lewis’ 2008 

study, which found a significant correlation between the Schizotypal Personality Questionnaire 

and the Cannabis Experiences Questionnaire. Our results were consistent with Barkus and Lewis 

(2008), in that the total scores for the Schizotypal Personality Questionnaire and the Cannabis 

Experiences Questionnaire were significantly, positively correlated (r = .413). Furthermore, we 

also replicated their pattern of results within the CEQ subscales. This association was strongest 

with the paranoid-dysphoric subscale (r = .416), followed by the after-effects subscale (r = .317), 

and no significant correlation was found with the pleasurable subscale (r = .264). These findings 

reinforce the notion that schizotypal traits are moderately associated with cannabis induced 

unusual (or particularly vivid) experiences. An abundance of literature has associated higher 

SPQ scores with proneness to psychosis and cognitive deficits (Nelson et al., 2013). Therefore, 

unusual cannabis experience may also be indicative of these vulnerabilities. This argument is 
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further supported by our results described in the evaluation of hypotheses 1 and 2; in which we 

found that both groups showed reduced ERPs compared to the control groups, and they did not 

significantly differ from one another. We also note that our sampling methods may have 

artificially reduced this correlation, as we actively sought participants that were in the 75th 

percentile of one scale, but below the 75th percentile in the other.  

Additional Findings 

 Laterality. The initial Mixed ANOVA, which included laterality, trial-type, and 

participant group, yielded a consistent main-effect of laterality. The left hemisphere (P7 site) 

produced significantly larger N170 ERPs (mean difference = -0.350 microvolts). This effect 

seems to go against the consensus within the literature, where N170 ERPs have consistently 

displayed larger amplitudes in the right hemisphere when evoked by face stimuli (e.g. Rossion et 

al., 1999; Krombholz, Schaefer, & Boucsein, 2007; Luck & Kappeman, 2012). Some insight into 

this inconsistency is provided by the interaction between groups and laterality. As seen in Figure 

1, Average Non-Users exhibited the expected pattern of N170 ERP right hemisphere dominance, 

Average Users and the High on Both displayed no hemispheric bias, and the High SPQ and High 

CEQ groups had significantly stronger left side ERPs. Subsequent Mixed ANOVAs conducted 

on the augmented SPQ and CEQ datasets revealed a significant laterality by group interaction 

(see figures 4 & 7). Again, this was the result of Average Non-Users eliciting significantly larger 

N170 ERPs in the right hemisphere (as expected), with the augmented experimental group 

exhibiting the opposite pattern of laterality. 

There is some literature that may account for this inversion of laterality. Unlike controls, 

patients with schizophrenia did not show right side bias in a facial expression processing task 

(Salisbury, 2008). As reported in a recent meta-analysis, a lack of right side laterality for the 
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N170 has often, but not always, been found in samples of individuals with schizophrenia 

(McCleery et al., 2015). Although this may explain our results for the High on Both group 

(which showed no hemispheric bias), it does not fully explain the detected P7 dominance for the 

other two experimental groups. Onitsuka and colleagues (2006) found that N170 amplitude 

strength was positively correlated with right, but not left, posterior fusiform gyrus volume for 

individuals with schizophrenia. If symptoms related to schizophrenia are associated with 

disproportionately reduced right posterior fusiform gyrus volume, then this difference could 

result in significantly reduced right side N170 amplitudes, rather than strengthened left N170 

ERPs. Since the High SPQ and High CEQ group did not significantly differ, and showed the 

same reversed laterality, they may share similar underlying neural deficits in relation to this task.  

Our analyses of group differences associated with each electrode site provide cautious 

support this model. We found no main effect of group across all P7 (left side) analyses, 

suggesting the experimental and control groups ERPs were equally strong. Crucially, each P8 

(right side) analysis demonstrated a group difference in the expected direction (see figures 2, 5, 

& 8). While there are currently no studies that report on this specific location with respect to 

schizotypy, several have associated schizotypal personality with reduced temporal cortex volume 

(e.g. Hazlett et al., 2008; Goldstein et al., 2009). Alternatively, these results may also suggest a 

reorganization of neural functioning, in response to a common right lateralized deficit (possibly 

visualized in figures 3, 6, and 9). If true, the lack of any hemispheric bias in the High on Both 

group could indicate a compounded neural deficit, where such compensation was not possible. 

Although no detected effect was found, Figure 3 demonstrates a pattern of activity consistent 

with this. A specific prediction regarding laterality was not made a priori. Due to the exploratory 

nature of these analyses, we encourage further exploration of this group by laterality interaction. 
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Future examination should include structural and functional imaging of the posterior fusiform 

gyri, and subsequent neural network modelling to fully investigate this hypothesis. 

 Trial-Type. A main effect of trial-type was found in all analyses conducted throughout 

the study, with the exception of the P7 site in the augmented SPQ dataset. Within the primary 

dataset (i.e. contrasting all five groups), face-present trials that were endorsed as noise-only 

consistently produced significantly smaller N170 ERPs, as compared to correctly and incorrectly 

endorsed noise-only trials. Each primary analysis also demonstrated a trend toward smaller ERPs 

for incorrect face-present trials, as compared to correct trials of the same type (p-values ranged 

between .069 and .124). As reported, the Augmented SPQ and CEQ datasets did find a 

significant main effect between these two trial-types. These findings may indicate a large 

cognitive influence on the N170 ERP, as discussed further in the paragraphs below. 

Our task included faces that were of “high” and “low” visibility, with the latter being 

harder to detect and resulting in more misses. Unfortunately, we were precluded from conducting 

a comparison of high and low faces, due to low trial count and small group sample sizes. Rather, 

we combined our high and low face trials together. This resulted in a greater proportion of low 

faces in the incorrect face-present trial-type. High visibility faces were found to elicit a greater 

N170 ERP than low visibility faces in Wild & Busey’s (2004) study. Subsequently, through the 

integration of sensory information, we would expect our correct face-present trials to elicit a 

greater N170 (as occurred in the augmented analyses), if only due to a greater proportion of high 

visibility faces. Ultimately, in our present analysis, this meant no meaningful comparison 

between the two face-present trial-types can be made. However, this did not impact contrasts 

between noise-only and face-present trials.  
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As stated, we consistently found significantly smaller N170 ERPs associated with 

incorrect face-present trials, as compared to either correct or incorrect noise-only trials. 

Interestingly, bottom-up processing should predict the opposite direction of effect, where the 

mere presence of a face should elicit a greater response. There are a few possible explanations 

for this. First, it could be that in the construction of our stimuli, the addition of grey-scale faces 

to grey-scale Gaussian noise darkened the overall stimulus, resulting in a weaker ERP. However, 

we used the same face stimuli as Wild & Busey (2004), who did find larger N170 ERPs 

associated with faces. Relative to the static background, our stimuli were substantially decreased 

in visibility. It is possible the reduced visibility of faces in our stimuli led to a trend of reduced 

N170 in response to face-present trials. However, pilot testing indicated these faces were 

perceptible to the majority of participants, thus this alone would not explain the reduced 

amplitude. Furthermore, from the bottom-up processing perspective, this should only reduce the 

amplitude, not invert the direction of the effect (Dering et al., 2011; Eimer, 2011).  

Second, these results could be the effect of cognitive-mediation of stimuli (top-down 

processing). The primary finding of Wild & Busey (2004) was significantly increased amplitude 

for noise-only trials that were mistaken for faces, as compared to noise only trials mistaken for 

words. They argued that this suggested higher-order processing (the expectation of a face or 

stochastic activity) influencing early visual processing (the N170). Furthermore, increased N170 

ERPs have been elicited from inverted face orientations, although schizophrenic patients failed 

to demonstrate this (Sadeh & Yovel, 2010; Tsunoda et al., 2012). This suggests additional 

resources, increasing the overall amplitude, may be recruited when the stimulus is not readily 

identifiable. The present study provided participants with instructions that asked them to “do 

their best to determine if a face is present”. It is possible that this had the effect of increased 
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focus (and cognitive resource) when faces were not readily identifiable (i.e. the noise-only trials). 

Thus, this cognitive-mediation may have increased amplitudes not only for false-positives, but 

also correctly endorsed noise trials.   

Bivariate Correlations. We did not find any significant correlations between the SPQ or 

CEQ and trial-type amplitude, after a Bonferroni adjustment was applied. However, prior to this 

correction SPQ total score correlated with both incorrect noise-only and correct face-present 

trials in the predicted direction. Specifically, N170 amplitudes were smaller (less negative) for 

perceived faces, but not for perceived noise as SPQ total score increased. Similar results were 

present for high CEQ scores, although not as robust for incorrect noise-only endorsements (see 

Table 3). Of note, these correlations involved the total CEQ score, rather than the measures 

subscales. Barkus and Lewis (2008) found that the SPQ correlated most strongly with the 

paranoid-dysphoric subscale of the CEQ, while not significantly correlating with the pleasurable 

subscale. In consideration of this, we conducted additional bivariate correlations between the 

paranoid-dysphoric subscale and P8 amplitudes. This resulted in significant correlations for 

perceived faces in noise-only and face-present trials (See Appendix 3). Once a Bonferroni 

correction was applied, the correlation between P8 amplitude for correct face-present trials and 

the paranoid-dysphoric subscale was no longer significant. Although these results did trend in the 

expected direction, no claim of a significant association between these self-report measures and 

N170 ERP amplitude can be made. However, future research should focus on the paranoid-

dysphoric subscale of the CEQ using larger samples. 
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Further Limitations 

 The topic of this study, an investigation of the similarities of particular traits and 

experiences, prohibited the use of random assignment. Thus, this study is ultimately quasi-

experimental and correlational in nature. It cannot address the issue of causation in the cannabis-

psychosis relationship. However, this was not the intent of the study. Rather, this study explored 

whether a common vulnerability might exist between high scorers on schizotypy and those who 

have particularly unusual experiences associated with cannabis use. While this study is the first 

attempt to address this question, it is beholden to several limiting factors.  

 Our methodology for participant recruitment was devised to boost the effect size of group 

differences. As referenced in our initial power analysis, a prior study used the median split to 

determine the high and low categories for schizotypy (Batty et al., 2014). That study produced an 

effect size d = 0.33 between groups. In an attempt to increase effect size, we recruited 

individuals above the 75th percentile for the High SPQ and High CEQ groups. Although this 

method produced the desired result, with a group effect ranging from d = .88 to d = 1.28, it 

substantially complicated and slowed recruitment. Overall, this limited our sample size for each 

group. The nature of the phenomena under study further impacted sample size of the 

experimental groups. Due to the moderate correlation that been found between the SPQ and 

CEQ, participants that scored high on both scales could not be allocated to either the High SPQ 

and High CEQ groups. This led to the creation of the High on Both group, but reduced the 

overall sample within the experimental groups. Once exclusionary criteria were applied to the 

sample, the groups were between 20-to-50% below goal. It is possible, were we to have met the 

group target of 21 some of the detected trends would have reached significance. Low sample size 

also impacted our ability to control for the variable usage rate across groups. The High CEQ and 
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High on Both groups had a median frequency statement that suggested greater overall use, 

compared to Average Users (see table 2). While the reduced ERPs associated with these groups 

are interpreted as an underlying neural deficit, we cannot rule out the possible impact of different 

consumption rates. 

 This study also focused on a single event-related potential, the N170, in relation to a face 

perception task. Although our results may suggest the presence of a cognitive/perceptual 

vulnerability, our methodology does not allow precise inferences of the nature or specific 

location of this deficit. Without analysis of earlier, sensory driven ERP components, it is also 

unclear if this deficit is primarily the result of compromised sensory encoding, or reduced 

attentional mediation of expected stimuli. Furthermore, we cannot be certain the detected N170 

ERP attenuations in both the High SPQ and High CEQ groups share a common cause. Thus, 

inferences made from this study should be seen as exploratory in nature.  

Concluding Thoughts 

 This study was the first to examine the association between cannabis experiences and an 

indicator of neural integrity, specifically the N170 event-related potential. Consequently, we are 

also the first research group to examine the similarities between schizotypal personality and 

cannabis experiences with electroencephalography. This study demonstrates that the initial 

association detected by Barkus and Lewis (2008) may go beyond the behavioral responses made 

on the Schizotypal Personality Questionnaire and the Cannabis Experience Questionnaire.  

Rather, our results suggest this relationship may be mediated by cognitive vulnerability present 

in both of these groups. However, the precise origin of this deficit remains unclear.  
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 This study makes no attempt to address causality. Many of the previously discussed 

hypotheses regarding the cannabis-psychosis relationship may act as a causative agent in this 

association. A primary goal of this endeavor was to determine whether particularly unusual 

experiences may act as a phenomenological marker of future psychosis. The experience or 

endorsement of schizotypal traits does not constitute a psychotic disorder. However, several 

studies have suggested that a “schizophrenia spectrum” exists, and schizotypy resides on this 

spectrum (Cochrane, Petch, & Pickering, 2012; Barrantes-Vidal et al., 2013). In a systematic 

review, Nelson et al. (2013) concluded that schizotypy and schizophrenic disorders are 

intrinsically related. Accordingly, schizotypy is seen as a risk factor for psychotic disorders 

(Lyons et al., 1995; Delawalla et al., 2006). If it is true that cannabis related experiences (not 

simply cannabis use) are the product of a neural vulnerability that also produces schizotypal 

personality traits, then these experiences may act as a viable indicator for future psychotic 

episodes. We recommend further exploration to verify and further illuminate the specific 

mechanisms of this relationship. 
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Appendices 

Appendix 1: Stimulus Examples 

 

Appendix 1a: Image of a face-present trial-type.  
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Appendix 1b: Image of a noise-only trial-type. 
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Appendix 2: Phone Screen for Community Participants 

FIN and TT Telephone Script  

  

Hi, thank you for your interest in our study. Let me tell you a little about our study first to see if 

you are interested in participating, and then I will ask you a few brief questions to determine 

your eligibility.  

  

This study is run by the Clinical and Cognitive Neuroscience Lab of Dr. Colleen Brenner 

through the UBC Department of Psychology. We are interested in the perceptual and 

neurological correlates of cannabis use and personality.  

  

The study is composed of one session. You will be asked to come to the laboratory at UBC and 

answer a series of questions about yourself, your personality and your experiences. You will also 

be asked to complete some tests of cognition, memory and attention. Finally, you will have an 

EEG (or brainwaves) recorded while you are looking at things on a computer screen or hearing 

sounds over headphones. The entire session will take approximately 3 hours. You will be paid 

$10 an hour for your participation.  

  

  

Does this sound like something you are interested in?  

  If NO: Ok, thank you for your time and please don’t hesitate to contact us again if you 

change your mind.  

  

  If YES: Great, before we schedule an appointment I would like to ask you a few 

questions to determine your eligibility; is this O.K. with you?  

 

    If NO: I’m afraid we’re unable to proceed without some general  

information about your eligibility. (If still not willing to answer eligibility questions) Thank you 

for your time and please don’t hesitate to contact us again if you change your mind.  

    If YES: Please note that all the answers you provide are strictly confidential and 

will only be used to determine your eligibility in the study. Once we’re done and your eligibility 

is determined, your answers to these questions will be destroyed and no permanent record of 

your responses will be kept.  

 

 Proceed with questions on next page: 
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1) How did you find out about our study? 

 

2) How old are you? _______ 

  

3) Is English you primary language?_______________  

  If NO: How many years have you been communicating in English? __________    

Do you have any difficulty understanding written materials presented in English such as books, 

magazines or the newspaper?__________________________________  

  

4) Do you have any difficulties with your eye sight?  __________________________  

  

  

5) Do you have any difficulties with your hearing? ____________________________  

  

  

6) Have you ever had a serious head injury or lost consciousness for more than 5 minutes? 

______________________________________________________________ 

______________________________________________________________________   

 

IF YES: did you have a concussion or any post-concussive symptoms such as: headaches, 

trouble with concentration, blurred vision, ringing ears, dizziness or vertigo? 

________________________________________________________________________ 

_____________________________________________________________________  

  

7) Have you ever been diagnosed with a neurological disorder or a condition that might affect 

neurological functions such: epilepsy, seizures, meningitis, stroke, thyroid problems, 

hypoglycaemia or diabetes?  

_______________________________________________________________________  

________________________________________________________________________  

  

8) Do you think you have, or have you ever had a learning disorder?  

________________________________________________________________________ 

________________________________________________________________________   

 

IF THINKS THEY HAVE: Why do you think you have _________? What symptoms do/did you 

have?________________________________________________ 

________________________________________________________________________  

  Were you ever formally diagnosed with ___________?  _________________________  
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9)  Do you think you have, or have you ever thought you had a serious mental illness such as 

schizophrenia, bipolar disorder, major depression, or serious anxiety related issues)?  

________________________________________________________________________  

________________________________________________________________________   

 IF THINKS THEY HAVE: Why do you think you have __________?  

What symptoms do/did you have?____________________________________________ 

_______________________________________________________________________  

    

Were you ever formally diagnosed with _______? _________________________  

________________________________________________________________________ 

  

  

10) Are you currently seeking psychological treatment for any reason?      Yes     No  

 

IF YES:  What (in general) are you currently seeking treatment for? ___________  

________________________________________________________________________ 

 What kind of treatment are you receiving (meds, counselling, etc.)?____________ 

_______________________________________________________________________ 

  How long have you been receiving treatment? ____________________________  

________________________________________________________________________  

  

  

11) Have you EVER sought treatment for a psychological problem in the past?   Yes    No  

IF YES: What (in general) did you seek treatment for? _____________________  

________________________________________________________________________   

What kind of treatment did you receive (meds, counselling, etc.)? _____________  

________________________________________________________________________  

 

12) Are you currently taking any prescription medication or undergoing treatment for any 

medical conditions?    Yes    No  

  IF YES: What illness are you being treated for? ___________________________  

  What treatment are you receiving (list medications and treatment): __________  

_______________________________________________________________________  
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13) Approximately how much alcohol do you drink on a regular basis? ______________  

________________________________________________________________________  

 IF MORE THAN 3 IN ONE SITTING: How long have you been drinking this amount? 

________________________________________________________________ 

_______________________________________________________________________ 

14) Was there ever a time in your life when you drank more than you do now?  Yes     No  

  IF YES: When was that? _____________________________________________  

________________________________________________________________________  

  How much were you drinking then? ____________________________________  

 

15)  Do you use recreational drugs on a regular basis?  

______________________________________   

 IF YES: What do you use? ___________________________________________  

________________________________________________________________________  

 How much/often do you use _______? __________________________________  

________________________________________________________________________     

How long have you been using this amount? _____________________________  

________________________________________________________________________  

  

16) Was there ever a time in your life when you used more drugs than you do now?    

 Yes   No      

IF YES: When was that? __________________________________________  

________________________________________________________________________  

  What were you using then? ___________________________________________  

________________________________________________________________________  

             How much were you using then? _______________________________________ 

 

  

17) Have you ever received treatment for drug or alcohol use?               Yes              No   

  IF YES: When & for how long were you in treatment? _____________________  

________________________________________________________________________  
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What were you in treatment for?  

________________________________________________________________________  

 

Questions from SPQ: 

 

(1) Have you often mistaken objects or shadows for people, or noises for voices?   Yes   No 

(2) Do other people see you as slightly eccentric or odd?    Yes   No 

(3) Are you certain that you are being talked about behind your back?    Yes   No 

(4) Do you prefer to keep to yourself?   Yes   No 

(5) Are you poor at expressing your true feelings because of the way you talk and look?    

Yes   No 

(6)  Have you ever noticed a common event or object that seemed to be a special sign for 

you? Yes   No 

(7)  Do you feel that you have to be on guard even with friends?   Yes   No 

(8)  Do you sometimes feel that other people are watching you?   Yes    No 

(9)  Are your thoughts sometimes so strong that you can almost hear them?   Yes   No 

 

Number of SPQ Questions Endorsed:        /9 

 

 

Questions from CEQ: 
 

Do you or have you ever used cannabis?  Yes   No 

[If YES] 

For the following questions please reply with: 

(1) Rarely or Never, (2) From Time to Time, (3) Sometimes Yes & Sometimes No, (4) More 

often than Not, or (5) Almost Always or Always.  

 

 

How often do you have or have you had the following experiences while smoking cannabis? 

(1)  Feeling Happy 

(2)  Enhanced Perceptual Awareness 

(3) Able to Understand the World Better 

(4)  Losing your sense of Reality 

(5)  Feeling Relaxed 

(6)  Feeling More Creative 

(7)  Rapid Flow of Thoughts 

(8)  Feeling Full of Ideas 
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How often have you had the following experiences after smoking cannabis? 

(9)  Not Wanting to do Anything 

(10) Feeling Generally Slowed Down Physically 

 

 

If eligible: Thank you for answering those questions. You are eligible to participate in the study 

and we’d like to schedule your first appointment.  

  

If ineligible: Thank you for answering those questions. I’m afraid that you are not eligible to 

participate in this study, however new studies are started in our laboratory fairly regularly. 

Would you be willing for us to keep your information on file and contact you if a study for 

which you are eligible becomes available?    

If NO: Ok, thank you again for calling and have a nice day.   

If Yes: Great, we will contact you in the future if another study becomes available for which you 

are eligible. Thank you for calling and have a nice day.  
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Appendix 3: Additional Pearson’s Bivariate Correlations 

 Correct Noise-

Only 

Incorrect 

Noise-Only 

Correct Face-

Present 

Incorrect Face-

Present 

 

CEQ Paranoid- 

Dysphoric – P8 

 

r = .186 

p = .194 

 

r = .370 

p = .012 

 

r = .329 

p = .024 

 

r = .253 

p = .083 

 

Note. Four ad-hoc correlations were run between the P8 amplitude for each trial-type and the 

CEQ paranoid-dysphoric subscale. Pearson’s correlation coefficients and associated p-values are 

provided. Incorrect noise-only trials remained significantly correlated with the CEQ paranoid-

dysphoric scale, after a Bonferroni adjustment of p = .013. 
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