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Abstract 

Author: Felix Koppe 

Title: A comparison of CPT-IP performance in schizophrenia patients, bipolar disorder patients 

and healthy controls 

Supervisor I: Torill Ueland    

Supervisor II: Christine Mohn 

Background: Attention deficits are at the core of both schizophrenia and bipolar disorders. 

However, few studies have compared both patient groups with each other and healthy controls 

simultaneously. The current study aims to compare Continuous Performance Test - Identical 

Pairs (CPT-IP) performance between these groups on measures of d’, hits, false alarms, random 

responses and reaction time. The groups are also compared on a more novel measure of intra-

individual variability, i.e. reaction time Coefficient of Variation (RT CoV). Additionally, the 

association between symptom load and CPT performance in patient groups will be investigated. 

Methods: One hundred and forty-two patients with schizophrenia, 68 patients with bipolar 

disorder I, and 637 healthy controls completed a CPT-IP as part of the cognitive assessment at 

the Thematically Organized Psychosis (TOP) study at the Norwegian Centre for Mental 

Disorders Research (NORMENT). Global functioning, IQ, and symptom load were also 

assessed. Data were analyzed using repeated measures ANOVA and Pearson correlations. 

Results: Healthy controls performed significantly better than the patient groups on all CPT-IP 

measures, except false alarms and RT CoV. The patient groups only differed significantly on the 

number of hits, where the bipolar disorder group outperformed the schizophrenia group. 

Symptom load was not significantly associated with CPT performance. Conclusion: The 

findings support the assumption of sustained attention deficits in both schizophrenia and bipolar 

disorder, but the lack of patient group differences is not in line with earlier research. 

Inconclusive RT CoV results highlight the need for additional studies employing RT CoV as a 

measure of information-processing instability. The lack of associations between symptom load 

and CPT performance could indicate a shared, underlying factor affecting CPT performance in 

both patient groups. 
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1. Introduction 

Cognitive impairment in schizophrenia and bipolar disorders has long been a subject for 

research. Patients with either disorder show clear cognitive deficits compared to healthy controls 

and patients with bipolar disorders typically perform better than patients with schizophrenia. 

These deficits are present in both symptomatic and asymptomatic phases, and one of the most 

affected cognitive subdomains is attention. Numerous studies have made use of different 

Continuous Performance Tests (CPT) to measure sustained attention and attentional control, but 

few have directly compared patients with bipolar disorder I, patients with schizophrenia and 

healthy controls. In the current study, these groups are compared on traditional CPT-indices, as 

well as a less studied measure, intra-individual variability in reaction times. Finally, the study 

investigates the associations between CPT performance and symptom characteristics of 

schizophrenia and bipolar disorder.  

  

1.1 Schizophrenia  

Schizophrenia is a diagnostic group of several, highly heterogenous disorders 

characterized by substantial distortions of thought and perception, as well as inappropriate or 

blunted affect (American Psychiatric Association (APA), 2013; World Health Organization 

(WHO), 1993, 2019). Common symptoms include positive symptoms such as hallucinatory 

perceptions, thought broadcasting, thought echo, thought insertion and withdrawal, and delusions 

of perceptions and control. Negative symptoms include blunting of affect, fatigue, anhedonia and 

poverty of speech. Cognitive symptoms such as impairments in learning, attention, executive 

functioning and processing speed are also common, but are not diagnostic criteria. Patients with 

schizophrenia demonstrate substantial functional impairment in most activities of daily life, and 

clinical remission is more common than functional recovery (Harvey et al., 2012). 

Schizophrenia is a highly heritable disorder and a family history of schizophrenia is 

considered one of the most substantial risk factors for developing the disorder (van Os & Kapur, 

2009). Heritability estimates cluster around 80% (van Os & Kapur, 2009) and the genetic 

influence on illness liability is a combination of rare, common and de novo risk alleles (Rees, 

O’Donovan, & Owen, 2015). The condition shares several risk genes and alleles with other 
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mental health disorders, e.g. bipolar disorder and intellectual disability (Gejman, Sanders, & 

Duan, 2010), making it hard to identify genetic variants exclusive to schizophrenia. In fact, the 

genetic overlap between schizophrenia and bipolar disorder is so pronounced that researchers 

have begun questioning the current nosological distinction between the disorders (Berrettini, 

2000). Additionally, a number of environmental factors contribute to the risk of schizophrenia, 

including complications in pregnancy and birth, low birthweight, childhood trauma, urbanicity, 

immigrant status and substance abuse (Tandon, Keshavan, & Nasrallah, 2008; van Os & Kapur, 

2009). 

Incidence numbers of schizophrenia vary considerably. McGrath and colleagues report a 

median incidence of 15.2/100 000 per year, and a spread of 7.7 to 43/100 000 (McGrath, Saha, 

Chant, & Welham, 2008) for the central 80% of studies. Lifetime incidence is reported to be 

7.2‰, point prevalence 4.6‰, and men outnumber women 1.4:1. Variance in incidence numbers 

may reflect geographical differences (Saha, Chant, Welham, & McGrath, 2006), methods, or 

diagnostic criteria and culture (Johannesen, Løberg, & Nesvåg, 2017). Age of onset is usually 

early adulthood (Miettunen, Immonen, McGrath, Isohanni, & Jääskeläinen, 2019; Tandon et al., 

2008), and one out of two schizophrenia patients suffer from other mental health disorders 

(Buckley, Miller, Lehrer, & Castle, 2009).  

The most common etiological models of schizophrenia are the neurodegenerative model 

and the neurodevelopmental model. Originally, schizophrenia was thought of as a 

neurodegenerative, progressive disease with few or no possibilities for improvement or curation 

(Kraepelin, 1893). Psychological treatment and medication were simply thought to stall the 

process of deterioration, and prognoses were pessimistic. Today, the neurodegenerative model 

has mostly been superseded by a neurodevelopmental model. Findings of cognitive and motor 

deficiencies in at-risk populations, structural brain abnormalities at illness onset, neonatal lesions 

having a delayed impact later in life and a high prevalence of obstetric complications made 

researchers question neurodegenerative models (Owen, O'Donovan, Thapar, & Craddock, 2011; 

Rund, 2018). Consequently, the neurodevelopmental model was developed by Murray, Lewis 

and Weinberger (Murray & Lewis, 1987; Weinberger, 1987). Later studies support the notion 

that schizophrenia can be viewed as the result of a pathological brain development (Owen et al., 

2011; Rund, 2018) and highlight the impact of cognitive impairment in schizophrenia patients. 
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Cognitive impairment is present before illness onset (Harvey, 2009; Mesholam-Gately, Giuliano, 

Goff, Faraone, & Seidman, 2009; Woodberry, Giuliano, & Seidman, 2008), and individuals at 

risk of schizophrenia show cognitive deficits as well (Fusar-Poli et al., 2012). Comorbidity and 

genetic overlap with other neurodevelopmental disorders, like AD/HD (Williams et al., 2010), 

autism, epilepsy or intellectual disability (Sebat, Levy, & McCarthy, 2009) also supports the idea 

of a developmental abnormality in schizophrenia.   

 

1.2 Bipolar disorders 

Bipolar disorders are characterized by substantial mood disturbances, ranging from 

manic/hypomanic elevations of mood to severe depressive episodes (APA, 2013; WHO, 1993, 

2019) Manic episodes are characterized by a marked increase of energy and activity to the point 

of uncontrollable excitement, and symptoms like increased sexual activity, lack of social 

inhibition, irresponsible spending of money, extreme talkativeness and decreased need for sleep 

(APA, 2013). Hypomanic episodes resemble manic episodes considering the symptoms but lack 

the intensity. Patients with manic episodes fulfill criteria for bipolar type I, whereas patients with 

hypomania fulfill criteria for a bipolar type II diagnosis (APA, 2013). Depressive episodes are 

the polar opposite and are characterized by a lack of energy, anhedonia, and decrease in activity. 

Other symptoms include sleep disturbances, a lack of appetite, feelings of worthlessness and low 

self-esteem. Cognitive impairments are also prevalent in bipolar disorders but are not part of the 

diagnostic criteria.  

 Bipolar disorders are considered highly heritable, with monozygotic twins showing 

concordance rates as high as 40-70% (Craddock & Jones, 1999) and heritability estimates 

peaking at 90% (Smoller & Finn, 2003). First-degree relatives of individuals with bipolar 

disorders have a 5-10% chance of developing a bipolar disorder themselves, far higher than the 

general population. Estimates of prevalence and incidence vary. Common estimates for lifetime 

incidence cluster around 1.5 – 2% (Pini et al., 2005), whereas the yearly incidence rate is 

reported to be approximately 1% (Pini et al., 2005). Merikangas and colleagues (2011) report an 

aggregated lifetime prevalence of 0.6% for type I and 0.4% for type II. The age of onset for 

bipolar disorders is usually late adolescence or early adulthood (Pini et al., 2005) and they seem 
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to be equally distributed across sex and ethnicity (Rowland & Marwaha, 2018). Common 

environmental risk factors for developing bipolar disorders include neurodevelopmental factors 

(e.g. maternal stress), substance-related factors (e.g. drug use and abuse) or stress-related factors 

(e.g. abuse and adversities) (Marangoni, Hernandez, & Faedda, 2016). Symptoms and chronicity 

affect daily functioning across a number of situations, such as family life, marriage and 

occupation (Zarate, Tohen, Land, & Cavanagh, 2000).  

 

1.3 Cognitive functioning in patients with schizophrenia or bipolar 

disorders 

Cognitive functioning in schizophrenia and bipolar disorders has long been the subject of 

extensive and systematic research and today cognitive impairment is considered a core feature 

and endophenotype of both disorders (Bortolato, Miskowiak, Köhler, Vieta, & Carvalho, 2015; 

Schaefer, Giangrande, Weinberger, & Dickinson, 2013; Vöhringer et al., 2013). According to 

Kalkstein and colleagues (Kalkstein, Hurford, & Gur, 2010, p. 383) endophenotypes are 

“identifiable and measurable characteristics of a disorder, which are presumed to have a simpler 

inheritance pattern than the full phenotype of the illness and which may serve as markers, 

signaling risk for development of a psychiatric illness.” 

Cognitive deficits in schizophrenia are present before illness onset and in asymptomatic 

phases, but seem to be mostly state-independent (Rund et al., 2015; Nuechterlein et al., 2015). 

Patients with schizophrenia show deficits in most cognitive domains (Bowie & Harvey, 2005; 

Fioravanti, Carlone, Vitale, Cinti, & Clare, 2005; Gold & Harvey, 1993; Heinrichs & Zakzanis, 

1998), including memory and learning (Aleman, Hijman, de Haan, & Kahn, 1999; Keefe & 

Harvey, 2012), processing speed (Dickinson, Ramsey, & Gold, 2007; Knowles, David, & 

Reichenberg, 2010), working memory (Kim, Kim, Koo, Yun, & Won, 2015), verbal fluency 

(Henry & Crawford, 2005) and attention (Holmén, Juuhl-Langseth, Thormodsen, Melle, & 

Rund, 2009). Studies of cognitive functioning in schizophrenia patients also reveal deficits of 

general intellectual functioning (Tandon et al., 2009), and individuals with lower IQ scores 

appear to have an increased risk of developing schizophrenia (Gunnell, Harrison, Rasmussen, 

Fouskakis, & Tynelius, 2002; Morgan, Leonard, Bourke, & Jablensky, 2008; Reichenberg et al., 
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2006). Interestingly, cognitive deficits are also observed in intellectually superior schizophrenia 

patients (Vaskinn et al., 2014).  

In bipolar disorders, cognitive deficits are rarely observed before illness onset, and are 

worsened by symptomatic phases (Tsitsipa & Fountoulakis, 2015). Contrary to findings in 

schizophrenia, studies on general intellectual functioning in bipolar disorders often do not report 

an impairment (Torres, Boudreau, & Yatham, 2007). Nonetheless, bipolar disorder patients show 

deficits in most cognitive domains, including executive functioning (Larson, Shear, Krikorian, 

Welge, & Strakowski, 2005; Mur, Portella, Martínez-Arán, Pifarré, & Vieta, 2007; Torres et al., 

2007), verbal learning (Zubieta, Huguelet, O'Neil, & Giordani, 2001), declarative memory (van 

Gorp, Altshuler, Theberge, & Mintz, 1999), attention (Clark & Goodwin, 2004) and processing 

speed (Mur, Portella, Martínez-Arán, Pifarré, & Vieta, 2008). Deficits observed in bipolar 

disorders are generally less severe than in schizophrenia, but still substantially worse than 

healthy controls (Barrett, Mulholland, Cooper, & Rushe, 2009; Daban et al., 2006). This 

difference is also observed in asymptomatic phases (Trivedi et al., 2007).  

 

1.4 Functional impairments in patients with schizophrenia or 

bipolar disorders 

The diagnoses of schizophrenia and bipolar disorders are often accompanied by a range 

of functional impairments (Bromley & Brekke, 2010; Harvey et al., 2012; Zarate et al., 2000). 

These impairments may partially be explained by impairments in cognition. 

Patients with schizophrenia exhibit considerable functional impairment in vocational and 

social areas, as well as general community functioning (Bowie et al., 2010; Lystad et al., 2014, 

2016). These impairments are observed in both symptomatic and asymptomatic phases, and not 

merely result of a high symptom load and severity (Bowie et al., 2010). Cognitive deficits are 

considered a cause of functional impairments and cognitive domains implicated in functional 

impairment include IQ (Leeson, Barnes, Hutton, Ron, & Joyce, 2009), social cognition, 

sustained attention/vigilance, executive functioning and verbal fluency (Green, Kern, Braff, & 

Mintz, 2000; Fett et al., 2011). These findings are also present in longitudinal studies (Green, 

Kern, & Heaton, 2004), and of all cognitive domains, social cognition, verbal learning and 
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memory have consistently been shown to be most strongly associated with community 

functioning in schizophrenia patients (Fett et al., 2011; Green, 1996; Green et al., 2000). 

Additionally, Green (1996) reports associations between executive functioning and community 

functioning, as well as associations between vigilance and social problem solving/skill 

acquisition. Strong correlations between social skills and attention/vigilance were also observed 

in a large meta-analysis by Fett and colleagues (2011).  

In studies of patients with bipolar disorders, functional impairment is evident in all 

phases of the disorder (Rosa et al., 2010), and especially depressed patients show fewer social 

interactions with friends and family, less autonomy, worse occupational functioning and higher 

functional impairment (Jiménez et al., 2012; Rosa et al., 2009, 2011). Several cognitive abilities 

have been associated with community functioning, psychosocial functioning and occupational 

functioning. Among others, these include impulsivity, executive functioning memory, verbal 

memory, working memory, processing speed and attention (Altshuler, Bearden, Green, Van 

Gorp, & Mintz, 2008; Jiménez et al., 2012; Malhi et al., 2007; Martinez-Aran et al., 2007; 

Wingo, Harvey, & Baldessarini, 2009). 

 

1.5 Attention 

Attention is a broad and elusive concept which has been studied extensively for centuries. 

Although self-evident and part of everyday language, the concept is complex, and a variety of 

definitions exist. Formal definitions range from “the ability to flexibly control limited 

computational resources” (Lindsay, 2020) to “the concentration of awareness on some 

phenomenon to the exclusion of other stimuli” (McCallum, 2015). Whereas earlier researchers 

tried to conceptualize attention as a unitary entity (Oberauer, 2019), today attention is primarily 

considered an umbrella term for a number of basic subprocesses or attentional mechanisms. 

These can be categorized as 1) initiation or focusing of attention, 2) sustaining attention, 3) 

inhibiting responses to irrelevant stimuli and 4) shifting of stimuli (Riccio, Reynolds, & Lowe, 

2001). The current study will focus on sustained attention which is an extensively studied 

cognitive domain in schizophrenia and bipolar disorders. 
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1.5.1 Sustained attention 

Sustained attention refers to the ability to focus on an activity or a stimulus for an 

extended period of time. As such, the ability to sustain attention differs from other attentional 

mechanisms by including a temporal factor, but it is dependent on the ability to initially focus 

attention. Although perhaps conceptually clear, the distinction between the concepts of attention 

and sustained attention often proves difficult in research and real-life situations. Most attentional 

tasks require sequential processing of information over a period of time (R. A. Cohen, 2011b) 

but are rarely considered tasks of sustained attention. Hence follows that sustained attention is 

differentiated from other domains of attention by the duration of the required task (Fortenbaugh, 

DeGutis, & Esterman, 2017) or when the ability to sustain attention is considered the limiting 

factor. Additionally, considering the ability to sustain attention a limited resource makes 

sustained attention a particularly good candidate for measuring cognitive group differences.   

Sustained attention is influenced by many factors (R. A. Cohen, 2011b), including 

working memory capacity (Oberauer, 2019), processing speed (Fleck, Sax, & Strakowski, 2001) 

and executive functioning (Kane et al., 2016). The impact of executive functioning will be 

discussed in further detail below. Type of stimuli (Baker, Taylor, & Leyva, 1995; Borgaro et al., 

2003; Roebuck, Freigang, & Barry, 2016), distracting stimuli (Rosenberg, Noonan, DeGutis, & 

Esterman, 2013), tiredness (R. A. Cohen, 2011b), motivation (R. A. Cohen, Lohr, Paul, & 

Boland, 2001), and psychological (Clark, Iversen, & Goodwin, 2002; Kalkstein et al., 2010) or 

somatic disorders (Berardi, Parasuraman, & Haxby, 2005) also affect sustained attention. This 

complicates the task of measuring this cognitive domain.  

Conceptually, sustained attention is an attentional subdomain, and in research, it can be 

divided into moment-to-moment attention or overall vigilance decrements (R. A. Cohen, 2011b). 

Moment-to-moment attention is usually not considered a typical measure of sustained attention 

and has only recently been added to the repertoire of sustained attention measures (see CPT-IP 

indices). In contrast, an overall vigilance decrement is observed in virtually all tasks of sustained 

attention (Fortenbaugh et al., 2017), although the theoretical explanations of the phenomenon 

vary considerably. Traditionally, overall vigilance decrements have been explained by attentional 

resource depletion (overload) or disengagement from the task because of repetitive or 

monotonous task nature (underload) (Fortenbaugh et al., 2017). However, alternative theories of 
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vigilance decrements have been developed recently. The opportunity-cost model proposes that 

attentional resources do not deplete over time, but the subjective cost of maintaining one 

cognitive operation over another does. The opportunity-cost model was developed as a model of 

attentional control and will be applied as such. The resource-control theory explains overall 

vigilance decrements as a decrease of executive control over time, and an increase of mind 

wandering. By assigning executive control a key role in sustaining attention the resource-control 

theory opens for alternative explanations of sustained attention deficits. Both theories also 

suggest that sustained attention will decrease as a result of reduced motivation.  

 

1.5.2 Attentional control and executive functioning  

Executive functions are often conceptualized as “a set of general-purpose control 

processes that regulate one’s thoughts and behaviors” (Miyake & Friedman, 2012). More 

recently, researchers investigating sustained attention research have shown an interest in these 

processes controlling the attentional direction and focus (Luck & Gold, 2008; Smid, Martens, de 

Witte, & Bruggeman, 2013).  

The executive functions response inhibition, memory updating, and task-set switching are 

perhaps the most relevant for use in attentional research (Kane et al., 2016). Response inhibition 

is conceptualized as the deliberate overriding of dominant or prepotent responses, memory 

updating is the ability to constantly monitor and rapidly add or delete working memory contents, 

and finally, task-set switching is the ability to flexibly change between tasks or mental sets 

(Miyake & Friedman, 2012).  

Attention is dependent on these executive functions, either as a resource that needs 

controlling or as a selective process that needs to be fed contextual information for selecting 

stimuli (i.e. controlling the resource). An example of executive control may be the selective 

activation of task-appropriate rules governing the ongoing processes (Rule selection; Luck & 

Gold, 2008).  
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Many measures of sustained attention overlap with measures of executive control. Such 

measures may include working memory capacity, attention restraint (inhibiting prepotent 

responses), attention constraint (focusing attention amid distractors) or reaction time coefficients 

of variation (RT CoV). Additionally, research shows that, although moderately correlated, these 

measures may be distinct from each other (Kane et al., 2016), complicating the measurement of 

sustained attention and attentional control.  

 

1.6 Continuous performance tests 

Sustained attention is most frequently measured using a continuous performance test 

(CPT) and has been a part of the neuropsychological toolkit since Rosvold and colleagues 

developed it as “a procedure for the detection and study of brain damage in humans” (Rosvold, 

Mirsky, Sarason, Bransome Jr, & Beck, 1956). In 1956 Digit Span and Digit Symbol Substitution 

were the most common neuropsychological measures of attention, but according to Rosvold they 

frequently failed to detect an attentional impairment after brain damage. He hypothesized that, 

by allowing participants to choose their own time to respond, these attentional measures allowed 

for attentional reorganization between lapses in attention and therefore did not require a high 

level of continuous sustained attention. By forcing participants to respond quickly, and at a 

predetermined time, Rosvold sought to reduce attentional reorganization, and give a more precise 

measure of sustained attention and vigilance.  

The version of CPT used in the current study, the CPT – Identical Pairs (CPT-IP), was 

developed in 1988 (Cornblatt, Risch, Faris, Friedman, & Erlenmeyer-Kimling, 1988) for use 

with schizophrenia patients and their relatives in the New York High-Risk Project. It was 

developed because some versions of the CPT paradigm failed to detect attentional deficits in 

relatives of schizophrenia, while others showed clear deficits, but at the cost of making the task 

very difficult. In contrast to this, the CPT-IP was “appropriate for use across the wide range of 

populations required to identify attentional markers of schizophrenia and, in particular, […] 

suitable for testing multi-generational families” (Cornblatt et al., 1988, p. 225). Since 1988, the 

CPT-IP has undergone some changes, and the CPT-IP used in the current study is considerably 

shorter than Cornblatt’s original version.  
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In the decades following Rosvold’s development of the CPT the test has undergone 

various changes (e.g. CPT-IP), and is now considered a paradigm rather than a single test (R. A. 

Cohen, 2011a). CPTs typically consist of digits, letters or figures presented on a computer 

screen, to which participants must respond with button presses. CPTs can be categorized as 

Target-only, Signal-target or Identical Pairs (Borgaro et al., 2003) and exist in a multitude of 

versions, most notably Conners CPT (Conners, 2008), the Test of Variables of Attention 

(Greenberg & Waldmant, 1993), the Integrated Visual and Auditory CPT (Sanford & Turner, 

2000) and the CPT-IP (Cornblatt et al., 1988). Adding to the already significant number of 

versions are a variety of conditions within each version, including different interstimulus 

intervals, number, type and modality of stimuli, or even the addition of distracting stimuli. In 

modern psychology continuous performance tests are primarily used as a measure of sustained 

attention and response inhibition/disinhibition. They are usually part of a larger battery of tests, 

for instance the MATRICS Consensus Cognitive Battery (MCCB) and are often used in 

schizophrenia research and AD/HD assessments.  

 

1.6.1 CPT-IP indices 

The original CPT-IP used five indices to measure performance. 

 

1) Hits   

2) False alarms  

3) Random responses  

4) d’  

5) log β / ln β 

 

The first three are straightforward measures, counting the number of different responses, 

while the latter ones are indices derived from Signal Detection Theory (Cornblatt et al., 1988). 

The index Hits counts the number of correct detections of target stimuli, whereas the index False 

alarms counts responses to catch trials similar to target stimuli. The index Random responses 

counts the number of responses to filler stimuli, i.e. stimuli showing no resemblance to target 

stimuli. Hits are sometimes conversely referred to as errors of omission, whereas False alarms 

and Random responses may also be called errors of commission. Errors in continuous 

performance tests are attributed to lapses of attention or concentration, thus making CPTs a test 

of sustained attention 
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The indices of log β and d’ are based on Signal Detection Theory, which describes a 

psychophysical approach to measuring performance (Macmillan & Creelman, 2004) and 

“provides a framework for systematically characterizing decision making in the presence of 

uncertainty, taking into account that the outcome of a decision making process is attributable to 

both objective information and subjective bias of the observer” (Gongvatana, 2011). Put another 

way; CPTs quantify the response of an observer to the presentation of a signal, often in the 

presence of noise. Additionally, by quantifying the response, CPTs can also quantify response 

biases, of which log β is an example. 

Log β describes response biases, varying from a risk-taking style (resulting in more false 

alarms) to a cautious style (resulting in missing target stimuli). In contrast, d’ is a measure of 

sensitivity, explaining the proportions between hits and false alarms. A high d’-value usually 

represents a high hit rate and few false alarms. d’ is calculated using the following formula, with 

H = hits, FA = false alarms, and z = z-score transformation: 

d′ =  z(H) −  z(FA) 

Only hits and false alarms are included in the calculation of d’ and log β. Random 

responses are excluded as they may reflect a different type of processing deficit than false alarms 

(Cornblatt, Lenzenweger, & Erlenmeyer-Kimling, 1989). Additionally, false alarms are rarely 

used as a stand-alone measure because of d’ redundancy concerns (Cornblatt, 1989).  

In addition to the indices used in Cornblatt’s research (1989), measures of reaction time 

can also be considered traditional. Reaction time measures are a relatively straightforward 

measure of psychomotor processing speed, and as such significantly less complex than the other 

indices. RT data can be utilized as a simple performance variable for detecting group differences, 

as an over-time measure of the overall vigilance decrement and the ability to sustain attention, or 

as a measure of response instability. In short, reaction times constitute a key variable in CPTs.  

Measures of intra-individual variability have only recently been recognized as an index of 

sustained attention and attentional control. Usually, reaction time standard deviations are 

considered noise and discarded, but some studies (e.g. Gallagher et al., 2015; Rentrop et al., 

2010) make use of these variations by calculating the reaction time Coefficient of Variation (RT 

CoV). RT CoV is calculated by dividing each participant’s intra-individual standard deviation of 
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reaction time (ISD/σ) by their own mean (μ), and is thought to reflect an instability of 

information processing on a neurophysiological level and a deficit of attentional control 

(Gallagher et al., 2015; Rentrop et al., 2010). As such, RT CoV is hypothesized to be a more 

refined measure than traditional CPT measures and may be highly sensitive to subtle changes in 

sustained attention (Bielak, Hultsch, Strauss, MacDonald, & Hunter, 2010).  

 

1.7 Attentional deficits and CPT performance in patients with 

schizophrenia or bipolar disorders 

Sustained attention is considered one of the adversely affected cognitive subdomains in 

both schizophrenia and bipolar disorder (Clark et al., 2002; Kalkstein et al., 2010), and the deficit 

is especially pronounced in complicated tasks involving other cognitive abilities (Luck & Gold, 

2008). 

 

1.7.1 Differences between patient groups and healthy controls 

On continuous performance tests, patients with schizophrenia typically perform worse 

than healthy controls on measures of d’ (Liu et al., 2002; Nuechterlein et al., 2015; Rapisarda et 

al., 2014), hits (Rapisarda et al., 2014; Rund et al., 1992; Zabala et al., 2010), reaction time 

(Fleck et al, 2001; Rapisarda et al., 2014; Zabala et al., 2010) and random responses (Cornblatt et 

al., 1989). These patterns, although weaker, are also observed in relatives of patients with 

schizophrenia (Agnew-Blais & Seidman, 2013). As a relatively new measure, reaction time 

variability has not been the subject for many studies, but those already conducted report an 

elevated reaction time variability (Kaiser et al., 2008; Rentrop et al., 2010). Most studies report 

no differences in the measure of false alarms (Cornblatt et al., 1989; Nuechterlein et al., 2015; 

Rund et al., 1992), but Cornblatt and colleagues (1989) note that this lack of differences is only 

observed in CPTs utilizing numbers, and not shapes.  
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 Most studies of CPT performance in bipolar disorders have included euthymic patients, 

and since this holds true for most patients in the current sample, results from studies on euthymic 

patients are presented below. The influence of symptoms will be reported in 1.7.3 Associations 

between symptoms and sustained attention. 

According to a review by Camelo and colleagues (2013), 40 out of 44 studies on 

sustained attention in bipolar disorders report an impairment. On continuous performance tests, 

virtually all studies observe d’ score deficits (Ancín et al., 2010; Kolur, Reddy, John, Kandavel, 

& Jain, 2006; Liu et al., 2002; Zabala et al., 2010). Additionally, Ancín (2010), Kolur (2006), 

Clark (2002) and Thompson (2005) report a reduced number of hits, but no performance deficits 

in the number of false alarms. Longer reaction times are also observed in most studies (Ancín et 

al., 2010; Clark, Kempton, Scarnà, Grasby, & Goodwin, 2005; Kolur et al., 2006; Zabala et al., 

2010), although some studies do not report this impairment (Clark et al., 2002). Similarly to 

studies on schizophrenia, reaction time variability is a relatively new measure and the few 

existing studies employing this measure report an elevated reaction time variability in bipolar 

disorders (Brotman, Rooney, Skup, Pine, & Leibenluft, 2009; Gallagher et al., 2015). 

Unfortunately, to our knowledge, no CPT studies on patients with bipolar disorders have 

included a measure of random responses. The impairment of sustained attention is most 

pronounced in patients, but relatives and at-risk groups may sometimes exhibit deficits as well 

(Bora et al., 2009; Clark et al., 2002, 2005).  

In summary, previous research suggests that patients with schizophrenia and bipolar 

disorders exhibit deficits on all CPT measures, except false alarms. In addition to lower overall 

scores, the decline over time is substantial (Fuller et al., 2006; Mass, Wolf, Wagner, & Haasen, 

2000) and deficits increase with age (Ancín et al., 2010; W. J. Chen, Hsiao, Hsiao, & Hwu, 

1998; Koide et al., 2012; Nuechterlein et al., 2015; Rapisarda et al., 2014). CPT-studies have 

also observed effects of sex (Nuechterlein et al., 2015; Rapisarda et al., 2014), education (Ancín 

et al., 2010; Rapisarda et al., 2014), medication (Koide et al., 2012) and IQ (Ancín et al., 2010; 

Mohn, Sundet, & Rund, 2014). 
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1.7.2 Differences between patients with schizophrenia and patients with bipolar disorder 

Although many studies report impaired sustained attention in schizophrenia and bipolar 

disorders, only a handful of studies have compared these patient groups directly. Findings from 

these studies are presented below. 

Table 1 

 

Summary of studies using CPTs to investigate sustained attention in patients with 

schizophrenia and bipolar disorder 

 

 

Study 

 

n 

 

CPT 

 

Measure 

 

Finding 
 

      
 

Donohoe et al., 2012 

 

SCZ = 208 

BD = 132 

 

 

GDS-CPT 

 

d’ (2/3-digit) 

 

SCZ < BD  

 

 

Lee et al., 2013 SCZ = 38 

BD = 68 

 

CPT-IP d’ SCZ < BD 

 
 

Liu et al., 2002 SCZ = 41 

BD = 66 

 

CPT-II d’  SCZ < BD 

 
 

Bozikas et al., 2005 SCZ = 29 

BD = 19 

 

Penn CPT Efficiency SCZ < BD 

 
 

Fleck et al., 2001 

 

SCZ = 20 

BD = 20 

 

DS-CPT RT SCZ < BD 

 
 

Ancín et al., 20101 

 

- 

 

DS-CPT % impaired  

 

SCZ < BD 

 
 

 

Schretlen et al., 20132 

 

SCZ = 110 

BD = 126 

 

 

Conners CPT 2 

 

RT SE 

 

SCZ = BD 

 

 

Tabarés-Seisdedos et al., 2008 SCZ = 47 

BD = 43 

 

Asarnow CPT Hits - FA  SCZ = BD 

 
 

Zabala et al., 20103 SCZ = 36 

BD = 19 

 

CPT-II Hits, RT SCZ = BD 

 
 

Addington & Addington, 1997 

 

SCZ = 59 

BD = 40 

 

DS-CPT d’ SCZ = BD  

Rund, Ørbeck, & Landrø, 1992 SCZ = 28 

BD = 19 

 

1-9 CPT Hits, FA SCZ = BD 

 
 

GDS = Gordon Diagnostic System, DS = Degraded Stimulus, RT = Reaction time, SE = Standard Error, FA = False 

Alarms. 1: The study did not compare patient groups directly but reports that the percentual share of schizophrenia 

patients exhibiting inattentiveness is higher than that of bipolar disorder patients. 2: Statistical significance of 

pairwise comparisons was not reported.  
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The most studied measure was d’, with four out of five studies reporting superior 

performance in patients with bipolar disorders. In contrast, neither Rund (1992) nor Zabala 

(2010) report differences between these patient groups on the number of hits, and Tabarés-

Seisdedos (2008) reports the same result on a slightly modified measure of hits. The 

interpretation of these results is complicated by the use of hits and false alarms in the calculation 

of d’. Additionally, Zabala (2010) and Schretlen (2013) report no differences in RT and RT SE, 

whereas Fleck and colleagues describe reaction time measures as the only CPT measure reliably 

differentiating between patients with schizophrenia and patients with bipolar disorders on the 

degraded stimulus CPT. A different approach was chosen by Ancín and colleagues (2010). 

Although not including both patient groups in the same study, they were able to compare the 

percentual share of patients exhibiting inattentiveness across schizophrenia and bipolar disorders. 

More patients with schizophrenia exhibited inattentiveness, suggesting a more substantial 

impairment of sustained attention in schizophrenia.  

In summary, most studies comparing schizophrenia and bipolar disorders report 

performance differences between groups and when differences are observed, patients with 

bipolar disorders always perform better. This is also in line with studies of other cognitive 

functions where patients with bipolar disorders usually perform in between patients with 

schizophrenia and healthy controls (Lynham et al., 2018). Additionally, most studies also 

included healthy controls and report an impaired performance in patient groups. No study except 

Rund et al. (1992) reported a raw score of false alarms. Previous studies (see 1.6.1) report no 

impairment on the number of false alarms, and hence, no group differences in the number of 

false alarms is expected.  
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1.7.3 Associations between symptoms and sustained attention 

The associations between symptom load and CPT performance are still under debate due 

to varying results. While some studies report a significant impact of negative symptoms on 

sustained attention in schizophrenia (Nieuwenstein, Aleman, & de Haan, 2001; Sanz, Gómez, 

Vargas, & Marín, 2012), the majority of studies report no systematical influence of positive, 

negative or general psychopathology on CPT performance in schizophrenia patients (Addington 

& Addington, 1997; Kahn et al., 2012; Keefe & Harvey, 2012; Nuechterlein et al., 2015; Pukrop 

et al., 2003; Rentrop et al., 2010).  

The picture of associations between symptom load and sustained attention is more 

complicated in bipolar disorders, and a differential, state-dependent impairment is often observed 

(Swann, Pazzaglia, Nicholls, Dougherty, & Moeller, 2003). The ability to sustain attention 

(d’/hits/false alarms/RT) did not seem to be influenced by residual symptoms in euthymic phases 

or depressive symptomatology (Ancín et al., 2010; Clark et al., 2002, 2005; Gallagher et al., 

2015; Swann et al., 2003; Zabala et al., 2010). In contrast, manic patients perform worse than 

euthymic and depressed patients on measures of target detection and sensitivity (hits/d’), and 

tend to respond faster (Fleck et al., 2005). Additionally, an increased number of false alarms is 

observed in manic phases and may be considered a state marker of the manic phase (Ancín et al., 

2010). The response pattern of patients with mania can be described as fast, but inaccurate (Fleck 

et al., 2005), and is reported in a number of studies (Bora, Vahip, & Akdeniz, 2006; Clark & 

Goodwin, 2004).  

Few studies have investigated the relationship between symptoms and reaction time 

variability, and none report significant correlations (Brotman et al., 2009; Gallagher et al., 2015; 

Rentrop et al., 2010). According to Rentrop and colleagues (2010) this may suggest that 

measures of reaction time variability are mostly independent from symptom load and severity. 

Additionally, measures of reaction time variability seem independent of comorbid 

psychopathology (Brotman et al., 2009).  
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1.8 Aims and hypotheses 

Only Lee and colleagues (2013) have compared the CPT-IP performance of patients with 

schizophrenia, patients with bipolar disorders and healthy controls. However, in their study the 

CPT-IP was only part of a larger assessment and no in-depth analysis of CPT performance was 

conducted. The current study focuses exclusively on CPT-IP results, allowing for a more 

nuanced comparison of deficits of sustained attention, and the findings may also aid in 

uncovering potentially differing mechanisms of attentional impairment in the two patient groups. 

The aims of the study are: 

1. To compare performance on traditional CPT-IP indices between patients with 

schizophrenia, patients with bipolar disorder and healthy controls. 

2. To investigate intra-individual variability in reaction times (RT CoV) as a novel measure 

of CPT performance. Group differences in RT CoV as well as correlations between RT 

CoV and traditional CPT measures will also be investigated. 

3. To investigate the association between CPT performance and symptom load in 

schizophrenia and bipolar disorder. 

Based on previous research, the results will be interpreted considering the following 

hypotheses.  

1. A) Patient groups will perform worse than healthy controls on most traditional CPT 

performance measures, except false alarms. 

B) Patient groups will perform worse than healthy controls on the novel CPT 

performance measure RT CoV. 

2. The performance of the two patient groups will differ significantly, with bipolar disorder 

patients outperforming patients with schizophrenia, except on the measure of false 

alarms, where no difference between the groups is expected.  

3. Due to contradicting findings we do not have a specific hypothesis regarding the 

associations between symptom load and CPT performance.  
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2. Methods 

2.1 Participants 

One hundred and forty-two participants with a DSM-IV diagnosis of schizophrenia, 68 

participants with a DSM-IV diagnosis of bipolar disorder I and 637 healthy control participants 

were included in the current study. All data was gathered as part of the Thematically Organized 

Psychosis (TOP) study at the Norwegian Centre for Mental Disorders Research (NORMENT). 

Patients were recruited from psychiatric units at hospitals in the region of Oslo, Norway. Healthy 

control participants were randomly selected from national statistical records from the same 

catchment area as the patients and were contacted by letter. 

Exclusion criteria for all participants were: age outside the range of 18-65, neurological 

disorder, a history of moderate/severe head trauma, or IQ below 70. Participants also had to have 

Norwegian or another Scandinavian language as their mother tongue or have received all their 

compulsory schooling in Norway. Additionally, healthy controls were screened for the following 

exclusion criteria: lifetime history of a severe mental disorder, first-degree relative with a history 

of severe mental illness, or substance abuse disorder within the six months prior to inclusion.  

For the current study, only participants that had completed the CPT-IP were included. 

Complete reaction time data were not initially recorded in the TOP-study but were extracted for 

the current study. Complete data were only available for 41 participants with schizophrenia, 28 

participants with bipolar disorder and 170 healthy control participants. Participants with 

complete reaction time data were representative for their groups and did not differ significantly 

on any demographic variable.  

The TOP-study has been approved by the Regional Committee for Medical and Health 

Research Ethics and the Norwegian Data Inspectorate. All participants received a complete 

description of the TOP-study before giving written informed consent. All participants received a 

compensation of 500,- NOK. 
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Table 2  

Demographic characteristics by group affiliation 

 

Demographics 

 

SCZ 

(n = 142) 

 

 

BD 

(n = 68) 

 

HC 

(n = 637) 

 

Group comparisons 

 

Age 

 

 

29.3 (9.1) 

 

35.5 (12.6) 

 

33.3 (9.1) 

 

F(2, 844) = 12.17*** 

 

Sex 

 

M = 96 (67.6%) 

F = 46 (32.4%) 

 

M = 31 (45.6%) 

F = 37 (54.4%) 

 

 

M = 341 (53.5%) 

F = 296 (46.5%) 

 

H(2) = 12.08** 

 

Hand 

 

Right = 122 (89.1%) 

Left = 13 (9.5%) 

Ambidextrous = 2 

(1.5%) 

 

 

Right = 59 (88.1%) 

Left = 7 (10.4%) 

Ambidextrous = 1 

(1.5%) 

 

 

Right = 563 (88.8%) 

Left = 69 (10.9%) 

Ambidextrous = 2 

(0.3%) 

 

H(2) = .05 

 

Education 

 

 

12.5 (2.2) 

 

14.4 (2.5) 

 

14.7 (2.1) 

 

F(2, 840) = 58.05*** 

 

IQ 

 

 

101.0 (13.2) 

 

110.3 (10.9) 

 

114.7 (10.3) 

 

F(2, 844) = 88.18*** 

Continuous variables reported as mean (SD). Categorical variables reported as frequency (percent). **p<0.01, 

***p<0.001.   

Post-hoc pairwise comparisons show that the schizophrenia group differed significantly 

from respectively the bipolar disorder group and the control group on measures of age, gender, 

education and IQ, but not handedness. The bipolar disorder group only differed significantly 

from the control group on the IQ variable. 
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Table 3 

Clinical characteristics of the schizophrenia and bipolar disorder groups 

 

Clinical variables 

 

SCZ 

(n = 142) 

 

 

BD 

(n = 68) 

 

Group comparisons 

 

 
AAO  

 
23.7 (7.6) 

 
27.4 (10.3) 

 
- 

 
DUP 
 

 
74.5 (187.4) 

 
- 

 
- 

GAF-S 
 

46.2 (12.6) 65.1 (9.3) F(1, 208) = 122.6*** 

GAF-F 
 

45.4 (11.8) 63.0 (12.5) F(1, 208) = 97.9*** 

PANSS Total 
 

61.6 (14.7) 42.0 (8.3) F(1, 208) = 103.7*** 

  Positive 
 

9.7 (4.2) 5.0 (1.4) F(1, 208) = 82.3*** 

  Negative 
 

13.9 (5.6) 8.3 (3.4) F(1, 208) = 58.8*** 

  Disorganized 
 

5.9 (2.5) 3.8 (1.1) F(1, 208) = 41.8*** 

  Excited 
 

5.4 (1.9) 5.0 (1.4) F(1, 208) = 2.6 

  Depressed 
 

7.4 (2.7) 7.0 (2.6) F(1, 208) = 1.3 

YMRS 
 

4.1 (4.7) 2.0 (3.6) F(1, 150) = 8.82** 

IDS 
 

-  11.3 (8.6) F(1, 140) = 6.34* 

 

Medication 

 

Yes = 129 (92.8%) 

No = 10 (7.2%) 

 

 

Yes = 56 (84.8%) 

No = 10 (15.2%) 

 

H(1) = 3.20 

Antipsychotics Regular agent use = 128 (99.2) 

Occasional agent use = 1 (0.8%) 

 

Regular agent use = 37 (82.2%) 

Occasional agent use = 8 (17.8%) 

 

- 

Lithium 

 

Regular agent use = 4 (100%) 

 

Regular agent use = 19 (100%) - 

Other medication 

 

Regular agent use = 3 (100%) 

 

- - 

AAO = Age at Onset of either psychosis or mania (years), DUP = Duration Untreated Psychosis (months), GAF = 

Global Assessment of Functioning, PANSS = Positive and Negative Syndrom Scale, YMRS = Young Mania Rating 

Scale, IDS = Inventory of Depressive Symptomatology. Continuous variables reported as mean (SD). Categorical 

variables reported as frequency (percent). *p<.05, **p<.01, ***p<.001. 

 Patient groups differed significantly on all clinical variables except medication and the 

PANSS factors Excited and Depressed. For patients with bipolar disorder, a euthymic state is 

defined by IDS scores under 12 and YMRS scores under 8 (Tohen et al., 2009), hence the current 

sample was considered euthymic. The mean depression scores (IDS) indicated subclinical 

depressive symptoms and the mean YMRS score was in line with a non-manic state.  
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2.2 Measures 

2.2.1 Clinical measures 

All clinical assessments were carried out by trained clinical psychologists and medical 

doctors. Diagnostic evaluations were based on information obtained using the Structured Clinical 

Interview for DSM-IV axis I disorders (SCID-I; First, Spitzer, Gibbon, & Williams, 1995) and 

medical case records (κ = .77, 95% CI: 0.60–0.94; Ringen et al., 2008). Clinical questionnaires 

and interviews were only administered to patient groups. 

 

2.2.1.1 The Positive and Negative Syndrome Scale 

The Positive and Negative Syndrome Scale (PANSS; Kay, Fiszbein, & Opler, 1987) was 

used to assess symptom presence and severity in schizophrenia and bipolar disorder patients. The 

scale was administered as a semi-structured interview (SCI-PANSS) and takes 30-45 minutes to 

complete. The scale consists of 30 items distributed across three subdomains representing 

positive symptoms (7 items), negative symptoms (7 items) and general psychopathology (16 

items). Each item is to be given a severity rating ranging from 1 (absent) to 7 (extreme), allowing 

for the calculation of subscale scores and a total score. Factor analyses have indicated a five-

factor structure with the factors Positive, Negative, Disorganized, Excited and Depressed 

(Wallwork, Fortgang, Hashimoto, Weinberger, & Dickinson, 2012) and later studies have 

established its superiority over the conventional three-factor model (Langeveld et al., 2013; 

Pinna, Bosia, Cavallaro, & Carpiniello, 2014). Consequently, the consensus five-factor model of 

the PANSS was utilized, and for depressive symptomatology in patients with schizophrenia the 

Depression factor was used instead of the IDS. Lastly, the PANSS demonstrates high inter-rater 

reliability (Bell, Milstein, Beam-Goulet, Lysaker, & Cicchetti, 1992; Kay, Opler, & 

Lindenmayer, 1988; Peralta & Cuesta, 1994) and is recommended for use with psychotic patients 

by Norwegian health authorities (Helsedirektoratet, 2013). 
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2.2.1.2 Young Mania Rating Scale 

The Young Mania Rating Scale (YMRS; Young, Biggs, Ziegler, & Meyer, 1978) was 

used to assess presence and severity of manic symptoms in schizophrenia and bipolar disorder 

patients. It consists of eleven items, with each item to be given a severity rating from 0 (absent) 

to 4 (severe), resulting in a total score from 0-60. The YMRS was administered as an interview 

lasting from 15-30 minutes. The YMRS demonstrates high inter-rater reliability across 

translations (Favre et al., 2003; Jung et al., 2003; Vilela, Crippa, Del-Ben, & Loureiro, 2005; 

Young et al., 1978) and is recommended for use with manic patients by Norwegian health 

authorities (Helsedirektoratet, 2012).  

 

2.2.1.3 Global Assessment of Functioning 

The Global Assessment of Functioning (GAF; APA, 1987) was used as a clinical scale 

for assessing schizophrenia and bipolar disorder patients’ level of functioning and mental illness 

severity. Estimates of GAF inter-rater reliability vary (Startup, Jackson, & Bendix, 2002; 

Vatnaland, Vatnaland, Friis, & Opjordsmoen, 2007), but generally inter-rater reliability seems to 

be unsatisfactory (Söderberg, Tungström, & Armelius, 2005).  

 

2.2.1.4 Inventory of Depressive Symptomatology 

The Inventory of Depressive Symptomatology (IDS; Rush et al., 1986) was used to assess the 

severity of depressive symptoms in patients with bipolar disorder. The scale consists of 30 items, 

each to be given a severity rating from 0-3 and demonstrates high internal consistency (Rush, 

Gullion, Basco, Jarrett, & Trivedi, 1996), high test-retest and inter-rater reliability (Rush et al., 

1996), and high concurrent validity (Rush et al., 1996). The IDS was only used to determine 

euthymia in patients with bipolar disorder as it is not considered a good measure of depression in 

schizophrenia. The Norwegian version of the clinician IDS (IDS-C) was used in the current 

study.  
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2.2.2 Cognitive measures 

All cognitive assessments of patients were carried out by psychologists trained in 

standardized neuropsychological testing. Assessments of healthy controls were carried out by 

psychology students who had received the same training. The MCCB (Nuechterlein & Green, 

2006), as well as some additional tests were administered. The total test session, including 

breaks, lasted 2-3 hours, and participants received tests in a fixed order. For the current study the 

following tests were included. 

 

2.2.2.1 IQ 

The Norwegian version of the Wechsler Abbreviated Scale of Intelligence (WASI) two 

subtest version (Matrix Reasoning and Vocabulary) was used to estimate participants’ IQ. The 

Norwegian version of the WASI demonstrates good inter-rater reliability (Brager-Larsen, 

Sundet, Engvik, Oerbeck, & Nes, 2001), and scores in Norwegian samples do not differ 

significantly from American samples (Siqveland, Dalsbø, Harboe, & Leiknes, 2014). 

 

2.2.2.2 CPT-IP 

The CPT-IP was administered as a part of the MCCB, which was originally developed as 

a tool to evaluate the effectiveness of cognition enhancing drugs for schizophrenia patients 

(Green & Nuechterlein, 2004). Although not developed for bipolar disorder, the MCCB yields 

psychometrically valid results when testing this group of patients (Bo et al., 2017; Burdick et al., 

2011; Yatham et al., 2010) and was administered to all participants in the current study to ensure 

comparable data. The study makes use of the Norwegian translation of the MCCB (Mohn, 

Sundet, & Rund, 2012). 

 

 

 



24 

 

The CPT-IP was conducted after a 15-20 minute break and was administered on a 19” 

computer screen in a light- and sound-attenuated testing room. The digits shown during the test 

were 2.8cm wide and 4.8cm high. Participant-screen-distance was approximately 50cm, with 

participants using a standard mouse and keyboard to respond. Participants were given thorough 

explanation of how to respond and had to pass a 50-trial practice session to ensure they had 

understood the instructions.  

Sustained attention was assessed using three different conditions of the CPT-IP, namely 

2, 3 and 4-digit strings. In each condition, participants were shown digit strings and asked to 

respond as quickly and accurately as possible by pressing the left mouse button as soon as two 

consecutive strings seemed identical. If the strings were identical, a response would be registered 

as a “hit”. If the strings were similar, but not the same, the response would be registered as a 

“false alarm”. If the strings were not similar at all, the response would be registered as “random”. 

Strings were shown for 50ms, and participants were given an inter-stimulus interval of 950ms to 

respond, resulting in a total trial time of 1000ms. Each condition consisted of 150 trials, with 30 

possible hits, 30 possible false alarms, and 90 random. The duration of each session was 

approximately 8 minutes.  

Performance data recorded in the CPT-IP includes hits, false alarms, random responses, 

reaction time, mean reaction time, standard deviation of reaction time and d’ (“d prime”). 

Additionally, a T score was derived from MCCB norms. In this paper, performance data are 

colloquially referred to as performance. In contrast to the original CPT-IP, log β was not 

recorded. Reaction time data were only recorded for hits and were extracted afterwards to enable 

more precise analyses.  

The CPT-IP shows good test-retest reliability (Nuechterlein & Green, 2006), but 

reliability estimates tend to be higher for healthy controls than for schizophrenia patients (Hahn 

et al., 2014). Generally, CPTs show high internal consistency (Kurtz, Ragland, Bilker, Gur, & 

Gur, 2001; Shaked et al., 2019) and discriminating between patients and healthy controls is 

possible on a group level (e.g. Hahn et al., 2014; Kahn et al., 2012; Rapisarda et al., 2014). 
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2.3 Ethical considerations 

All participants signed written informed consent and were anonymized by ID-numbers. 

Testing was conducted by trained professionals, and all tests were standardized. 

Neuropsychological reports were compiled for patients and were sent to treating clinicians. Oral 

feedback was given if asked for. The study was approved by the Norwegian South East Regional 

Committee for Medical and Health Research Ethics and conducted in accordance with the 

Helsinki Declaration.  

 

2.4 Statistical analyses 

Analyses were conducted using IBM SPSS 25. Group comparison analyses for 

continuous descriptive demographic and clinical characteristics (see Participants) were 

conducted using a general linear modeling univariate ANOVA with groups as a fixed variable. 

Dichotomous variables were analyzed using a Kruskal Wallis test. To identify potentially 

confounding factors Pearson’s correlation analyses were conducted to assess the relationship 

between CPT performance and demographic/clinical variables (excluding symptom measures).  

To investigate the first two aims, repeated measures ANOVAs were conducted for d’, 

hits, false alarms, random responses, reaction time and RT CoV. Additionally, Pearson 

correlations between RT CoV and traditional CPT measures were analyzed. The Reaction Time 

Coefficient of Variation was calculated by dividing each participant’s intra-individual standard 

deviation of hit RT (ISD/σ) by their own mean (μ).   

𝐶𝑣 =
𝜎

𝜇
 

Groups were entered as a between-groups factor and conditions were entered as a within-

subject factor. A post-hoc Bonferroni test and a main effects comparison with a Bonferroni 

confidence interval adjustment were conducted. Effect sizes were reported as partial eta squared. 

Pearson’s correlation analyses were conducted to investigate correlations between 

symptom measures and CPT performance, as stated in the third aim. 

The significance level was conventionally set at .05. 
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3. Results 

3.1 Descriptive statistics, group comparisons and correlations 

between demographic variables and CPT performance 
 

Table 4 

CPT-IP performance descriptive statistics and group comparisons 

 

Performance measures 

 

 

SCZ 

(n = 142-41) 

 

BD 

(n = 68-28) 

 

HC 

(n = 637-170) 

 

 

Group comparisons 

 

ɳ2 

 

T-score 

 

38.3 (9.7) 

 

41.7 (10.4) 

 

46.8 (8.6) 

 

F(2, 842) = 57.23*** 

 

 

.120 

 

d’ mean 

 

2.3 (0.7) 

 

2.4 (0.7) 

 

2.8 (0.6) 

 

F(2, 841) = 53.47*** 

 

.113 

d’ – 2 digits 3.2 (0.8) 3.4 (0.7) 3.8 (0.5) F(2, 843 ) = 57.78***  .121 

d’ – 3 digits 2.3 (0.9) 2.6 (0.9) 3.0 (0.8) F(2, 842) = 56.91***  .119 

d’ – 4 digits 

 

1.4 (0.8) 1.5 (0.7) 1.7 (0.8) F(2, 840) = 10.27***  .024 

 

Hits – 2 digits 

 

26.2 (4.9) 

 

27.2 (3.5) 

 

29.1 (2.0) 

 

F(2, 778) = 59.46*** 

 

.133 

Hits – 3 digits 22.3 (5.7) 23.8 (5.7) 26.7 (3.5) F(2, 777) = 63.52***  .141 

Hits – 4 digits 

 

18.2 (6.6) 19.6 (5.4) 22.0 (5.1) F(2, 776) = 26.79***  .065 

 

False alarms – 2 digits 

 

0.8 (1.2) 

 

1.1 (2.2) 

 

0.9 (1.5) 

 

F(2, 776) = .71 

 

.002 

False alarms – 3 digits 2.6 (2.8) 2.2 (2.5) 1.7 (1.7) F(2, 776) = 10.62***  .027 

False alarms – 4 digits 

 

5.4 (3.9) 5.5 (3.6) 5.6 (3.1) F(2, 775) = .34 .001 

 

Random – 2 digits 

 

1.2 (2.4) 

 

1.3 (4.7) 

 

0.4 (0.8) 

 

F(2, 776) = 17.30*** 

 

.043 

Random – 3 digits 1.1 (1.9) 1.2 (5.7) 0.3 (0.6) F(2, 776) = 14.66***  .036 

Random – 4 digits 

 

1.7 (2.3) 1.6 (7.1) 0.8 (1.4) F(2, 775) = 8.74***  .022 

 

RT mean 

 

598ms (72) 

 

572ms (62) 

 

524ms (54) 

 

F(2, 238) = 41.47*** 

 

.209 

RT – 2 digits 563ms (72) 545ms (68) 486ms (55) F(2, 238) = 35.23***  .228 

RT – 3 digits 602ms (83) 578ms (68) 530ms (60) F(2, 238) = 23.41***  .164 

RT – 4 digits 

 

651ms (102) 602ms (67) 569ms (76) F(2, 237) = 18.15***  .133 
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RT CoV mean 

 

.24 (.05) 

 

.24 (.04) 

 

.23 (.04) 

 

F(2, 238) = .45 

 

.004 

RT CoV – 2 digits .22 (.06) .23 (.06) .20 (.05) F(2, 238) = 4.64**  .038 

RT CoV – 3 digits .23 (.06) .23 (.06) .21 (.05) F(2, 238) =3.03*  .025 

RT CoV – 4 digits .21 (.06) .23 (.04) .23 (.06) F(2, 237) = 1.72 

 

.014 

Scores in mean (SD): T = norm score of the MCCB attention domain, d’ = measure of sensitivity, hits = number of 

correct button presses, false alarms = number of button presses on similar, but not correct stimuli, random = number 

of button presses on unrelated stimuli, RT = reaction time = time elapsed between stimuli presentation and button 

press in “hit” trials, coefficient of variation = measure of intra-individual variability. *p<.05, **p<.01, ***p<.001. 

Descriptive statistics and group comparisons revealed significant differences between 

groups on all measures except false alarms and RT CoV, with the largest effect sizes (ɳ2) for 

reaction times. Differences were observed across all conditions and performance decreases with 

increasing condition difficulty. Skewness and kurtosis were mostly as expected. All false alarms 

and random response scores were positively skewed and leptokurtic due to floor effects. 2/3-digit 

hits and healthy control 2-digit d’ were positively skewed and leptokurtic due to ceiling effects. 

In the schizophrenia group, no significant or systematic correlations between CPT 

measures and age, sex, handedness, duration of untreated psychosis, alcohol abuse, drug use, age 

at onset and medication were observed. Education correlated weakly with the T score of the 

MCCB attention domain (r = .27, p = .001) and d’ (d’ mean: r = .24, p = .004; 3-digit d’: r = .28, 

p = .001), whereas IQ correlated significantly with T (r = .41, p < .001), d’ (d’ mean: r = .39, p < 

.001; 2-digit d’: r = .34, p < .001; 3-digit d’: r = .40, p < .001; 4-digit d’: r = .24, p = .005), hits 

(2-digit hits: r = .29, p = .002; 3-digit hits: r = .23, p = .016) and false alarms (3-digit false 

alarms: r = -.44, p < .001; 4-digit false alarms: r = .28, p = .003).  

In the bipolar disorder group, no significant or systematic correlations were observed for 

age, sex, handedness, education, alcohol abuse, drug use, age at onset and medication. IQ 

correlated significantly with the MCCB attention domain T score (r = .50, p < .001), d’ scores 

(d’ mean: r = .50, p < .001; 2-digit d’: r = .37, p = .002; 3-digit d’: r = .40, p = .001; 4-digit d’: r 

= .40, p = .001), hits (2-digit hits: r = .37, p = .002; 3-digit hits: r = .37, p = .002; 4-digit hits: r = 

.46, p < .001), and RT CoV values (mean RT CoV: r = .40, p = .038; 3-digit RT CoV: r = -.42, p 

= .027; 4-digit RT CoV: r = -.48, p = .010). 
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In the control group, no significant correlations were observed for handedness and weak 

correlations (r < .20) were observed between performance measures and age, sex, education and 

IQ. The strongest correlations were observed between IQ and d’ measures (d’ mean: r = .34, p < 

.001; 2-digit d’: r = .23, p < .001; 3-digit d’: r = .27, p < .001; 4-digit d’: r = .29, p < .001).  

IQ was not controlled for as it may constitute a feature of the disorders in question 

(Tandon et al., 2009). Due to the lack of other significant correlations, no demographic or 

clinical variables were entered as covariates in the repeated measures ANOVAs.  

 

3.2 Repeated measures ANOVAs and correlations between CPT 

performance and RT CoV 

Pairwise comparisons (Table 5) show that the control group performed better than patient 

groups on all measures except false alarms and RT CoV. No significant differences between 

patient groups were observed except the bipolar disorder group achieving a marginally higher 

number of hits (mean difference = 1.27 hits per condition). Visualizations were added below for 

clarity (Figure 1-3). Controlling for the effects of age did not significantly change any statistical 

results. No correlations of performance measures and demographic/clinical variables were high 

enough to justify a covariance analysis.  
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Table 5 

Pairwise comparisons from repeated measures ANOVA on CPT-IP performance variables 

 

Hits 

 

  

False alarms 

Groups   Sig Groups   Sig 

HC SCZ ,000*** HC SCZ ,936 

BD ,000*** BD 1,000 

SCZ BD ,050* SCZ BD 1,000 

      

      

d’ 

 

Random responses 

Groups  Sig Groups  Sig 

HC SCZ ,000*** HC SCZ ,000*** 

BD ,000***  BD ,001*** 

SCZ BD ,153 SCZ BD 1,000 

      

      

Reaction time 

 

 Coefficient of Variance 

Groups  Sig. Groups  Sig. 

HC SCZ ,000*** HC SCZ 1,000 

BD ,001***  BD ,193 

SCZ BD ,137 SCZ BD ,580 

      

   
 

*p<.05, **p<.01, ***p<.001 
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Figure 1. Mean d’ score between groups and across conditions 

 

 

Figure 2. Mean reaction time between groups and across condition 
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Figure 3. Mean RT CoV between groups and across conditions 

 

 

Table 6 shows how a change in conditions significantly affected every performance 

measure except RT CoV. The direction of change was presented in Table 4, i.e. a change of 

conditions from 2-digit to 3-digit and 4-digit led to a significant performance decrease. A change 

in conditions affected each groups’ performance measures of d’, hits, false alarms and RT CoV 

differentially. The measures of random responses and reaction time measures were not 

differentially affected across groups. 
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Table 6 

Main and interaction effects from repeated measures ANOVA on CPT-IP performance 

variables across 2-, 3-, and 4-digit conditions. 

   

d’ F Sig. 

Condition F(2, 839) = 1254.15 .000*** 

Condition*groups F(2, 839) = 10.35 .000*** 

 

Hits 

 

F 

 

Sig. 

Condition F(2, 776) = 551.45 .000*** 

Condition*groups F(2, 776) = 3.42 .033* 

   

False Alarms F Sig. 

Condition F(2, 775) = 517.26 .000*** 

Condition*groups F(2, 775) = 5.08 .006*** 

 

Random responses 

 

F 

 

Sig. 

Condition F(2, 775) = 21.34 .000*** 

Condition*groups F(2, 775) = .29 .748 

 

Reaction time 

 

F 

 

Sig. 

Condition F(2, 237) = 138.32 .000*** 

Condition*groups F(2, 237) = 1.96 .143 

   

RT CoV F Sig. 

Condition F(2, 237) = 1.64 .202 

Condition*groups F(2, 237) = 4.28 .015** 

*p<.05. **p<.01. ***p<.001. 
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Table 7 shows the correlations between RT CoV scores and traditional CPT measures. 

Correlations were calculated between condition-specific scores, i.e. 2-digit RT CoV was 

compared to other 2-digit performances. RT CoV scores correlate moderately, but consistently 

with T scores, d’ mean scores and 2/3-digit random responses. Significant correlations were also 

observed for most d’ scores, as well as some false alarm scores. Additionally, although not 

presented in Table 7, RT CoV scores correlate stronger with d’ scores than raw reaction time 

scores. 

 

Table 7 

Correlations between RT CoV scores and other CPT-measures 

  

RT CoV SCZ 

(n = 41) 

 

RT CoV BD 

(n = 28) 

 

RT CoV HC 

(n = 170) 

 

 

T-score 

 

 

-.39* 

 

-.52** 

 

-.42*** 

 

d’ mean 

 

-.43** 

 

-.52** 

 

-.42*** 

d’ – 2 digits -.08 -.50** -.22* 

d’ – 3 digits -.36* -.49** -.24*** 

d’ – 4 digits 

 

-.21 -.47* -.28*** 

 

Hits – 2 digits 

 

-.01 

 

-.39* 

 

-.12 

Hits – 3 digits -.22 -.38* -.23** 

Hits – 4 digits 

 

.04 -.36 -.18* 

 

False alarms – 2 digits 

 

-.01 

 

.41* 

 

.17* 

False alarms – 3 digits .31 .32* .16* 

False alarms – 4 digits 

 

.47** .29 .26*** 
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Random – 2 digits 

 

.37* 

 

.59*** 

 

.33*** 

Random – 3 digits .46** .54** .48*** 

Random – 4 digits 

 

.14 .31 .15 

 

Mean reaction time 

 

.13 

 

.03 

 

.10 

Reaction time – 2 digits .12 .09 .16* 

Reaction time – 3 digits .20 -.04 .06 

Reaction time – 4 digits 

 

.03 .06 .27*** 

T = norm score of the MCCB attention domain. *p<.05. **p<.01. ***p<.001. 

 

3.3 Correlations between CPT performance and symptom load 

To investigate the third aim, bivariate Pearson correlations between measures of 

symptom load and CPT performance measures were analyzed. Only weak, spurious correlations 

(r < .30) between symptom load (GAF-S, PANSS scales, YMRS, IDS) and CPT performance 

measures were observed. Hence, in order to avoid redundancy of data, no correlation matrices 

were presented.  
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4. Discussion 

The current study sought to investigate differences in CPT-performance between patients 

with schizophrenia, patients with bipolar disorder and healthy controls. The study investigated 

traditional CPT measures as well as a more novel measures of reaction time variability. The 

results showed that both clinical groups performed worse than healthy controls on all traditional 

measures except false alarms, and no group differences were observed on the novel measure RT 

CoV. There were also, somewhat surprisingly, no differences between the patient groups on any 

CPT-IP indices, except on the measure of hits. Finally, no associations were found between any 

measures of symptom load and CPT measures.  

 

4.1 Differences in traditional CPT performance measures between 

patient groups and healthy controls 

Previous research has shown that patients with schizophrenia or bipolar disorder perform 

worse than healthy controls on measures of d’, hits, random responses and reaction time, but not 

on false alarms (e.g. Ancín et al., 2010; Cornblatt et al., 1989; Kolur et al., 2006; Nuechterlein et 

al., 2015; Rapisarda et al., 2014). The same pattern was observed in the current study (see Table 

5), with healthy controls performing better than both patient groups on all measures except false 

alarms.  

The number of hits may reflect several cognitive abilities, such as the ability to keep 

contextual information (i.e. rules governing responses) readily available (working memory 

capacity), the ability to constantly monitor and rapidly add or delete these working memory 

contents (memory updating), the selective activation of task-appropriate rules governing the 

ongoing processes (rule selection) or psychomotor processing speed. Egeland and Kovalic-Gran 

(2010) conducted a factor analysis on CPT indices, placing the number of hits in the “Focus” 

category, reflecting the “the capacity to concentrate attentional resources on a specific task, and 

to screen out distracting stimuli” (Mirsky, Anthony, Duncan, Ahearn, & Kellam, 1991). Egeland 

and Kovalic-Gran note that “for attention to fade during a task, the subject must be able to focus 

attention in the first place (2010, p. 343). Both Egeland (2010) and Riccio (2001) empirically and 

theoretically distinguish between a “Focus” factor of attention and the ability to sustain attention, 
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making hits a temporally independent measure and as such a lesser measure of sustained 

attention. Other research (Gallagher et al., 2015; Rentrop et al., 2010) suggests a lower number 

of hits in patient groups may be explained by a high proportion of slow responses. Due to 

probabilistic logic a larger proportion of patient responses would therefore be too slow to register 

as hits, and as such, a lower number of hits would merely reflect a reduced psychomotor 

processing speed. These two potential explanations confer how the number of hits most likely 

was determined by a number of cognitive abilities, and disentangling these relationships 

demands highly specific experimental studies like that of Elvevåg and colleagues (Elvevag, 

Weinberger, Suter, & Goldberg, 2000).  

In line with the first hypothesis and previous research (Ancín et al., 2010; Kolur et al., 

2006, Nuechterlein et al., 2015) patient groups did not differ from healthy controls on measures 

of false alarms. False alarms are predominantly the result of impulsivity and insufficient 

inhibition (Egeland & Kovalik-Gran, 2010) and reflect an inability to discriminate between 

target and “catch” trials (Cornblatt et al., 1989). As such, false alarms can be considered a crude 

measure of the executive function response inhibition (Miyake & Friedman, 2012), and more 

specifically attentional restraint (inhibition of prepotent responses) (Kane et al., 2016). 

Therefore, the results could indicate that patients with schizophrenia or bipolar disorder exhibit 

no significant deficits of the executive function of response inhibition, however this runs contrary 

to research investigating this function specifically and where impairments are found in both 

schizophrenia and bipolar disorder (Orellana & Slachevsky, 2013; Torres et al., 2007). The lack 

of group differences in false alarms may also be the result of a strategy defined by accurate, but 

slow responses (Eysenck & Calvo, 1992). Nevertheless, it is important to note that this 

attentional domain, at least measured by the CPT-IP, seems to be one of few unimpaired 

domains in patients with schizophrenia or bipolar disorder. 

D’ values reflect the relationship between hits and false alarms, and considering the 

sizeable performance differences in the number of hits (but not false alarms), d’ scores are 

expected to differ between healthy controls and patients. Additionally, previous research has 

consistently reported d’ deficits in patients with schizophrenia or bipolar disorder (e.g. Cornblatt 

et al., 1989; Rapisarda et al., 2014, Ancín et al., 2010). d’ scores are often used as an indication 

of individual’s ability to sustain attention, but this may be an overly simple interpretation of the 
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measure. In fact, neither measures of hits and false alarms are categorized as sustained attention 

in Egeland and Kovalic-Gran’s factor analysis (2010) and d’ scores may rather reflect an 

unnatural amalgamation of the the abilities to inhibit responses and concentrate attentional 

resources on a specific task.  

In line with previous research (Cornblatt et al., 1989) patient groups made more random 

responses than the control group. Random responses are rarely reported separately from errors of 

commission (false alarms) and few, if any studies have examined the significance and meaning 

of random responses. Cornblatt and Halperin suggest that the number of random responses 

probably reflects some kind of perceptual-motor dyscontrol (Cornblatt et al., 1988; Halperin, 

Sharma, Greenblatt, & Schwartz, 1991). Hence, the observed group difference may help 

differentiate between different errors of commission and serve as an indicator of an additional 

impairment in schizophrenia and bipolar disorder. It may also help explaining why some studies 

demonstrate group differences in commission errors while others do not.  

As hypothesized, reaction times were higher in the patient groups, potentially reflecting 

impaired psychomotor processing speed. An alternative explanation for the increase in reaction 

times may lie in a decrease of working memory capacity and an increase of on-task effort and 

strategy use (Eysenck & Calvo, 1992). According to Eysenck and Calvo’s processing efficiency 

theory, heightened internal states (e.g. mania; Fleck et al., 2005) may impair processing 

efficiency by sacrificing speed (reaction times) for accuracy (hits/false alarms) (Eysenck & 

Calvo, 1992). This will be discussed further below. Reaction times are sometimes used as a 

measure of impulsivity (Egeland & Kovalic-Gran, 2010), but slower reaction times in patient 

groups may indicate no increased impulsivity. Alternatively, if patients actually have impaired 

impulsivity, this is masked by deficits in psychomotor processing speed or strategies.  

The CPT-IP is considered a test of sustained attention and is used as such in countless 

studies. And indeed, all variables can be said to measure some aspect of sustained attention, but 

no measure alone can be considered the measure of sustained attention. Sustained attention is a 

complex construct influenced by several factors and claiming that any measure fully reflects the 

ability to sustain attention would be too simple. In fact, group differences, or a lack thereof, may 

partly be explained by the broadness of the term “attention”, more than actual performance 

differences between patient samples (Fioravanti et al., 2005). For instance, Fuller (2006), 
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Rentrop (2010) and Gallagher (2015) only report an impairment in attentional control (RT 

CoV/rule selection), and not in the selection processes that operate once attention has been 

directed to an object. Additionally, some researchers (e.g. J. D. Cohen, Barch, Carter, & Servan-

Schreiber, 1999; Fuller et al., 2006) suggest that attentional impairment (in schizophrenia) may 

be the consequence of executive functioning and working memory deficits. They hypothesize 

that schizophrenia patients may have difficulties using or maintaining contextual information 

(rule selection, as measured by intra-individual variability or working memory capacity) and 

therefore perform worse on tests of sustained attention. Bipolar disorder patients also show 

working memory deficits (Kim et al., 2015), and since the CPT-IP already is considered more of 

a working memory test than other versions of the CPT (Nuechterlein et al., 2015) this may 

negatively influence the performance of patients.  

 

4.2 Differences in traditional CPT performance measures between 

patient groups 

No significant differences were observed between patient groups on measures of d’, false 

alarms, random responses and reaction time (see chapter 3.3). The only significant difference 

was observed in the number of hits, where the bipolar disorder group performed better than the 

schizophrenia group. The lack of differences on the number of false alarms was expected, but all 

other findings were contrary to the second hypothesis and most previous research. However, 

although unexpected, the results were not fully surprising as some earlier studies have reported 

no differences (e.g. Schretlen et al., 2013; Zabala et al., 2010).  

 As discussed, the number of hits may reflect the capacity to concentrate attentional 

resources on a specific task, psychomotor processing speed and other cognitive abilities such as 

working memory capacity or memory updating (Miyake & Friedman, 2012). The observed 

differences between the two patient groups may indicate a quantitative difference on these 

domains, but a qualitative difference cannot be inferred from the current findings. Additionally, 

previous studies listed in Table 1 have not reported differences on the raw number of hits, and as 

such, the current study adds valuable information to the process of determining specific domains 

of attentional impairment in these patient groups.  
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The lack of differences in the number of false alarms was expected. Although no studies 

have directly compared the number of false alarms in patients with schizophrenia and bipolar 

disorder, no studies comparing these patient groups to control groups have reported a deficit. The 

significance of the current findings have already been discussed (see 4.1) and will not be 

repeated.  

Perhaps the most surprising finding was the lack of patient group differences concerning 

the measure of d’. Four out of five studies directly comparing d’ scores of patients with 

schizophrenia or bipolar disorder have reported superior performance of the latter, but this 

finding was not replicated in the current study. A partial explanation may lie in the calculation of 

d’, as the d’-score is a combination of hits and false alarms. As such, the lack of false alarm 

group differences may cancel out the significant findings on the measure of hits, resulting in non-

significant d’ group differences. 

 Contrary to expectation, reaction time measures did not differ significantly between 

patient groups. This was surprising, as reaction times have been deemed good measures to 

differentiate between bipolar disorder and schizophrenia patients (Fleck et al., 2001). 

Additionally, these results contradict the explanation of hits as a result of slower reaction times, 

and hit number differences between the control group and healthy controls may therefore 

potentially be better explained by a cumulation of cognitive abilities, as mentioned in chapter 

4.1. The reaction time results may indicate an equally impaired psychomotor processing speed, 

but may cover up impulsivity deficits also described in chapter 4.1. 

 The lack of group differences may constitute an expression of the shared endophenotype 

and genetic vulnerability underlying both schizophrenia and bipolar disorder (e.g. Berrettini, 

2000; Corponi et al., 2019; Kim et al., 2015; Shao & Vawter, 2008). Different factors affecting 

sustained attention and CPT performance such as inefficiencies in information processing, 

impaired processing speed and working memory have been proposed as shared endophenotypes 

of genetic vulnerability (Bora, 2017; Kim et al., 2015). Additionally, cognitive deficits in bipolar 

disorder and schizophrenia are of such similarity that a history of psychosis serves as a better 

predictor of cognitive impairment than diagnostic categories (Simonsen et al., 2011).  
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4.3 RT CoV as a CPT performance measure 

Contrary to expectations and previous research (Gallagher et al., 2015; Kaiser et al., 

2008; Rentrop et al., 2010), no significant differences between patient groups and healthy 

controls were observed on the measure of RT CoV. Healthy controls were expected to have a 

superior ability to control attention and made use of this ability in the first two conditions (see 

Figure 3). However, the performance decline of the control group in the 4-digit condition was 

unexpected.  

RT CoV scores are thought to reflect an instability of information processing on a 

neurophysiological level and a deficit of attentional control (Gallagher et al., 2015) and may 

even be considered a measure of moment-to-moment attention. Research on intra-individual 

variation is very limited, and the theoretical and clinical significance of this variation is not clear 

(Rentrop et al., 2010). Therefore, the lack of statistically significant differences in RT CoV 

scores will be discussed. Additionally, we will suggest an explanation for the observed 

performance differences in the 2/3-digit conditions and for the distinct performance decline of 

healthy controls in the 4-digit condition. Lastly, correlations between CPT performance 

measures and RT CoV data (see Table 7) will also be a point of focus.  

 

4.3.1 Group differences 

The lack of statistically significant differences between the control group and patient 

groups was unexpected and may point to a weak or non-existing impairment of information 

processing stability in the patient groups. Additionally, no statistically significant differences in 

RT CoV were observed between patient groups. No prior studies have investigated RT CoV 

differences between schizophrenia and bipolar disorder groups, and the results may indicate that 

the stability of information processing, whether it is impaired or not, did not differ between these 

groups. Unfortunately, due to the lack of studies investigating RT CoV in schizophrenia and 

bipolar disorder, we have no way of deciding whether a similar RT CoV is indicative of shared 

genetic factors, and this suggestion remains speculative.   
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The RT CoV performance of the control group declined substantially in the 4-digit 

condition and a potential mechanism explaining this drop may lie in the difficulty of the 4-digit 

condition. This difficulty may impact RT CoV scores in a way that suppresses actual information 

processing instabilities in the control group, but not in the patient groups. The differential impact 

could be explained by patients exhibiting information processing instabilities that are large 

enough to not be affected by condition difficulty, whereas the lack of deficits in the control 

group would be suppressed by the impact of condition difficulty.  

 An alternative explanation for the observed decline may lie in the use of cognitive 

control resources in the control group, and a lack thereof in patient groups. The opportunity-cost 

model (Kurzban, Duckworth, Kable, & Myers, 2013) states that attentional resources do not 

deplete over time, but the subjective cost of maintaining one cognitive operation over another 

does increase as a function of the times a task is completed. As such, the model is one of 

cognitive control (indexed as RT CoV) and is based on how cognitive resources are distributed, 

rather than depleted. According to this, the amount of executive control exercised is influenced 

by evaluations of reward and value, as well as general motivation. No measures of subjective 

cost, motivation or reward were recorded in the current study, preventing a comprehensive 

discussion of this model. However, the number of task completions was recorded, and although 

all participants completed the same number of trials and conditions, the control group reports a 

significantly higher number of hits than both patient groups. This measure could potentially 

serve as a crude measure of subjective cost increase and could as such explain the RT CoV 

decline in healthy controls in the last condition. However, the model fails to explain why patient 

groups did not decline at all, why the significant difference between patient groups was not 

reflected in a performance decline in the bipolar disorder group, and why a decline between the 

2- and 3-digit conditions was not observed. Therefore, the number of hits is discarded as a 

measure of increased subjective cost. Additional issues are the potentially moderating effects of 

condition difficulty, and whether non-completion of a hit-trial may in fact be more taxing than a 

correct completion.  
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In contrast, the resource-control theory (Thomson, Besner, & Smilek, 2015) states that 

mind wandering is the default state of mind and proposes that there is a bias for attentional 

resources to involuntarily be directed towards task unrelated thought. As such, attentional 

resources will not deplete, but the focus will shift from external tasks of sustained attention 

towards internal thoughts over the time of the CPT. Unfortunately, we did not record any 

measures of mind wandering, limiting the investigation of this theory. In conclusion, none of the 

aforementioned theories can adequately explain the sudden RT CoV decline of healthy controls 

and future studies should include measures of motivation, reward valuations and mind 

wandering.  

   

4.3.2 Correlations between RT CoV scores and traditional CPT measures 

We found that RT CoV scores correlate moderately and consistently with T scores, 2/3-

digit random responses, d’ mean scores and d’ scores in the bipolar group. Additionally, some 

significant, but weak, correlations were observed for some false alarm and hit scores, and d’ 

scores in the control group.  

The correlations between RT CoV and overall performance measures (T/d’ mean) were 

surprisingly large. This is an important finding because many studies on sustained attention only 

use d’ scores as a primary index of sustained attention and the observed correlations indicate that 

information processing instabilities may contribute significantly to these scores. Studies 

reporting impairments of sustained attention based on d’ differences fail to recognize these 

contributions and may give an undifferentiated picture of cognitive deficits in patient groups. 

Additionally, RT CoV did not seem to correlate more strongly with either hits or false alarms. 

This is an interesting finding because hits and false alarms are theorized to be the result of 

different cognitive functions, but the observed correlations indicate that information processing 

instabilities may contribute to both measures.  
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Another interesting finding were the moderate correlations between RT CoV and 2/3-

digit random responses, and the lack thereof in the 4-digit condition. The significant correlations 

in the first two conditions may indicate that 1) processing instabilities explain some random 

responses or 2) RT CoV may capture some of the perceptual-motor dyscontrol hypothesized to 

underlie random responses. Due to the bidirectional nature of these correlations, future research 

is needed to disentangle the relationship between random responses and RT CoV. 

The lack of significant correlations in the 4-digit condition was most likely a result of 

condition difficulty as the number of random responses increases significantly from the 3-digit to 

the 4-digit condition. The contribution of condition difficulty seems to cover up the effects of 

information processing instabilities, resulting in insignificant correlations. In combination with 

the surprising RT CoV decrease in 4-digit control group performance, we recommend that only 

2-digit and 3-digit conditions should be used to investigate potential RT CoV differences.  

Finally, within-subjects effects from repeated measures ANOVA did not show a main 

effect of condition on RT CoV, which may indicate a general, underlying stability unaffected by 

task difficulty. However, the interaction between groups and conditions was significant, pointing 

towards the performance decline of the control group. 

 

4.4 Associations between symptom load and CPT performance 

As suggested by the third hypothesis, no measures of symptom load (GAF-S, PANSS 

scales, YMRS, IDS) correlated significantly with any CPT performance measures. This is in line 

with earlier research (e.g. Ancín et al., 2010, Brotman et al., 2009, Kahn et al., 2012; Keefe & 

Harvey, 2012; Nuechterlein et al., 2015; Pukrop et al., 2003, Rentrop et al., 2010) and indicates 

that CPT data were not confounded by symptoms. Additionally, the findings support the 

assumption of relatively symptom-independent sustained attention (excluding mania) in patients 

with schizophrenia or bipolar disorder (Bourne et al., 2013; Bowie & Harvey, 2005; Tsitsipa & 

Fountoulakis, 2015). 
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Usually, neither stable patients with schizophrenia nor bipolar disorder are fully free of 

symptoms. Phases of remission are often characterized by subclinical residual symptoms, and 

stable patients consistently score higher than healthy controls on clinical measures. The current 

study did not fully account for these residual symptoms as the control group did not complete 

clinical interviews and questionnaires, but the lack of significant correlations between symptoms 

and CPT measures indicates that residual symptoms cannot explain the differences between the 

control group and patient groups. These results also contradict the processing efficiency theory 

applied earlier, which explains processing speed deficits as a result of heightened internal states 

(Eysenck & Calvo, 1992) and no observations of internal states (i.e. illness symptoms) affecting 

processing speed, hits or false alarms were made. 

As mentioned in the previous chapter, RT CoV is thought to reflect some form of 

executive functioning and the same has been suggested for the “disorganized/cognitive” factor of 

Wallwork’s consensus five-factor model (Fong, Ho, Wan, Siu, & Au-Yeung, 2015; Rodriguez-

Jimenez et al., 2013). Thus, one may expect these two measures to show an association, however 

this was not the case, and no significant correlations between these two variables were observed. 

This may indicate that the two variables measure different aspects of executive functioning.   

Previous studies have also investigated effects of age at onset, duration of untreated 

psychosis and medication (e.g. Bora et al., 2018; Koide et al., 2012). Although this study did not 

investigate these relationships thoroughly, it is important to note that no correlations between 

aforementioned variables and CPT performance were observed. 

Since no measures of symptom load correlated significantly with performance measures, 

other disorder-specific factors must contribute to performance deficits. Shared endophenotypes 

and genetic vulnerability underlying both disorders (e.g. Berrettini, 2000; Corponi et al., 2019; 

Kim et al., 2015; Shao & Vawter, 2008) are the most prominent candidates, but more research is 

needed to elucidate the relationship between these factors and the ability to sustain attention.   
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4.5 Strengths and limitations 

This thesis was based on data from a substantial number of participants (n=847), 

warranting satisfactory statistical power. Additionally, the concept of sustained attention was 

analyzed using a variety of CPT-IP indices, giving a comprehensive understanding of CPT 

performance and underlying constructs. The study also investigated associations between CPT 

performance and symptom load, demographic variables and clinical variables, thus avoiding 

potentially confounding factors. 

There also some limitations that warrant mentioning. The sample size for the analyses of 

RT CoV was smaller than the overall sample, potentially contributing to the lack of significant 

findings. The study did not investigate RT increases over time, as the increasing difficulty of 

CPT-IP conditions leads to performance decrements which cannot be separated from overall 

vigilance decrements. Additionally, CPT-IP conditions (150 trials/3 minutes) do not last long 

enough to warrant an analysis of reaction time change (Egeland, 2020). This is unfortunate, as 

increases of RT over time are thought to better reflect the ability to sustain attention compared to 

other performance measures, as shown in Egeland & Kovalik-Gran (2010). Moreover, the 

current study did not include other measures of working memory and executive functioning, and 

hence did not seek to validate RT CoV as a measure of executive control or working memory 

capacity. The recent increase of CoV-based research would potentially benefit from an 

examination of concurrent validity.  

Differences in group composition may explain some variation in performance. The 

schizophrenia and bipolar disorder samples differ significantly on almost all demographic and 

clinical variables, and hence, future studies should match samples or account for group 

homogeneity differences when interpreting performance differences between these patient 

groups. Modality-specific elements may also influence CPT results as several studies (Baker et 

al., 1995; Borgaro et al., 2003; Roebuck et al., 2016) demonstrate differing performance profiles 

depending on CPT modalities. Verbal fluency has been shown to be impaired in schizophrenia 

and bipolar disorder, possibly amplifying the differences between healthy controls and patient 

groups (Henry & Crawford, 2005; Kim et al., 2015; Raucher-Chéné, Achim, Kaladjian, & 

Besche-Richard, 2017). In other words; different CPTs may uncover different types of deficits, 

and the reported deficits may be specific of the CPT-IP.  
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4.6 Implications and future directions 

This study supports and expands earlier findings of sustained attention deficits in 

schizophrenia and bipolar disorder patients and adds to the growing body of studies employing 

RT CoV as a measure of instability of information processing. RT CoV results from the current 

study partly contradict earlier results and may as such contribute to a more differentiated 

understanding of information-processing instabilities. Future studies should seek to untangle the 

relationship between RT CoV and other CPT performance measures, especially the correlation 

with random responses. Additionally, investigating the neurobiological substrates of RT CoV 

may add value to the use of RT CoV as an attentional measure.  

Impaired sustained attention in schizophrenia and bipolar disorder patients may influence 

a wide range of situations and may contribute to difficulties with psychosocial, occupational and 

community functioning. For instance, Green (1996) reported an association between sustained 

attention and skill acquisition and notes that impairments of sustained attention may moderate 

the positive effects of  role-playing exercises and didactic exchanges. This may in turn reduce the 

effectiveness of rehabilitation programs, and impair learning of vocational skills, conversational 

skills or medications management. Furthermore, deficits of sustained attention may influence the 

ability to solve social problems (Fett et al., 2011; Green, 1996), and unstable information 

processing may impact work capability (Rentrop et al., 2010). Clinicians should explore and 

account for patients’ potential difficulties with following advanced therapeutical conversations or 

psychoeducation and facilitate learning through clear and undemanding messages.  

The daily impact of sustained attention deficits highlights the need for remediating 

treatment. Studies on cognitive remediation have demonstrated significant improvements in 

executive functioning (Veeh, Kopf, Kittel-Schneider, Deckert, & Reif, 2017), working memory 

(Genevsky, Garrett, Alexander, & Vinogradov, 2010; Lawlor-Savage & Goghari, 2014) and 

attention (Savulich et al., 2019). In fact, even simple, non-problematic gaming may improve 

cognitive abilities influencing sustained attention, such as task switching or attentional control 

(Nuyens, Kuss, Lopez-Fernandez, & Griffiths, 2019). When combined with psychosocial 

rehabilitation, cognitive remediation may also generalize to functional outcome (Wykes, Huddy, 

Cellard, McGurk, & Czobor, 2011). 
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4.7 Conclusion 

The results indicate that patients with schizophrenia and bipolar disorder have an 

impaired ability to sustain attention, but the assumption of a quantitively differential impairment 

between patient groups was not observed. In contrast to earlier studies, no group differences in 

measures of intra-individual variability were observed. However, RT CoV does show promise as 

an index of CPT performance. When investigating RT CoV with a CPT-IP, only 2-digit and 3-

digit conditions should be utilized due to potentially confounding effects of the 4-digit condition. 

Symptoms were not associated with performance on any CPT indices, supporting the validity of 

CPT-IP as a relatively symptom-independent measure of attention. 

Both researchers and clinicians should exercise caution when interpreting results from 

continuous performance tests as they reflect an amalgamation of different cognitive abilities, not 

only sustained attention.  
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