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Abstract 

Cognitive remediation is an efficacious treatment for schizophrenia that focuses on enhancing 

neurocognitive abilities and improving community functioning. However, there is currently no 

gold-standard cognitive remediation therapy and different approaches have produced varying 

results on cognitive and functional outcomes. One of the major barriers preventing cognitive 

remediation from being recommended in treatment guidelines has been limited generalization of 

cognitive improvement to functional improvement. Although results have been inconsistent, 

executive functioning may be more closely related to community functioning than other domains 

of neurocognition. The objective of the current dissertation was to examine the efficacy of 

cognitive training that specifically targets executive functioning for individuals with 

schizophrenia-spectrum disorders. In Chapter 2 data are presented from a randomized, double-

blind trial examining a brief two-week executive functioning intervention compared to a sham 

training condition. Compared to sham training, executive training significantly improved EEG 

alpha and theta band synchronization during working memory tasks, and neuropsychological 

measures of working memory and executive functioning. In Chapter 3 data are presented from a 

randomized, double-blind trial examining brief executive function training compared to training 

of perceptual abilities on measures of neurophysiology, neurocognition, and functioning. 

Perceptual training improved the EEG mismatch negativity more than executive training 

immediately post-treatment however, the effect did not persist 12-weeks post-treatment. At 12-

week follow-up, executive training significantly improved EEG theta power, neurocognition, 

functional competence, and case manager rated community functioning to a greater extent than 

perceptual training. Executive training may be a more efficient cognitive enhancing treatment 
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than other cognitive remediation techniques, and treatment effects generalize to community 

functioning better than alternative cognitive training approaches. 
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Chapter 1 

General Introduction 

1.1 Psychosis and Schizophrenia 

Schizophrenia-spectrum disorders (characterized by the presence of psychosis) affect 

approximately 3.1% of Canadians and cost nearly $20 billion in direct and indirect costs per year 

(Goeree et al., 2005; Ketter, 2010). Psychosis is a feature of many psychiatric conditions 

including major depressive disorder, bipolar disorder, dementia, and personality disorders 

(American Psychiatric Association, 2013), however, in primary psychotic disorders psychosis is 

the predominant feature. Schizophrenia is arguably the most severe psychotic disorder, affecting 

approximately 1% of the population and characterized by delusions, hallucinations, or 

disorganized speech present for a minimum of 1-month and disturbance in functioning present 

for at least 6 months (American Psychiatric Association, 2013). Schizophrenia-spectrum 

disorders tend to be complex in nature and co-morbidity with other psychiatric conditions such 

as depression, anxiety, substance abuse, obsessive compulsions, and trauma is common 

(Buckley, Miller, Lehrer, & Castle, 2009; Strakowski, Keck, McElroy, Lonczak, & West, 1995). 

Schizophrenia is traditionally characterized by positive symptoms (experiences in excess 

of normal human experience), including hallucinations and delusions. Hallucinations are atypical 

perceptual experiences (Tien, 1991), the most common of which is hearing voices, which occurs 

in over 60% of individuals diagnosed with schizophrenia (Slade & Bentall, 1988). Delusions are 

illogical and culturally unacceptable beliefs that are held in spite of contradictory evidence and 

can take virtually any form (Freeman, Freeman, & Garety, 2016). For example, persecutory 

delusions may involve believing one is being followed by government organizations; delusions 
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of reference may involve believing someone famous is sending one special messages; delusions 

of grandeur may involve believing one is actually someone famous such as Jesus Christ; and 

somatic delusions involve believing something is wrong with one’s body such as it is infested by 

parasites. 

Although positive symptoms may be considered the most salient features of psychosis, 

most individuals with schizophrenia also experience negative symptoms (experiences in deficit 

of normal human experience), such as lack of motivation, reduced emotional expression, social 

withdrawal, and reduced enjoyment from typically pleasurable activities (American Psychiatric 

Association, 2013). Negative symptoms have a limited response to pharmaceutical intervention 

(Buchanan et al., 2007), often persist during periods of positive symptom remission (Buchanan, 

2006), and tend to be more closely related to domains of functional disability than positive 

symptoms (Bowie, Reichenberg, Patterson, Heaton, & Harvey, 2006). Early evidence of negative 

symptomatology in childhood has been linked to later onset of a psychotic disorder (Schiffman et 

al., 2004). Thus, negative symptoms have garnered more attention in recent years as an important 

consideration in the treatment of psychotic disorders. 

Although not part of formal diagnostic criteria for psychotic disorders, neurocognitive 

impairment is being increasingly recognized as a core feature of psychotic illness. 

Neurocognitive impairment is suggested to be present in virtually all individuals with 

schizophrenia (Keefe & Harvey, 2012) and is closely linked to community functioning (Green, 

1996). Indeed, neurocognitive functioning has been found to be a better predictor of functional 

skills and real-world community functioning for individuals with schizophrenia than either 

positive or negative symptoms (Bowie et al., 2006). 
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1.2 Recovery from Psychosis 

Traditionally, recovery from psychosis has focused on sustained remission of psychiatric 

symptoms (Andreasen et al., 2005) and extensive evidence now supports the fact that recovery 

from psychosis is possible and common. Approximately 90% of people experiencing a first-

episode of psychosis will experience periods of symptom remission within five years of initial 

diagnosis (Robinson et al., 1999; Robinson, Woerner, McMeniman, Mendelowitz, & Bilder, 

2004), and approximately half will experience sustained remission of symptoms (Harrison et al., 

2001; Lambert et al., 2006; Robinson et al., 2004). While symptomatic recovery is a reasonable 

goal, exclusive focus on clinical symptoms neglects other relevant features of the illness such as 

reduced quality of life, hope, empowerment, vocational achievement, and interpersonal 

connectedness. Service-user definitions of recovery emphasize the process of integrating mental 

illness into a sense of self (Anthony, 1993; Deegan, 1988a) and functioning in daily life despite 

mental illness (Davidson, O’Connell, Tondora, Lawless, & Evans, 2005; Slade, Adams, & 

O’Hagan, 2012; Young & Ensing, 1999). Thus, from the service-user perspective, symptomatic 

remission is neither necessary nor sufficient to achieve recovery, and other functionally relevant 

factors are critical to consider. 

While symptomatic remission is common, it is more difficult to achieve normative levels 

of community functioning. When functional recovery was defined as adequate vocational or 

school performance, adequate personal grooming and household chore performance, and social 

interactions outside of the family at least once per week, only 25% of individuals met criteria for 

functional recovery within five years after a first episode of psychosis (Robinson et al., 2004). As 

a result, definitions of recovery are increasingly emphasizing the importance of functional 

recovery in addition to symptomatic recovery (Bellack, 2006; Harvey & Bellack, 2009). When 
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recovery is defined as combined symptomatic and functional recovery, rates drop to only 14% 

(Robinson et al., 2004).  

Defining functional recovery has proven more difficult than defining symptomatic 

recovery, as breadth of functional abilities varies dramatically among the general population 

(Harvey & Bellack, 2009). For example, some individuals may be employed outside of the 

home, whereas others may be homemakers. Neither implies greater level of function, however, 

the required skills would be substantially different, and difficulty arises in attempting to equate 

the two. Harvey & Bellack (2009) suggest three broad domains that should be considered when 

assessing functioning: productive activities (e.g. employment), self-maintenance activities (e.g. 

showering / bathing), and social relationships (e.g. spending time with friends). Functioning can 

then be assessed according to the number of activities an individual is involved in within each 

domain, and one’s ability to perform the activity independently and successfully (Schneider & 

Struening, 1983). 

Functioning can be further subdivided into functional competence and real-world 

community functioning (Harvey, Velligan, & Bellack, 2007). Functional competence refers to 

the skills that one has to perform functional activities and can be assessed in a structured 

environment designed to maximize a person’s ability to demonstrate functional skills. 

Community functioning refers to one’s ability to perform functional skills in their everyday lives. 

In this sense it is possible to differentiate functioning that is impaired due to a skill deficit, 

compared to functioning that is impaired due to skill implementation. Functional competence 

could be considered as a pre-requisite for community functioning, and indeed is the strongest 

predictor of how well individuals are functioning in the community (Bowie et al., 2006, 2008, 

2010). Thus, if an individual does not possess the functional skills then skill acquisition would be 
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an important component of recovery. If an individual possesses functional skills but does not use 

them in daily life, then other factors may need to be considered such as motivation (Beck, 

Himelstein, Bredemeier, Silverstein, & Grant, 2018), depressive symptoms (Best, Gupta, Bowie, 

& Harvey, 2014), or restricted opportunities due to societal stigma (Berge & Ranney, 2005). 

1.3 Psychosocial Treatments for Psychosis 

Pharmacological intervention has traditionally been the primary therapeutic option for 

individuals with psychotic disorders and has demonstrated efficacy at reducing positive symptom 

severity (Leucht et al., 2009). Unfortunately, pharmacological intervention has demonstrated less 

utility in treating negative symptoms or improving community functioning (Leucht et al., 2009). 

Additionally, pharmacological intervention has historically been associated with forced 

institutionalization and forced medication management, which many service-users have declared 

social injustices (Deegan, 1988b); and antipsychotic medications are associated with significant 

side-effect profiles (Leucht et al., 2013). As a result, many individuals choose to refuse 

pharmacological intervention (Lincoln et al., 2016) and large treatment trials have found 

medication discontinuation rates as high as 74% (Lieberman et al., 2005). Psychosocial 

interventions have demonstrated efficacy to reduce relapse rates in combination with medication 

(Hogarty & Ulrich, 1998) and have been suggested as a viable alternative to antipsychotic 

medications (Howes, 2014) for individuals preferring not to take medication. Commonly 

employed psychosocial interventions include cognitive behavioural therapy (CBT), family 

intervention, and skills training.  

CBT for psychosis primarily targets positive symptoms and emphasizes the role that 

information processing biases have in the development and maintenance of positive 

symptomatology (Rector & Beck, 2012). Recent meta-analyses have revealed moderate effect 
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size improvements in both hallucinations and delusions following individual CBT (Van der 

Gaag, Valmaggia, & Smit, 2014), and CBT has recently been found to produce equivalent 

reductions in positive symptoms to antipsychotic medication, without the negative metabolic 

side-effects (Morrison et al., 2018).  

Family involvement is often an important component of recovery for individuals with 

psychotic disorders, as families can encourage engagement with treatment plans (Herz et al., 

2000), recognize early warning signs of relapse (Fridgen et al., 2013), and assist in accessing 

services during periods of crisis (Bergner et al., 2008). Family involvement can lead to better 

outcomes from psychological (Garety et al., 2008) and pharmacological (Glick, Stekoll, & Hays, 

2011) treatments, result in better quality of life (Norman et al., 2005), and reduce rates of relapse 

and rehospitalization (Pharoah, Mari, Rathbone, & Wong, 2010; Pilling, Bebbington, Kuipers, 

Garety, Geddes, Orbach, et al., 2002; Pitschel-Walz, Leucht, Bauml, Kissling, & Engel, 2001). 

Skills training interventions focus on directly training skills required for community 

functioning. Social skills training has been used to improve interpersonal effectiveness and 

increase social connectedness (Wallace et al., 1980). Vocational skills training has been used to 

improve employment related outcomes (Lehman, 1995). Independent living skills training has 

been utilized to improve the ability to complete daily activities required for independent living 

such as self-care, medication management, and household activities (Liberman, Glynn, Blair, 

Ross, & Marder, 2002). Skills training interventions have been moderately successful at 

improving functional outcomes (Liberman et al., 2002; Pilling, Bebbington, Kuipers, Garety, 

Geddes, Martindale, et al., 2002; Twamley, Jeste, & Lehman, 2003) and are the only 

interventions that have demonstrated consistent improvements in negative symptoms (Turner, 

van der Gaag, Karyotaki, & Cuijpers, 2014). 
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1.3.1. Limitations of the Common Psychosocial Interventions 

 Although the psychosocial interventions described above have successfully improved 

outcomes for many individuals with psychotic disorders, effect sizes are typically small to 

moderate and outcomes appear to be differentially related to intervention technique. CBT 

produces outcomes on positive symptoms, family intervention produces outcomes on symptom 

relapse, and skills training produces outcomes on functional domains associated with the trained 

skill. The moderate and specific effects of such interventions have led to increased interest in 

uncovering other features of psychotic illness which could be addressed in treatment. 

Neurocognitive impairment is one feature present in most individuals with schizophrenia-

spectrum disorders that may be an important treatment target.  

1.4 Neurocognitive Impairment 

Although not a component of formal diagnostic criteria for psychotic disorders, 

neurocognitive impairments are estimated to be present in 73% of individuals with schizophrenia 

(Palmer et al., 1997). Even for individuals who would be considered within the normal range on 

neurocognitive tests, there is a tendency to underperform based on predictions from premorbid 

levels of functioning (Kremen, Seidman, Faraone, Toomey, & Tsuang, 2000) and studies of 

discordant monozygotic twins have found that twins affected by schizophrenia significantly 

underperform their unaffected siblings (Goldberg et al., 1990, 1993, 1995). Additionally, up to 

98% of individuals with schizophrenia perform more poorly on neurocognitive tests than would 

be predicted based on their parents’ education level (Keefe, Eesley, & Poe, 2005). Thus, it is 

likely that almost all individuals with schizophrenia have neurocognitive functioning below the 

level that would be expected in the absence of illness (Keefe & Harvey, 2012). 

1.4.1 Profile of Neurocognitive Impairment in Schizophrenia Spectrum Disorders 
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Individuals with schizophrenia demonstrate impairments in virtually all domains of 

cognitive function as measured by performance-based neuropsychological measures. Global 

cognitive impairment has been found to be the most consistent impairment in schizophrenia 

(Heinrichs & Zakzanis, 1998; Reichenberg & Harvey, 2007; Schaefer, Giangrande, Weinberger, 

& Dickinson, 2013). Such generalized impairment has been found to be consistent across time, 

diagnostic criteria, and geographic region (Schaefer et al., 2013). The magnitude of global 

impairment is typically observed to be 1-1.5 standard deviations below the mean of normative 

samples (Heinrichs & Zakzanis, 1998), however, individuals often display even more severe 

impairments. 

Although generalized cognitive impairment is one of the most consistent findings in 

schizophrenia, specific impairments have been found in several neurocognitive abilities 

including motor skills (Goldstein & Zubin, 1990), attention (Braff, 1993), spatial abilities (Green 

& Walker, 1985), linguistic abilities (Crawford, Obonsawin, & Bremner, 1993), memory 

(Paulsen et al., 1995), and executive functioning (Heinrichs, 1990). Typically, the group mean 

impairment in specific domains range in degree from 0.5 – 1.5 standard deviations below the 

mean of normative samples (Heinrichs & Zakzanis, 1998), however, individual studies have 

suggested more severe impairments in several domains. 

One meta-analysis suggested that the largest impairment is observed in the domain of 

verbal memory (g = 1.41; Heinrichs & Zakzanis, 1998), however, it has also been suggested that 

impaired processing speed may be the core cognitive impairment in schizophrenia with other 

meta-analytic evidence suggesting a large deficit (g = 1.57) in the digit symbol coding test that is 

highly related to the generalized impairment (Dickinson, Ramsey, & Gold, 2007). Working-

memory impairment has also been considered a core feature of schizophrenia, given consistent 
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findings of impairments in ability to represent, maintain, and update information in memory (Lee 

& Park, 2005). Lastly, executive function has been considered by some to be of central 

importance in understanding the neurocognitive impairment in schizophrenia, with individuals 

demonstrating impairments in concept formation, planning, initiation, and self-monitoring 

(Velligan & Bow-Thomas, 1999). Regardless of the specific profile of neurocognitive 

impairment, individuals with schizophrenia consistently demonstrate severe impairment in most 

domains. 

1.4.2. Neurophysiological Dysfunction and Neurocognitive Impairment 

Associated with neurocognitive impairments in schizophrenia are underlying 

impairments in neurophysiology and brain function. Magnetic resonance imaging studies (MRI; 

Shenton et al., 2001) and post-mortem brain analyses (Pakkenberg, 1987) have found consistent 

evidence for overall reductions in the brain volume of individuals with schizophrenia and 

increased size of ventricular space. Such generalized reductions in brain volume may be 

associated with the generalized cognitive impairment observed in schizophrenia. Specific 

reductions in frontal and prefrontal cortex volume, and abnormalities in sub-cortical regions such 

as the basal ganglia have also been consistently reported (Shenton et al., 2001) suggesting 

possible pathways to more specific cognitive impairments. 

In addition to volumetric abnormalities, functional connectivity in brain regions such as 

the dorsolateral prefrontal cortex has been found in individuals with schizophrenia during 

working memory tasks (Manoach et al., 1999, 2000). A recent meta-analysis of functional 

magnetic resonance imaging (fMRI) studies found consistent evidence for reduced activation of 

the dorsal lateral prefrontal cortex (DLPFC) and anterior cingulate cortex (ACC) in individuals 

with schizophrenia (Minzenberg, Laird, Thelen, Carter, & Glahn, 2009). DLPFC activation is 
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thought to be associated with performance on cognitively challenging tasks, whereas the ACC is 

thought to be responsible for monitoring task performance and modulating DLPFC activation 

according to the demands of the task (Minzenberg et al., 2009). Additionally, individuals with 

psychotic disorders exhibit increases in activation of the ventral lateral prefrontal cortex 

(Minzenberg et al., 2009), suggesting an inefficient distribution of frontal network processing in 

psychosis.  

At a perceptual level, individuals with schizophrenia demonstrate impairments in sensory 

gating (Bramon, Rabe-Hesketh, Sham, Murray, & Frangou, 2004), perception (Kasai et al., 

2002), and processing (Brockhaus-Dumke et al., 2008) of auditory stimuli. Similar findings have 

been found in response to processing of visual stimuli (Bramon et al., 2004). 

Electroencephalography (EEG) is a valuable tool for measuring lower-order perceptual abilities 

due to the temporal precision of measurement. Early EEG components index the earliest stages 

of sensory perception and are observed in response to the onset of auditory stimuli. The P50 is a 

positive deflection in the EEG observed in response to the onset of auditory stimuli. When two 

identical auditory tones are presented in quick succession, sensory gating occurs in healthy 

individuals during which the P50 to the second tone is significantly reduced, indicating 

perception of the similarity in tone. In individuals with schizophrenia sensory gating is reduced 

and the P50 in response to the second stimulus is similar in magnitude to that elicited by the first 

(Bramon et al., 2004; Clementz, Geyer, & Braff, 1998). This effect is observed in individuals at-

risk to develop schizophrenia and is maintained in both the early and late stages of illness 

(Brockhaus-Dumke et al., 2008).  

The P300 event-related potential (ERP) is a positive deflection observed in the human 

EEG approximately 300ms after the onset of an infrequent target stimulus requiring a response 
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from the participant. Consistent findings have suggested reduced amplitude and increased 

latency of the P300 in individuals with schizophrenia (Blackwood, 2000; Ford, 1999), indicative 

of impairments in selective attention and the updating of working memory. The mismatch 

negativity (MMN) is an ERP elicited in response to deviant auditory tones during passive 

listening tasks which indexes pre-attentive perception. Meta-analytic evidence suggests a 

consistently reduced amplitude of the MMN in schizophrenia (Umbricht & Krljesb, 2005). 

Although the MMN indexes auditory perception, it has also been associated with more 

generalized measures of neurocognition (Baldeweg, Klugman, Gruzelier, & Hirsch, 2004). 

Impairment in the MMN may also develop during the disease process, given findings of intact 

MMN amplitude in first-episode schizophrenia compared to individuals who have experienced 

more chronic illness (Salisbury, Shenton, Griggs, Bonner-Jackson, & McCarley, 2002).  

EEG oscillatory activity provides another electrophysiological index of cognitive 

abilities. Oscillatory activity in the alpha frequency band, generally observed between 8 – 12 Hz 

with a peak at approximately 10 Hz, demonstrates greatest synchronization during resting states 

over posterior electrode sites and is thought to represent activation of the default mode network 

(Knyazev, Slobodskoj-Plusnin, Bocharov, & Pylkova, 2011). Oscillations within the alpha 

frequency band desynchronize with task engagement as task-related oscillatory activity 

synchronizes (Klimesch, 1997). Generally, alpha desynchronization is associated with attentional 

and engagement processes. Slower oscillations in the theta frequency band over the frontal 

cortex, generally observed between 4-8 Hz, are associated with working memory (Onton, 

Delorme, & Makeig, 2005) and executive function (De Smedt, Grabner, & Studer, 2009; 

Sauseng et al., 2006) processes. Individuals with schizophrenia demonstrate impaired 

synchronization of EEG oscillatory activity in the alpha and theta bands (Basar-Eroglu, 
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Schmiedt-Fehr, Marbach, Brand, & Mathes, 2008; Konig et al., 2001), associated with 

attentional and working memory processes respectively (Klimesch, 1999). 

Thus, impaired performance on neuropsychological measures appears to be related to 

underlying neurophysiological dysfunction that is generally present prior to illness-onset and 

worsens with illness chronicity. 

1.4.3 Neurocognitive Impairment as a Unique Clinical Feature of Schizophrenia Spectrum 
Disorders 

Similar profiles and magnitudes of impairment are found for individuals in their first 

episode of psychosis (Mesholam-Gately, Giuliano, Faraone, Goff, & Seidman, 2009) as found in 

those at later stages (Heinrichs & Zakzanis, 1998). During prodromal phases, prior to onset of 

the first psychotic episode, global cognitive impairments are present with superimposed specific 

impairments in verbal memory and executive functioning (Lencz et al., 2006). Additionally, 

cognitive impairment discriminates which individuals manifesting prodromal psychotic 

symptoms will go on to develop psychosis from those who do not with different studies 

suggesting different cognitive impairments such as attention (Brewer et al., 2005), verbal 

memory (Hawkins et al., 2004), and global cognition (Reichenberg et al., 2010) predicting 

conversion to psychosis. 

Neurocognitive impairment can also be observed in children who later develop 

schizophrenia (Jones, Rodgers, Murray, & Marmot, 1994; Seidman et al., 2010) before any signs 

of psychotic illness have emerged, providing evidence that schizophrenia is the result of a 

neurodevelopmental process (Murray & Lewis, 1987; Rapoport, Addington, Frangou, & Psych, 

2005). Children who later develop schizophrenia demonstrate a significant decline in academic 

test scores between grades 8 and 11 (David, Malmberg, Brandt, Alleback, & Lewis, 1997), and 

adolescents in this same age range who demonstrate significant cognitive impairment are more 
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likely to be hospitalized for schizophrenia later in life (Fuller et al., 2002). A longitudinal 

population-based study from New Zealand found that subtle cognitive changes as early as age 7 

predicted who later developed schizophrenia (Brekke, Hoe, Long, & Green, 2007a). Early 

developmental impairments in domains of verbal and visual learning, reasoning, and 

conceptualization, processing speed, attention, working memory, and problem solving were 

associated with an increased risk for schizophrenia (Brekke et al., 2007a). Thus, impairments in 

specific domains may not confer risk for schizophrenia, but broad impairment across most 

cognitive domains may increase risk. 

Neurocognitive impairment is present from a young age, prior to the onset of psychotic 

symptoms, predicts who will develop psychosis among those at high risk, and persists across the 

course of the disorder. Additionally, neurocognitive impairment is distinct from other domains of 

psychiatric symptoms and is not simply a by-product of positive or negative symptoms. 

Neurocognition is not significantly related to positive symptom severity (r < .08; Keefe et al., 

2006) and correlations with negative symptom severity are small (r = .13 - .27; Keefe et al., 

2006). Thus, cognitive dysfunction has been proposed as a distinct symptom dimension of 

psychotic illness (Green, 1998) that is the defining feature of schizophrenia (Elvevag & 

Goldberg, 2000). 

1.4.4 Lower-Order and Higher-Order Cognition and Hierarchical Information Processing 

Processing of sensory information depends on the interaction of lower-order and higher-

order cognitive processes to produce neural representations of the external environment. 

Perception begins at the earliest stages by stimulation of sensory specific cells by the external 

world. Hair cells in the ear are activated by different frequency vibrations (Shamma, 2008) and 

photoreceptors in the retina are activated by different wavelengths of light (Hochstein & Ahissar, 
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2002). Initial sensory input is then transmitted up the information processing hierarchy to higher 

level cognitive operations that integrate the various specific sensory stimulations into an 

integrated perceptual experience. Thus, initial stimulation of various hair cells in the ear by 

different frequency sounds can be integrated into the intermediate perception of a word or 

sentence which is integrated into the wider environmental context to produce a higher-level 

neural representation of the situation.  

Sensory processing is not limited to “feed-forward” effects leading from sensory 

stimulation to perception, and higher-order cognitive processes also “feedback” onto early 

perceptual processes to influence how sensory stimulation is perceived. Higher-level contextual 

information and memory of previous experiences influence how sensory stimulation is 

perceived. For example, when approaching a house visited previously, one may use the 

expectation of features of the house recalled from memory, to more quickly perceive it. 

Similarly, higher-order cognitive control mechanisms guide lower-order perceptual abilities in 

search and integration of information (Ahissar, Nahum, Nelken, & Hochstein, 2009), which 

subsequently affects the information from which the final neural representation is developed. 

Thus, early sensory and perceptual inputs feed-forward to higher-order cognitive 

operations, and higher-order cognitive operations feedback onto sensory and perceptual input to 

produce complex neural representations of the external world and allow the individual to 

produce behavioural responses based on the representation that is formed. This process is 

depicted in Figure 1.1. Impairments at any level of the information processing hierarchy are 

likely to transfer to other levels of the hierarchy reducing both neural representation precision 

and the efficiency with which higher-order cognitive processes utilize the representation. 

Reduced precision of early sensory and perceptual processes will transfer upstream impacting 
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higher level neural representations and providing a noisier representation for higher-order 

cognitive operations to act on. Likewise, impairments in higher-order cognitive abilities will 

influence integration of current sensory input with prior experience and contextual knowledge. 

Figure 1.1: Graphical depiction of the information processing hierarchy. Feed-forward 
processes integrate low-level sensory information to generate higher-order neural 
representations. Feed-back processes utilize higher-level predictive and comparative 
operations to influence the perception of lower-level sensory input. 
 

 

Individuals with schizophrenia demonstrate impairments in both lower-order perceptual 

abilities and higher-order cognitive abilities. As outlined above, individuals with schizophrenia 

have demonstrated impairments in early sensory and perceptual processes through EEG (Kasai et 

al., 2002) and neurocognitive (Rabinowicz, Silipo, Goldman, & Javitt, 2000) measures. In order 
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for higher-level prefrontal operations to engage in efficient decision-making and adaptive 

learning the brain must continually and rapidly compare lower-level perception of the internal 

and external environment with past experiences and predictions about the future (e.g. Liang, 

Bressler, Ding, Truccolo, & Nakamura, 2002; Zanto, Rubens, Thangavel, & Gazzaley, 2011). 

Distortions or inaccuracies at the perceptual level would presumably affect the ability of higher-

level neural processes to efficiently adapt to environmental demands (Vinogradov, Fisher, & De 

Villers-Sidani, 2012). For individuals with schizophrenia, impairments in early perceptual 

processes have been associated with impairments in higher-order cognitive operations and real-

world functioning (Thomas et al., 2017; Wynn, Sugar, Horan, Kern, & Green, 2010). Individuals 

with schizophrenia also demonstrate impairments in higher-order cognitive operations 

(Andreasen et al., 1997; Ingvar & Franzen, 1974), associated with community functioning 

(Velligan, Bow-Thomas, Mahurin, Miller, & Halgunseth, 2000), which would also negatively 

influence lower-order perceptual abilities. There is no evidence to suggest that one domain is 

more central to impairment in schizophrenia than the other and it is likely that impairments in 

both lower-order perception and higher-order executive functioning interact to contribute to 

neurocognitive impairment in schizophrenia. 

1.4.5 The Functional Role of Neurocognition 

Neurocognitive functioning is strongly associated with community functioning (Green, 

1996), and is consistently found to be a better predictor of functional abilities than other 

dimensions of psychiatric symptomatology in schizophrenia (Bowie et al., 2006, 2008, 2010). In 

one study examining relationships between neurocognition, positive, negative, and depressive 

symptoms with domains of community functioning (Bowie et al., 2006), positive symptoms were 

not significantly related with any domain of community functioning, negative symptoms 
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demonstrated a moderate relationship (r = -.38) with interpersonal functioning only, and 

depressive symptoms demonstrated a small relationship (r = -.13 - -.21) with domains of 

interpersonal functioning, community activities, and work skills. Neurocognition demonstrated a 

strong relationship with all domains of community functioning (r = .23 - .54) through the 

pathway of functional skills. Thus, it appears that neurocognition is a better predictor of 

community functioning than the psychiatric symptoms typically associated with schizophrenia. 

Other studies have found similar results in a variety of functional domains when 

examined longitudinally (Green, Kern, & Heaton, 2004). Work performance six months later 

was predicted by baseline cognitive measures but not psychiatric symptoms (Bryson & Bell, 

2003). Neurocognitive abilities predicted activities of daily living over a four-year follow-up 

(Friedman et al., 2002) and social relationships over a one-year follow-up (Malla et al., 2002). 

Consistent evidence of such longitudinal relationships was reported in a review by (Green et al., 

2004) which provided evidence for a directional linkage between cognition and a broad array of 

functional outcomes that had been unavailable from cross-sectional studies. 

Early perceptual impairments have been suggested as an underlying mechanism of 

neurocognitive impairment, which then affects one’s ability to function in the community 

(Thomas et al., 2017). Similar results suggest a pathway from sensory and perceptual abilities, 

through social cognitive abilities, to community functioning, and it has been suggested that early 

perceptual abilities are especially important for functional domains of work and independent 

living (Wynn et al., 2010). Some have even suggested that perceptual abilities may be a better 

predictor of community functioning than traditional measures of neurocognitive functioning (Lee 

et al., 2014), however, the assessment battery used in this study was quite limited. Higher level 

cognitive functions such as working memory and executive functioning have also been found to 
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be important for aspects of functional recovery. Working memory is related to employment 

status (Lysaker & Bell, 1995) and job tenure (Gold et al., 2003), and executive functions are 

important for adapting to the rapidly changing environment in the workplace (Keefe & Harvey, 

2012). Executive functions have also been found to predict vocational skills and activities of 

daily living (Velligan, Bow-Thomas, Mahurin, et al., 2000). 

Higher-level cognitive operations tend to be more closely related to community 

functioning, and when relationships are found with perceptual abilities it tends to be mediated by 

higher-level cognitive processes. Regardless of the domain being examined, neurocognitive 

abilities play a critical role in community functioning for individuals with psychotic disorders 

and are more closely related to community functioning than traditional symptoms of psychosis. 

Given the relative importance of neurocognition for functional recovery, developing 

interventions to improve neurocognitive abilities has become a priority. 

 

1.5 Cognitive Remediation 

1.5.1 An Introduction to Cognitive Remediation 

Stemming from the prevalence of neurocognitive impairments in psychotic disorders, and 

overwhelming evidence supporting the relationship between neurocognitive impairment and 

community functioning, cognitive remediation techniques were developed as a method of 

enhancing neurocognitive abilities. Cognitive remediation (CR) refers to a broad range of 

treatments designed to enhance neurocognitive abilities for individuals experiencing psychosis 

with the goal of improving community functioning. Early CR efforts were inspired by the 

success of cognitive rehabilitation approaches in acquired brain injury (Medalia & Choi, 2009; 
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Rohling, Faust, Beverly, & Demakis, 2009). In acquired brain injury, cognitive rehabilitation has 

typically utilized either methods to directly retrain damaged neural circuitry (Park & Ingles, 

2001) or methods to develop new compensatory skills utilizing domains of retained cognitive 

function (Robertson & Murre, 1999). Both approaches have been translated for use with 

individuals experiencing severe mental illness. Cognitive remediation typically refers to 

approaches that seek to directly train impaired neurocognitive processes, whereas compensatory 

approaches are often distinct forms of treatment focused more exclusively on developing 

compensatory strategies specifically related to domains of community functioning, instead of 

improving neurocognitive function (Twamley, Savla, Zurhellen, Heaton, & Jeste, 2008; 

Velligan, Bow-Thomas, Huntzinger, et al., 2000). 

Approaches to CR vary widely in structure, intensity, and duration of treatment, but can 

be considered to utilize some combination of three main principles: (1) Training, (2) Strategy 

Monitoring, and (3) Generalization (Best & Bowie, 2017). Training focuses on repeated practice 

of cognitive training exercises with titrated increases in difficulty to facilitate neuroplasticity and 

development of more efficient cognitive processing (Fisher, Holland, Merzenich, & Vinogradov, 

2009). Early CR techniques utilized paper and pencil training exercises (Olbrich & Mussgay, 

1990), however modern CR typically uses computerized cognitive training exercises from a 

variety of providers. While computerized cognitive training allows for automation of difficulty 

titration and reward delivery, participants with limited computer literacy may find such tasks 

overly difficult. In such cases, paper and pencil exercises may provide an appropriate cognitive 

challenge without the requirement of computer skills. Guidelines regarding the nature of training 

exercises suggest that they should be engaging, enjoyable, provide positive reinforcement, utilize 

principles of errorless learning (i.e. challenging but not frustrating), and be personally relevant to 
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the client (Medalia & Freilich, 2008). A primary goal of cognitive training is to retrain cognitive 

skills that may have atrophied over time, or never developed fully initially, and facilitate 

neuroplastic change (Fisher et al., 2009). Training exercises are designed to activate 

neurophysiological processes that may not be regularly active for the individual, thereby 

facilitating neuroplastic growth of new neuronal tissue and development of new neural pathways. 

Cognitive training is the pillar of CR most commonly employed (Wykes, Huddy, Caroline, 

McGurk, & Czobor, 2011) and typically consists of participants attending sessions in a computer 

lab and working individually on computerized cognitive training exercises. These sessions often 

take place over the course of approximately an hour several times each week for several weeks. 

Approaches that have relied solely on cognitive training typically use treatment protocols 

consisting of 40 (Fisher et al., 2015, 2017) to 50 (Fisher et al., 2009; Fisher, Mellon, Wolkowitz, 

& Vinogradov, 2016) hours of computerized cognitive training over 8 to 10 weeks, whereas 

approaches that have involved other aspects of CR typically spend less direct time training and 

devote more time to strategy monitoring and generalization (Medalia & Freilich, 2008). 

Approaches have also differed on the degree to which homework is utilized with some 

approaches providing access to computerized programs at home for additional practice (Bowie et 

al., 2013; Bowie, Grossman, Gupta, Holshausen, & Best, 2017) and others limiting training to 

therapy sessions (Medalia & Freilich, 2008). 

Strategy Monitoring is often facilitated by a therapist to promote metacognitive 

awareness of strategies used during the training exercises, generation of new strategic 

approaches, and flexibility in shifting strategies according to situational requirements (Medalia & 

Freilich, 2008). Psychotherapeutic approaches to CR focus more explicitly on strategy 

monitoring and require participants to exercise metacognitive abilities to identify and modify 
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strategies. Whereas cognitive training alone promotes a passive environment in which the 

training exercises are the active therapeutic element, strategy monitoring transfers the locus of 

control back to the participant, requiring active participant involvement. The process of strategy 

monitoring requires participants to first identify the strategies they are using during cognitive 

training exercises and bring the strategies into conscious awareness. Participants then work to 

develop new strategies and test their strategies given different task demands, pruning inefficient 

strategies in the process. While little is currently known regarding the most effective method of 

strategy monitoring, one investigation examined a didactic approach in which strategies were 

taught to participants compared to a self-monitoring approach in which participants generated 

their own strategies (Choi & Kurtz, 2009). While both approaches resulted in better performance 

on the trained task immediately following training, only self-monitoring demonstrated durable 

effects one month later and generalized to untrained tasks. Strategy monitoring is also often done 

in groups (Medalia & Freilich, 2008) so that group members can help each other to identify and 

use strategies. 

Generalization is the process through which clients translate the skills developed in 

therapy for use in their everyday lives. Typically, generalization has been facilitated through the 

use of discussion groups (Bowie & Medalia, 2016) in which participants discuss how the 

strategies being developed apply to their daily lives. As part of these discussions, participants 

may be asked to abstract from the cognitive training exercises to activities in everyday life, 

which also promotes the use of higher-level metacognitive abilities. The aim of such discussions 

is to facilitate utilization of cognitive strategies in daily life and improve community functioning. 

Although generalization has typically been done through group discussion, newer approaches are 

beginning to employ real-world simulations of daily activities to provide a platform intermediate 
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to the community in which clients can practice and refine their developing skills (Bowie et al., 

2017). Such simulations provide the opportunity for participants to test their strategies in 

situations similar to the real-world and work through emotional experiences that may arise 

during real-world tasks. Participants are also asked to relate their strategies to daily life, but the 

simulations provide an intermediary environment within which to practice their developing 

skills. 

Not all CR approaches utilize all three principles, however, all CR therapies utilize some 

combination of the above principles. Some approaches focus solely on cognitive training without 

elements of strategy monitoring or generalization, whereas some compensatory approaches tend 

to focus on strategy development and generalization without cognitive training (Twamley, Vella, 

Burton, Heaton, & Jeste, 2012; Velligan, Bow-Thomas, Huntzinger, et al., 2000). Others attempt 

a more holistic approach and utilize all three principles as components of training. Regardless of 

the approach used, the underlying goals of improving neurocognition and community 

functioning are similar.  

1.5.2 Efficacy of Cognitive Remediation 

Several meta-analyses have evaluated the efficacy of CR in psychotic disorders. Kurtz, 

Moberg, Gur, & Gur (2001) evaluated the efficacy of CR to improve several domains of 

neurocognition, and found support across domains of attention, memory, and executive 

functioning for positive treatment effects. In a meta-analysis of 26 randomized controlled trials 

of cognitive remediation in schizophrenia, the effect size on global neurocognitive improvement 

was within the moderate range (d = 0.41), with largest effects found on domains of verbal 

working memory and social cognition (McGurk, Twamley, Sitzer, McHugo, & Mueser, 2007). A 

somewhat smaller effect size was observed for community functioning (d = 0.35), however 
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effects on community function were moderated by whether CR was delivered in the context of 

other psychiatric rehabilitation (d = 0.47) compared to being offered alone (d = 0.05; McGurk et 

al., 2007). An updated meta-analysis (Wykes et al., 2011) found similar results to McGurk et al., 

(2007) with moderate efficacy of CR (d = 0.45) on global cognition, and greatest effects on 

domains of reasoning / problem solving, and social cognition. The only cognitive domain that 

did not demonstrate significant improvement was visual memory. CR had a moderate effect on 

functioning (d = 0.42), moderated by whether CR was combined with psychiatric rehabilitation 

(d = 0.47) compared to being offered alone (d = 0.34). When principles of training and strategy 

monitoring were combined, effects were better (d = 0.80) than when CR included training alone 

(d = 0.30). A subsequent RCT provided evidence that even when offered outside of psychiatric 

rehabilitation settings, combining CR with functional skills training proved to be more effective 

than providing either treatment alone (Bowie, McGurk, Mausbach, Patterson, & Harvey, 2012). 

Thus, CR may prove to be especially efficacious when offered as an adjunctive intervention in a 

full treatment milieu. 

Most CR approaches that have been combined with psychiatric rehabilitation have taken 

a generalized approach to CR in which all domains of cognition are trained briefly throughout 

treatment. Based on information processing theories that emphasize the role of early perceptual 

impairments in schizophrenia (Thomas et al., 2017; Vinogradov et al., 2012; Wynn et al., 2010) 

combining CR targeting perceptual abilities with other generalization components would be 

expected to produce better results, however, in the only trial to attempt this functioning did not 

improve (Keefe et al., 2012). Similarly, findings of the functional relevance of higher-level 

executive functioning might suggest that combining targeted executive function training with 

generalization may lead to better functional outcomes, however, this has never been examined. It 
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is also possible that novel approaches to bridging cognitive improvements to the real-world such 

as using role-play exercises may reduce the need for additional skills training or enhance the 

effects of additional rehabilitation (Bowie et al., 2017).  

Consistent evidence supports the efficacy of CR for individuals with schizophrenia, 

however, criticisms of CR have cited a lack of transfer from trained tasks to untrained tasks 

(Pilling, Bebbington, Kuipers, Garety, Geddes, Orbach, et al., 2002) and lack of generalizability 

to functioning (National Institute for Health and Care Excellence, 2014). The lack of consistent 

functional improvement or a large definitive clinical trial has prevented international guidelines 

from recommending CR for schizophrenia (National Institute for Health and Care Excellence, 

2014). Given the inconsistent ability of CR interventions to generalize improvements beyond the 

trained cognitive domains, it is of critical importance to develop interventions that generalize to 

real-world functioning (Medalia & Lim, 2004; Silverstein & Wilkniss, 2004).  

1.5.3 Theoretical Approaches to Cognitive Remediation 

Although CR consists of the three primary principles outlined above, there is no gold 

standard approach to its delivery. CR can vary in its mode of delivery (individual, group), 

duration (several weeks to two years), and therapeutic elements employed (training, strategy 

monitoring, generalization). In fact, there is such variability in the forms of CR currently utilized 

that little is known regarding the active ingredient or dose that is required to achieve cognitive 

and functional change. A recent review of approaches to CR suggested that approaches could be 

considered along two dimensions: the therapeutic target and the treatment modality (Best & 

Bowie, 2017). Therapeutic targets vary from an intensive focus on lower-order perceptual skills 

(Fisher et al., 2015, 2009, 2016; Keefe et al., 2012; Popov et al., 2011), higher-order executive 

functioning (Delahunty & Morice, 1996; Donohoe et al., 2017; Medalia, Revheim, & Casey, 
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2001; Rodewald et al., 2011; Tan et al., 2016), or a focus on general cognitive skills (Benedict & 

Harris, 1989; Hogarty et al., 2004; Kidd et al., 2014; Lindenmayer et al., 2008; McGurk et al., 

2015; McGurk, Mueser, & Pascaris, 2005; Rakitzi, Georgila, Efthimiou, & Mueller, 2016). 

Treatment modalities vary from completely independent training (Cavallaro et al., 2009; Fisher 

et al., 2009, 2015 2016; Gomar et al., 2015; Murthy et al., 2012; Popov et al., 2011) to treatments 

that focus entirely on therapeutic elements of strategy monitoring and generalization without the 

use of training exercises (Draper, Stutes, Maples, & Velligan, 2009; Kidd et al., 2014; Twamley 

et al., 2008; Twamley et al., 2012; Velligan, Mahurin, True, Lefton, & Flores, 1996; Velligan, 

Bow-Thomas, Mahurin, et al., 2000). These dimensions do not exist orthogonally, as programs 

that target perceptual skills typically deliver the treatment using only a computerized training 

modality without inclusion of psychotherapeutic elements such as strategy monitoring and 

generalization (Fisher et al., 2009, 2015 2016; Murthy et al., 2012; Popov et al., 2011; 

Vinogradov et al., 2012). Conversely, programs that target executive functioning tend to use 

greater therapist involvement and contain discussions about the strategies used during the 

computerized exercises (Medalia et al., 2001; Tan et al., 2016; Wykes et al., 2007).  

The variety of CR techniques that have been employed are plotted visually along these 

two dimensions in Figure 1.2. Articles were identified according to the criteria employed in the 

most recent meta-analysis of CR (Wykes et al., 2011) and consisted of a literature search in 

PubMed and PsycInfo using the following search terms: (cognit*) AND (training OR 

remediation OR rehabilitation OR enhancement) AND (schizophrenia) AND (random OR 

randomized control trial OR clinical trial). Articles were then only included if the CR 

intervention used was compared to a control condition. A summary of these trials is included in 

Table 1.1 and depicted graphically along dimensions of treatment modality and therapeutic target 
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in Figure 1.2. As can be seen in Figure 1.2 the majority of studies utilizing an approach 

specifically targeting perceptual skills do not employ any psychotherapeutic techniques and rely 

solely on independent training. Conversely, fewer studies examined an intervention that 

specifically targets executive functioning, and those that do typically employ more 

psychotherapeutic elements. Thus, it is unclear the relative role that the targeted cognitive 

domain has on cognitive and functional outcomes. Additionally, regardless of the type of CR 

employed, specific outcomes are variable across studies (Table 1.1). 
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Table 1.1: Summary of therapist involvement and cognitive domains trained by cognitive remediation programs and treatment effects on 
neurocognition and functioning 
 

    Details of CR Program  Results  

 
Article 
  

Therapist 
Involvement  

Cognitive Domains Trained 
  

Cognitive Domains 
Changed  

Cognitive Domains 
Unchanged  

Functional 
Domains 
Changed 

Functional 
Domains 
Unchanged 

1  

Benedict & 
Harris 
(1989) 

No therapist 
involvement  

Processing Speed; Memory; 
Executive Functions  Reaction Time  None  N/A  N/A  

2 
  

Olbrich & 
Mussgay 
(1990)  

No therapist 
involvement 
  

Mental Arithmetic; Reasoning / 
Concept Formation; Verbal / 
Visual Memory; Processing 
Speed 

Reaction Time, 
Processing Speed, 
Mental Arithmetic  

Planning 
  

None 
  

Social 
Functioning  

3  

Hermanutz 
& Gestrich 
(1991) 

No therapist 
involvement  

Sustained attention; Reaction 
Time; Auditory Perception; 
Planning Attention  

Planning, Concept 
formation  N/A  N/A  

4  
Benedict et 
al. (1994) 

No therapist 
involvement Attention  NONE  Attention  N/A  N/A  

5  
Burda et al. 
1994)   

No therapist 
involvement  

Attention; Memory; Visuospatial 
Skills; Visuomotor Skills; 
Conceptualization 

Processing speed, 
Working memory, 
Set-shifting Overall intelligence  N/A  N/A  

6  
Medalia et 
al. (1998)  

No therapist 
involvement Attention  

Attention; Reaction 
Time None  N/A  N/A  

7 
 
  

Spaulding et 
al. (1999)  
  

Strategy 
facilitation in 
group 
  

Cog Differentiation, Social 
Perception, Verbal 
Communication 
  

Attention 
 
  

Reaction Time, 
Auditory Memory, 
Visual Memory, 
Executive 
Functioning, Set-
Shifting 

Social 
Functioning 
  

None 
 
  

8 
  

Wykes et al. 
(1999)  
  

Strategy 
facilitation in 
group  

Attention, processing speed, 
memory, executive functioning 
  

Verbal Memory, 
Executive 
Functioning  

Processing Speed, 
Verbal Fluency, 
Visual Memory, 
Verbal Memory, 
Inhibition, 

Self-Esteem 
  

Social 
Functioning 
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    Details of CR Program  Results  

 
Article 
  

Therapist 
Involvement  

Cognitive Domains Trained 
  

Cognitive Domains 
Changed  

Cognitive Domains 
Unchanged  

Functional 
Domains 
Changed 

Functional 
Domains 
Unchanged 

9  
Medalia et 
al. (2000)   

Guidance and 
praise from 
therapist Memory  None  

Memory, Executive 
Functions  N/A  N/A  

10  
Medalia et 
al. (2001)   

Guidance and 
praise from 
therapist Problem Solving   Verbal Intelligence  None  

Independent 
Living  None  

11 
  

Hadas-Lidor 
et al. (2001)   

Bridging to 
everyday life, 
No strategy 
monitoring 

Organization, categorizing, social 
cognition  

Executive Functions, 
Non-verbal IQ, 
Shape perception  

Math ability 
  

Independent 
work, 
Independent 
living 

Self-Concept 
  

12 
 
  

Van der 
Gaag et al. 
(2002) 
  

Strategy 
monitoring 
  

Perception,  attention, memory, 
executive functions; social skills 
  

Emotion perception, 
Processing Speed, 
Set-Shifting, 
Verbal/Visual 
Memory, Executive 
Functions 

Sustained Attention, 
Inhibition 
  

N/A 
 
  

N/A 
 
  

13  
Bellucci, et 
al. (2003)  

No therapist 
involvement  

Perceptual Skills; Attention; 
Memory; Conceptual Skills  

Memory recall, Set-
Shifting  

Processing speed, 
learning, working 
memory N/A  N/A  

14 
  

López-
Luengo & 
Vázquez 
(2003)  

No therapist 
involvement 
  

Attention 
  

Executive Functions 
  

Sustained attention; 
Target detection, 
divided attention, 
working memory, 
processing speed 

N/A 
  

N/A 
  

15 
  

Ueland & 
Rund (2004)  

No therapist 
involvement  

Perception; Attention; Memory; 
Social Perception  

Attention Span, 
Executive Functions  

Sustained attention, 
Verbal Learning / 
Memory, Set-
Shifting 

Global 
Functioning  

None 
  

16 
  

Hogarty et 
al. (2004)  

Didactic 
teaching, 
strategy 
monitoring, 
homework 

Attention, Memory, Problem 
Solving, Social Cognition  

Processing Speed, 
Global 
Neurocognition, 
Social Cognition  

None 
  

Social 
Adjustment  

None 
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    Details of CR Program  Results  

 
Article 
  

Therapist 
Involvement  

Cognitive Domains Trained 
  

Cognitive Domains 
Changed  

Cognitive Domains 
Unchanged  

Functional 
Domains 
Changed 

Functional 
Domains 
Unchanged 

17  
McGurk et 
al. (2005)  

Supported 
Employment 
with CR 

Attention; Processing Speed, 
learning, memory, executive 
functions 

Set-Shifting, Verbal 
Learning, Global 
Neurocognition 

Working memory, 
processing speed, 
executive functions Employment  None  

18  
Sartory et al. 
(2005)  

No therapist 
involvement  

Attention, Verbal/Visual 
Memory, Processing Speed  

Verbal Recall, 
Verbal Fluency, 
Processing Speed 

Intelligence, 
executive functions  N/A  N/A  

19  
Vauth et al. 
(2005)  

Strategy 
discussion and 
bridging 

Attention, verbal memory, 
planning  

Attention, verbal 
memory  Planning  Employment  None  

20 
  

Wölwer et 
al. (2005)  

Reward, and 
limited 
strategy 
discussion 

Attention, memory, executive 
functions  

Verbal memory 
  

Working memory, 
attention, set-
shifting, verbal 
fluency 

N/A 
  

N/A 
  

21  
Silverstein et 
al. (2005) 

Positive 
reinforcement Sustained attention    Sustained attention  

Verbal memory, 
processing speed 

Social 
Functioning None  

22 
  

Penadés et 
al. (2006)  

Scaffolding of 
learning  

Set-shifting, working memory, 
Planning  

Processing speed, 
Verbal memory, 
Visual memory, 
Executive function 

Working memory 
  

Social 
Functioning  

None 
  

23  
Bell et al. 
(2007)  

Supportive 
role only  

Attention, memory, executive 
functions, dichotic listening  

Processing speed, 
executive functioning  

Verbal memory, 
visual memory  N/A  N/A  

24  
Greig et al. 
(2007)  

Supportive 
role only  

Attention, memory, executive 
functions, dichotic listening  

Executive 
functioning  

Verbal memory, 
visual memory, 
social cognition N/A  N/A  

25 
  

Kurtz et al. 
(2007)  

No therapist 
involvement  

Attention, memory, language 
processing  

Working memory 
  

Verbal memory, 
visual memory, 
processing speed, 
executive functions 

N/A 
  

N/A 
  

26 
  

 
Wykes et al. 
(2007)  

Strategy 
discussions 
and 
demonstrations 

Information processing, memory, 
planning, problem solving 
  

 
Executive 
functioning  

 
Working memory, 
planning  

None 
  

Self-Esteem, 
Quality of Life, 
Social 
Functioning 

27 
  

Twamley et 
al. (2008) 

Entirely 
Therapist 

Attention, memory, executive 
functioning 

Verbal memory, 
Executive 

Processing speed 
  

Daliy Living 
Skills 

Financial skills, 
transportation 
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    Details of CR Program  Results  

 
Article 
  

Therapist 
Involvement  

Cognitive Domains Trained 
  

Cognitive Domains 
Changed  

Cognitive Domains 
Unchanged  

Functional 
Domains 
Changed 

Functional 
Domains 
Unchanged 

  driven. No 
computer 
training 

  Functioning, 
Attention, Visual 
memory 

  skills, 
recreational 
activities 

28 
  

Lindenmayer 
et al. (2008) 
  

Discussion 
group for 
bridging skills 
to daily life  

Attention, psychomotor speed, 
memory, Executive functioning 
  

Verbal learning, 
Processing speed, 
Cognitive composite  

Working memory, 
set-shifting, 
processing speed, 
executive 
functioning 

Employment 
(Hours worked, 
wage)  

None 
  

29  
Bell et al. 
(2008)  

No therapist 
involvement  

Attention, language, memory, 
Executive functions  N/A  N/A  

Hours of 
competitive 
work None  

30 
  

Cavallaro et 
al. (2009)  

No therapist 
involvement  

Processing speed, attention, 
verbal memory, working 
memory, Executive functions  

Sustained attention, 
Executive 
functioning  

Verbal memory, 
working memory, 
processing speed, 
planning, fluency 

Quality of Life 
  

None 
  

31 
  

Eack et al. 
(2009)  

Therapists 
facilitate social 
cognitive 
training groups 

Attention, memory, problem 
solving  

Cognitive composite, 
social cognition  

Processing speed 
  

Social 
adjustment, 
Activities of 
Daily Living 

None 
  

32 
  

Fisher et al. 
(2009)  

No therapist 
involvement  

Auditory processing, verbal 
memory  

Cognitive composite, 
verbal memory  

Processing speed, 
problem solving, 
visual memory, 
social cognition 

N/A 
  

N/A 
  

33 
  

Hodge et al. 
(2010)  

Strategy 
discussions    

Attention, speed, memory, 
Executive functions  

Verbal memory, 
visual memory, 
processing speed  

Executive functions 
  

Global 
functioning  

Quality of Life, 
Adaptive 
Functioning, 
Self-Esteem 

34 
  

Dickinson et 
al. (2010) 
  

Strategy 
discussions 
and bridging to 
daily life  

Processing speed, attention, 
problem solving, working 
memory, executive functions, 
verbal/visual memory  

None 
  

Episodic memory, 
working memory, 
attention, executive 
function, processing 
speed 

None 
  

Functional skills, 
social 
competence  
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    Details of CR Program  Results  

 
Article 
  

Therapist 
Involvement  

Cognitive Domains Trained 
  

Cognitive Domains 
Changed  

Cognitive Domains 
Unchanged  

Functional 
Domains 
Changed 

Functional 
Domains 
Unchanged 

35 
  

Eack et al. 
(2011)  

Therapists 
facilitate social 
cognitive 
training groups 

Attention, memory, problem 
solving  

N/A 
  

N/A 
  

Employment, 
wage, job 
satisfaction  

None 
  

36  
Popov et al. 
(2011)  

No therapist 
involvement  

Auditory processing, verbal 
memory  

Verbal memory, 
verbal working 
memory Verbal fluency    N/A  N/A  

37 
  

Rodewald et 
al. (2011)  

Facilitator to 
help with 
computers  

Planning and problem solving 
  

Problem-solving 
  

Set-shifting, verbal 
memory, visual 
memory, processing 
speed, inhibition  

Functional 
competence  

None 
  

38 
  

Twamley et 
al. (2012) 
  

Entirely 
Therapist 
driven. No 
computer 
training 

Attention, memory, executive 
functioning 
  

Attention, verbal 
memory 
  

Executive functions, 
processing speed, 
working memory  

Functional 
competence, 
quality of life  

None 
  

39 
  

Murthy et al. 
(2012)  

No therapist 
involvement  

Auditory processing, verbal 
memory  

Auditory processing 
speed  

Working memory, 
executive 
functioning, visual 
memory 

None 
  

Functional skills 
  

40  
Lu et al. 
(2012)  

Cognitive 
therapy 
techniques 

Cognitive flexibility, working 
memory, planning  

Executive 
functioning  None  Social skills  None  

41 
  

Keefe et al. 
(2012) 
  

Bridging to 
everyday life. 
No strategy 
monitoring  

Auditory processing, verbal 
memory 
  

Auditory 
discrimination, 
verbal memory, 
cognitive composite  

Attention, procesing 
speed, visual 
memory, working 
memory, executive 
functioning 

None 
  

Functional skills, 
community 
functioning, 
motivation  

42 
  

Silverstein et 
al. (2014) 
  

Shaping 
attention and 
teaching 
conversation 
skills 

Attention and basic conversation 
skills 
  

Cognitive composite 
  

None 
  

None 
  

Conversation 
skills, self-
efficacy, 
independent 
living skills 
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    Details of CR Program  Results  

 
Article 
  

Therapist 
Involvement  

Cognitive Domains Trained 
  

Cognitive Domains 
Changed  

Cognitive Domains 
Unchanged  

Functional 
Domains 
Changed 

Functional 
Domains 
Unchanged 

43 
  

Sánchez et 
al. (2014) 
  

Feedback on 
training tasks 
only  

Processing speed, attention, 
memory, executive functions 
  

Processing speed, 
verbal memory, 
verbal fluency, 
working memory, 
executive functioning 

None 
  

Global 
functioning, 
quality of life, 
social skills, 
employment 

Self-care skills 
  

44 
  

Puig et al. 
(2014)  

Scaffolding 
learning and 
strategy 
development 

Flexibility, memory, executive 
processes  

Verbal memory, 
working memory, 
executive functions, 
cognitive composite 

Visual memory, 
processing speed  

Daily living 
skills, global 
functioning  

Self-esteem 
  

45 
  

Kidd et al. 
(2014) 
  

Strategy 
discussion, 
bridging, CBT 
elements  

Psychomotor speed, attention, 
memory, executive functions 
  

Sustained attention 
  

Processing speed, 
set-shifting, 
executive 
functioning, verbal 
memory 

Academic 
functioning, 
self-esteem  

None 
  

46 
  

Fisher et al. 
(2015) 
  

No therapist 
involvement 
  

Auditory processing, verbal 
memory 
  

Cognitive composite, 
verbal memory, 
problem solving  

Processing speed, 
working memory, 
visual memory  

None 
  

Global 
functioning, role 
functioning, 
social 
functioning 

47 
  

Gomar et al. 
(2015)  

No therapist 
involvement  

Attention, memory, executive 
functioning  

Verbal memory 
  

Processing speed, 
visual memory, 
working memory, 
set-shifting 

None 
  

Functional 
competence, 
career 
functioning 

48 
  

McGurk et 
al. (2015) 
  

Strategy 
coaching, 
bridging to 
work skills  

Processing speed, attention, 
problem solving, working 
memory, executive functions, 
verbal/visual memory  

Cognitive composite, 
working memory, 
verbal fluency, 
sustained attention  

Processing speed, 
set-shifting, verbal 
memory, visual 
memory, emotional 
intelligence 

Competitive 
employment, 
employment 
wage  

None 
  

49 
  

Mendella et 
al. (2015) 
  

Strategy 
coaching, 
bridging to 
daily life, 
therapy 

Attention, memory, executive 
functioning 
  

Cognitive composite, 
processing speed, 
social cognition  

Verbal memory, 
visual memory, 
working memory, 
planning, sustained 
attention 

None 
  

Functional 
competence  
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    Details of CR Program  Results  

 
Article 
  

Therapist 
Involvement  

Cognitive Domains Trained 
  

Cognitive Domains 
Changed  

Cognitive Domains 
Unchanged  

Functional 
Domains 
Changed 

Functional 
Domains 
Unchanged 

50 
  

Mueller et 
al. (2015) 
  

Strategy 
development, 
bridging to 
daily life  

Processing speed, attention, 
emotion processing, memory, 
theory of mind, problem solving, 
working memory, social schema, 
emotion regulation 

Cognitive composite, 
processing speed, 
problem solving, 
social cognition  

Attention, memory, 
working memory 
  

Global 
Functioning 
  

None 
  

51 
  

Tan et al. 
(2016)  

Scaffolding 
learning and 
strategy 
development 

Flexibility, working memory, 
planning  

Processing speed, 
verbal fluency, 
inhibition, visual 
memory 

Verbal memory 
  

Social 
Functioning  

None 
  

52 
  

Rakitzi et al. 
(2016)  

Strategy 
development 
and functional 
skills training 

General neurocognition, 
intensive functional treatment 
(social, verbal communication)  

Working memory, 
social perception  

Verbal memory, 
sustained attention  

None 
  

Global 
Functioning, 
Quality of Life  

53  
Fisher et al. 
(2016)  

No therapist 
involvement  

Auditory processing, verbal 
memory  

Cognitive composite, 
processing speed, 
verbal memory 

Working memory, 
visual memory, 
problem solving None  Quality of Life  

 
 
54 

  

 
Cella et al. 
(2016) 
  

Therapist 
support in 
developing 
metacognitive 
skills 

 
Processing speed, attention, 
memory, executive functions 
  

 
 
Memory recall   
  

Processing speed, 
working memory, 
executive 
functioning  

 
 
N/A 
  

 
 
N/A 
  

55 
 
  

Fiszdon et 
al. (2016) 
  

Strategy 
training 
  

Attention, processing speed, 
memory 
  

Verbal memory, 
visual memory, 
working memory 
  

Processing speed, 
executive 
functioning, verbal 
fluency, set-shifting  

Quality of Life 
 
  

Functional Skills, 
Social Skills, 
Medication 
Management, 
Independent 
Living Skills 

56 
  

McGurk et 
al. (2016)  

Strategy 
coaching and 
development 
of work skills 

Attention, processing speed, 
memory, executive functioning  

Executive 
functioning, 
Cognitive composite  

Processing speed, 
verbal memory, 
working memory  

None 
  

Employment 
(hours worked, 
wage)  
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    Details of CR Program  Results  

 
Article 
  

Therapist 
Involvement  

Cognitive Domains Trained 
  

Cognitive Domains 
Changed  

Cognitive Domains 
Unchanged  

Functional 
Domains 
Changed 

Functional 
Domains 
Unchanged 

 
 

57 
  

 
Rakitzi et al. 
(2016) 
  

Entirely 
Therapist 
driven. No 
computer 
training 

 
Verbal memory, executive 
functioning 
  

 
Working memory, 
social perception 
  

 
Attention 
  

 
 
Quality of Life 
  

 
Global 
functioning   
  

58 
 
  

Fisher et al. 
(2017) 
  

No therapist 
involvement 
  

Auditory processing, visual 
processing, social cognition 
  

Attention, Processing 
Speed, Verbal 
Learning, Visual 
Learning, Problem 
Solving; Social 
Cognition 

Working memory, 
emotion perception 
  

Functional 
competence 
  

Quality of life, 
community 
Functioning 
  

59  
Lanfredi et 
al. (2017)  

Strategy 
monitoring, 
Generalization 

Cognitive shifting, Planning, 
Memory  

Processing speed, 
Set-shifting  

Working memory, 
verbal memory  None  

Global 
Psychosocial 
Functioning 

60 
  

Mueller et 
al. (2017) 
  

Strategy 
monitoring 
  

Attention, Processing Speed, 
Memory, Executive functioning 
  

Attention 
  

Processing speed, 
verbal memory, 
executive 
functioning, social 
cognition 

None 
  

Global 
Functioning 
  

61  
Bryce et al. 
(2018)  

Strategy 
discussions  

Attention, memory, executive 
functions  

Global 
Neurocognition  None  None  

Independent 
living skills, 
Quality of life 

62 
 
  

Donohoe et 
al. (2018) 
  

Individual 
strategy and 
generalization 
once per week  

Working memory 
 
  

Problem solving, 
working memory 
  

Verbal reasoning, 
executive 
functioning, 
inhibition, 
processing speed, 
set-shifting 

Functional 
competence, 
Independent 
living skills, 
community 
functioning 

None 
 
  

 
N/A = Not assessed in the study  
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Figure 1.2: Graphical representation of the CR interventions utilized in the literature to 
date. Numbers represent the study number from Table 1.1. Colours represent degree of 
functional improvement. 
 

 

Black = Functioning Not Assessed  Blue = Change in One Functional Domain 
Red = No Change in Functioning Green = Change in Multiple Functional Domains 
 

1.5.3.1 Generalized Training 

The most typical approach to CR has been a generalized approach in which participants 

receive training in most domains of cognitive functioning including processing speed, attention, 

verbal memory, spatial memory, working memory, and executive functioning. These CR 

programs may only include computerized training or may also include elements of strategy 

monitoring and generalization to community functioning. Such non-targeted approaches have 
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demonstrated mixed efficacy for improving specific neurocognitive domains. Some 

investigations have found improvements in processing speed (Hodge et al., 2010; Hogarty et al., 

2004), while others have found improvements in attention (Cavallaro et al., 2009; Kidd et al., 

2014), verbal learning (Lindenmayer et al., 2008), verbal memory (Gomar et al., 2015; Twamley 

et al., 2012), working memory (McGurk et al., 2015), or executive functioning (Cavallaro et al., 

2009). However, there are no consistent cognitive domains that appear to improve regardless of 

the specific training program used. The inconsistency in treatment outcomes for the generalized 

approach to CR can be observed in Table 1.1. When specific domains are combined into 

neurocognitive composite scores, more consistent improvements are observed across CR 

programs (Eack et al., 2010; Hogarty et al., 2004; Lindenmayer et al., 2008; McGurk et al., 2005, 

2015). Thus, a generalized approach to CR appears to produce consistent improvements in 

generalized cognitive composite scores, however, the specific domains that improve are 

inconsistent. Such inconsistent and non-specific outcomes are problematic for attempts to 

disseminate CR to clinical settings and may suggest that generalized interventions are overly 

broad in the intervention approach.   

With regards to improving community functioning, generalized training programs have 

produced similarly mixed results. Some studies have found limited generalizability to 

community functioning on clinician rating scales (Hodge et al., 2010), academic performance 

(Kidd et al., 2014), quality of life (Cavallaro et al., 2009), and performance-based assessments of 

functional competence (Bowie et al., 2012), while others find little or no generalization to 

functioning (Dickinson et al., 2010; Gomar et al., 2015; Wykes et al., 2007). An additional 

consideration in the delivery of CR is whether a therapist is involved in promoting strategy 

monitoring or generalization to functioning. CR programs including components of strategy 
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monitoring and generalization tend to produce larger improvements in functioning than programs 

that focus entirely on drill and practice computerized training (Wykes et al., 2011). Generalized 

CR also is more likely to improve community functioning if combined with other psychiatric 

rehabilitation (McGurk et al., 2007; Wykes et al., 2011). 

Thus, generalized approaches to CR produce non-specific improvements in generalized 

neurocognitive function but effects on specific cognitive domains are inconsistent  across 

studies. Improvements in community functioning from the generalized approach appear to be 

dependent on other components of the treatment such as strategy monitoring and generalization, 

or the rehabilitation context of the individual.  

1.5.3.2 Perceptual Training 

In contrast to generalized training approaches, which have been used for over 30 years, 

more targeted approaches seek to train specific impairments. The past decade has seen a 

proliferation of cognitive training approaches specifically targeting perceptual processes. Often 

marketed as being “neuroplasticity-based” (Fisher et al., 2009, 2015 2016; Vinogradov et al., 

2012), these approaches target fundamental deficits in sensory and perceptual processing instead 

of broader neurocognitive abilities.  

The approach taken to train the perceptual system has focused almost exclusively on 

repeated drill and practice training. Perceptual training (PT) has typically focused on training 

auditory perceptual processing given the specific impairment observed in schizophrenia and its 

functional relevance (Thomas et al., 2017; Wynn et al., 2010). In the most widely adopted form 

of PT (Fisher et al., 2009), PositScience’s Brain HQ program is used to provide drill and practice 

training of a computerized training program with adapting difficulty to maintain approximately 

80% accuracy and stimulate neurophysiological change. This “neuroplasticity-based” approach 
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has been adopted in many studies of CR (Adcock et al., 2009; Fisher et al., 2015, 2016; Keefe et 

al., 2012; Popov, Rockstroh, Weisz, Elbert, & Miller, 2012; Subramaniam et al., 2012) and the 

protocol typically includes 40 – 50 hours of computerized cognitive training. In most studies of 

perceptual training, participants are required to attend training sessions on a daily basis for 8-10 

weeks in which participants spend approximately one-hour training independently at a computer. 

There is little role for a therapist in PT approaches based on the emphasis on repeated drill and 

practice training to stimulate neuroplasticity. 

PT has effectively improved neurophysiological measures including 

magnetoencephalography (MEG; Popov et al., 2012; Popov et al., 2015), functional magnetic 

resonance imaging (fMRI; Subramaniam et al., 2012), and serum levels of brain derived 

neurotrophic factor (a protein involved in the growth of new neurons and synapses; Fisher et al., 

2016). In virtually every study examining auditory PT, measures of verbal learning and verbal 

memory have improved (Adcock et al., 2009; Fisher et al., 2009, 2015, 2016, 2017; Popov et al., 

2011), however there have been less consistent findings in other cognitive domains. Fisher et al. 

(2016, 2017) reported improvements in processing speed, whereas several other reports did not 

find statistically significant improvements in processing speed (Adcock et al., 2009; Fisher et al., 

2009, 2015; Popov et al., 2011). Two studies found transfer of improvements to tests assessing 

higher-order problem solving abilities (Fisher et al., 2015, 2017), however, others did not find 

significant improvements in problem-solving (Adcock et al., 2009; Fisher et al., 2009, 2016). No 

studies examining changes in working memory from PT have found improvements in working 

memory ability (Adcock et al., 2009; Fisher et al., 2009, 2015, 2016, 2017). Similarly, no PT 

study has demonstrated improvements in community functioning (Fisher et al., 2014, 2015, 

2016, 2017) or quality of life (Adcock et al., 2009; Fisher et al., 2016, 2017). A single study 
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found significant improvement in participants’ functional competence as measured through a 

performance-based measure of functional skills (Fisher et al., 2017), however, this measure tends 

to be more closely related to neurocognitive ability than community functioning (Bowie et al., 

2006). Thus, the treatment effects of PT appear to improve proximal outcomes directly related to 

the cognitive domains trained with limited transfer of skills to higher-order cognitive abilities 

and no evidence of generalization to daily life.   

Little is known regarding how PT may interact with other psychotherapeutic elements of 

CR to potentially improve functioning. In the only study to date to examine this, PT was 

combined with psychotherapeutic “bridging” groups designed to generalize cognitive 

improvements to daily life, however, only limited improvements in cognition were observed and 

there was no improvement in community functioning (Keefe et al., 2012). It appears that even 

when PT is combined with other psychotherapeutic elements of CR, effects are limited to 

abilities proximal to the cognitive domains that were trained and are insufficient to produce 

change in community functioning. 

1.5.3.3 Executive Training 

 Executive training (ET) programs are structurally similar to PT programs in that they also 

use computerized exercises to train cognitive abilities, however, ET programs target higher-order 

cognitive operations such as working memory and executive functioning and are more likely to 

emphasize development of cognitive strategies.  

ET programs have been found to increase neural activation in frontal cortical areas 

(Wykes et al., 2002). Eack et al. (2010) examined an intensive CR program called Cognitive 

Enhancement Therapy (CET), which included an intensive therapist component with several 

elements of executive training. They found that CET reduced grey matter volume loss over time 
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in the hippocampus and increased grey matter volume in the amygdala, fusiform gyrus, 

parahippocampal gyrus, and insula. Similar approaches have demonstrated efficacy to reduce the 

overactivation of the central executive network (a frontoparietal network involved in working 

memory and executive control processes) that is typically observed in schizophrenia (Penadés et 

al., 2013), and increase activation of the prefrontal cortex to levels comparable to healthy control 

participants (Edwards, Barch, & Braver, 2010). According to a recent review of 

neurophysiological effects of CR, executive training approaches have been the most utilized 

technique with associated changes in prefrontal cortex activation (Thorsen, Johansson, & 

Loberg, 2014). 

ET has demonstrated efficacy to improve complex problem-solving skills on 

neurocognitive tests (Choi & Kurtz, 2009; Medalia, Dorn, & Watras-Gans, 2000; Medalia et al., 

2001) and this improvement persists at durability assessments (Medalia, Revheim, & Casey, 

2002). Penadés et al. (2006) examined the efficacy of an executive function training program 

(Delahunty & Morice, 1996) and found that through repetitive training of executive functions, 

proximal measures of executive functioning and working memory improve, but effects also 

transferred to verbal memory, visual memory, and processing speed that were durable six months 

following the end of treatment compared to a cognitive behavioural therapy control condition. 

Other ET interventions have found consistent improvements in executive functioning, working 

memory, verbal memory, and visual memory (Puig et al., 2014; Rodewald et al., 2011; Tan et al., 

2016). Transfer of treatment effects to lower-order cognitive abilities is inconsistent with some 

studies finding a significant improvement in processing speed (Penadés et al., 2006; Tan et al., 

2016) and others reporting non-significant changes in processing speed (Donohoe et al., 2017; 

Puig et al., 2014; Rodewald et al., 2011). Similar to PT, ET programs appear to produce the 



 

 

 

41 

largest and most consistent effects on cognitive domains proximal to the domains that were 

trained, however, ET appears to generalize to untrained domains more consistently than PT. 

Functionally, when executive skills are the treatment target, community functioning tends 

to improve (Donohoe et al., 2017; Eack et al., 2010; Puig et al., 2014; Tan et al., 2016). 

However, these programs also often include a substantial psychotherapeutic element (Eack et al., 

2010) making it unclear to what extent functional change is specific to the cognitive target or the 

inclusion of psychotherapy. Medalia et al. (2001) provided CR targeting executive skills with 

relatively little therapist involvement and found improvements in independent living skills 

compared to a control group. Similarly, Rodewald et al. (2011) found that a program specifically 

targeting planning and problem solving improved a laboratory-based measure of functional 

competence. Donohoe et al. (2017) utilized a working memory training program with limited 

therapist involvement once per week and found that although cognitive change was limited, 

individuals in the working memory training improved significantly more than a control condition 

on measures of functional skills and real-world community functioning. It appears that targeting 

executive skills improves community functioning, however the paucity of studies examining this 

target without a therapist involved make it difficult to determine whether functional change is a 

consequence of the treatment target or the psychotherapeutic elements of the intervention. 

 ET may generalize more broadly than PT techniques and influence other cognitive 

domains as well as community functioning. An intensive focus on training executive functions 

may also achieve cognitive and functional improvement more efficiently than CR techniques that 

take a generalized approach to training and attempt to train a variety of cognitive domains. In 

support of this, a low contact (1 hour per week therapist contact) intervention that specifically 

targeted working memory, recently found greater improvements in working memory, executive 
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functioning, and community functioning compared to a control condition (Donohoe et al., 2017). 

Of note in this study, the majority of participants completed less than 32 hours of training, which 

is a substantially lower dose than delivered in most cognitive training interventions yet produced 

similar effect size improvements. Similar results have been observed with other brief working 

memory interventions in psychotic disorders (Hargreaves et al., 2015).  

 

1.5.4 The Role of a Therapist in CR 

Early studies of CR had a limited role for a therapist and relied solely on repetitive 

training of cognitive exercises to improve cognitive abilities. Lower-order cognitive skills such 

as reaction time (Benedict & Harris, 1989; Hermanutz & Gestrich, 1991; Olbrich & Mussgay, 

1990) and attention (Cavallaro et al., 2009; Kurtz et al., 2007; Olbrich & Mussgay, 1990) 

improved from repetitive training, however, generalization to more complex cognitive functions 

was not meaningful (Burda et al., 1994; Hermanutz & Gestrich, 1991; Olbrich & Mussgay, 

1990). Further, generalization to community functioning appears to be even more challenging for 

programs that do not utilize a therapist. Most CR programs reliant on independent training do not 

report measures of community functioning (Adcock et al., 2009; Benedict et al., 1994; Benedict 

& Harris, 1989; Fisher et al., 2009; Medalia et al., 1998; Penadés et al., 2013; Popov et al., 2011; 

Popov et al., 2015; Sartory et al., 2005), and when community functioning is reported the results 

have been largely non-significant (Fisher et al., 2015; Fisher, Holland, Subramaniam, & 

Vinogradov, 2010; Fisher et al., 2016; Keefe et al., 2012), unless the program is delivered in 

conjunction with other psychiatric rehabilitation (McGurk et al., 2007; Wykes et al., 2011). 

Due to the lack of generalization from drill and practice training alone, therapist-

facilitated discussions began to be included in CR, which were designed to enhance development 
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of cognitive strategies and generalization of those strategies to everyday life (Medalia & Freilich, 

2008; Wykes, Reeder, Corner, Williams, & Everitt, 1999). Compared to CR approaches that rely 

on independent drill-and-practice training, programs that include strategy and generalization 

discussions have produced stronger effects on real-world functioning (Wykes et al., 2011). The 

strongest effects on real-world functioning come from programs with intensive therapist 

involvement in both strategy monitoring and generalization to community functioning (Hodge et 

al., 2010; Hogarty et al., 2004; Lindenmayer et al., 2008; Twamley et al., 2008), or when 

combined with other psychiatric rehabilitation (Vauth et al., 2005). 

It also appears that the type of therapist involvement is important to consider in the 

delivery of CR in order to maximize generalization of cognitive skills. Choi and Kurtz (2009) 

found that when helping clients develop strategies, both didactic and self-monitoring approaches 

helped in the short-term, but only clients who learned to self-monitor were able to generalize 

their improvement to other neurocognitive tasks and maintain improvement at follow-up. Bowie 

et al. (2017) have similarly evaluated the efficacy of including role-play simulations for 

participants to practice their cognitive skills as opposed to discussion-based interventions to 

generalize improvements to community functioning and found preliminary efficacy for the 

inclusion of role-play simulations. 

One of the challenges of implementing intensive CR is the substantial therapist resources 

that are required, which are not available in many clinical environments. For example, Action-

Based Cognitive Remediation (Bowie et al., 2017) is delivered for two hours twice per week and 

requires extensive physical materials for role-play simulations. Other programs similarly require 

weekly or biweekly sessions facilitated by therapists, which may not be feasible in many clinical 

settings. CR programs with briefer therapist contact (Donohoe et al., 2017) have begun to be 
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developed in an attempt to achieve generalization to community functioning without the resource 

burden of more intensive programs. 

 

1.5.5 A Brief Summary of CR 

The variety of approaches to CR makes it challenging to draw broad conclusions 

regarding efficacy. Regardless of approach, cognitive improvements are typically observed, and 

the most consistent finding is for improvement in measures of global cognition. Generalized 

approaches have produced inconsistent improvements in specific cognitive domains, but 

consistent improvements in global cognition. PT approaches have flourished over the past ten 

years and have typically utilized drill and practice training techniques, with specific 

improvements in perceptual processes and global neurocognitive function, but limited transfer to 

other cognitive or functional domains. ET approaches have been examined less frequently, 

however, preliminary evidence suggests that ET may facilitate greater generalization of training 

effects to other cognitive domains and community functioning than PT, and in briefer doses than 

generalized training. Across CR programs executive functions improve to a greater extent than 

other cognitive domains. Additionally, in both generalized training and ET programs, therapist-

facilitated strategy and generalization discussions appear to increase the degree of generalization 

to functioning achieved. Thus, targeting higher-order cognitive operations in CR may be more 

efficient and functionally relevant. 

1.6 Evaluating the Efficacy of Brief Executive Training in Psychotic Disorders 

The purpose of the present clinical trials are to evaluate the potential efficacy of brief 

training of executive functioning for individuals with psychotic disorders. Substantial evidence 

supports the efficacy of both longer term cognitive remediation programs with intensive 
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involvement from a therapist and intensive drill and practice training of perceptual abilities. 

Given the functional importance of executive functioning, and the potential feedback effects of 

executive functioning on lower-order cognitive abilities such as attention and perception, it is 

hypothesized that targeted executive functioning training may produce larger and more durable 

improvements than other forms of cognitive remediation in both proximally and distally related 

outcome measures. This thesis provides the first examination of a brief executive function 

training program compared to an active placebo condition in the literature to date, and the first 

direct comparison of two competing theoretical perspectives (perceptual training and executive 

training). Additionally, as most CR programs use cognitive exercises as an active component, the 

present results can be used to refine a broad array of CR programs in addition to potentially 

providing a novel CR intervention. 
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Chapter 2 

Brief Executive Function Training for Individuals with Severe Mental Illness: 

Effects on EEG Synchronization and Executive Functioning 

2.1 Introduction 

Cognitive impairment is a persistent and functionally debilitating feature of psychotic 

disorders (Bowie et al., 2010) that is present before the onset of illness (Lencz et al., 2006), is 

largely unrelated to positive and negative symptoms (Keefe et al., 2006), and has limited 

response to pharmacotherapy (Keefe, Silva, Perkins, & Lieberman, 1999). Impairments span 

broad domains of cognitive abilities (Heinrichs & Zakzanis, 1998), and are stronger predictors of 

functional outcomes than either positive or negative symptoms (Bowie, Reichenberg, Patterson, 

Heaton, & Harvey, 2006). Cognitive remediation (CR) treatments were developed as a 

behavioural intervention designed to specifically target cognitive impairment. Two recent meta-

analyses have suggested that cognitive remediation is efficacious, improving cognition with 

moderate effect sizes (McGurk et al., 2007; Wykes et al., 2011). 

Many CR programs are beginning to incorporate more intensive psychotherapeutic elements 

(Bowie & Medalia, 2016) and generally employ some combination of three primary components: 

training exercises, strategy monitoring, and generalization (for a review of approaches to 

cognitive remediation see Best & Bowie, 2017). Training exercises are often computerized, and 

designed to train specific cognitive abilities by titrating difficulty levels to provide a level of 

challenge appropriate to each individual. Strategy monitoring involves a therapist facilitating 

metacognitive awareness of the strategies one is using during the training exercises and 

development of novel strategies. Generalization involves different therapist-led techniques (e.g. 
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discussions, role-play scenarios) to support individuals in using the skills and strategies 

developed in therapy during their everyday lives. Presumably, each of these components should 

act at neurophysiological, neurocognitive, and community functioning levels of analysis, 

however, the primary target of each component can be considered to directly map onto one of 

these levels. Training exercises should remediate an underlying neurophysiological impairment 

through repetitive activation and training of neural circuits known to subserve cognitive 

functions, strategy monitoring should help people maximally utilize their neurophysiological 

ability on cognitive tasks, and generalization should facilitate the use of cognitive abilities in the 

community to improve community functioning. 

Although the evidence for CR programs is generally convincing, evidence for individual 

components is limited. When computerized training is administered alone and targets perceptual 

abilities, neurophysiological change occurs in the mismatch negativity, an EEG component 

associated with perception of auditory stimuli (Fisher et al., 2009). However, independent 

training of higher-order cognitive abilities has not been examined at the neurophysiological 

level. Memory and executive functions, particularly, are among the most functionally relevant 

cognitive domains (Green, 1996; Velligan, Bow-Thomas, Mahurin, et al., 2000) and many CR 

programs include at least some element of memory or executive function training, however, 

evidence for using exercises that directly target these abilities is lacking. Most programs that 

utilize computerized training of higher-order cognitive abilities, either also include a 

psychotherapeutic element (Eack et al., 2010), or do not examine neurophysiological change 

(Rodewald et al., 2011). Thus, it is unclear whether computerized training of executive function 

abilities alone is sufficient to produce neurophysiological and neurocognitive improvement. 

Additionally, the dose required to produce improvements from CR programs is still unknown. 
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Computerized training programs that target perceptual abilities have used 50 hours of laboratory 

based training (e.g. Fisher et al., 2009), however, it is unknown whether briefer interventions will 

also produce observable results. 

Oscillations in the alpha and theta frequency bands within the human electroencephalogram 

(EEG) have been associated with attentional and working memory abilities respectively 

(Klimesch, 1999). The alpha frequency band, generally observed between 8 – 12 Hz with a peak 

at approximately 10 Hz, demonstrates greatest synchronization (power) during a resting state 

over posterior electrode sites and is thought to represent activation of the default mode network 

(Knyazev et al., 2011). Oscillations within the alpha frequency band desynchronize (reduced 

power) with greater engagement of neural resources. Task-related alpha desynchronization over 

posterior electrode sites has been associated with attentional engagement in a task (Rowland, 

Meile, & Nicolaidis, 1985), whereas alpha desynchronization over frontal electrode sites may be 

associated with engagement of higher level cognitive resources. Slower oscillations within the 

theta frequency band over the frontal cortex, generally observed between 4 – 8 Hz, are associated 

with engagement of neural resources involved in working memory / executive function 

processes, and greater synchronization (power) within the theta frequency during a working 

memory task is associated with better performance (Onton et al., 2005). While theta 

synchronization is often examined in working memory tasks, it has also been found to be 

associated with other executive functions such as arithmetic strategy use (De Smedt et al., 2009) 

and complex nonverbal problem solving (Doppelmayr et al., 2005). If targeted computerized 

training of executive functioning produces neurophysiological change then increased task-related 

synchronization of the theta frequency band over frontal electrode sites and reduced task-related 
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synchronization of the alpha frequency band over both frontal and posterior electrode sites would 

be expected. 

An additional limitation of many CR studies is the inclusion of either waitlist or computer 

game control conditions which only provide a control for non-specific temporal or computer-use 

effects. The current study aimed to examine the effects of computerized training of executive 

functioning using a true sham condition, with two primary aims: (1) Determine whether 

independent computerized training of executive functions improves task-related EEG theta 

synchronization and alpha desynchronization, and (2) Examine whether working memory and 

executive functioning improve after independent computerized training. 

2.2 Method 

2.2.1 Participants 

Clinical participants who met study entry criteria were referred from community 

outpatient services in Kingston, Ontario for the current trial (ClinicalTrials.gov Identifier: 

NCT02168166). Inclusion criteria included a psychiatric diagnosis made by the referring 

clinician of schizophrenia, schizoaffective disorder, bipolar disorder with psychotic features, or 

major depressive disorder with psychotic features, and age between 18-65 years. Exclusion 

criteria included comorbid active substance abuse or substance dependence, neurological 

conditions, or cognitive enhancing treatments within the past six months. Participants were 

reimbursed $40 for each assessment, but no financial reimbursement was provided for attending 

training sessions or completing home practice. A CONSORT diagram of enrollment, allocation, 

and analyses is shown in Figure 2.1. 
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Assessed for eligibility (n= 51) 

Excluded  (n= 14) 

¨   Not meeting inclusion criteria (n=4) 

¨   Declined to participate (n=9) 

¨   Other reasons (n=1) 

Analysed (n=13) 

¨ Excluded from analysis (n= 0) 

Analysed (n= 12) 

¨ Excluded from analysis (n= 0) 

Control Training 
 

Allocated to intervention (n= 16) 

¨ Received allocated intervention (n= 12) 

¨ Did not receive allocated intervention (n= 4) 

 ¨ Dropped out prior to baseline (n= 2) 
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Allocated to intervention (n= 21) 

¨ Received allocated intervention (n= 13) 

¨ Did not receive allocated intervention (n= 8) 

 ¨ Dropped out prior to baseline (n= 5) 
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Figure 2.3: CONSORT diagram of enrolment in executive function training and control training 
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 Healthy comparison subjects were recruited through community advertisements, and 

were required to have never met criteria for a mental illness, substance abuse, or neurological 

condition. Healthy comparison subjects served to provide a normative comparison group for the 

EEG and neurocognitive measures, therefore they only attended one assessment session and did 

not complete training. The assessment administered to healthy comparison subjects was the same 

as that administered to clinical participants. Demographic characteristics of the sample are 

presented in Table 2.1. Groups differed on years of education, population group composition, 

and current and highest occupation level. 

2.2.2 Measures 

2.2.2.1 Cognition 

Cognitive performance was assessed using a brief cognitive battery focusing on working 

memory and executive functioning. The following measures were included: Trail-Making Test 

Parts A and B (TMT-A and TMT-B; Reitan, 1992); Letter-Number Sequencing (LNS) and the 

Spatial Span Test (WMS-SS) from the MATRICS Consensus Cognitive Battery (Nuechterlein & 

Green, 2006), and the Tower of London from the Brief Assessment of Cognition in 

Schizophrenia (ToL; Keefe et al., 2004). T-scores were calculated using normative data stratified 

by age from the test manuals. A ratio of TMT-B to TMT-A was used as a more valid measure of 

set-shifting ability (Martin, Hoffman, & Donders, 2003), and t-scores were calculated using 

normative data from Drane, Yuspeh, Huthwaite, & Klingler (2002). 
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Table 2.2: Demographic characteristics of the participant sample by condition and the healthy comparison sample 

 EF Training 
(n = 13) 

Control Training 
(n = 12) 

Healthy 
Comparison 

(n = 25) 

Test 
Statistic 

p Significant Post-
Hoc Comparisons 

Age  
M (SD) 

33.18 (11.72) 42.36 (16.18) 35.92 (13.57) F = 1.78 .178  

Current Sex 
(Male:Female) 

11:2 8:4 20:5 c2 = 1.28 .525  

Years of Education  
M (SD) 

14.44 (3.41) 13.54 (1.98) 16.28 (2.99) F = 4.46 .016 HC > EFT = CT 

Population Group  
(% Caucasian) 

84.6% 100% 72.7% c2 = 7.23 .027 HC > EFT = CT* 

Independent Living  
(%) 

46.2% 50.0% 72.0% c2 = 3.03 .219  

Hollingshead Current 
Occupation Level**  
M (SD) 

7.69 (.60) 7.33 (.98) 3.73 (2.31) F = 31.21 < .001 HC > EFT = CT 

Hollingshead Highest 
Occupation Level 
M (SD) 

5.64 (1.86) 5.15 (1.99) 3.10 (1.92) F = 8.49 .001 HC > EFT = CT 

Diagnosis (%) 
       Schizophrenia 
       Bipolar 
       MDD 

 
76.9% 
23.1% 
0.0% 

 
58.3% 
25.0% 
16.7% 

 
- 
- 
- 

 
c2 = 2.49 

 
.287 

 

Age at First 
Hospitalization 
M (SD) 

23.69 (6.01) 29.60 (13.18) - F = 2.07 .165  

Months Since Last 
Hospitalization 
M (SD) 

95.23 (87.49) 85.50 (80.76) - F = .075 .787  

Bolded values indicate p < .05. 

* Healthy comparison subjects had a larger non-white ethnic background than either of the clinical groups 

** Smaller values indicate higher occupation level
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2.2.2.2 EEG Tasks 

Continuous EEG was recorded during alternating two-minute blocks of eyes open and 

eyes closed resting state for a total of four minutes each. To limit the number of analyses, eyes 

open and eyes closed resting states were averaged to produce a single resting state recording. 

Participants then completed two computerized cognitive training exercises (Displaced Characters 

and Basketball in New York, from sbtpro.com); these exercises were not used during the training 

sessions. Each exercise had a low and high cognitive load version of the task that participants 

completed for four minutes each. In Displaced Characters, participants are presented with 

symbols in different positions on the screen for 8 seconds. Then the symbols disappear and are 

immediately replaced by a new set of symbols in different positions. Participants must identify 

which symbols in the new set were not present in the original set that was memorized. Four 

symbols were presented per set in the low cognitive load version and 8 symbols were presented 

per set in the high cognitive load version. Basketball in New York requires participants to 

mentally rearrange three coloured balls in three basketball nets to match a template and indicate 

how many moves it would take. In the low cognitive load version of the task, trials required an 

average of 2.5 moves to solve, and in the high cognitive load version of the task, trials required 

an average of 4.5 moves to solve. There was no time limit for each trial. For all tasks, 

participants were engaged in the exercise for the duration of the four minutes, with screens such 

as performance feedback being skipped. Thus, although participants were engaged in multiple 

different executive processes during the four minutes, they were continually engaged during that 

time-period. 

2.2.2.3 EEG Recording and Analysis 
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EEG was recorded using a HydroCel 64-channel Geodesic Sensor Net from Electrical 

Geodesics Incorporated at a sampling rate of 250 samples/s. Impedances for each electrode were 

kept below 30 kΩ upon commencement of the study and were not allowed to rise about 70 kΩ 

throughout the study. EEG data were processed offline using EEGLab (Delorme & Makeig, 

2004) and Fully Automated Statistical Thresholding for EEG Artifact Rejection toolbox 

(FASTER; Nolan, Whelan, & Reilly, 2010). A high pass filter was applied at 0.1 Hz and a low 

pass filter was applied at 30 Hz. Data were then visually inspected and sections containing 

movement artifacts or signal discontinuities were removed. The data were then cleaned using 

FASTER, which uses independent component analysis (ICA) to identify and remove artifactual 

components from the EEG signal. ICA is effective at correcting for non-neuronal artifacts (Jung 

et al., 2000), and FASTER has demonstrated good reliability with manual and semi-automatic 

cleaning procedures (Nolan et al., 2010a). After being processed with FASTER, data was 

visually inspected again to ensure the algorithm was successful at removing artifacts, and re-

referenced to an average reference. 

 Power spectral density was calculated using EEGLAB’s spectopo function (Arnaud 

Delorme & Makeig, 2004), using Welch’s method. Each recording was segmented into 1 second 

epochs with 50% overlap and Hamming-windowed prior to calculation of the power spectral 

density. Theta power was examined in the frequency window of 4-8 Hz and alpha power was 

examined in the frequency window of 8-12 Hz. 

 Theta power during task engagement tends to be greatest over anterior electrode sites 

(Jensen & Tesche, 2002a), whereas, alpha suppression tends to be greatest over posterior 

electrode sites (Kelly, Lalor, Reilly, & Foxe, 2006; Sauseng et al., 2005). Therefore, theta power 

was examined over the average of 10 anterior electrodes corresponding to Fz, F3, and F4 from 
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the 10-20 system. Alpha power was examined over the average of 6 posterior electrodes 

corresponding to O1, and O2 from the 10-20 system. Selected electrode sites are depicted in 

Figure 2.2. 

2.2.3 Treatment 

Participants were randomized to two weeks of either an executive function (EF) training 

condition or a control condition. In both conditions, participants attended three one-hour sessions 

facilitated by a research assistant, who trained participants to login to the exercises and helped 

with any technical problems, per week. Facilitators did not have a psychotherapeutic role; that is, 

the treatment did not include components of CR such as strategy monitoring or generalization. 

Participants were trained how to use the computerized exercises at home and were asked to 

practice the exercises at home for 40 minutes each day. Participants were blind regarding which 

treatment condition they were assigned to and were told that they would be receiving one of two  

forms of cognitive training. Following the study, participants were debriefed and given access to 

the other set of exercises for two weeks if they wished to practice them at home. 
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Figure 4.2: Frontal and posterior electrode sites selected for analysis from the 64-channel 
electrode cap 
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2.2.3.1 Executive Function Training 

In the EF training, participants were trained on four computerized exercises that 

specifically target working memory and executive functions from the program Scientific Brain 

Training Pro (sbtpro.com). Find Your Way is a spatial working memory task requiring 

participants to observe a series of rocks that light up, and then to select the rocks either in the 

same order or in the reverse order. Secret Files requires participants to identify the missing label 

on filing cabinets, maintain this information in memory, and accurately sort file folders into the 

cabinets within a time limit. Hurray for Change is a set-shifting task, requiring participants to 

select items in different sets in alternating order (for example two sets of alphabetical words in 

different coloured circles). Towers of Hanoi requires participants to manipulate virtual rings on 

three pegs to make them match a template in the fewest possible moves within a time limit. 

These exercises use titrated increases in difficulty to continually challenge participants’ cognitive 

abilities as they improve at the task, and to reward continued effort and improvement with 

increases in level. 

2.2.3.2 Control Training 

In the sham intervention, participants were also trained on four computerized exercises 

from Scientific Brain Training Pro; however, the exercises did not target working memory or 

executive function. Bird Songs requires participants to learn bird songs and then identify the 

song. Sound Check requires participants to listen to a series of tones and then answer questions 

regarding length, loudness, and pitch of the tones. Entangled Figures requires participants to 

examine two line-drawings that have been combined into one, and identify the individual 

component drawings. Turn Around and Around requires participants to view two geometric 

shapes at different orientations and decide whether they are identical or different shapes. Of 
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critical importance to the control intervention is the fact that the titrated increase in difficulty was 

removed from these exercises. The task did not objectively change in difficulty, however, 

superficial aspects such as the types of figures / sounds, or the number of trials before a break 

were manipulated to give the illusion of increasing difficulty. Participants were shown an 

increase in level as they progressed in the training, but the task itself did not actually increase in 

difficulty. 

2.2.4 Data Analysis 

2 (Training Condition) x 2 (Time) Mixed Model ANOVAs were conducted to analyze 

treatment effects across conditions for the EEG and neurocognition measures. Significant 

ANOVAs were followed-up using paired samples t-tests by time within each group. Effect sizes 

are presented as partial h2, where .01, .06, and .14 represent a small, medium, and large effect 

respectively (Cohen, 1988, 1992). Comparisons to the healthy comparison group were conducted 

using independent samples t-tests. Pearson correlations were conducted to examine the 

relationship between change in EEG measures and change in the executive functioning 

composite score (Table 2.2). Change scores were calculated as a difference between post-test and 

pre-test scores. 
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Table 3.2: Exploratory correlations between change in EF composite score and change in 
EEG measures from pre to post training 
 

 EF Training 
(n=13) 

Control Training 
(n=12) 

 EF Composite Change EF Composite Change 

 r p r p 

Frontal Theta Power Change .334 .288 .190 .533 

Frontal Alpha Power Change .325 .201 .466 .127 

Posterior Alpha Power Change -.037 .905 .083 .799 

 

2.3 Results 

2.3.1 Treatment Adherence 

There was no significant difference between groups on the number of minutes of at-home 

cognitive training completed. On average, participants in the EF training completed 17.84 (SD = 

10.44) minutes of training per day and participants in the control condition completed 22.52 (SD 

= 10.84) minutes per day, t(23) = 1.07, p = .296, in addition to the laboratory-based training 

sessions. There was no significant difference in attrition between groups, c2(1) = .71, p = .399. 

2.3.2 EEG 

2.3.2.1 Frontal Theta Power 

There were no differences between the EF training condition and the sham group on 

frontal resting state theta power during the course of training, F(1, 24) = 0.03, p = .856, partial h2 

= .001. Participants in the EF training condition demonstrated a significant increase in frontal 

theta power during high cognitive load tasks compared to the sham group, F(1,24) = 7.11, p = 

.013, partial h2 = .209, but not during the low cognitive load tasks, F(1,24) = 0.73, p = .398, 

partial h2 = .027. At baseline, neither participants in the EF training condition (M = 2.50, SE = 
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1.00), t(37) = 0.71, p = .479, nor participants in the sham training condition (M = 1.55, SE = .75), 

t(36) = 1.68, p = .10, differed significantly from healthy comparison subjects (M = 3.48, SE = 

0.79) on theta power during the high cognitive load task. Post-treatment, participants in the EF 

training showed increased theta power (M = 4.31, SE = 1.20), not significantly different than 

healthy comparison subjects, t(37) = 0.59, p = .559, and participants in the sham training 

condition showed a trend for lower frontal theta power (M = 1.17, SE .59), that was significantly 

lower than healthy comparison subjects, t(36) = 2.35, p = .025. Topographic plots of theta power 

are presented in Figure 2.3. 

2.3.2.2 Frontal Alpha Power 

There were no differences between the EF training group and the sham group on frontal 

resting state alpha power during the course of training, F(1,24) = 0.18, p = .893, partial h2 = 

.001. There were also no differences in frontal alpha power during either the low cognitive load 

tasks, F(1,24) = 1.59, p = .218, partial h2 = .062, or high cognitive load tasks, F(1,24) = 2.12, p = 

.158, partial h2 = .081, across treatment conditions. Topographic plots of alpha power are 

presented in Figure 2.4. 

2.3.2.3 Posterior Alpha Power 

There were no differences between the EF training group and the sham group on 

posterior resting state alpha power during the course of training, F(1,24) = 0.51, p = .481, partial 

h2 = .021. Individuals in the EF training group demonstrated a significant decrease in posterior 

alpha power during high cognitive load tasks compared to the sham group, F(1,24) = 8.26, p = 

.008, partial h2 = .256, but not during the low cognitive load tasks, F(1,24) = 1.13, p = .297, 

partial h2 = .045. At baseline neither individuals in the EF training group (M = -.56, SE = .59), 
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Figure 2.5: Topographic plots of theta power by treatment condition and time across resting state, low working memory load 
task, and high working memory load task 

 

 



 

 

 

62 

Figure 2.6: Topographic maps of alpha power by treatment condition and time across resting state, low executive function 
load, and high executive function load recording conditions 
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t(37) = 0.61, p = .544, nor individuals in the sham group (M = -.33, SE = .36) differed from the 

healthy comparison sample (M = -.20, SE = .28), t(36) = 0.28, p = .781, on posterior alpha power 

during the high cognitive load task. After training there was still no difference between the sham 

group (M = .65, SE = .72) and healthy comparison subjects, t(36) = 1.33, p =.189, however, the 

EF training group had significantly lower posterior alpha power, (M = -1.91, SE = .53), t(37) = 

3.15, p = .003, than the healthy comparison sample. Topographic plots of alpha power are 

presented in Figure 2.4. 

2.3.3 Neurocognition 

Participants in the EF Training condition improved significantly more on the EF 

composite score compared to the sham training condition, and there was a trend for greater 

improvement on the WMS-SS and ToL tests (Table 2.3). However, these differences may be at 

least partially attributed to baseline differences on these tests between the groups, in spite of 

randomization. Compared to the healthy comparison group, individuals in the sham training 

group were not significantly different at any time point (Figure 2.5). Individuals in the EF 

training condition performed significantly more poorly on LNS, ToL, and the EF composite 

before training than healthy controls but were not significantly different after training (Figure 

2.5). To examine the possibility that the significant interaction was due to baseline differences 

between groups we excluded participants who scored in the lower 25% (n = 3) of the EF training 

condition and the higher 25% (n = 3) of the sham training condition on baseline EF composite 

score. This resulted in groups with comparable EF functioning at baseline (EF training: M = 

49.51, SD = 4.52; Sham training: M = 48.31, SD = 5.12). There was a trend level interaction 

suggesting greater improvement in the EF composite for participants in the EF training condition  
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Table 2.4: Mean (SD) T-Scores on the neurocognitive tasks by treatment condition and time 

 Executive Function Training (n = 13) Control Training (n = 12) ANOVA Time x Condition 

 Pre Post Pre Post F p partial h2 

TMT B/A 49.10 (13.36) 51.14 (10.03) 51.07 (15.02) 52.15 (10.02) .055 .817 .002 

LNS 39.92 (12.88) 44.16 (12.92) 48.33 (5.77) 49.08 (10.51) 1.23 .279 .053 

WMS-SS 46.69 (10.14) 52.77 (7.47) 49.83 (8.87) 49.41 (8.52) 4.07 .056 .150 

ToL 44.64 (13.24) 51.83 (4.17) 51.41 (8.75) 51.94 (6.11) 3.71 .067 .144 

Composite 45.16 (9.14) 50.49 (8.04) 50.26 (5.62) 50.64 (6.00) 7.67 .011 .250 

 

TMT B/A = Trail Making Test; LNS = MATRICS Letter Number Sequencing; WMS-SS = Weschler Memory Scale – Spatial Span; 

ToL = BACS Tower of London  
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Figure 2.7: Mean (SE) T-scores on neurocognitive tasks by condition and time. Healthy comparison scores are presented as a 
line and asterisks represent significant differences between the clinical and healthy comparison groups at specific time-points 

 
TMT B/A = Trail Making Test; LNS = MATRICS Letter Number Sequencing; WMS-SS = Weschler Memory Scale – Spatial Span; ToL = BACS Tower of 

London; WM Composite = Working Memory Composite 
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(MPost = 53.96, SDPost = 4.80) than in the sham training condition (MPost = 49.10, SDPost = 5.72), 

F(1,17) = 3.46, p = .08, partial h2 = .169. Thus, it appears unlikely that the differential treatment 

response is due to baseline group differences. 

2.3.4 Correlational Analyses 

Exploratory correlations were examined between the change in EEG measures and the 

change in the EF composite score during training in the EF training condition. Small to 

moderate, non-significant, correlations were observed between the change in EF composite and 

frontal theta power, r = .24, p = .249, and posterior alpha power r = -.19, p = .342. 

2.4 Discussion 

Two weeks of independent computerized training of executive functioning was sufficient 

to increase frontal theta frequency power, reduce posterior alpha frequency power in the EEG, 

and improve performance on neurocognitive tests of executive functioning. Additionally, 

training affected EEG power during high cognitive load tasks, but did not produce changes on 

low cognitive load tasks or resting state EEG power. These effects were observed when 

compared to a stringent comparison condition of computerized training within the same training 

environment without titrated increases in difficulty. 

 These results are the first to examine the neurophysiological effects of independent 

computerized training of executive functioning. These findings are similar to findings of 

“bottom-up” computerized training of perceptual abilities which have demonstrated 

improvements in neurophysiological markers of perception (Fisher et al., 2009, 2016) and 

neurocognitive tests of attention (Fisher et al., 2016; Silverstein et al., 2005b), but limited 

transfer to higher-order cognitive domains. The current results suggest that a “top-down” 

computerized training approach of executive function abilities produces neurophysiological 
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changes in markers of working memory and executive function (frontal theta) and markers of 

attention and task engagement (posterior alpha), in addition to improvements in 

neuropsychological measures of executive functioning. Increased power in the theta frequency 

band over frontal electrode sites suggests greater mobilization of frontal cognitive resources 

associated with executive functioning, whereas decreased power in the alpha frequency band 

over posterior electrode sites suggests greater suppression of default mode activation in posterior 

regions as visual attentional resources engage to meet task demands. After training, posterior 

alpha power during the high cognitive load tasks in the EF training group was significantly lower 

than in healthy comparison subjects. Although speculative, it might be the case that EF training 

facilitates a greater than usual suppression of alpha power in people with psychotic disorders 

beyond what healthy subjects demonstrate, that is necessary to compensate for other cognitive 

impairments associated with the illness; this will need confirmation with further work. 

 Given the improvement in EEG power and executive function ability observed after such 

a brief course of treatment (2 weeks), such training may serve as an effective adjunctive 

treatment for other psychosocial interventions such as cognitive behavioural therapy or social 

skills training, in which participants are required to learn and retain new information. It is 

possible that a brief course of executive function training prior to, or conducted simultaneously 

with, engaging in other psychosocial treatments may increase retention from these programs and 

improve effectiveness. Promising results have been found with the combination of a longer and 

more comprehensive CR program and functional skills training (Bowie, McGurk, Mausbach, 

Patterson, & Harvey, 2012), however, a brief, targeted executive function training may be more 

feasible to implement in routine clinical settings. Interestingly, even for such a brief intervention 

we had substantial attrition during the two weeks of training. This may be due to the independent 
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training nature of the program, and perhaps if there had been a more intensive psychotherapeutic 

element we would have observed less attrition. Treatment engagement is a critical challenge 

when working with people who have psychotic disorders, and developing methods to promote 

engagement will be important. 

 The current findings should be interpreted with consideration of several limitations. The 

relatively small sample size may limit the generalizability of the current findings. Although the 

large effect sizes are promising, it is also possible that the small sample size may result in an 

overestimation of effect size. The lack of a full cognitive assessment battery limits any 

conclusions we could draw about broad cognitive change. The assessment battery consisted of 

tests relatively similar to the tasks that were trained during treatment, and so it is unclear whether 

the improvements observed would generalize to other cognitive or functional domains. 

Regarding the EEG findings, although changes in EEG power were observed after EF training, 

we did not include event markers in the EEG recording, so we were unable to parse out whether 

specific cognitive processes (such as encoding, retrieval, manipulation, problem-solving) were 

driving the changes in power observed. Lastly, the current clinical sample was performing within 

the average range on the neurocognitive tests prior to receiving cognitive training, atypical for 

cognitive remediation studies, which may differentiate the current sample from those typically 

examined. 

It is important to note that the current study only examined a single component of 

cognitive remediation (CR). While a common misinterpretation of cognitive remediation is that 

it is simply computerized cognitive training and that this is the only necessary component of 

cognitive remediation, we view CR as an integrative psychotherapy combining elements of 

strategy discussion and techniques for generalizing strategies to everyday life in combination 
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with computerized training (see Best & Bowie, 2017, for a review of CR approaches). CR effects 

are maximized when delivered in a psychotherapeutic environment or when combined with other 

forms of psychiatric rehabilitation (Wykes et al., 2011), thus it will be important for future 

research to examine how brief EF training such as the current program fits into broader cognitive 

remediation programs. Direct comparisons of “bottom-up” and “top-down” approaches will be 

interesting to consider, as is the potential for CR programs based entirely in facilitating 

improvement in higher level cognitive abilities without the need to directly target basic 

perceptual processes. Personalized approaches to CR may be able to utilize both approaches 

based on the specific cognitive profile of an individual. 

2.4.1 Conclusion 

Two weeks of executive functioning training is sufficient to improve EEG frontal theta 

power and posterior alpha power during executive function tasks, and to improve executive 

functioning ability on neurocognitive tests. Theta and alpha synchronization may be 

neurophysiological mechanisms of change during CR requiring further attention in broader 

cognitive rehabilitation programs.  
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Chapter 3 

A Randomized Controlled Trial of Executive Functioning Training vs. 

Perceptual Training for Schizophrenia-Spectrum Disorders:  

Effects on Neurophysiology, Neurocognition, and Functioning 

 

3.1 Introduction 

Functional impairments persist in schizophrenia spectrum disorders despite adequate 

reduction of psychotic symptoms with pharmacological and psychosocial intervention (Green, 

1996). Recovery of community functioning is a primary goal for people with schizophrenia and 

is associated with better quality of life and fewer treatment-associated costs (Harvey & Bellack, 

2009). Yet, only 25% of individuals with schizophrenia experience functional recovery 

(Robinson et al., 2004). Neurocognitive impairments, associated with reduced activation of 

lower-order (mismatch negativity, P300) and higher-order (theta synchronization) 

electroencephalographic (EEG) markers, are persistent features of schizophrenia consistently 

found to be more closely associated with functional outcomes than clinical symptoms (Bowie et 

al., 2006). Cognitive remediation (CR) is a psychological intervention designed to enhance 

neurocognitive abilities with the goal of improving community functioning.  

Two recent meta-analyses suggest that CR produces moderate improvements in 

neurocognition, however, improvements in community functioning are inconsistent (McGurk et 

al., 2007; Wykes et al., 2011), which may be partly due to the specificity of the targeted 

cognitive domain (for a review see Best & Bowie, 2017). The two most common training targets 

in CR are perceptual abilities and higher-order cognitive functions. 



 

 

 

71 

Theoretical support for perceptual training (PT) comes from evidence that disturbances in 

the earliest stages of perception in schizophrenia cause dysfunction in higher-order domains such 

as verbal memory (Kawakubo et al., 2006), social cognition (Wynn et al., 2010), and community 

functioning (Wynn et al., 2010). If perceptual input can be made less “noisy” then higher-order 

cognitive operations should function more effectively (Vinogradov et al., 2012). PT directly 

trains these impaired perceptual abilities and has produced improvements in oscillatory brain 

activity (Popov et al., 2015), auditory processing (Popov et al., 2011), verbal memory (Fisher et 

al., 2009), and global neurocognition (Fisher et al., 2009). Despite these promising 

improvements on proximal treatment targets, there is less evidence for generalization to higher-

order cognitive domains or community functioning (Fisher, Holland, Subramaniam, & 

Vinogradov, 2010b). 

Theoretical support for executive training (ET) comes from findings that executive 

control impairments are a core feature of schizophrenia. Individuals with schizophrenia have 

inefficient distribution of executive network processing (Minzenberg et al., 2009) and reduced 

synchronization of frontal neural networks during executive function tasks (Basar-Eroglu et al., 

2008). ET directly trains higher-order cognitive abilities and has been found to increase grey 

matter in frontal cortical areas (Eack et al., 2010), enhance frontal neural synchronization (Best, 

Gale, Tran, Haque, & Bowie, 2017), and increase activation of the central executive network 

(Penadés et al., 2013). ET improves higher order cognitive skills, such as cognitive flexibility 

and working memory (Wykes et al., 1999) and there is evidence that social functioning and self-

esteem improve when these higher-order skills are the treatment target (Wykes et al., 1999). 

Despite evidence supporting differential effects from both approaches, comparisons of 

PT and ET are not found in the literature. In this study we compared the effects of PT and ET on 
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neurophysiological measures, neurocognition, functional competence, and real-world 

functioning. Based on the greater functional relevance of executive skills and strategies, and 

early evidence that ET can improve social functioning (Wykes et al., 1999), we hypothesized 

that ET would produce larger and more durable effects on neurocognition, functional 

competence and real-world functioning than PT. We further hypothesized that ET would produce 

larger effects on higher-order EEG measures, whereas PT would produce larger effects on lower-

order EEG measures. 

3.2 Methods 

3.2.1 Study Design and Participants 

This trial was a double-blind (participant, outcome assessor) parallel randomized 

controlled trial with equal allocation to either PT or ET (clinicaltrials.gov Identifier: 

NCT03024203). 

 Eligible participants between 18-65 years of age diagnosed with schizophrenia-spectrum 

disorders were recruited from three mental health outpatient services in Kingston, Ontario, 

Canada. Exclusion criteria included active substance abuse within the past 12 months, history of 

acquired brain injury, developmental disability, neurocognitive disorder, cognitive remediation 

within the past 6 months, and non-English language speaking. 

 

3.2.2 Interventions 

The PT and ET interventions were structurally identical consisting of a six-week 

treatment window with two therapist-facilitated 1-hour sessions per week for four weeks and 

daily at-home training. The last two weeks consisted solely of at-home practice with telephone 
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support once-per-week or as needed. The primary mode of intervention was computerized 

cognitive training using two online CR programs (Happy Neuron, sbtpro.com; BrainHQ, 

brainhq.com) which have been widely used in past CR studies. Each intervention utilized four 

exercises from each software with the only difference being the cognitive domain being targeted. 

The interventions were delivered by one therapist in groups with a maximum size of five 

members, and participants completed the computerized exercises on 9.6-inch Samsung Galaxy 

tablets. Sessions were divided into practice of computerized exercises (75%) and strategy 

monitoring through group discussion and completion of a strategy worksheet (25%). 

The ET and PT interventions were structurally identical. Each session included practice 

of computerized exercises (75%) and strategy monitoring using a worksheet and discussion with 

the therapist (25%). Computer exercises utilized principles of errorless learning and 

parametrically increased in difficulty as participants’ performance improved to maintain 

approximately 80% accuracy. In the first four sessions, participants were introduced to two new 

cognitive exercises each session. Participants spent 10 minutes independently practicing the first 

computer exercise, then spent 5-10 minutes developing strategies. Therapists instructed clients in 

the completion of strategy development worksheets that guided participants to first identify the 

strategies they had been using during the computerized exercise, then to brainstorm new 

strategies they could try, and finally to identify which strategies worked best given different task 

demands. Therapists facilitated discussion among group members to encourage use of multiple 

strategies. Participants then completed another 10 minutes of computer practice to test out their 

new strategies before being introduced to the second computer exercise of the session following 

the same structure.  
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The final four sessions focused on consolidation of learning and participants practiced 

whichever exercises they desired and completed strategy monitoring worksheets twice 

throughout the session. In addition to training sessions, participants were given access to the 

computerized exercises and strategy worksheets at home for continued practice.  

The only difference between PT and ET were the cognitive domains targeted by the 

computerized exercises. Each included an equal number of tasks across the two software.  

Interventions were delivered by one of two Ph.D. students in clinical psychology with a 

minimum of two years CR experience and supervised by CRB. Both therapists delivered each 

intervention. Fidelity was ensured through weekly supervision meetings with a licensed clinical 

psychologist and review of the duration of computerized cognitive training completed. 

Homework was tracked using each online training platform, and strategy worksheets completed 

at home were reviewed prior to the beginning of each session. 

3.2.2.1 Perceptual Training Exercises 

PT utilized four computerized exercises from Happy Neuron (sbtpro.com).  Private Eye 

requires participants to search for a target symbol within a grid of distractors. Ancient Writing 

requires participants to quickly identify whether symbols are the same or different. Sound Check 

requires participants to identify sounds based on length, pitch, and volume. Under Pressure 

requires participants to identify whether a target appears above or below a previously shown 

stimulus on the screen. This group also used four computerized exercises from BrainHQ 

(brainhq.com).  Visual Sweeps requires participants to identify whether vertical lines are 

“sweeping” inwards or outwards; Divided Attention requires participants to quickly identify 

whether two shapes share an identical feature; Sound Sweeps requires participants to identify 
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whether brief sounds are rising or falling in pitch. Fine Tuning requires participants to visually 

identify verbally presented syllables. 

3.2.2.2 Executive Training Exercises 

ET utilized four computerized exercises from Happy Neuron. Secret Files requires 

participants to sort words into superordinate categories and discover the categories through trial 

and error, holding the category in working memory.  Basketball in New York requires 

participants to mentally manipulate a series of basketballs in nets to match a template series of 

nets. Hurray for Change requires participants to connect a series of words and numbers based on 

increasing alphabetical and numerical order. You’ve Got Voicemail requires participants to listen 

to a series of voicemail messages and recall relevant information from the messages. This group 

also used four computerized exercises from BrainHQ. Auditory Ace requires participants to hold 

a series of sounds in memory to determine whether a current sound is the same as a sound 

presented previously. Syllable Stacks requires participants to listen to a series of syllables and 

recall the order in which they appear. Card Shark requires participants to hold a series of playing 

cards in memory to determine whether a current card matches a card that was presented 

previously. Mind Bender requires participants to respond to two sets of paired stimuli based on 

different rules. 

3.2.3 Randomization and Masking 

Participants were randomly assigned (1:1) to treatment conditions with permuted block 

sizes of four stratified by recruitment site. Participants were blind to treatment condition and 

were not provided with details related to the different conditions. Assessors were similarly blind 

to condition, hypotheses, and details of the interventions. There were no blind breaks during the 
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study. Data were entered and double-scored by research assistants blind to treatment allocation 

and hypotheses. 

 All outcome measures were assessed at baseline, within one-week post-treatment, and 

again 12 weeks following the end of active treatment. Excepting case manager rated community 

functioning, all assessments were conducted by trained research assistants with a minimum of 

one-year experience conducting psychological assessments. Symptom assessments were 

conducted by trained Ph.D. level graduate students supervised by a licensed clinical 

psychologist. 

3.2.4 Primary Outcome 

3.2.4.1 Community Functioning 

The primary outcome measure was real-world functional behavior rated on the Specific 

Levels of Functioning Scale (SLOF; Schneider & Struening, 1983). The SLOF was rated by the 

participant’s case manager or psychiatrist who was blind to treatment allocation, and not 

involved in any other assessment procedures. Ratings were made on a 5-point Likert scale based 

on frequency of behavior and amount of assistance required to perform the behavior. The three 

domains of interpersonal relationships, daily activities, and work skills were averaged to form a 

total Community Functioning score that was transformed to a percentage of maximum total score 

with excellent internal consistency (Cronbach’s alpha = .91). Higher scores indicate better 

functioning. 

3.2.5 Secondary Outcomes 

3.2.5.1 Functional Competence 
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Functional competence refers to skills that are important for independent community 

functioning and was assessed with performance-based simulations of daily tasks. The Canadian 

Objective Assessment of Life Skills – Brief (McDermid Vaz et al., 2013) assesses three domains 

of functional activities: Time Management, Domestic Activities, and Trip Planning. Each 

domain is further subdivided into a procedural knowledge routines (PKR) subscale which 

consists of more basic procedural skills and an executive operations (EXO) subscale which 

consists of skills that require higher level reasoning abilities. Total (Cronbach’s alpha = .78), 

PKR (Cronbach’s alpha = .70), and EXO (Cronbach’s alpha = .68) scores were obtained by 

summing the respective scores across functional domains, and were then converted to age 

corrected z-scores based on normative data (McDermid Vaz et al., 2013). Higher scores indicate 

better functional competence. 

3.2.5.2 Neurocognition 

Neurocognitive performance was assessed with the Measurement and Treatment 

Research to Improve Cognition in Schizophrenia Consensus Cognitive Battery (MCCB; 

Nuechterlein et al., 2008) with two modifications. The Mayer-Salovey-Caruso Emotional 

Intelligence Test, assessing social cognition, was omitted due to the emphasis of the current 

interventions on neurocognition. To increase the number of executive functioning tasks, the 

Towers Test from the Delis-Kaplan Executive Function System (Delis, Kaplan, & Kramer, 2001) 

was substituted for the Mazes task to assess problem solving, and Trail Making Test B (Reitan, 

1992) was included to assess set-shifting ability. Alternate forms were used for measures of 

verbal and spatial learning/memory due to the susceptibility of these tasks to practice effects. 

Age, gender, and education corrected z-scores were calculated for domains of processing speed, 

attention, learning/memory, and working memory as outlined in the MCCB manual. An 
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additional domain of executive functioning was calculated from the DKEFS Towers Test Total 

Achievement score and the ratio of Trail Making Test B to Trail Making Test A performance 

(Daniel L Drane, Yuspeh, Huthwaite, & Klingler, 2002). A total neurocognitive composite score 

was then calculated as the mean of the standardized domain scores (Cronbach’s alpha = .83). 

Higher scores indicate better neurocognition. 

3.2.5.3 EEG 

EEG was recorded using the Emotiv EPOC system. EEG was recorded during eyes open 

and eyes closed resting state, an n-back working memory task, a P300 attention/vigilance task, 

and a mismatch negativity (MMN) perceptual task. Theta power was calculated for a 1-back and 

2-back task as the difference between theta power during task and resting state across frontal 

electrode sites. Theta power was averaged across the two tasks and higher values indicate greater 

theta power. P300 was calculated as the difference between mean amplitude in response to target 

and non-target stimuli. Higher values indicate a greater P300 response. MMN was calculated as 

the difference between mean amplitude in response to deviant and standard stimuli. More 

negative values indicate greater mismatch negativity.  

3.2.5.3.1 Descriptions of EEG Tasks 

For all EEG tasks E-prime 2.0 was used for stimulus presentation. The n-back is a visual 

working memory task consisting of a low working memory load task (1-back) and a high 

working memory load task (2-back). Single-digit numbers were visually presented in a random 

order fixed for all participants. In the 1-back task participants were asked to respond whenever 

the number presented was the same as the number presented immediately previously. In the 2-

back task, participants were asked to respond whenever they saw a number presented that had 

been presented two numbers previously – requiring greater working memory resources. Two 
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hundred stimuli were presented in each n-back task for 500ms with a 2500ms inter-stimulus 

interval during which a fixation cross was presented and participants could respond yes / no as to 

whether the number was presented n numbers previously. Power in the theta frequency band 

over frontal electrode sites was extracted across each n-back task and resting state theta power 

was subtracted from active theta power as an index of engagement of neural resources associated 

with working memory. Greater theta power is associated with greater engagement of working 

memory-associated resources. 

The P300 task was a visual P300 task (Duncan et al., 2009) to index visual attention. The 

letter ‘X’ and the letter ‘O’ were presented sequentially and participants were asked to respond 

when the letter ‘X’ was presented. There were 300 trials, and the target stimulus (X) was 

presented on 20% of trials. Stimuli were presented for 100ms with a 1200ms inter-stimulus 

interval. The P300 was analyzed as the mean amplitude difference between target and non-target 

stimuli across frontal-midline electrodes between 200ms and 400ms post-stimulus onset. Greater 

amplitude is associated with a stronger P300 response and indicates better engagement of 

attentional resources. 

The mismatch negativity task (Light & Braff, 2005) was used to index auditory 

perceptual ability. Participants watched a nature documentary video without sound while they 

listened to a series of tones presented binaurally in noise-cancelling earphones. Standard (50-

millisecond duration) tones were presented on 90% of trials and deviant (100-millisecond 

duration) tones were presented on 10% of trials. The mismatch negativity was analyzed as the 

mean amplitude difference between deviant and standard trials across frontal electrode sites 

between 100ms – 300ms post-stimulus onset. Greater negative amplitude is associated with a 

stronger mismatch negativity response and indicates better auditory perceptual abilities. 
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3.2.5.3.2 EEG Recording and Analysis 

EEG was recorded using the Emotiv EPOC system (Badcock et al., 2013). The Emotiv 

system consists of a flexible plastic headset with 14 electrode sites corresponding to locations 

AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, FC6, F4, F8, and AF4 in the 10-20 system. EEG data 

were recorded referenced to two mastoid electrodes (M1 and M2) at a sampling rate of 128 

samples/s. EEG data were processed offline using EEGLab (A. Delorme & Makeig, 2004) and 

the Fully Automated Statistical Thresholding for EEG Artifact Rejection toolbox (FASTER; 

Nolan, Whelan, & Reilly, 2010). The signal was high-pass filtered at 0.1 Hz and low pass 

filtered at 30 Hz. Data were then visually inspected and segments with movement artifacts or 

signal discontinuities were removed. Data were then cleaned using FASTER, which uses 

independent component analysis (ICA) to identify and remove artefactual components from the 

EEG signal. ICA is effective at correcting for non-neuronal artifacts (Jung et al., 2000), and 

FASTER has demonstrated good reliability with manual and semi-automatic cleaning procedures 

(Nolan et al., 2010b). After being processed with FASTER, data were visually inspected again to 

ensure the algorithm was successful at removing artifacts and then re-referenced to an average 

reference. Any participants with more than 40% unusable data were excluded from the analyses. 

 For the resting state and n-back tasks, power spectral density was calculated using 

EEGLAB’s spectopo function (Delorme & Makeig, 2004), using Welch’s method. Each 

recording was segmented into 1 second epochs with 50% overlap, and a Hamming window was 

applied prior to calculation of the power spectral density. Theta power was examined in the 

frequency window of 4.5 – 7.5 Hz. 

 Theta power fluctuations associated with working memory tasks tend to be greatest over 

frontal electrode sites (Jensen & Tesche, 2002b). Therefore, theta power was examined as the 
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average of six frontal electrode sites (AF3, F3, F7, F4, F8. AF4). The limited number of 

electrode sites of the EMOTIV headset does not allow for source estimation, and broad estimates 

of power density are the most appropriate analysis technique. 

 After pre-processing with FASTER as described above, the mismatch negativity (MMN) 

and P300 were analyzed using ERPLAB (Lopez-Calderon & Luck, 2014). MMN data were 

segmented into 600ms segments beginning 100ms prior to stimulus onset and baseline corrected 

to the 100ms prior to stimulus onset. P300 data were segmented into 1000ms segments 

beginning 200ms prior to stimulus onset and baseline corrected to the 200ms prior to stimulus 

onset. Any segments still containing movement or eye artifacts were excluded from further 

analyses as were any segments containing more than 20% bad channels. Any participants who 

had more than 40% of trials excluded were excluded from the analyses. Due to the temporal 

imprecision of event markers sent using the Emotiv EEG system, both ERPs were analyzed as 

mean amplitude and we were unable to examine ERP latency. The MMN was analyzed as the 

mean amplitude between 200ms – 300ms post-stimulus onset, and the P300 was analyzed as the 

mean amplitude between 200ms – 400ms post-stimulus onset. ERP amplitude was averaged over 

frontal electrode sites (AF3, F3, F7, F4, F8, AF4) for analyses. 

3.2.6 Supplementary Measures 

3.2.6.1 Clinical Symptoms 

The Brief Psychiatric Rating Scale (BPRS; Overall & Gorham, 1962) was used to assess 

clinical symptoms. The BPRS consists of 18 items rated on a 7-point Likert scale assessing 

frequency and severity of symptomatology. Factor analyses have produced a consistent 5-factor 

solution assessing domains of affective, positive, negative, resistance, and activation symptoms 

(Shafer, 2005). All raters were trained through rating interview role-plays and videos and were 
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trained to gold standard ratings from a clinical psychologist (ICC = .98) with ongoing fidelity 

meetings. Mean item score for each symptom domain is reported with higher scores indicating 

more severe psychopathology. 

3.2.6.2 Quality of Life 

Self-reported quality of life was measured using the Sheehan Disability Scale (Sheehan, 

Harnett-Sheehan, & Raj, 1996), which assesses work/school, social life, and family life/home 

responsibilities on a 10-point Likert scale. The total score was derived as the mean domain score 

converted to a percentage of maximum score (Cronbach’s alpha = .78). Higher scores indicate 

poorer quality of life. 

3.2.6.3 Employment 

Current and highest achieved employment status were scored using the Hollingshead 

Occupational Scale (Hollingshead, 2011). Lower scores are associated with higher level 

employment requiring greater responsibility. 

3.2.6.4 Self-Report Measures 

The Need for Cognition scale (Cacioppo, Petty, & Feng, 1984) assesses the degree to 

which participants seek out cognitively challenging activities in their daily lives (Cronbach’s 

alpha = .80). Higher scores indicate greater need for cognition. The Generalized Self-Efficacy 

Scale (Schwarzer & Jerusalem, 1995) assesses general self-efficacy to complete a variety of 

daily tasks (Cronbach’s alpha = .87). Higher scores indicate greater self-efficacy. The Cognitive 

Failures Questionnaire (Broadbent, Cooper, Fitzgerald, & Parkes, 1982) assesses self-identified 

instances of cognitive difficulties in daily life (Cronbach’s alpha = .94). Higher scores indicate 

more instances of cognitive difficulties in daily life. Additionally, the Intrinsic Motivation 
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Inventory (Choi, Mogami, & Medalia, 2010; Cronbach’s alpha = .88) and the Perceived 

Competence Scale (Williams & Deci, 1996; Cronbach’s alpha = .94) were administered 

following the first treatment session and at the post-treatment assessment to assess intrinsic 

motivation and perceived competence on the computerized training exercises. 

3.2.7 Statistical Analysis 

Independent samples t-tests were used to examine differences between groups on 

baseline demographic and illness variables. Independent samples t-tests were also used to 

examine differences between those who completed the intervention and those who discontinued 

treatment. Primary outcome analyses were intent-to-treat analyses using linear mixed models to 

examine changes in outcome measures over time by treatment group. Different covariance 

structures were examined to determine which fit the current data best, and the compound 

symmetry structure was the best fit for all outcome variables. Within-subjects Cohen’s d was 

calculated using the estimated marginal means from the linear mixed models for each group 

independently based on the change between baseline and each post-treatment assessment. 

3.3 Results 

3.3.1 Participants 

Participant randomization and flow is depicted in Figure 3.1. Comparisons of 

demographic and illness variables at baseline are presented in Table 3.1. There were no 

significant baseline differences between groups. Medication status by group is presented in Table 

3.2. Two participants in each group had previously received CR an average of 39.5 months 

previously. 
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Figure 3.8: CONSORT Diagram of Trial Profile and Participant Flow 
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Table 3.5: Demographic and Clinical Characteristics by Treatment Group 

 ET  
(n = 35) 

PT  
(n = 35) 

 

 M SD M SD Test Statistic p 

Age 36.91 17.31 36.94 14.91 t= -0.08 .994 

Gender (%) 
(Male : Female) 
 

79 : 21  77 : 23  c2= 0.05 .819 

Years of Education 13.41 2.39 12.93 1.77 t= 0.95 .345 

Current Occupation Level^ 6.56 2.43 6.49 2.41 t= 0.13 .900 

Highest Occupation Level^ 4.68 2.33 4.87 1.86 t= -0.36 .719 

Living Independently (%) 54.5 - 45.5 - c2= 0.55 .460 

Diagnosis (%)     c2= 4.21 .649 

Schizophrenia 61.8 - 48.6 -   
Schizoaffective Disorder 11.8 - 17.1 -   

Delusional Disorder 0 - 2.9 -   

Psychotic Disorder NOS 20.6 - 22.9 -   

Bipolar I with Psychotic Features 2.9 - 5.7 -   

Substance Induced Psychosis 0 - 2.9 -   

Schizophreniform 2.9 - 0 -   

WRAT Total t-score 48.26 8.06 47.07 9.95 t= 0.54 .588 

Neurocognitive Composite -1.13 0.84 -1.20 0.93 t= 0.30 .764 

SLOF 83.22 8.75 81.71 11.18 t= 0.61 .547 

BPRS       

Affect 2.93 1.53 2.59 1.29 t= 0.93 .357 

Positive 1.88 1.00 1.88 1.29 t= -0.01 .996 

Negative 2.46 1.21 2.52 1.16 t= -0.19 .848 

Resistance 1.70 0.94 1.77 0.76 t= -0.35 .726 
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Activation 1.33 0.60 1.40 0.50 t= -0.46 .648 

Age at First Hospitalization 20.63 7.23 22.35 7.42 t= -0.87 .386 

Total Number of Hospitalizations 7.02 17.98 4.57 8.40 t= 0.65 .522 

Total Months Hospitalized 8.98 16.39 4.81 7.49 t= 1.11 .272 

Months Since Last Hospitalization 82.44 103.27 83.26 115.01 t= -0.03 .978 

Site (%)     c2= 0.97 .616 

EIP 44.1% - 40.0% -   

Tertiary Care Clinic 29.4% - 22.9% -   

Community Clinic 26.5% - 37.1% -   

^ Measured using the Hollingshead Occupation Scale 

WRAT = Wide Range Achievement Test 
SLOF = Specific Levels of Functioning Scale 
BPRS = Brief Psychiatric Rating Scale 
EIP = Early Intervention in Psychosis Program  
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Table 3.6: Medication Use by Time and Treatment Condition 

 Baseline Post-Treatment 12 Weeks Post-Treatment 

 ET PT c2 p ET PT c2 p ET PT c2 p 

First-Generation Antipsychotic 6.7% 7.4% 0.01 .913 4.3% 11.8% 0.78 .379 9.5% 13.3% 0.13 .720 

Atypical Antipsychotic 90.0% 88.9% 0.02 .891 91.3% 88.2% 0.10 .749 90.5% 73.3% 1.85 .174 

Mood Stabilizer 16.7% 14.8% 0.36 .547 13.0% 23.5% 0.16 .687 14.3% 13.3% 0.01 .935 

Benzodiazepine 23.3% 22.2% 0.01 .920 17.4% 11.8% 0.24 .622 23.8% 20.0% 0.07 .786 

Antidepressant 36.7% 29.6% 0.32 .574 34.8% 23.5% 0.59 .443 33.3% 40.0% 0.17 .681 

 

ET = Executive Training 
PT = Perceptual Training   
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3.3.2 Acceptability 

Twenty-six individuals (37%) withdrew from the study prior to completing treatment. 

The majority of those who withdrew (65%) did so prior to attending any treatment sessions.  

 Comparisons between individuals who completed and those who discontinued treatment are 

presented in Table 3.3. Individuals who discontinued treatment tended to be younger, currently 

employed at higher occupation levels, and to have been more recently hospitalized for 

psychiatric reasons. Participants were also more likely to discontinue treatment if they were 

assigned to PT than if they were assigned to ET, with twice as many participants withdrawing 

from PT (n = 6) compared to ET (n = 3) during the intervention window (OR = 2.88). Among 

individuals who completed the interventions, there were no significant differences between 

groups on number of sessions attended (M = 6.63, SD = 1.22) or minutes of homework 

completed (M = 315.5, SD = 334.2). 

3.3.3 Intent-to-Treat Analyses 

Results from the intent-to-treat analyses are presented in Table 3.4 and displayed 

graphically in Figure 3.2. Effect sizes are presented in Table 3.5. 

3.3.3.1 Neurophysiology 

From baseline to post-treatment, there were significant main effects of time, F(1,54.3) = 

11.03, p = .002; and group, F(1,54.5) = 8.60, p = .005, such that MMN amplitude was larger 

post-treatment than at baseline, and larger for individuals in PT compared to ET. The interaction 

between time and group was significant F(1,54.3) = 5.69, p = .021, with PT significantly 

improving from baseline to post-treatment, F(1,22.8) = 10.72, p = .003, but not a significant 

improvement in the ET group. When comparing baseline to follow-up there were no significant 
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main effects or interactions. Activation by electrode site is presented in Figures 3.3 and 3.4. For 

the P300 there were no significant main effects or interaction at either post-treatment or follow-

up when compared to baseline. Activation by electrode site is presented in Figures 3.5 and 3.6. 

There were no significant main effects or interactions for EEG theta power from baseline 

to post-treatment. At follow-up there were significant main effects of time, F(1,49.4) = 26.16, p 

< .001; group, F(1,62.3) = 9.65, p = .003; and a significant time by group interaction, F(1,49.4) =  

6.05, p = .017. Individuals who received ET had significantly greater theta power at follow-up 

compared to baseline, F(1,24.1) = 38.82, p < .001, whereas there was not a significant change in 

the PT group, F(1,25.5) = 2.68, p = .114. 

3.3.3.2 Neurocognition 

On the neurocognitive composite score there were no significant main effects or 

interaction from baseline to post-treatment. At follow-up there was a significant main effect of 

time, F(1,39.0) = 4.53, p = .040, and a significant interaction between treatment condition and 

time, F(1,39.0) = 5.67, p = .022. Individuals in the ET group improved significantly compared to 

baseline, F(1,22.5) = 28.77, p < .001, whereas the difference compared to baseline for the PT 

group was not significant, F(1,16.4) = .003, p = .957. 
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Table 3.7: Demographic and Clinical Characteristics of Participants who Completed 
Treatment Compared to Participants who Discontinued Treatment 
 

 Non-Completers Completers  

 M SD M SD Test 

Statistic 

p 

Age 31.92 12.97 40.57 17.32 t = -2.37 .021 

Gender (%) 

(Male : Female) 

85 : 15 75 : 25  c2 = 0.90 .343 

Years of Education 12.90 1.48 13.34 2.37 t = -0.95 .346 

Current Employment 

Level^ 

5.73 3.05 7.02 1.76 t = -1.97 .056 

Highest Employment 

Level^ 

4.68 2.17 4.80 2.05 t = -0.22 .825 

Living Independently 

(%) 

39.1% - 54.5% - c2 = 1.44 .231 

WRAT Total t-score 44.58 5.99 46.55 6.09 t = -1.32 .193 

Neurocognitive 

Composite 

-1.17 0.89 -1.18 0.89 t = 0.05 .958 

COALS Total -1.99 1.87 -2.00 1.91 t = 0.02 .984 

COALS PKR -1.18 1.88 -1.34 1.63 t = 0.35 .727 

COALS EXO -1.92 1.81 -1.67 1.61 t = -0.59 .555 

SLOF 80.53 11.26 83.16 9.41 t = -1.00 .319 

SDS 47.69 23.11 41.15 24.29 t = 0.85 .399 

GSES 2.76 0.62 2.73 0.51 t = 0.18 .857 

CFQ 1.07 2.99 1.76 0.67 t = -0.86 .407 

NCS 3.20 0.43 3.15 0.49 t = 0.33 .743 

IMI 5.34 0.17 5.65 0.72 t = -0.72 .477 
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PCS 6.67 0.58 5.53 1.36 t = 1.43 .162 

BPRS       

Affect 2.82 1.64 2.72 1.31 t = 0.23 .816 

Positive 2.22 1.34 1.71 1.01 t = 1.69 .096 

Negative 2.33 1.17 2.58 1.19 t = -0.78 .437 

Resistance 1.90 0.84 1.65 0.85 t = 1.09 .281 

Activation 1.48 0.69 1.30 0.48 t = 1.22 .228 

Mismatch Negativity 0.07 1.10 0.17 1.34 t = -0.30 .763 

1-Back Theta Power 3.18 2.35 3.26 2.85 t = -0.11 .913 

2-Back Theta Power 3.54 2.18 3.32 2.21 t = 0.37 .710 

P300 2.38 3.09 1.87 3.36 t = 0.52 .609 

Age of First 

Hospitalization 

20.53 5.18 21.40 8.30 t = -0.39 .698 

Total Number of 

Hospitalizations 

5.68 10.42 5.96 15.46 t = -0.07 .944 

Total Months 

Hospitalized 

3.93 6.80 20.51 76.96 t = -0.80 .427 

Months Since Last 

Hospitalization 

44.45 58.76 102.63 120.88 t = -2.39 .020 

^ Meansured using the Hollingshead Occupation Scale 
WRAT = Wide Range Achievement Test – Reading Subtest 
COALS = Canadian Objective Assessment of Life Skills 
COALS PKR = COALS Procedural Knowledge Routines Subscale 
COALS EXO = COALS Executive Operations Subscale 
SLOF = Specific Levels of Functioning Scale 
SDS = Sheehan Disability Scale 
GSES = Generalized Self-Efficacy Scale 
CFQ = Cognitive Failures Questionnaire 
NCS = Need for Cognition 
IMI = Intrinsic Motivation Inventory for Schizophrenia Research 
PCS = Perceived Competence Scale 
BPRS = Brief Psychiatric Rating Scale 
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Table 3.8: Intent-to-Treat Analyses of Primary and Secondary Outcome Measures by Timepoint and Treatment Group 

 Baseline Post-Treatment 12 Weeks Post-Treatment 

 ET PT ET PT Time*Group ET PT Time*Group 

 EMM SE EMM SE EMM SE EMM SE F p EMM SE EMM SE F p 

Neurocognitive Composite -1.16 0.15 -1.20 0.15 -1.12 0.16 -0.95 0.17 1.69 .200 -0.85 0.16 -1.20 0.18 5.68 .022 

COALS Total -2.04 0.32 -1.96 0.32 -1.82 0.35 -1.70 0.38 0.01 .928 -1.04 0.36 -1.83 0.40 4.59 .038 

COALS PKR -1.50 0.31 -1.15 0.31 -1.60 0.35 -1.47 0.39 0.33 .570 -0.64 0.36 -1.07 0.42 2.02 .162 

COALS EXO -1.70 0.29 -1.85 0.28 -1.49 0.31 -1.38 0.34 0.49 .489 -0.90 0.32 -1.86 0.36 6.21 .017 

SLOF 82.70 1.72 81.87 1.80 86.00 1.94 81.94 2.42 0.92 .344 90.00 2.16 75.37 2.49 12.97 .001 

MMN 0.20 0.21 0.06 0.22 -0.03 0.24 -1.36 0.30 5.69 .021 -0.29 0.29 0.03 0.34 0.75 .389 

N-Back Theta Power 3.53 0.38 3.12 0.38 4.41 0.45 3.41 0.56 0.72 .399 7.16 0.56 4.36 0.63 6.05 .017 

P300 1.43 0.55 2.67 0.57 1.73 0.62 3.21 0.84 0.04 .848 2.01 0.70 1.78 0.93 0.65 .425 

ET = Executive Training 
PT = Perceptual Training 
EMM = Estimated Marginal Means from the Linear Mixed Models 
SE = Standard Error 
COALS = Canadian Objective Assessment of Life Skills 
PKR = Procedural Knowledge Routines 
EXO = Executive Operations 
SLOF = Specific Levels of Functioning Scale 
MMN = Mismatch Negativity
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Figure 3.9: Neurophysiological, Neurocognitive, and Functional Outcomes by Time and Treatment Condition 

 
*   p < .05 
** p < .01 
‡ Negative values for the mismatch negativity represent a greater MMN response 
Neurocognition is measured as a neurocognitive composite score; Functional Competence is measured as the total score of the Canadian Objective 
Assessment of Life Skills; Functional Performance is measured as the total score of the Specific Levels of Functioning scale
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Table 3.9: Within-Subject Effect Sizes (Cohen’s d) of Treatment Effects Compared to 
Baseline. Negative Effect Sizes Represent a Worsening of Symptoms or Performance. 
Treatment Effects That Are Significantly Greater (p < .05) than the Other Treatment 
Condition are Indicated by an Asterisk (*) 
 

 Post-Treatment 12 Weeks Post-Treatment 
 ET PT ET PT 
Neurocognitive Composite 0.08 0.47 0.64* 0.00 
COALS TOTAL 0.15 0.17 0.67* 0.08 

COALS PKR -0.06 0.18 0.39 0.03 
COALS EXO 0.14 -0.31 0.63* -0.01 

SLOF 0.26 0.01 0.53* -0.42 
MMN 0.12 0.64* 0.21 0.01 
N-Back Theta Power 0.32 0.09 1.01* 0.32 
P300 0.06 0.09 0.11 -0.13 
SDS 0.06 0.17 0.37 0.31 
GSES 0.12 0.20 0.26 0.23 
CFQ 0.09 -0.07 0.10 0.05 
NCS -0.23 0.16 -0.10 0.18 
BPRS     

Affect 0.20 0.46 0.43 0.33 
Positive -0.13 0.23 0.36 0.02 
Negative 0.48 0.20 0.43 0.39 
Resistance 0.08 -0.08 0.00 0.08 
Activation 0.08 0.13 0.17 0.02 

 

ET = Executive Training 
PT = Perceptual Training 
COALS = Canadian Objective Assessment of Life Skills 
PKR = Procedural Knowledge Routines 
EXO = Executive Operations 
SLOF = Specific Levels of Functioning Scale 
MMN = Mismatch Negativity 
SDS = Sheehan Disability Scale 
GSES = Generalized Self-Efficacy Scale 
CFQ = Cognitive Failures Questionnaire 
NCS = Need for Cognition Scale 
BPRS = Brief Psychiatric Rating Scale
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Figure 3.10: Mismatch Negativity by Electrode Site in the Executive Training Condition 
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Figure 3.11: Mismatch Negativity by Electrode Site in the Perceptual Training Condition 
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Figure 3.12: P300 by Electrode Site in the Executive Training Condition 
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Figure 3.13: P300 by Electrode Site in the Perceptual Training Condition 
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3.3.3.3 Functional Competence 

There were no significant main effects or interaction on the COALS total or domain 

scores between baseline and post-treatment. At follow-up, there was a significant main effect of 

time, F(1,40.0) = 6.51, p = .015, and a significant interaction between time and treatment 

condition, F(1,40.0) = 4.58, p = .038 on the total score. Individuals in the ET group significantly 

improved on total COALS from baseline to follow-up, F(1,22.3) = 14.31, p = .001, whereas 

individuals in the PT group did not, F(1,17.3) = .067, p = .799. The improvement in the ET 

group on total COALS score appears to be driven by a greater improvement on the COALS EXO 

subscale compared to the PT group, F(1,40.2) = 6.21, p = .017. There was not a significant 

interaction between group and time on the COALS PKR subscale, F(1, 46.4) = 2.01, p = .162. 

3.3.3.4 Real-World Functioning 

There were no significant main effects or interaction on the SLOF from baseline to post-

treatment. At follow-up there was a significant main effect of treatment condition, F(1,63.8) = 

11.64, p = .001, and a significant interaction between treatment condition and time, F(1,46.4) = 

12.96, p = .001. The ET group significantly improved from baseline to follow-up, F(1,28.1) = 

8.98, p = .006, whereas the PT group had significantly poorer functioning at follow-up compared 

to baseline, F(1,17.9) = 5.32, p = .033. 

3.3.3.5 Additional Outcome Measures 

There were no significant time by treatment interactions for psychiatric symptoms, self-

reported quality of life, self-efficacy, cognitive failures, or need for cognition. Results are 
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presented in Table 3.6. From baseline to post-treatment there was a significant main effect of 

time for BPRS affective, F(1,43.5) = 6.79, p = .012, and negative symptoms, F(1,49.9) = 0.64, p 

= .020, such that both groups improved. From baseline to follow-up there was a significant main 

effect of time on the SDS, F(1,45.3) = 5.63, p = .022; BPRS affective, F(1,40.6) = 9.38, p = 

.004; positive, F(1,34.6) = 7.61, p = .009; and negative symptoms, F(1,45.3) = 7.57, p = .008, 

such that both groups improved. 

3.4 Discussion 

This study is the first to directly compare executive and perceptual approaches to training 

cognition in schizophrenia-spectrum disorders and contains the broadest assessment battery we 

are aware of to examine CR spanning domains of neurophysiology, neurocognition, functional 

competence, and real-world community functioning. ET and PT demonstrate similar 

improvements immediately following treatment in most measures, however, ET appears to prime 

individuals for further improvement following the end of treatment whereas improvements from 

PT faded in the months after treatment ended. 

 The effects of PT compared to ET appeared most strongly in the MMN response 

immediately following the end of active treatment. However, these improvements did not persist 

12 weeks later. Conversely, the effects of ET did not emerge until 12 weeks following the end of 

treatment when improvements in neurophysiology, neurocognition, functional competence, and 

community functioning were all observed. Additionally, the magnitude of functional change is 

comparable to that observed in longer CR programs (Bowie et al., 2012), suggesting that 

improving higher level cognitive operations is a critical factor to improving community 

functioning. 
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Table 3.10: Supplemental Outcome Measures by Time and Treatment Condition 

 Baseline Post-Treatment 12 Weeks Post-Treatment 

 ET PT ET PT Time*Group ET PT Time*Group 

 EMM SE EMM SE EMM SE EMM SE F p EMM SE EMM SE F p 

SDS 45.46 5.02 39.91 5.08 43.52 5.04 33.95 5.92 0.17 .683 34.01 5.37 29.32 6.36 0.00 .971 

GSES 2.72 0.10 2.74 0.10 2.78 0.10 2.85 0.11 0.18 .676 2.82 0.10 2.84 0.12 0.08 .775 

CFQ 1.91 0.28 1.24 0.28 1.79 0.28 1.34 0.29 1.90 .176 1.79 0.28 1.18 0.29 0.18 .674 

NCS 3.15 0.09 3.15 0.09 3.05 0.09 3.23 0.11 1.93 .171 3.10 0.10 3.25 0.11 1.12 .296 

BPRS                 

Affect 2.92 0.23 2.59 0.23 2.67 0.25 1.96 0.29 1.51 .225 2.32 0.25 2.08 0.29 0.38 .539 

Positive 1.86 0.19 1.88 0.19 2.02 0.20 1.57 0.24 1.73 .195 1.49 0.21 1.49 0.25 0.03 .870 

Negative 2.50 0.19 2.52 0.20 1.95 0.21 2.26 0.25 0.83 .367 1.95 0.22 1.96 0.26 0.02 .889 

Resistance 1.69 0.14 1.77 0.14 1.64 0.15 1.83 0.18 0.21 .646 1.69 0.16 1.67 0.18 0.00 .998 

Activation 1.32 0.08 1.40 0.09 1.27 0.09 1.31 0.11 0.02 .881 1.19 0.10 1.38 0.12 0.24 .626 

 

SDS = Sheehan Disability Scale 
GSES = Generalized Self-Efficacy Scale 
CFQ = Cognitive Failures Questionnaire 
NCS = Need For Cognition Scale 
BPRS = Brief Psychiatric Rating Scale 
  



 

 

 

102 

 The “sleeper effects” observed in ET are consistent with other studies demonstrating 

continued improvements following the end of treatment (Bowie et al., 2012). Understanding the 

mechanisms through which continued improvement occurs, and for whom, will be important 

areas for further investigation and capitalizing on these improvements after treatment ends may 

improve the long-term efficacy of CR.  

It is possible that ET effects were strongest 12 weeks following the end of treatment 

because the skills and strategies developed during ET were more functionally relevant and 

promoted greater engagement in community activities. Previous reports have demonstrated the 

importance of executive functioning for employment and activities of daily living (Velligan, 

Bow-Thomas, Mahurin, et al., 2000) in schizophrenia and cognitively enriched environments are 

associated with increased neuroplasticity (Hannan, 2014). Thus, ET may initially facilitate 

greater engagement with more cognitively stimulating environments due to the greater functional 

relevance of training and then through engaging with a more stimulating environment continued 

cognitive and functional improvement may occur. Meta-analytic evidence has suggested that CR 

produces the greatest improvements when delivered adjunctively to other psychiatric 

rehabilitation (McGurk et al., 2007; Wykes et al., 2011) promoting a cognitively stimulating 

environment, but future studies are needed to confirm this interpretation. 

There are potential clinical and healthcare policy implications of these findings. In a 

disorder characterized by severe and persistent functional disability, a brief duration of ET 

improved neurophysiological, cognitive, and functional abilities compared to another widely 

used form of CR. Not only was ET more effective than PT, it was also a smaller dose than the 

majority of CR programs in the literature, which can last as long as two years (Eack et al., 2010).
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Eight sessions of ET supplemented with at-home training should be feasible within most 

healthcare systems, and our results suggest that brief ET intervention may stimulate ongoing 

cognitive and functional improvements. The potential economic implications of such an 

intervention are vast, however, a larger trial is needed to examine this. 

The current findings should be considered in light of limitations and considerations. The 

protocolized treatment dose (28 hours) is not inconsistent with many CR studies, however, the 

timeframe of 6 weeks is shorter than most. Any interaction of the strategy monitoring procedure 

with the specific type of cognitive training is unclear and future mechanistic studies could 

examine this. There was no control condition, however, the observed effects were larger than 

typically observed practice effects on measures such as the MCCB (0.2 SD; Keefe et al., 2011). 

The large attrition rate is consistent with many interventions for severe mental illness and speaks 

to the challenges of disseminating interventions from research settings to clinical practice. When 

CR has included personalized goal setting and practical approaches to link cognitive gains to 

everyday functions, retention has been higher (Bowie et al., 2017). The majority of participants 

in this study were Caucasian, with mild symptomatology, making it difficult to determine 

whether treatment effects would generalize more broadly. We were also limited in the EEG 

markers we could examine with the Emotiv EEG system. The Emotiv system allowed for 

flexibility in assessing participants in community settings, however, is unable to detect very early 

perceptual components, such as the P50, which have been examined in previous studies (Popov 

et al., 2011).  

 

3.4.1 Conclusion 
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While perceptual training may produce short-term improvements in neurophysiology and 

neurocognition during active treatment, treatment effects are more likely to transfer to 

community functioning and persist with executive training techniques. In fact, executive training 

appears to prime the individual for further functional improvement once treatment ends, 

suggesting that a brief dose of executive training may provide ongoing benefits and should be a 

prioritized treatment target within cognitive remediation. 
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Chapter 4 

General Discussion 

 The research presented herein has examined the potential efficacy of brief cognitive 

training programs targeting higher-order cognitive operations such as working memory and 

executive functioning to improve neurophysiology, neurocognition, and functioning for 

individuals with schizophrenia-spectrum disorders. In study 1 (Chapter 2), a brief 2-week 

executive function intervention was compared to a tightly controlled sham cognitive training 

condition. This intervention consisted of cognitive training without any of the other pillars of CR 

such as strategy monitoring or generalization, and measurement focused on EEG and cognitive 

measures proximal to the cognitive domains trained. In study 2 (Chapter 3) a 6-week executive 

function intervention was compared to 6 weeks of perceptual training (a widely used method of 

cognitive training in schizophrenia) to examine effects on EEG, neurocognition, functional 

competence, and real-world community functioning. The interventions in study 2 also involved 

strategy monitoring to aid participants in developing and retaining cognitive strategies with the 

goal of increasing transfer of cognitive improvements to everyday life. The results of these two 

studies suggest that brief executive function training produces greater improvements in 

neurophysiology, neurocognition, and functioning than either comparison condition. The major 

themes, implications for the treatment of schizophrenia-spectrum disorders, and 

recommendations for future research are discussed below. 

4.1 Major Themes 

The current research provides support for the efficacy of brief executive function training 

for individuals with schizophrenia-spectrum disorders to improve neurophysiology, 
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neurocognition, and functioning compared to both a sham treatment condition and a popular 

alternative treatment approach targeting perceptual abilities. Additionally, therapeutic effects of 

executive training appear to increase following the end of active treatment suggesting that the 

skills participants have learned carry-over into their daily lives for ongoing improvement. 

4.1.1 Efficacy of Cognitive Training and Cognitive Remediation 

Skepticism regarding cognitive remediation has been fueled by a minority of studies 

suggesting lack of significant treatment effects. In one of the earliest attention training programs, 

neither vigilance nor attention significantly improved (Benedict et al., 1994). A more recent 36-

session cognitive remediation intervention found improvements in the computer tasks that were 

trained during the treatment but no transfer to neurocognitive or functional measures (Dickinson 

et al., 2010). Similarly, a large multi-site study in Spain found improvements on the specific 

tasks that were trained but no significant transfer to other neurocognitive or functional domains 

(Gomar et al., 2015). An early review of the literature also concluded there was insufficient 

evidence to suggest that cognitive remediation improves cognitive or functional abilities (Pilling, 

Bebbington, Kuipers, Garety, Geddes, Martindale, et al., 2002), setting the stage for the National 

Institute of Health and Care Excellence (NICE) in the United Kingdom to not recommend 

cognitive remediation therapy for individuals with schizophrenia (National Institute for Health 

and Care Excellence, 2014). Similarly, guidelines in Canada and the United States do not yet 

recommend cognitive remediation as a treatment for schizophrenia (Crockford & Addington, 

2017; Lehman et al., 2010). 

Despite this skepticism, the vast majority of evidence suggests that cognitive remediation 

does improve neurocognitive and functional outcomes, and several meta-analyses have now 

supported this (Kurtz, Moberg, Gur, & Gur, 2001; McGurk, Twamley, Sitzer, McHugo, & 
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Mueser, 2007; Wykes, Huddy, Caroline, McGurk, & Czobor, 2011). Cognitive remediation 

appears to produce larger effects on functioning when provided in conjunction with other forms 

of psychiatric rehabilitation (McGurk et al., 2007), and cognitive remediation programs 

consisting of a psychotherapeutic component are generally more effective than those relying 

solely on cognitive training (Wykes et al., 2011). Thus, it is important to distinguish between 

cognitive remediation and cognitive training when examining the efficacy of cognitive 

rehabilitation approaches. The current studies utilized cognitive training with Study 2 containing 

a limited therapist role to aid participants in strategy monitoring.  

4.1.2 Cognitive Training vs. Cognitive Remediation 

 Cognitive training refers to repetitive training of computerized or paper-pencil cognitive 

exercises. It is designed to stimulate neuroplastic growth to improve impaired cognitive 

processes and stimulate the development of compensatory neural pathways. Cognitive 

remediation refers to broader cognitive rehabilitative approaches utilizing cognitive training 

exercises with the addition of psychotherapeutic elements delivered by trained therapists that 

support participants in the development of new strategies and generalizing those strategies to 

everyday life. Cognitive remediation is a more wholistic approach in which therapists can 

address issues secondary to cognitive impairment, such as motivation, which may be impeding 

cognitive and functional improvements. Although cognitive training and cognitive remediation 

approaches have not been directly compared, meta-analytic evidence has suggested that 

community functioning improves more when psychotherapeutic elements are included (Wykes et 

al., 2011). Additionally, meta-analyses have suggested that both cognitive training and cognitive 

remediation approaches produce greater improvements in functioning when delivered 

adjunctively to other psychiatric rehabilitation (McGurk et al., 2007; Wykes et al., 2011). In an 
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empirical examination of this finding, Bowie, McGurk, Mausbach, Patterson, & Harvey (2012) 

demonstrated that participants randomized to receive both cognitive remediation and functional 

skills training experienced greater functional improvement than individuals receiving either 

intervention alone. The cognitive remediation program used in this study lasted 12 weeks and 

contained psychotherapeutic elements of strategy monitoring and generalization.  

 In contrast to cognitive remediation programs, when cognitive training has been delivered 

alone, effects on neurocognition have tended to be specific to the domains that are trained 

(Adcock et al., 2009; Fisher et al., 2015; Fisher, Holland, Merzenich, & Vinogradov, 2009; 

Fisher, Holland, Subramaniam, & Vinogradov, 2010; Fisher, Mellon, Wolkowitz, & Vinogradov, 

2016; Subramaniam et al., 2014) without transfer to untrained cognitive domains or community 

functioning. In fact, the only study to combine cognitive training with a psychotherapeutic 

component, similarly found a lack of transfer to functioning (Keefe et al., 2012). Thus, the large 

effects on functional competence and community functioning observed in study 2 when 

cognitive training was delivered outside of a rehabilitation context are impressive. In contrast to 

the majority of cognitive training studies, this study targeted executive functioning specifically 

and it may be that specifically targeting executive functioning is more effective than other 

approaches to cognitive training. 

4.1.3 Executive Functioning as a Treatment Target 

The efficiency with which executive training is effective may be a particular strength of 

this intervention technique. The current interventions were two or six weeks in duration and the 

six-week treatment only involved four weeks (eight sessions) of direct therapist contact. This 

duration of treatment is substantially less than other widely used CR programs. The 

Neuropsychological Educational Approach to Cognitive Remediation (Medalia & Freilich, 2008) 
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is a widely used CR program that typically utilizes 18 – 30 sessions. The Computerized 

Interactive Remediation of Cognition – a Training for Schizophrenia (CIRCuiTS; Reeder & 

Wykes, 2010) is a program that is often completed over 20 – 40 sessions (Reeder et al., 2016). 

Cognitive enhancement therapy (CET; Hogarty et al., 2004) involves two years of weekly 

treatment. Such intensive training programs, though inherently appealing for a complex disorder 

such as schizophrenia, may not be feasible within many healthcare systems. In contrast to such 

intensive programs, the short duration of treatment utilized in the current studies suggests that 

specifically targeting executive functions may provide a more efficient method of improving 

neurocognitive abilities which generalizes to untrained cognitive domains and community 

functioning. In fact, the findings from the current studies are likely to be even more robust than 

other cognitive remediation findings due to the active comparison conditions examined (sham 

training in study 1, and a competing theoretical framework in study 2). Similar results have 

recently been found when examining a remotely delivered CR intervention specifically targeting 

working memory (Donohoe et al., 2017) in which 8 weeks of remote working memory training 

produced significantly greater improvements in community functioning and some domains of 

cognition than a control condition. Further support for the importance of higher-order cognitive 

abilities in facilitating functional improvement comes from recent evidence that functional 

improvement after CR is associated with improvements in working memory (Rispaud, Rose, & 

Kurtz, 2016). Short duration executive function training interventions should be feasible to 

implement within most healthcare settings and may provide ongoing cognitive and functional 

benefits for participants. Additional research will be required to determine the precise dose of ET 

required, long-term durability of ET, and how ET directly compares to a generalized approach to 

CR, however, the current studies support the efficacy of training executive functions. 
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While it is clear from the current studies that targeting higher-order executive functions 

in CR for schizophrenia-spectrum disorders is important, it is unclear what the role of the other 

components of broader CR programs (strategy monitoring, and generalization) play in treatment 

efficacy. Study 1 examined a pure cognitive training approach without strategy monitoring or 

generalization, and proximal treatment effects were observed. However, broader neurocognitive 

and functional abilities were not measured in this proof-of-principle study. Because the aim of 

study 2 was to examine broader cognitive and functional outcomes, strategy monitoring was 

included to increase the likelihood that treatment effects would generalize to community 

functioning. It is possible that in study 2 the interaction between strategy monitoring and 

executive training produced significant treatment outcomes and that similar results would not 

have been observed if computerized cognitive training was delivered alone. Computerized 

training alone may be sufficient for proximal training effects (Study 1) but a combination of 

computerized training with other therapeutic elements may be necessary for broader cognitive 

and functional outcomes, though this needs further direct comparison. For PT, including strategy 

monitoring did not appear to produce beneficial effects on broad neurocognitive and community 

functioning, thus it is unlikely that the current results were solely a result of including strategy 

monitoring. Similarly, Keefe et al. (2012) found that including “bridging” groups in a PT 

intervention did not produce significant effects on functional outcomes. Including other 

psychotherapeutic elements with PT does not appear to improve functional outcomes, however, 

it is unclear what the precise mechanisms of action in executively-based intervention is. Future 

research should compare longer-term cognitive remediation programs utilizing both strategy 

monitoring and generalization with a specific emphasis on executive functioning with brief 

executive function training. 
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4.1.4  Ongoing Improvements Following Executive Training 

One of the major advantages to executive training appears to be that therapeutic benefit 

continues to improve following the end of active treatment. Such findings are not uncommon in 

other CR programs (Bell, Bryson, Greig, Fiszdon, & Wexler, 2005; Bowie et al., 2012; Donohoe 

et al., 2017). Wykes & Spaulding (2011) propose that these ongoing effects may in fact be due to 

therapeutic effects of CR on the ability to acquire new skills and that even small improvements 

in neurocognition which may not be detectable on traditional neurocognitive tests may produce 

changes in learning which can be carried forward in the person’s life. Support for this theory can 

be found in a study by Silverstein et al. (2005), in which attention training initially produced no 

observable effects on neurocognitive tests compared to a control condition. After all participants 

were subsequently provided with skills training in a community reintegration program, 

individuals who had received attention training showed significantly greater skill acquisition 

than individuals who had received the control intervention (Silverstein et al., 2005a). Similarly, a 

study of working memory training found largely non-significant effects on neurocognitive 

abilities immediately following training, but longer-term effects on community functioning 

(Donohoe et al., 2017). Thus, even small, non-significant improvements in cognition 

immediately following treatment may facilitate longer-term improvements in functioning.  

The precise mechanism through which these ongoing effects are facilitated will be 

important to examine. One hypothesis is that higher-order cognitive skills trained in ET may be 

more closely linked to learning ability and skill acquisition than other cognitive abilities. Outside 

of schizophrenia, there is evidence for such a link between executive functioning and learning, 

however, this has never been explicitly examined in individuals with schizophrenia. In rats, 

lesions to prefrontal cortex regions have been found to produce an inability to learn maze layouts 
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(Winocur & Moscovitch, 1990). In a study of 11 and 12-year old children, achievement in school 

was closely related to domains of working memory and executive inhibition (St Clair-Thompson 

& Gathercole, 2006). Additionally, in educational environments executive control processes 

have not only been suggested to facilitate the acquisition of new knowledge, but also to promote 

the development of autonomous learning in which students become able to self-regulate their 

own learning (Weinstein, 1988). Thus, executive functioning enhancement may be critical to 

improve skill acquisition in schizophrenia as well. 

While learning ability is one possible mechanism, it is also possible that ET stimulates 

participants to engage more frequently in everyday activities and that through engaging more 

fully in daily life, cognitive and functional improvements continue to improve. The strategies 

developed while completing executive function training may be more functionally relevant to 

everyday life than those developed while completing perceptual training exercises. For example, 

an executive training strategy may be to plan out a series of tasks before beginning them, which 

can be directly applied to tasks in everyday life. A perceptual training strategy may be to visually 

scan objects on the screen in a specific order, which is less broadly applicable to everyday 

activities. Although there is no empirical support for this yet, further studies examining the 

content of strategy development will be important to determine whether the development of 

specific strategies leads participants to use them more regularly in daily life.  

The cognitive training environment may also promote success experiences for individuals 

with schizophrenia, which may serve to improve self-efficacy and promote further engagement 

in activities that the individual would not typically engage in. Other studies of cognitive 

remediation have found improvements in self-esteem and self-efficacy following treatment (Kidd 

et al., 2014; Wykes et al., 1999, 2007). Executive training exercises generally appear more 
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complex than perceptual training exercises in that they tend to have more stimuli on the screen 

within a more visually stimulating and distracting environment. Thus, mastering executive 

function exercises may provide a more rewarding mastery experience, given the increased 

perceived complexity of the task, than mastering other cognitive training exercises, which could 

be viewed by participants as more simplistic. It is possible that differential mastery experiences 

across cognitive training exercises may also stimulate differential engagement with everyday 

activities that could lead to the ongoing benefits observed in executive training. Measurement 

techniques such as ecological momentary assessment, which allow the collection of detailed 

information throughout the day, will also be important in uncovering the precise mechanisms of 

ongoing improvements following the end of treatment. 

4.1.5 Measuring Multiple Outcome Domains in Cognitive Remediation 

The current studies provide evidence across multiple domains of assessment for the 

efficacy of ET. A major limitation of many cognitive remediation studies has been an 

overemphasis on assessing neurocognition without assessing other domains such as 

neurophysiology and functioning. Assessing multiple outcome domains, provides a more 

thorough understanding of the effects of cognitive remediation. For example, neurophysiological 

improvements provide direct evidence for improvement in underlying biological impairments 

instead of relying on neuropsychological indicators. Improvements in functional competence 

suggest that cognitive improvements are generalizing to skill development, and improvements in 

community functioning suggest that individuals are actually implementing those skills in daily 

life. Differential findings across these levels of analysis then provide an indication of how 

specific treatments function. 
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Results from the current studies provide evidence that computerized cognitive training 

improves underlying neurophysiology. In both studies, frontal theta power during working 

memory tasks improved significantly after executive training, suggesting greater synchronization 

of frontal regions during working memory engagement. Given that theta power significantly 

improved during different cognitive tasks across studies, and the ease with which it can be 

measured using portable EEG systems, theta power may be an especially reliable biomarker in 

CR. EEG effects also appear to be specific to the type of cognitive training used. For example, 

theta power may be a useful outcome to consider in executive training interventions whereas the 

mismatch negativity may be a more useful outcome to consider in interventions targeting 

perceptual abilities. Other studies utilizing similar measures have found improvements in the 

M50 event-related potential, representing ability to detect similarities in auditory tones (Popov et 

al., 2011), and oscillations in the alpha frequency band to auditory stimuli (Popov et al., 2015). 

Cognitive remediation has also staved off hippocampal atrophy (Eack et al., 2010), increased 

functional activation of frontal cortical regions (Wykes et al., 2002) and increased medial 

prefrontal cortex activation during a reality monitoring task (Subramaniam et al., 2012). 

Additionally, brain derived neurotrophic factor (BDNF), involved in neuronal function and 

plasticity, has been found to normalize to healthy control levels after cognitive training (Fisher et 

al., 2016). Generally, cognitive training produces improvements in neurophysiological markers 

associated with higher-order cognitive abilities with the exception of targeted perceptual training, 

which produces treatment effects limited to auditory processing. 

At the neurocognitive level, the results of the current studies are consistent with those 

found in the majority of cognitive remediation studies and confirmed through meta-analysis 

(Wykes et al., 2011) that global composite measures of cognition are most likely to improve, 
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with some specificity in other cognitive domains based on the technique used. Perceptually based 

cognitive training programs have typically improved domains of attention and verbal memory 

(Fisher et al., 2009, 2015, 2016) whereas working memory specific training programs have 

improved working memory (Donohoe et al., 2017). Additionally, breadth of the neurocognitive 

domains assessed is important to consider in cognitive remediation trials is important to consider. 

Although, greatest treatment effects tend to be observed in the domains that are specifically 

trained, the degree to which those improvements generalize to untrained cognitive domains is 

also important to consider. Some studies have found no transfer of treatment effects to untrained 

cognitive domains (Dickinson et al., 2010) while others have found broad transfer to the majority 

of cognitive domains (Penadés et al., 2006). Based on the current results, executive training 

appears to generalize more broadly to other cognitive domains than perceptual training, and 

mixed results have been found with more wholistic cognitive remediation programs. 

Functionally, the current results demonstrate that executive function training improves 

both functional competence and real-world community functioning whereas treatment effects 

from perceptual training do not transfer to functioning. These results are similar to findings in 

which perceptual training produced neurophysiological and neurocognitive improvements but 

did not generalize to functional improvement (Fisher et al., 2015; Keefe et al., 2012). In contrast, 

training of higher-order cognitive abilities appears more likely to produce changes in functioning 

(Donohoe et al., 2017). From current evidence it appears that perceptual training is specific in its 

ability to improve neurophysiological and neurocognitive processes, whereas other forms of 

cognitive remediation appear to produce broader changes in frontal cortical regions, broad 

measures of cognition, and the potential to transfer improvements to functioning. Assessing 
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multiple outcome domains will be an important further step for the cognitive remediation field to 

determine the most effective intervention technique across outcome domains. 

4.2 A Historical Perspective on the Treatment of Schizophrenia and the Role of Cognitive 

Remediation 

 Schizophrenia and psychotic disorders have proven challenging to treat. Prior to the 

advent of antipsychotic medications in the 1950s, the use of physical interventions such as 

lobotomies were common, and once individuals were committed to psychiatric institutions they 

were rarely released. With the development of the first antipsychotic medications individuals 

began to experience reductions in psychotic symptoms and some were able to return to the 

community. This began the deinstitutionalization movement, which saw a dramatic decrease in 

the number of inpatients in psychiatric institutionalizations and a movement towards 

transitioning the severely mentally ill back into the community. As individuals began to 

experience remission of psychiatric symptoms and became more integrated into the community, 

a new socialist movement described as the consumer / survivor movement in the United States 

(Frese & Davis, 1997) and the recovery movement in Europe (Resnick, Fontana, Lehman, & 

Rosenheck, 2005) began to develop. Originally developed in response to injustices that formerly 

institutionalized individuals had faced, the recovery movement defined recovery not only as the 

remission of psychiatric symptoms but as the process of integrating mental illness into a 

multidimensional sense of self (Young & Ensing, 1999). Core components of recovery for 

individuals with schizophrenia include domains of community functioning such as competitive 

employment (Rogers, Anthony, Toole, & Brown, 1991). Unfortunately, pharmacological 

interventions do little to improve community functioning (Swartz et al., 2007). With both 

healthcare providers (Harvey & Bellack, 2009) and service-users (Young & Ensing, 1999) 
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identifying community functioning as an important goal, greater emphasis began to be placed on 

methods of improving community functioning. 

 To improve functioning, skills training programs were developed for individuals with 

schizophrenia. Social skills training (Liberman, Mueser, & Wallace, 1986) and vocational 

rehabilitation (Trotter, Minkoff, Harrison, & Hoops, 1988) have been two of the most commonly 

employed training programs demonstrating positive results. Prior to the implementation of skills 

training programs there had been a very limited role for psychologists in treating schizophrenia 

and the only treatment readily available was pharmacological intervention. Skills training 

provided a role for other healthcare professionals outside of psychiatry to treat schizophrenia. 

Until the late 1980s, treatments for schizophrenia consisted almost solely of pharmacological 

intervention and skills training, however, even skills training was not available to most 

individuals with schizophrenia. 

 Beginning in the late-1980s, cognitive behavioural therapy (CBT) began to be used with 

individuals experiencing schizophrenia and provided an adjunctive treatment to pharmacological 

intervention for the positive symptoms of the illness. Although CBT has now been found to be a 

viable alternative to pharmacological intervention (Morrison et al., 2014, 2018), effects on 

community functioning have been limited. At a similar time when CBT began to be evaluated, 

the relation between neurocognitive abilities and community functioning was beginning to be 

examined (Goldman et al., 1993). From this work, it was clear that neurocognitive impairments 

were a primary reason why individuals with schizophrenia had difficulty functioning in the 

community, and a novel psychological intervention (cognitive remediation; Hogarty & Flesher, 

1999; Medalia, Aluma, Tryon, & Merriam, 1998; Spaulding, Reed, Sullivan, Richardson, & 
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Weiler, 1999; Wykes, Reeder, Corner, Williams, & Everitt, 1999) was developed to specifically 

target these impairments.  

 Thus, antipsychotic medications and CBT have proven effective for treating positive 

symptoms of schizophrenia. Skills training approaches have proven effective for some 

individuals with schizophrenia, however, cognitive impairments may make it challenging for 

individuals to learn and utilize new skills. Cognitive remediation is not typically advised as a 

standalone treatment since it does not address the positive symptoms of the disorder or 

specifically train new everyday living skills. However, cognitive remediation appears to 

represent an essential adjunctive treatment to improve recovery. If neurocognitive abilities 

improve, then community functioning also tends to improve. Clearly, intact cognitive abilities 

are crucial for individuals to learn new skills, and when cognitive remediation is delivered in 

conjunction with skills training, functioning improves to a greater extent than when skills 

training is delivered alone (Bowie et al., 2012). Thus, the addition of cognitive remediation in the 

context of broader rehabilitation may improve functional outcomes. Although the same effect 

has not been examined with CBT, it is similarly possible that a combination of cognitive 

remediation and CBT may improve individual’s ability to retain information from CBT sessions 

and produce better outcomes than when CBT is delivered alone.  

 The power of cognitive remediation is likely to be within the context of a full treatment 

milieu.  Unfortunately, most health care systems are ill equipped to provide such a robust range 

of interventions in the typical care of individuals with schizophrenia. In order to produce durable 

outcomes for a larger number of individuals, more comprehensive treatment services will need to 

be developed that integrate pharmacotherapy, CBT, family intervention, cognitive remediation, 

and skills training. Given the multiple domains of impairment that individuals with 
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schizophrenia experience, it is unlikely that anything but a broad and comprehensive therapeutic 

approach will produce changes across all impaired domains. Cognitive remediation is the only 

treatment that targets impaired neurocognitive abilities, and its effects may also facilitate greater 

improvements from other interventions. 

4.2.1 Large-Scale Implementation of Cognitive Remediation 

In most healthcare settings pharmacological intervention remains the primary, and often 

sole, intervention available to individuals with schizophrenia. Skills training such as vocational 

rehabilitation is offered in many settings, and some systems provide the option for individuals to 

receive cognitive behavioural therapy or family therapy. However, both CBT and family therapy 

are still not commonly available. Cognitive remediation is not recognized by international 

guidelines for the treatment of schizophrenia (National Institute for Health and Care Excellence, 

2014) despite meta-analyses supporting its efficacy (Kurtz et al., 2001; McGurk et al., 2007; 

Wykes et al., 2011). Given the efficacy of cognitive remediation, the large-scale dissemination of 

this treatment is of critical importance. 

Currently, access to cognitive remediation in clinical settings is limited. New York state 

has broadly implemented cognitive remediation for psychiatric disorders, and an initiative in 

France has resulted in widespread use. However, outside of these settings individuals with 

schizophrenia are likely to only have access to cognitive remediation through research studies. 

Current NICE guidelines in the United Kingdom provide guidance that there is not sufficient 

evidence to support the provision of cognitive remediation to individuals experiencing psychosis, 

however the current guidelines have not been updated since 2009 (National Institute for Health 

and Care Excellence, 2014). Thus, although some nations are beginning to implement cognitive 

remediation, large-scale dissemination is still lacking. 
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One potential issue in the large-scale dissemination of cognitive remediation is 

recognition by service-users and health care providers that cognitive health is an important 

aspect of recovery. Typically, the more salient features of psychosis such as hallucinations and 

delusions are the focus for both service-users and providers, despite research demonstrating that 

positive symptoms demonstrate little relationship with functional outcomes (Bowie et al., 2006). 

It can be challenging to convey the importance of cognitive health given the other mental health 

concerns individuals are experiencing (Amado & Sederer, Lloyd, 2016). Development of 

educational materials for both health care providers and service-users may be helpful in 

promoting awareness of the importance of cognitive health and improving the value placed on 

cognitive remediation treatments by healthcare services. If increased value is placed on cognitive 

health, then there may be more pressure from healthcare services to provide cognitive enhancing 

treatments and clients may become more motivated to engage in cognitive remediation. 

Although no widespread cognitive health campaigns have been conducted, this may be an area 

for further implementation research. 

In order for cognitive remediation to be broadly available, a critical issue for further 

research to address is the acceptability of cognitive interventions to service-users. In both of the 

current studies attrition rates were 30-40% which is similar to that reported in other CR studies 

(Bowie et al., 2012, 2017; Donohoe et al., 2017; Fisher et al., 2015, 2016). It is possible that CR 

is only effective for those individuals with characteristics (such as high motivation) that increase 

the likelihood of completing the intervention. With such large attrition individuals who would 

not have benefitted from treatment may be discontinuing and thus treatment effects may be 

inflated. Another potential issue with such large attrition is that it suggests the intervention (even 

such a brief intervention as offered in the current studies) may not be acceptable to a substantial 
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number of individuals. Given that the majority of individuals who discontinued treatment 

withdrew prior to attending any sessions, it will be useful to develop techniques to increase 

initial interest and motivation in CR so that more clients can receive the intervention.  

The addition of motivational interviewing (MI) to cognitive remediation interventions 

may be one method to increase motivation. Fiszdon, Kurtz, Choi, Bell, & Martino (2016) 

compared the addition of two sessions of MI to an analogue cognitive remediation program with 

the addition of a sham interview condition. Individuals who received MI demonstrated 

significantly greater internalized motivation for the cognitive remediation program than 

individuals who received the sham interview. Also, individuals who received MI attended an 

average of five treatment sessions compared to an average of one treatment session for 

individuals in the sham condition. Similar to the results of the present studies, most attrition 

occurred prior to individuals attending any treatment sessions, however, the addition of MI 

dramatically increased the number of sessions attended. Of particular interest in this study was 

the brief duration of MI and the fact that only two sessions prior to beginning cognitive 

remediation can dramatically improve session attendance. The addition of a brief (one or two 

session) MI component prior to the beginning of the brief executive function training used in the 

current studies may similarly improve treatment adherence and will be an interesting avenue for 

further research. 

Another potential method of motivating individuals to further engage with cognitive 

remediation is to improve the appeal of the cognitive training exercises themselves. In a time 

when video games are highly stimulating and rewarding, cognitive training exercises are 

relatively uninteresting in comparison. Embedding cognitive training within gaming 

environments that are inherently rewarding may increase motivation for individuals to complete 
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the cognitive training. Given the difficulties with motivation inherent in schizophrenia, engaging 

individuals in any treatment is likely to be difficult, however, large scale implementation of 

cognitive remediation techniques will be challenging if the intervention is not acceptable to the 

individuals receiving the intervention. To further increase acceptability, it will also be important 

to involve individuals with schizophrenia in the development of future cognitive remediation 

programs. Service-user led development of cognitive remediation programs may be more 

acceptable than those designed solely by service providers. 

4.3 The Future of Cognitive Remediation 

The current interventions utilized a group-based approach with a standard curriculum for 

all participants, consistent with most current CR approaches. Unfortunately, such an approach 

limits the ability to provide idiosyncratic intervention based on individual goals and cognitive 

profiles. While the possibility of individualized CR has been proposed (Medalia, Saperstein, 

Hansen, & Lee, 2018) in which specific cognitive interventions could be tailored to the cognitive 

difficulties displayed by an individual, this approach has yet to be evaluated in a randomized 

controlled trial. Preliminary work has suggested that only 71% of individuals with chronic 

schizophrenia spectrum disorders, and 33% of individuals experiencing a first episode of 

psychosis exhibit impaired perceptual processing (Rabinowicz et al., 2000), and that a 

generalized approach to cognitive remediation produces greater improvements for individuals 

who are perceptually impaired if perceptual training is completed first (Medalia et al., 2018). For 

individuals who are not perceptually impaired, engaging in perceptual training produces no 

discernable benefit (Medalia et al., 2018). Thus, PT may be an important intervention for 

individuals experiencing perceptual impairments but may be unnecessary for those without the 

impairment. In contrast, ET may be applicable to a broader range of individuals with 
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schizophrenia-spectrum disorders. Tailoring CR based on specific cognitive profiles may 

produce greater therapeutic benefit, however, this work is still in the preliminary stages and 

requires further investigation. 

The multiple measurement technique described above may also prove useful in 

personalizing CR. If individual neurophysiological markers can be detected that provide insights 

into who would benefit from which form of CR, then treatment outcomes may be improved. For 

example, detecting individuals impaired on the mismatch negativity may provide an indication of 

who would be most likely to benefit from perceptual training. Detecting impairments in frontal 

theta synchronization or fMRI measures of cortical function may provide indicators of 

individuals who could benefit from executive function or generalized intervention. Although, 

neurophysiological assessment has tended to be quite expensive compared to other assessment 

modalities, the advent of portable EEG systems is providing a viable tool for clinical settings. 

Portable EEG systems such as Emotiv may increase the feasibility for EEG to be assessed in 

routine clinical settings to guide the selection of appropriate cognitive enhancing techniques. 

Further, biofeedback versions of cognitive training could be developed in which EEG is 

continuously measured during CR to provide immediate neural feedback to participants and 

calibrate exercise difficulty based on neural activation. One study to date utilized pupillometry-

based biofeedback in the neurocognitive treatment of psychotic disorders (Choi et al., 2017). 

Pupil dilation was used as an index of participant engagement with the training exercises and 

task difficulty was adjusted based on pupil dilation. Compared to a computer game control 

condition, individuals in the biofeedback condition improved significantly more on measures of 

processing speed and social adjustment (Choi et al., 2017), suggesting that biofeedback training 

programs may be effective in the cognitive treatment of psychosis.  
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Further to the idea of personalized CR is the possibility of tailoring interventions based 

on stage of illness. Younger individuals tend to have better results from generalized approaches 

to CR than older adults (Kontis, Huddy, Reeder, Landau, & Wykes, 2013; McGurk et al., 2007; 

Wykes, Huddy, Cellard, Mcgurk, & Czobor, 2009) as do individuals with shorter duration of 

illness (Bowie, Grossman, Gupta, Oyewumi, & Harvey, 2014). Perhaps cognitive remediation 

techniques relying on retraining of cognitive functions are more effective for younger individuals 

with short duration of illness, whereas techniques relying on compensating for impaired 

cognitive domains (Twamley et al., 2012; Velligan, Bow-Thomas, Huntzinger, et al., 2000) may 

produce better results for older individuals in later stages of illness. Additionally, components of 

CR such as independent computerized training, strategy monitoring, and generalization may 

differ in importance based on characteristics of those being treated. Perhaps independent training 

will be sufficient to produce cognitive and functional change for individuals with greater 

motivation, whereas individuals with motivational impairments may require more intensive 

therapist involvement. Tailoring of CR interventions based on individual characteristics may 

produce more effective interventions, however future research is required to examine this. 

The applicability of executive training outside of schizophrenia will be another area for 

further investigation. Neurocognitive impairments are important features of other mental health 

conditions such as bipolar disorder (Burdick, Goldberg, & Harrow, 2010; Burdick, Goldberg, 

Harrow, Faull, & Malhotra, 2006; Wingo, Harvey, & Baldessarini, 2009) and major depressive 

disorder (Lee, Hermens, Porter, & Redoblado-Hodge, 2012; Porter, Gallagher, Thompson, & 

Young, 2003) and early attempts at CR have been effective at improving cognitive abilities in 

both disorders (Bowie et al., 2013; Deckersbach et al., 2010). Executive functioning appears to 

be similarly important for community functioning in these disorders. In bipolar disorder, 
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improvements in executive functioning from CR have been associated with improved 

occupational functioning (Deckersbach et al., 2010) and training of higher-order cognitive 

control abilities has proven effective in unipolar depression (Siegle, Ghinassi, & Thase, 2007). 

As CR continues to evolve for treating a broad array of mental health conditions it will be 

interesting to consider whether specifically targeting higher-order executive functions provides a 

more efficient treatment option than generalized cognitive remediation for a broad range of 

conditions. 

An Executive (Dys)function Hypothesis of Schizophrenia 

 The substantial improvements observed from targeting executive functioning suggest that 

executive functioning may play a more critical role in recovery than previously thought. To 

accurately explain this finding, it may be necessary to suggest a novel theory of schizophrenia 

that emphasizes the role of executive functioning in the development, maintenance, and 

treatment of illness. 

 The first piece of evidence suggesting that executive functioning may be especially 

important for the development of schizophrenia comes in the overlap of the age of illness onset 

and developmental period of frontal and prefrontal brain regions. The modal age of onset for 

schizophrenia is in early adulthood (Loranger, 1984), prior to full maturation of the frontal cortex 

which has been estimated to occur by age 25 (Arain et al., 2013). This overlap leads to several 

possible hypotheses consistent with an executive dysfunction theory of schizophrenia: 1) illness 

onset is unrelated to frontal cortex development, but the experience of psychosis combined with 

high emotional arousal, disruption of life opportunities, and loss of social supports during a 

critical period of cognitive development impairs further development of executive functioning; 

2) abnormal development of executive functioning produces difficulties understanding and 
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relating to the external world, which when combined with a stressful environment produces 

psychotic experiences; or 3) a similar developmental mechanism predisposing one to develop 

psychosis also leads to abnormal development of frontal cortical regions. Further evidence for a 

relationship between executive dysfunction and development of schizophrenia comes from 

findings suggesting that unaffected twins (Goldberg et al., 1990) of individuals with 

schizophrenia also display impairments in executive functioning, and impairments in executive 

functioning as early as age 7 are associated with later development of schizophrenia (Brekke, 

Hoe, Long, & Green, 2007b). Additionally, there is substantial overlap in attention-deficit 

hyperactivity disorder (ADHD) and psychotic experiences in young people at high risk for 

psychosis (Karatekin, White, & Bingham, 2010). One study found that 31% of young relatives of 

individuals with schizophrenia were diagnosed with ADHD (Keshavan, Sujata, Mehra, 

Montrose, & Sweeney, 2003), suggesting that executive dysfunction may be an endophenotypic 

expression of risk for psychosis. Lastly, specific impairments in executive functioning are 

observed during prodromal phases of illness for individuals who later go on to develop 

schizophrenia (Lencz et al., 2006). 

 Traumatic experiences during childhood have also been linked to the later development 

of psychotic disorders, and it has been suggested that psychosis is a response to trauma 

(Morrison, Frame, & Larkin, 2003). Traumatic experiences in childhood have similarly been 

linked to dysfunctional development of executive functioning (DePrince, Weinzierl, & Combs, 

2009) and it is possible that traumatic experiences impede the development of executive 

functioning which in turn produces the experience of psychosis. Early symptoms of psychosis 

also tend to alienate individuals from their peers and often lead individuals to be excluded 

(Sundermann, Onwumere, Kane, Morgan, & Kuipers, 2014). Experiences of social exclusion 
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have similarly been found to impair executive functioning (Baumeister, Twenge, & Nuss, 2002; 

Cacioppo & Hawkley, 2009). Social exclusion worsens once one is actually diagnosed with a 

psychotic disorder (Rusch et al., 2015), potentially producing a feedback loop in which executive 

functioning may become further impaired and psychotic illness is further maintained. This 

hypothesis is consistent with findings that the volume of frontal and prefrontal cortex, associated 

with executive functions, decreases with illness chronicity (Lieberman, 1999). 

 This feedback loop can also be perpetuated through the treatment of schizophrenia. 

Individuals with chronic schizophrenia demonstrate reduced structural volume of frontal cortical 

regions referred to as “hypofrontality” (Andreasen et al., 1997). Some evidence suggests that 

chronic use of antipsychotic medications increases volume loss in frontal and prefrontal cortex 

(Ho, Andreasen, Ziebell, Pierson, & Magnotta, 2011), suggesting that the primary treatment for 

schizophrenia may actually be promoting executive function impairments and maintaining the 

illness. 

 From the treatment perspective, common psychological interventions for schizophrenia 

can be reconceptualized as being executive function interventions. It is possible that through 

different theoretical models and different treatment goals, the same underlying mechanism is 

being targeted. Cognitive remediation approaches specifically target executive functioning to 

different degrees. The finding that approaches utilizing psychotherapeutic elements produce 

better outcomes (Wykes et al., 2011) could be reconceptualized to indicate that those 

psychotherapeutic elements place a greater emphasis on executive functioning. For example, the 

two main psychotherapeutic elements used are strategy monitoring and generalization to 

everyday life. Strategy monitoring, requires participants to metacognitively monitor their 

strategy use, develop new strategies, and flexibly shift strategies according to task demands – all 
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components heavily based in executive functioning. Similarly, generalization forces participants 

to extrapolate from distally related cognitive remediation tasks to identify how those skills might 

be useful in their everyday lives, which also engages higher-order cognitive abilities. Thus, it 

may be that the more cognitive remediation trains executive functioning the better the outcomes 

are. 

 Cognitive-behavioural therapy for psychosis emphasizes attributions that individuals 

make about events in their environment. A primary component of CBT for psychosis is the 

generation of alternative explanations for events and then testing these explanations out. 

Cognitive flexibility (a component of executive functioning) is critical to being able to develop 

alternative explanations. The process of questioning one’s own attributions and testing new 

hypotheses also requires extensive executive functioning. Interestingly, CBT for depression has 

produced physiological changes in frontal cortical regions (Goldapple et al., 2004) providing 

neurophysiological evidence that CBT may actually be targeting executive functioning abilities. 

Similarly, skills training techniques require individuals to learn new functional skills and apply 

them in everyday situations. Doing so has a very heavy executive function load, and thus while 

skills training is directly teaching individuals new skills, it is possible that the mechanism of 

action is the executive function improvement that comes from new learning. 

 Therefore, it is possible that through a series of feedback loops schizophrenia develops 

and is maintained by impairments in executive functioning. Treatments that improve psychiatric 

symptoms and community functioning may do so through improving executive functioning. This 

is a testable hypothesis at every level of conceptualization, however, further research will be 

required to determine whether executive function is as strongly involved in the development of 

psychosis as hypothesized, and whether improvements in executive functioning are actually the 



 

 

 

129 

active ingredient in many psychological interventions. Additionally, executive functioning is a 

broad term encompassing many cognitive processes so it will be important to delineate whether 

specific aspects of executive functioning are most highly related to specific symptoms of 

schizophrenia.  

4.4 Overall Limitations and Considerations 

 Given evidence that cognitive remediation is more effective when delivered adjunctively 

to other psychiatric rehabilitation (McGurk et al., 2007; Wykes et al., 2011), it should be 

considered that information on other psychiatric rehabilitation participants were involved with 

was not broadly available in the current studies. Although the results indicate that executive 

function training is more effective than other forms of cognitive training, it is possible that this is 

only due to an interaction between the training and the rehabilitation environment individuals 

were already engaged with. Further research will need to examine the role of stand-alone 

executive function training however, the current results are also likely to be representative of the 

clinical reality of service delivery for most clients.  

 It should also be considered that the delivery of cognitive remediation in these studies 

was explicitly conducted as part of a research study. This meant that participants received 

financial compensation for completing assessments throughout the study period, providing an 

extrinsic reward for completing treatment. It is unclear how many clients would actively choose 

to engage in cognitive remediation when no extrinsic reward is offered. Given the significant 

attrition observed in the current studies, it is likely that attrition in a true clinical context will be 

even greater. Thus, developing new methods to engage and maintain clients in treatment is a 

critical issue. 
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 Most studies of cognitive remediation, the current studies included, only provide 

treatment to outpatients, and symptom severity is often mild. The efficacy of cognitive training 

and cognitive remediation programs for individuals who are currently hospitalized or 

experiencing active psychosis is relatively unknown. It would be particularly informative to 

examine the efficacy of brief executive function training for inpatients. Inpatient units provide 

less stimulating environments for individuals than the community, thus if executive training is 

promoting individuals becoming more active in their daily lives, it is likely that there may be 

fewer functional opportunities available to inpatients. It is possible that the limited functional 

opportunities available on inpatient units may limit the effects of executive function training and 

this will be important to consider in future research.  

 Providing cognitive remediation to individuals who are experiencing active psychosis 

also poses potential challenges. Psychotic symptoms such as paranoia may cause participants to 

distrust the treatment, facilitators, or other group members which could lead to disengagement. 

Given the relationships observed between cognition, positive symptoms, and functioning (Bowie 

et al., 2006), it is likely that cognitive remediation will benefit individuals experiencing active 

psychosis, however, keeping clients engaged could prove difficult. As discussed above, engaging 

individuals with psychotic disorders in any treatment poses a challenge, and active psychosis 

may increase that challenge.  

4.5 Summary and Final Considerations 

In summary the research contained herein has demonstrated that cognitive training 

specifically targeting executive functioning produces significantly greater improvements in 

neurophysiology, neurocognition, functional competence, and functional performance than 

comparison cognitive remediation programs and benefits from executive training continue to 



 

 

 

131 

increase following the end of treatment. Targeted executive training may provide a more 

efficient method of delivering CR that is feasible in most healthcare settings and effective at 

stimulating longer-term functional improvements. Further research is necessary to determine the 

precise dose of executive training required to produce functional change, mechanisms through 

which functional change occurs, and participant characteristics associated with improvements 

from different forms of CR. In a disorder that has traditionally been viewed fatalistically as likely 

to suffer lifelong disability, and consequently marginalized by society, brief executive training 

demonstrated the potential to stimulate robust cognitive and functional improvement, providing 

hope that recovery is realistic and obtainable. 
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Appendix B 

Study 1 Letter of Information and Consent 

Letter of Information 
Short-Term Executive Skills Training 

 
 

This research is being conducted by Mike Best and Daniel Gale under the supervision of Dr. Christopher Bowie in 
the Department of Psychology at Queen’s University in Kingston, Ontario.  
 
What is this study about? The purpose of this research is to examine the use of computer tasks on cognitive 
functioning and brain activity. Participants will be randomized to do one of two types of computer tasks. In each of 
the two conditions, the computer tasks change, but in different ways. Cognitive training has been used to improve 
cognition in a number of studies, but the sessions are often only once per week and last up to six months. In this 
study, we are interested in determining how the training works if it is done in a shorter period of time, with training 
each day. 
 
What will happen during the study? 
 
There are two parts to this study: Assessment and Training 
 
Assessment: 
 
The study will include a baseline and a follow up assessment (120 minutes each), each involving cognitive testing 
and EEG recordings to measure brain activity. To monitor your brain electrical activity, we will use a “geodesic 
sensor net.” The “net” is like a hair net that holds 64 sponge sensors. The sponge sensors are soaked in a mild 
electrolyte solution (salt, water and baby shampoo) that passively reads your EEG. Before we put the net on your 
head, we will take a few measurements and mark the center of your scalp by making a small "x" with a washable 
pencil. We will then put a smock around your shoulders to prevent your clothes from getting wet with the electrolyte 
solution. After the net has been applied, we will check each of the sponges and ensure that each is making good 
contact with your scalp. This whole process takes about 5 to 10 minutes. The tasks that you will complete during the 
EEG recording will take approximately 40 minutes.  
 
Training: 
 
For the two weeks between each assessment, participants are asked to engage in three training sessions a week (60 
minutes each) and two 20-minute practice sessions during the remaining days of the week.  
 
Are there any risks associated with the study? 
 
There are no known physical, psychological, economic, or social risks associated with this cognitive testing or 
cognitive training procedures. For the EEG recording, as we put the net on, you may experience some discomfort 
because the electrolyte solution is a little colder than body temperature, and your hair will get wet. However, once 
the net has been on your head for a few minutes, it will warm up and your hair will begin to dry. 
 
 
Is my participation voluntary? Yes. Although it be would be greatly appreciated if you could complete all the 
assessment tests and practice the computer tasks over two weeks, you should not feel obliged complete any tasks 
that you find objectionable or that makes you feel uncomfortable. You may also withdraw at any time with no 
penalty. 
 
What will happen to my information? We will keep your information confidential. Only experimenters will have 
access to this information. To help us ensure confidentiality, please do not put your name on any of the research 
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study answer sheets. The data may also be published in professional journals or presented at scientific conferences, 
but any such presentations will be of general findings and will never breach individual confidentiality. Should you 
be interested, you are entitled to a copy of the findings. 
 
 
Although we will protect your privacy as outlined above, if the law requires it, we will have to reveal certain 
personal information under the following circumstances: 
1. If a participant discloses an imminent risk of harming oneself or others,  
2. If we become aware of child abuse where a child might still be at risk,  
3. If a participant indicates sexual abuse by a health care professional,  
4. If legal authorities request the information you have provided.  
 
 
Will I be compensated for my participation? Yes, you will receive $40 at each of the two assessments .There is 
no compensation for the training part of the program. 
 
What if I have concerns?  Any questions about study participation may be directed to the principal investigator, 
Dr. Christopher Bowie, at 613-533-3347. Any ethical concerns about the study may be directed to the Chair of the 
General Research Ethics Board at chair.GREB@queensu.ca or 613-533-6081, or the Head of the Department of 
Psychology, Dr. Richard Beninger, at beninger@queensu.ca or 533-2486.  
 
Again, thank you. Your interest in participating in this research study is greatly appreciated. 
 
This study has been granted clearance according to the recommended principles of Canadian ethics guidelines, and 
Queen's policies. 
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Consent Form 
Short-Term Executive Skills Training 

 
 
Name (please print clearly): ________________________________________ 
 
1. I have read the Letter of Information and have had any questions answered to my satisfaction. 

 
2. I understand that I will be participating in the study called Short-Term Executive Skills Training. I understand 

that this means that I will be asked to complete baseline and follow up assessments, six total training sessions, 
and two daily practice sessions on non-group training session days.  

 
3. I understand that my participation in this study is voluntary and I may withdraw at any time.  

I understand that every effort will be made to maintain the confidentiality of the data now and in the future. 
Only experimenters in the Cognitive and Psychotic Disorders Laboratory will have access to this data. The data 
may also be published in professional journals or presented at scientific conferences, but any such presentations 
will be of general findings and will never breach individual confidentiality. Should you be interested, you are 
entitled to a copy of the findings. 
 

4. I am aware that if I have any questions, concerns, or complaints, I may contact Mike Best; best.m@queensu.ca; 
  Daniel Gale; d.gale@queensu.ca; principle investigator, Dr. Christopher Bowie (533-3347); 

bowiec@queensu.ca; Head of the Department of Psychology, Dr. Richard Beninger (533-2486); or the Chair of 
the General Research Ethics Board (533-6081) at Queen’s University. 
 

I have read the above statements and freely consent to participate in this research: 
 
 
 
Signature: _____________________________________   Date: _______________________ 
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Appendix C 

Study 2 Health Sciences Research Ethics Board Approval 
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Appendix D 

Study 2 Letter of Information 
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