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Abstract 

Background: Therapies aimed at remediating cognitive deficits in schizophrenia vary widely in 

their approach and delivery of cognitive training. In healthy populations, rest breaks have been 

shown to improve attention, performance, and subjective experience of work or cognitive tasks. 

Neurophysiological research has demonstrated a relationship between on-task band power, 

performance, and working memory load.  

Objectives: The current study aimed to assess the effect of rest breaks during cognitive training 

in schizophrenia through examination of cognitive performance and improvement, mean theta 

and alpha power, and subjective measures focused on acceptability and intrinsic motivation.  

Methods: 24 participants with schizophrenia completed three working memory tasks to assess 

baseline functioning and were randomized into either interval or continuous cognitive training on 

the N-back task, each with a total of 10-minutes of on-task training. Immediately following 

training, subjects completed the three working memory tasks again to assess immediate change 

in performance, and again following a 30-minute period of respite to assess durable change. 

Continuous EEG was recorded throughout, and following completion participants’ subjective 

experience of training was assessed with a self-report questionnaire. 

Results: The interval training group performed significantly better than the continuous training 

group during the training period, however this did not lead to improvement differences at post-

testing on the training task. For tasks not trained on, there was a trend for significantly greater 

improvement following interval training with medium effect size. No differences were observed 

in theta or alpha band power between groups during training, nor was band power found to be 

significantly correlated with task difficulty or performance. There were no significant differences 

between groups for subjective training experience. 
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Discussion: Results suggest that incorporating rest intervals in cognitive training leads to greater 

performance during training and enhanced skills transfer to other domains of working memory. 

This observation could be due to memory retention benefits of the spacing effect in the interval 

condition. Alternatively, results could be due to mental fatigue and/or ego depletion in the 

continuous condition, leading to a reduced capacity for performance and improvement on non-

trained tasks. Further research is needed to determine the underlying mechanism of improvement 

and transfer.   
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Chapter 1: Introduction 

1.1 Overview 

This project was designed to examine factors affecting learning performance of patients 

with schizophrenia. A complex disorder, schizophrenia is characterized by clinical heterogeneity 

of positive and negative symptoms, as well as core cognitive deficits. Recent efforts in the 

treatment of schizophrenia have focused on mitigating these cognitive impairments, as research 

has demonstrated that cognitive problems rather than symptoms, are associated with both current 

and future functional outcome. This is the aim of Cognitive Remediation (CR), a therapy which 

was subject to little investigation until recently. Some of the key challenges for CR research at 

present are to determine which teaching techniques and strategies provide the most benefit to 

patients and how to best deliver training sessions.  

Traditionally, research on optimizing CR practices has focused on comparing treatment 

elements such as remediation focus, approach, dosing and duration. However, as CR becomes 

more widely applied in clinical settings, questions arise regarding how to most efficiently 

administer or recommend training strategies within-session. This project was designed to 

examine the cognitive, neural, and subjective changes that occur in immediate response to 

interval or continuous cognitive training work-rest schedules, to better understand the interaction 

between therapy delivery and learning performance. The cognitive domain of working memory 

is integral to everyday psychosocial functioning, is reflective of functional outcome in 

schizophrenia, and its function and neurophysiological response has been assessed previously in 

neurophysiological research. As such, working memory was chosen as the target for cognitive 

training in the present study. This study examined how two different within-session work-rest 
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structures of cognitive training are reflected electroencephalographically, and is the first study to 

examine how training structure and delivery is perceived and preferred by subjects with 

schizophrenia.  

The section that succeeds this overview presents a review of schizophrenia, the cognitive 

deficits in this population, and the remediative therapy aimed at improving this clinical feature. 

An examination of the literature measuring CR and its effects follows as a segue into the current 

gaps in knowledge regarding the mechanisms of CR and how to effectively deliver cognitive 

therapy for this population. The present study then described will highlight the functional 

importance of understanding factors affecting learning performance in schizophrenia, 

particularly the work-rest structure of CR practice. The remaining sections discuss the 

methodology employed, the results of the study, and a discussion of findings, limitations, and 

future directions for this line of research. 
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1.2 Schizophrenia 

Schizophrenia is a neurocognitive disorder affecting around 1% of the world’s 

population. This chronic and frequently disabling disorder is characterized by positive and 

negative symptoms as well as core cognitive deficits, the causes of which remain unknown 

(Bowie & Harvey, 2006). Positive symptoms, also termed “psychotic” symptoms, are 

characterized as perceptions that are in excess to a person’s usual experience. Examples of 

positive symptoms include hallucinations, such as hearing voices or seeing things that do not 

exist, and delusions, which occur when a person maintains beliefs that can or have been proven 

false or impossible, such as someone is reading their mind or that they are being controlled or 

watched by some external authority. Negative symptoms reflect the opposite, in that they 

represent a reduction of a person’s usual capacity. For example, affect flattening, reductions in 

speech or social interaction, and difficulties with personal relationships and common social cues. 

The third symptom category within schizophrenia is cognitive deficits. Cognitive deficits in 

schizophrenia manifest as impairments in some or all domains of cognitive functioning, such as 

problem solving, attention, and working memory. 

As a heterogeneous disorder, no one symptom classifies schizophrenia. The current 

Diagnostic and Statistical Manual of Mental Disorders (DSM-5; American Psychiatric 

Asociation, 2013) requires two or more of the following criteria to occur persistently for a 

diagnosis of schizophrenia to be made: delusions, hallucinations, disorganized speech, 

disorganized or catatonic behaviour, and/or negative symptoms. At least one of the first three 

features is necessary for a diagnosis, and must present in the absence of mood episodes (major 

depressive or manic). When a major mood episode coincides with the above criteria, this is 

diagnostic of a distinct schizophrenia spectrum disorder, schizoaffective disorder. In addition to 
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psychotic features, schizophrenia involves the presence of social or occupational dysfunction, 

affecting the individual’s relationships, self-care practices, and academic or professional 

performance.  

Schizophrenia presents at a significantly higher prevalence and incidence rate in Canada 

as compared to other countries (Dealberto, 2013), and research into effective treatment strategies 

is needed to reduce the personal and socioeconomic burden of this disease. According to the 

most recent data (2004), schizophrenia presents a total cost estimate of $6.85 billion annually in 

Canada, as a result of both direct healthcare and non-healthcare costs combined with indirect 

costs such as productivity morbidity and mortality loss estimates (Goeree et al., 2005). By 

designing more effective and tailored therapy for the treatment of schizophrenia, greater 

functional outcomes can be achieved for these individuals, leading to greater life satisfaction and 

productivity, and a subsequent potential to reduce socioeconomic costs.  

While medication is a crucial component of controlling symptoms of schizophrenia, 

improvements in symptom reduction does not necessarily lead to greater functional outcome for 

patients. Other psychological strategies, such as cognitive behavioural therapy (CBT) and CR, 

have gained attention to help narrow the treatment gap and have led to even greater symptom 

improvement as well as less functional impairment for people with schizophrenia.    

1.2.1 Cognitive Deficits 

Cognitive impairment presents in at least 70% of people diagnosed with schizophrenia 

(Palmer et al., 1997) and can be characterized as a range of deficits in any or all cognitive 

domains as well as a decline in general intelligence. Comparing cognitive deficits between 

schizophrenia and schizoaffective disorder, a meta-analysis found less cognitive impairment in 

schizoaffective disorder (Bora, Yucel, & Pantelis, 2009). However, the effect sizes of this 
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difference were small and more recent research fails to support the findings of Bora et al. (2009), 

revealing no significant difference in memory and executive functioning between these two 

diagnoses (Amann et al., 2012).  

There is evidence to suggest that cognitive deficits predate the onset of illness, albeit 

modestly, emerging before the presence psychotic symptoms in high-risk and prodromal 

populations (Bora et al., 2014; Brewer et al., 2005). According to the National Institute of Mental 

Health – Measurement and Treatment Research to Improve Cognition in Schizophrenia 

(MATRICS; Green, Kern, & Heaton, 2004), there are eight domains of cognition potentially 

affected in schizophrenia: reasoning and problem solving, visual learning and memory, verbal 

learning and memory, working memory, processing speed, attention, verbal comprehension, and 

social cognition. Results of meta-analyses confirm that schizophrenia is associated with 

significant deficits in all domains of cognitive functioning (Fioravanti, Bianchi, & Cinti, 2012; 

Reichenberg & Harvey, 2007; Schaefer, Giangrande, Weinberger, & Dickinson, 2013). 

Cognitive deficits are evident both in the early onset stages and in the absence of medication 

(Fatouros-Bergman, Cervenka, Flyckt, Edman, & Farde, 2014). Furthermore, consistent 

significant relationships between these cognitive deficits and functional outcome, such as 

independent living, vocational functioning, and personal relationships, have been demonstrated 

with medium to large effect sizes  (Green et al., 2004, 2004; Green & Nuechterlein, 1999), and 

cognitive impairment is now regarded as a better predictor of functional outcome than psychotic 

symptoms (Green, 1996).  

Investigating this link between cognition and functioning, Brenner et al. (1992) depicted 

the role of cognitive dysfunction and functional outcome variables in schizophrenia in their two-

cycle theoretical model (Figure 1.1). Per cycle one of this model, cognitive impairments have a 
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reciprocal relationship to one another; deficits in basic cognition, including attention and 

encoding, influence the capacity for more complex cognitive processes, such as executive 

function and retrieval, and the dysfunction of the latter feeds back to negatively affect the 

performance of the more basic processes. The second cycle depicts how cognitive dysfunctions 

then contribute to poor coping skills combined with a subsequent increase in susceptibility or 

exposure to psychosocial stressors. The interaction of these two cycles, without appropriate 

therapeutic intervention, can lead to a persistent deterioration of psychosocial functioning and 

lead to greater cognitive decline. This model has been supported by research conducted by 

Penadés and colleagues (Penadés et al., 2003), who found that changes in attention and encoding 

were associated with improvements in the more complex cognitive functions of executive 

function and retrieval. Subsequently, improvements in both levels of cognitive function were 

linked to changes in functional outcome.  

Figure 1.1 Two-Cycle Theoretical Model. Theoretical framework 

demonstrating the positive feedback loop of cognitive dysfunction on 

functional outcomes (Brenner et al., 1992). 
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1.2.1.1 Working Memory 

More recently, working memory deficits in schizophrenia have garnered significant 

attention in neurocognitive research (Reinblatt & Riddle, 2007). In a five-year longitudinal study 

of first episode psychosis it was found that working memory specifically was significantly 

correlated with negative psychotic symptoms and psychosocial functioning at follow-up, 

indicating that this neurocognitive domain may be of significant importance in the long-term 

functional outcome of patients (González-Ortega et al., 2013). Working memory, first introduced 

by Miller and colleagues (Miller, Galanter, & Pribram, 1960), refers to a cognitive system that is 

responsible for temporary storage and manipulation of information necessary to carry out 

complex cognitive tasks (Baddeley & Hitch, 1974). Often thought of as a mental workspace, 

working memory is used to hold needed information in mind for short periods of time during 

learning, reasoning and comprehension. It is an essential system for the performance of other 

cognitive tasks, and its “short-term” condition is what distinguishes it from other forms of 

memory in which information is preserved over longer periods of time (Goldman-Rakic, 1994). 

Common activities that utilize working memory include remembering a telephone number before 

writing it down, following verbal transit directions in an unfamiliar city, or tallying how much 

the bill will be at the grocery store before checking out.  

Working memory is comprised of three phases, encoding, maintenance, and retrieval, all 

of which have been negatively implicated in schizophrenia (Reinblatt & Riddle, 2007). Common 

working memory measures use delayed response tasks, where a cue is briefly presented and after 

a delay period a response is required. Examples include the Spatial Span and Number-Letter 

Span subtests of the Weschler Adult Intelligence Scale (Wechsler, 2008), and the N-back task 

originally developed by Kirchner (1958). According to a meta-analysis conducted by Lee and 
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Park (Lee & Park, 2005), and confirmed in a subsequent meta-analysis by Forbes and colleagues 

(Forbes, Carrick, McIntosh, & Lawrie, 2009), people with schizophrenia consistently 

demonstrate significant impairments on visual and spatial delayed response tasks. This working 

memory impairment remains stable even for drug-naïve patients with schizophrenia (Fatouros-

Bergman et al., 2014), and has been found to be significantly related to negative psychotic 

symptoms and functional outcome (González-Ortega et al., 2013). 

For people with schizophrenia, possessing a small working memory capacity can lead to 

struggle in many activities of daily living, due to an inability to hold in mind enough information 

required to complete or stay on tasks. Conditions that hinder working memory include excessive 

distractions, engaging in a difficult or demanding task, and trying to maintain a lot of 

information at once. Although there exist large impairments in working memory within the 

schizophrenia population, this domain of cognition has been found to be amendable to 

therapeutic intervention via CR.  

1.3 Cognitive Remediation Therapy 

The absence of a clear pathophysiological understanding of schizophrenia has hindered 

the creation of prevention or restorative treatment strategies for people with this disorder. 

Moreover, pharmacological treatments that currently exist have not proven to be significantly 

more effective at improving functional outcomes for people with schizophrenia than those first 

introduced half a century ago (Insel, 2010). A study by Karow et al. (2012) demonstrated that 

even for patients achieving symptomatic remission, functional deficits persisted, particularly in 

occupational status (29%) and social relations (40%). Furthermore, remitted patients still showed 

moderate to severe levels of disorganization and emotional distress as well as impaired 

subjective well-being (Karow, Moritz, Lambert, Schöttle, & Naber, 2012). In their longitudinal 
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study, Hoff and colleagues found that after the onset of a first episode of schizophrenia, when 

left untreated, the significant cognitive deficits observed remained relatively stable through 10 

years of illness (Hoff, Svetina, Shields, Stewart, & DeLisi, 2005). These studies suggest that 

achieving remission of schizophrenia symptoms is not synonymous with functional recovery, 

and highlight the potential of cognitive deficits as a mediating factor in functional recovery.  

Recent efforts to improve treatment strategy for persons with schizophrenia have focused 

on mitigating these cognitive impairments, as research has demonstrated that cognitive problems 

rather than symptoms, are associated with both concurrent and future functional outcome (Green, 

Kern, Braff, & Mintz, 2000). This is the aim of CR, a therapy which was subject to little 

investigation until the 1990s (Wykes & Reeder, 2005). CR is an evidence-based non-

pharmacological treatment that engages the patient in exercises to enhance the neurocognitive 

skills relevant to their recovery goals, such as attention, memory, language and problem solving. 

In relation to Brenner’s reciprocal relationship model (Figure 1.1), CR targets the cognitive 

dysfunctions undermining the first cycle to enable more profound and stable improvements in 

the latter cycle of psychosocial dysfunction.  

CR is highly heterogeneous in its focus and delivery; it can have a specific 

neurocognitive focus or a more general cognitive goal and can be delivered individually face-to-

face, electronically by a computer, manually in pen-and-paper format, or in a group arrangement. 

There are many targets of CR, including strengthening neural pathways through practice (Lett, 

Voineskos, Kennedy, Levine, & Daskalakis, 2014), improving cognitive control (Lesh, 

Niendam, Minzenberg, & Carter, 2011), or using cognitive coaching and instructional support 

for more adaptive thinking styles (Wykes & Reeder, 2005). CR has been proven useful in the 

treatment of a wide range of psychiatric conditions, including depression , eating disorders 



10 

 

(Dingemans et al., 2013), and attention-deficit/hyperactivity disorder (O’Connell, Bellgrove, 

Dockree, & Robertson, 2006).  

1.3.1 Proximal Effects: Cognitive Improvement 

CR has been found to produce moderate generalized improvements of neurocognitive 

functioning, positive and negative symptoms, and functional outcome for schizophrenia patients 

(Kurtz, Seltzer, Shagan, Thime, & Wexler, 2007; Wykes, Huddy, Cellard, McGurk, & Czobor, 

2011). The most proximal outcome measure studied in CR research is improvement on the 

cognitive measures assessed or trained on during therapy. Penadés et al.’s (2003) study testing 

the validity of Brenner’s model of cognitive functioning (Figure 1.1), found improvements in 

attention, memory, and executive functions following a 12-week, 24 lesson CR program. In their 

subsequent randomized controlled trial, chronic schizophrenia participants were administered 4 

months of either CR, CBT, or treatment-as-usual (TAU; Penadés et al., 2006). The CR was 

superior to both CBT and TAU, demonstrating a general neurocognitive improvement (mean 

effect size = 0.5), with medium to large effect sizes for verbal memory, nonverbal memory, and 

executive function. Notably, these improvements were sustained at 6-month follow-up (Penadés 

et al., 2006). In a randomized control trial of CR for early onset schizophrenia, participants 

between the ages of 14 and 22 received either CR or treatment as usual (TAU) for a period of 14 

weeks (Wykes et al., 2007). Those receiving CR exhibited a clinically significant change, in that 

more participants scored within one standard deviation of the normal mean on cognitive tests 

following therapy. Assessing a longer duration of treatment, Kurtz et al. (2007) compared the 

effects of 12-months computer assisted CR to a computer skills training control. Relative to 

computer-skills training, CR resulted in a significant improvement in working memory; the 

authors propose that the advantage of CR might be from the continual adaptation of task 
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difficulty to meet cognitive challenge, constant repetition of demanding exercises, and frequent 

feedback to immediate and overall task goals acting as reinforcement (Kurtz et al., 2007).  

1.3.2 Distal Effects: Functional Outcome 

The relationship between cognition and functional outcome in schizophrenia has garnered 

significant attention in recent years, and there are many cross-sectional and longitudinal studies 

documenting the link between cognitive function and improvements in symptoms, social 

relationships, and occupational functioning. For example, Penadés et al.’s (2003) study that 

found improvements in measures of cognition followed 12 weeks of CR, discovered this change 

was associated with higher levels of autonomy and social functioning, and occurred while 

general intellectual abilities (IQ) remained stable. In their two-year randomized control trial of 

cognitive enhancement therapy for early-onset schizophrenia, Eack et al. found that 

improvements in neurocognitive and social-cognitive domains were significant mediators of 

improved functioning, which included assessment of independent living, vocational, and social 

functioning domains (Eack, Pogue-Geile, Greenwald, Hogarty, & Keshavan, 2011). Comparing a 

multimodal treatment approach, Bowie and colleagues found that by integrating CR with 

psychosocial treatment (functional skills training), greater and more durable functional 

improvement can be realized than by pursuing either treatment alone (Bowie, Mcgurk, 

Mausbach, Patterson, & Harvey, 2012).  

Results from these studies demonstrate that the neurocognitive training exercises in CR 

targeting attention, memory, and problem solving, produce greater improvements in 

neurocognitive and functional measures not solely attributable to clinician interaction, non-

specific mental stimulation, or IQ. Through the efforts of many, the relationship between 

cognition and real-life functioning in schizophrenia has been recognized, and for greater depth 
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there are comprehensive and detailed reviews and meta-analyses that summarize the link 

between CR and cognitive and functional outcomes (Isaac & Januel, 2016; Revell, Neill, Harte, 

Khan, & Drake, 2015; Wykes et al., 2011). 

1.3.3 Mechanistic Effects: Electroencephalography 

Providing evidence of its biological validity, research has utilized neuroimaging 

techniques to identify the neurophysiological response to, and neurobiological changes resulting 

from, cognitive training. One such measure, electroencephalography (EEG), is a non-invasive 

neuroimaging technique that can be utilized in real-world and clinical settings, requiring minimal 

interference. As a neurophysiological measure, EEG measures instantaneous and continuous 

large-scale electrical brain activity by means of electrodes placed on the scalp. The EEG signal 

measured is in the form of neural oscillations, which are electrical activities of the brain 

observable at various waves per second frequencies (Hong, Summerfelt, Mitchell, O’Donnell, & 

Thaker, 2012). Alpha (7.5-12.5 Hz) is the dominant frequency of the human scalp EEG, and is 

often defined in terms of an individual peak frequency that falls within the fixed alpha range 

(Klimesch, 1999). Theta frequency (4.5-7.5 Hz) varies as a function of alpha frequency, and falls 

above the slower delta frequency (< 4.5 Hz). Beta waves are faster than delta, theta, and alpha, 

and represent the 12.5-30 Hz range, while the gamma band represents the 30-70 Hz range. 

These neural properties are analyzed primarily through time-frequency analyses covering 

spatial, temporal, and spectral dimensions (Spence, Brier, Hart, & Ferree, 2011). By measuring 

the changes in frequency band rhythms, spontaneous subconscious information processing and 

cognitive processes can be quantified. This is often done through band power analysis, event-

related potentials (ERPs), and/or event-related synchronization and desynchronization 

(ERS/ERD). A wealth of research into the ERP (Dong, Reder, Yao, Liu, & Chen, 2015; Gaspar 
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et al., 2011; Krause et al., 2000; Krause, Pesonen, & Hämäläinen, 2010; Scharinger, Soutschek, 

Schubert, & Gerjets, 2015, 2017) and ERS/ERD (Gevins et al., 1998; Gevins & Smith, 2000; 

Krause et al., 2010; Pesonen, Hämäläinen, & Krause, 2007; Scharinger et al., 2015, 2017) 

response to various working memory tasks exists, however, for the purpose of this review focus 

will be given to band power analyses, which refers to the average power across the scalp or 

regions of interest (ROI) during a specific time window for a given frequency.  

Specific bands of neural oscillations have been associated with a wide range of cognitive 

functions (Fell & Axmacher, 2011). Higher frequency gamma and beta oscillations have been 

found to support the maintenance of multiple items in working memory (Chen & Huang, 2016; 

Howard et al., 2003; Roux, Wibral, Mohr, Singer, & Uhlhaas, 2012). Activity in the theta range 

has been found to reflect cognitive control processes in working memory (Sauseng, Griesmayr, 

Freunberger, & Klimesch, 2010), whereas activity in the alpha range has been shown to reflect 

attentional demands such as alertness and expectancy (Klimesch, Doppelmayr, Russegger, 

Pachinger, & Schwaiger, 1998).  

Interestingly, theta and alpha power respond in distinct and opposite ways in response to 

cognitive demand: theta band power increases whereas alpha band power decreases (Klimesch, 

1999). These changes in induced theta and alpha power have also been shown to be cognitive 

load-dependent (Gevins & Smith, 2000; Klimesch, 1999; Klimesch, Schack, & Sauseng, 2005; 

Scharinger et al., 2017). Furthermore, on-task band power has been shown to be an indicator of 

cognitive and memory performance, as behavioural performance measures, such as accuracy and 

response time, have been correlated with changes in theta and alpha power. Scharinger et al. 

(2017) found that the alpha power decreases were negatively correlated with N-back task 

performance, while Maurer et al. (2015) found that theta power increases were positively 
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correlated with performance on a modified Sternberg task. It is important to note that while these 

theta and alpha power changes can be evident across the scalp, previous studies have reported 

maximal effects of working memory related changes at frontal electrodes for theta power and 

parietal-occipital electrodes for alpha power (Gevins & Smith, 2000; Krause et al., 2010; Maurer 

et al., 2015; Pesonen et al., 2007; Scharinger et al., 2017).  

1.3.3.1 Band Power Changes in Schizophrenia 

Research suggests neural oscillation disturbances are commonly implicated in 

neuropsychiatric disorders (Basar-Eroglu, Schmiedt-Fehr, Marbach, Brand, & Mathes, 2008). 

Neural signals in schizophrenia patients have been found abnormal at rest, with consistently 

reduced alpha and increased theta power as compared to healthy controls (Basar-Eroglu et al., 

2008; Garakh et al., 2015; Hong et al., 2012). One study in particular grouped and compared 

schizophrenia subjects’ theta power at rest based on high and low cognitive achievement. The 

authors found that within the sample, superior cognitive performers exhibited less theta band 

power at rest compared to low cognitive performers (Wichniak et al., 2014). These results 

indicate that while schizophrenia in general is associated with increase theta power at rest as 

compared to healthy controls, within schizophrenia there exists also exists a spectrum of theta 

power at rest based on participant characteristics.  

Due to these oscillatory differences at rest, researchers began to compare the neural 

response during cognitive tasks in the schizophrenia population with that of healthy controls, in 

an attempt to further elucidate the underlying mechanisms of cognitive dysfunction within this 

population. Compared to healthy controls, many studies have revealed deficits in evoked theta 

and alpha frequency bands during working memory tasks in schizophrenia subjects (Garakh et 

al., 2015; Haenschel et al., 2009; Wichniak et al., 2014). Even when schizophrenia subjects and 
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controls did not differ in performance based on error rate and response time on simple working 

memory tasks, EEG activity in patients with schizophrenia displayed deficits in alpha and theta 

bands (Basar-Eroglu et al., 2009).  

However, results in this area have been mixed and many questions remain regarding the 

significance of variation in baseline and on-task neural oscillations. For example, a study on 

theta phase coupling during visual working memory found higher frontal theta activity in 

schizophrenia subjects compared with healthy controls during the manipulation phase than for 

the retention phase (Griesmayr et al., 2014). Another study of twins discordant for schizophrenia 

found that patients, and to a lesser degree their co-twins, displayed comparable parietal-occipital 

alpha power at the low-load condition, but greater increases in alpha power with increasing 

working memory load, relative to controls (Bachman et al., 2008). In contrast, researchers testing 

the effect of increasing N-back task memory load found no significant differences in theta or 

alpha power between schizophrenia subjects and healthy controls on the low-, medium-, or high-

load conditions (Barr et al., 2010).  

1.3.4 Mediators of CR Response 

Within the last quarter century, research efforts have shifted to identifying moderating 

factors contributing to both clinical and functional outcomes for people with schizophrenia. A 

meta-analysis led by a prominent researcher in the field of CR determined there are 

approximately fourteen different CR treatments, all varying slightly from one another (Wykes et 

al., 2011). With all these forms and practices of CR addressing a broad range of cognitive skills, 

reviews point to the variability in cognitive remediation technology, target populations, and 

targeted outcomes as a key limitation in conclusively summarizing effect sizes and outcomes of 

CR for the schizophrenia population. However, research has demonstrated that there are many 
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mediators to response, including baseline ability level, instructional techniques employed, and 

motivation, to help explain the heterogeneity in patient response to CR (Medalia & Choi, 2009).  

One such study, assessing the efficacy of 12-week CR for early versus long-term 

schizophrenia, found an inverse relationship between illness duration and neurocognitive 

improvement and functional outcomes, such that those with shorter durations of illness appeared 

to have symptoms more amendable to CR intervention (Bowie, Grossman, Gupta, Oyewumi, & 

Harvey, 2014). In another study on the moderators of improvement, lower baseline antipsychotic 

medication dosage was found to predict cognitive improvements after 24-week, 24 lesson CR 

program (Vita et al., 2013). It is important to note, however, that predictors of response to CR 

may depend on the specific intervention employed. For example, a study comparing response 

predictors for two different types of CR interventions, investigators found that for “basic 

cognitive training”, only antipsychotic medication dose was a predictor of improvement 

(Rodewald et al., 2014). However, for “specific problem-solving training”, Rodewald and 

colleagues discovered that impaired pre-training planning ability, and not medication dosage, 

was a predictor of improvement. In order to reduce the “trial-and-error” nature of schizophrenia 

treatment, investigations on the influence of individual characteristics that may impede or 

facilitate cognitive change remains a key challenge at this stage of the field’s development 

(Medalia & Richardson, 2005). It is critical to understand which therapeutic techniques and 

strategies provide the most benefit to which patient populations, and how to most efficiently 

administer them.  

1.4 Gap in CR Research 

As CR becomes more widely applied in clinical settings, with modest effect sizes for 

many cognitive and functional outcome measures (Wykes & Reeder, 2005), investigations on 
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how to most efficiently administer CR become more prevalent. The majority of this research 

focuses on identifying the optimal duration of treatment, frequency of sessions, or instructional 

approach. How CR delivery is structured by clinicians within-session is an area that has yet to be 

systematically assessed. Furthermore, there are few studies that investigate characteristic 

learning patterns or effective learning strategies in schizophrenia.  

Research into the timing of study and the effect on memory retention has gained recent 

attention in education literature (Carpenter, Cepeda, Rohrer, Kang, & Pashler, 2012). While it is 

plausible that massed or continuous training could produce learning, practice, or momentum 

effects that result in performance improvements over time, research has shown the opposite to be 

true. Known as the spacing effect (Dempster, 1989), this finding is observed when there is a 

spacing gap between two or more learning sessions before final testing. Studies of such rest 

breaks highlight the effectiveness of distributed practice for sustaining cognitive control and 

improving test performance in healthy populations (Ariga & Lleras, 2011; Finkbeiner, Russell, & 

Helton, 2016; Helton & Russell, 2015).  

The spacing effect is robust, with a diverse range of tasks proven to benefit from the 

spacing effect, ranging from simple cognitive tasks to complex mathematics (Hopkins, Lyle, 

Hieb, & Ralston, 2016) and motor skills training (Shea, Lai, Black, & Park, 2000). While most 

research into the spacing effect has been conducted in healthy adult populations, research 

involving healthy children (Seabrook, Brown, & Solity, 2005), children with autism (Haq et al., 

2015), populations with traumatic brain injury (Goverover, Arango-Lasprilla, Hillary, 

Chiaravalloti, & DeLuca, 2009), and those with multiple sclerosis (Goverover, Hillary, 

Chiaravalloti, Arango-Lasprilla, & DeLuca, 2009) have all yielded similar learning and memory 

benefits for spaced intervals of study as compared to massed study. Note that the spacing gap 
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used in studies varies widely, from a few seconds to days, and is defined simply as a nonzero 

time interval. To date, there has been no assessment of the spacing effect in learning and memory 

within schizophrenia populations. 

A likely contributor to the spacing effect is the mental fatigue resulting from massed 

practice. In an early experimental example, Jersild (1927) observed that during longer durations 

of practice participants began to commit attentional failures in speeded colour naming which he 

terms “thwarted mental activity”, indicating that this was due to a degree of time-on-task fatigue. 

This observation has developed into the concept of mental fatigue, wherein continuous 

performance on the same cognitive task results in a degree of process-specific fatigue, leading to 

poorer performance (Boksem & Tops, 2008). More recent studies of cognition in healthy 

populations have demonstrated how a demanding cognitive workload and/or time-on-task fatigue 

produces performance deficits (Guastello et al., 2012; Steinborn & Huestegge, 2016).  

A similar but distinct concept that could contribute to the spacing effect is ego depletion. 

This is a phenomenon in which the more time spent on a specific task requiring consistent 

cognitive effort and attention, the fewer resources are available to expend on a subsequent 

distinct task (Baumeister, Bratslavsky, Muraven, & Tice, 1998). This concept has been linked to 

self-control and intrinsic motivation rather than fatigue effects (Lindner, Nagy, Ramos Arhuis, & 

Retelsdorf, 2017), and research in healthy populations suggests that time-on-task reduces 

executive resources available for learning performance (Thompson, Sanchez, Wesley, & Reber, 

2014). Neither mental fatigue nor ego depletion have yet been investigated within the 

schizophrenia population in relation with cognitive training.  

In addition to performance assessment, the concept of mental fatigue has been studied at 

the neurophysiological level in healthy populations (Li et al., 2016; Lim et al., 2010; Lim, Teng, 
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Wong, & Chee, 2016; Wascher et al., 2014), and time frequency analyses have revealed theta 

and alpha power to be valid and reliable markers of changes in cognitive processes with respect 

to increasing mental fatigue (Kamzanova, Kustubayeva, & Matthews, 2014; Kiroy, 

Warsawskaya, & Voynov, 1996; Wascher et al., 2014). In a study using a vigilance task, both 

theta and alpha power exhibited increases with time-on-task, an effect that was more exaggerated 

for the high-load condition as compared to low-load (Kamzanova et al., 2014). Consistent with 

those findings, Wascher et al. (2014) found increases in both frontal theta and occipital alpha in 

their comparison of early and late task time windows. It is important to note that spectral EEG 

measures related to mental fatigue may be cognitive domain or task specific, as Kiroy and 

colleagues (1995) found only theta power increases for high-load arithmetic tasks and only alpha 

power increases for attentional tasks.  

Acceptability and patient preference is another important area of CR research that needs 

to be considered when structuring and delivering cognitive training, in order to improve program 

adherence and outcomes for people with schizophrenia. In a study on sustained attention in 

visual and auditory monitoring tasks, findings demonstrated that short rest breaks can reduce 

perceived mental workload as well as enhance performance on both sensory modalities 

(Arrabito, Ho, Aghaei, Burns, & Hou, 2015). Similarly, Steinborn and Huestegge (2016) found 

that at a subjective level, greater frequency of rest breaks tended to retain task engagement on 

vigilance-detection tasks, which authors attributed to increased motivation. While subjective 

experience of work-rest structure has not yet been assessed in the schizophrenia population, 

studies on intrinsic motivation in CR suggest that increasing task motivation (through 

instructional techniques) led to greater learning performance, and these benefits were even 

observed in non-trained tasks of attention (Choi & Medalia, 2010). 
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With no studies examining varying in-session durations of training and rest, it follows 

that the spacing effect, mental fatigue, or ego depletion have yet to be implicated in CR in 

schizophrenia. Examining cognitive performance measures and neurophysiological mechanisms 

of time-on-task fatigue, and the revitalizing effects of taking rest breaks, has the potential to 

influence how clinicians structure CR in the short term, possibly providing a new approach to 

increase patients’ motivation and improve outcomes.  

 

1.5 Current Study 

The present study is rooted in the spacing effect research in healthy populations, and 

applied an analogous distributed practice approach with the goal of improving learning and 

memory retention for people with schizophrenia participating in CR. The study was formulated 

to answer preliminary questions surrounding work-rest structure of CR delivery, and assess the 

cognitive and neurophysiological effects of rest breaks during training. By this method, greater 

insight into the optimal structure of training delivery can be gained, with the potential to inform 

the many forms of CR, whether computerized, paper and pencil, or person-to-person.  

The purpose of the present study was to elucidate which work-rest structure of CR 

training promotes greater learning and enhancement of cognitive functioning: interval training 

(IT) or continuous training (CT). By controlling for training structure and analyzing cognitive 

performance pre- and post-training, the more effective duration of training administration could 

be identified and incorporated into broader CR structure. EEG frequencies associated with 

learning and memory (theta and alpha) were analyzed to provide greater insight to an underlying 

mechanism of any differences between the two training paradigms. At the end of testing, subjects 

completed a self-report measure indicating perceived competence and motivation towards 
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training received. By incorporating this subjective measure, this study aims to further inform 

clinicians and the research community on the impact training delivery has on patients’ subjective 

CR experience, with the potential to improve program adherence, increase patient satisfaction of 

therapy, and ultimately tailor cognitive training to the needs and preferences of schizophrenia 

patients. This is the first study to examine the cognitive, neurophysiological, and subjective 

responses to variations of within-session cognitive training work-rest structures. 

The objectives of the present study were three-fold. The primary objective of the study was 

to examine the cognitive outcomes of two different cognitive training work-rest paradigms on 

cognitive performance in schizophrenia. By doing so, the study sought to: 

1. Identify any group differences in performance during training; 

2. Identify any group differences in improvement from pre- to post-testing; 

The secondary objective of the study was to examine the neurophysiological (EEG) effects of 

the two training paradigms in the schizophrenia population, with the intent to: 

1. Identify any group differences in alpha or theta power during training; 

2. Identify any group differences in alpha or theta power across testing time points; 

The third objective of the study was to examine the subjective experience of the two training 

paradigms in the schizophrenia population, in order to: 

1. Identify any group differences in subjective competence and motivation after training and 

testing. 

1.6 Hypotheses 

1.6.1 Primary Objectives 

I hypothesize that IT will result in greater cognitive performance and improvement post-

training than CT. This hypothesis is founded on previous research on the effects of mental 
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fatigue and/or ego depletion during prolonged durations of cognitive training for participants in 

the CT paradigm as opposed to IT (Baumeister et al., 1998; Boksem & Tops, 2008). Continuous 

performance of the same cognitive task (N-back) has the potential to result in a degree of fatigue 

and/or resource depletion leading to poorer performance. In contrast, the integrated rest intervals 

of IT will allow for the spacing effect and greater learning performance with distributed practice 

(Dempster, 1989). 

1.6.2 Secondary Objectives 

While it has been shown that the schizophrenia population exhibits altered spectral power 

compared to healthy controls in response cognitive tasks, no research has been done on evoked 

spectral power and mental fatigue in this population. Therefore, based on neurophysiological 

research on theta and alpha power changes due to mental fatigue in healthy populations (Barr et 

al., 2010; Barr et al., 2009; Griesmayr et al., 2014; Wichniak et al., 2014), I hypothesize that CT 

will produce greater alpha power at parietal-occipital electrodes and greater theta power at 

frontal electrodes than IT during training. I also expect mean theta and alpha power to correlate 

with cognitive performance. 

1.6.3 Tertiary Objective 

While research is limited for the schizophrenia population, based on the demonstrated 

benefits of rest breaks in healthy populations (Arrabito et al., 2015; Steinborn & Huestegge, 

2016), the association between motivation and mental fatigue (Dempster, 1989), and the 

importance of motivation for CR outcomes (Choi & Medalia, 2010), I expect that participants 

would be most likely to rate their subjective experience as more favourable for IT over CT.  I 

predict subjects would indicate their perceived effort, felt pressure and tension, and perceived 
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competence as lower, and their intrinsic motivation as higher, for the IT module than the CT 

module.  
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Chapter 2: Methodology 

2.1 Overview 

 The current study was conducted at Providence Care Hospital (PCH) and an affiliate 

Community Service Clinic through the Centre for Neuroscience Studies and Department of 

Psychiatry, Queen’s University, Kingston, Canada. The study was approved by the Queen’s 

University Health Services and Affiliated Hospitals Research Ethics Board (HSREB). 

Participants were informed they would be required to complete a series of cognitive tasks and 

were given full details about the experimental protocol before commencement. All participants 

provided written consent before participating in the study. All data was collected at PCH and an 

affiliate Community Service Clinic and stored at PCH. 

2.2 Participants 

Participants with schizophrenia or schizoaffective disorder were recruited through Dr. 

Iftene (PCH) and the Cognition in Psychological Disorders (CPD) Lab (Queen’s University) in 

July and August 2017. Twenty-five clinically stable inpatients and outpatients were invited to 

participate in the study. All participants completed a pre-screen interview to determine eligibility 

for participation, which covered inclusion and exclusion criteria; twenty-four participants (14 

males and 10 females, mean age 51.25 ± 10.32) met study criteria and enrolled in the study 

(Figure 2.1). All participants received a small monetary sum at the end of the study visit to cover 

the cost of transportation, meals, etc. 
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25 Participants Approached

24 Participants Enrolled with 
usable Cognitive Measures   

Data for Time Points

23 Participants with usable    
Pre-Test to Post-Test 1 EEG 

Data Files

18 Participants with usable    
Pre-Test to Post-Test 2 EEG 

Data Files

4 Participant's EEG data files 
missing Post-Test 2 Event 

Markers 

1 Participant's EEG data file too 
contaminated during Post-Test 2

1 Participant's EEG data file was 
corrupted

1 Participant inelligible due to 
age

Figure 2.1 Flow Chart of Participant Inclusion / Exclusion in Final Analyses. 



26 

 

2.2.1 Inclusion and Exclusion Criteria  

All participants must possess a current diagnosis of schizophrenia or schizoaffective 

disorder as categorized by the DSM-5. Participants must be between the age of 18 and 69 years 

old, be able to understand and comply with the requirements of the study, and be clinically 

stable. Exclusion criteria for participants included: a comorbid neurodevelopmental disorder or 

neurological condition, inability to provide informed consent or physically perform tasks, and 

current enrollment in cognitive remediation services or therapy. 

2.3 Cognitive Measures 

Three cognitive tasks were administered during the study: the Wechsler Memory Scale®-

III Spatial Span (SS), Letter-Number Span (LNS), and the N-back task. Together the SS and 

LNS make up Working Memory (WM) domain of the MATRICS Consensus Cognitive Battery 

(MCCB). The MCCB provides an evaluation of key cognitive domains relevant to schizophrenia, 

and is commonly used as a cognitive reference point or outcome measure for studies of cognition 

in schizophrenia. Total scores for both SS and LNS are entered into MCCB software that 

calculates normalized t-scores (M = 50, SD = 10) and a WM composite score for analyses.  

The SS is a measure of nonverbal working memory, during which a participant must tap 

fixed cubes on a board in the same (“SS forward”) or reverse (“SS backward”) order as the 

experimenter. There are a total of 10 cubes on the board, and with each increasing difficulty level 

the number of cubes tapped per trial increases by 1. The experimenter follows a list of prescribed 

tapping sequencings, presented in Appendix A, and the task continues until the participant fails 

two consecutive trials of the same difficulty level. Each successful trial earns 1 point, while 
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failed trials earn nothing. The SS forward is completed first followed by the SS backward, and 

the summed score of the two gives the total SS score.  

The LNS is a measure of verbal working memory, and is an orally administered test 

during which the participant must mentally reorder strings of letters and numbers and repeat 

them back to the experimenter (numbers first, in order, then the letters in alphabetical order). The 

experimenter follows a prescribed list of letters and numbers, presented in Appendix B, and with 

each increasing difficulty level the number of letters/numbers increases per trial by 1. Each 

successful trial earns 1 point and the task continues until the participant fails four consecutive 

trials of the same difficulty level.  

The N-back is a working memory task in which subjects are required to monitor a 

sequence of visual stimuli, compare the current stimulus with a stimulus presented N-steps 

previously in the sequence, and indicate if they are different or the same. As N increases (0-back, 

1-back, 2-back, etc), the N-back task becomes more difficult, requiring increasingly greater 

working memory capacity. In this study, a computerized version of this task (provided by 

NeuroNation©) was used to accommodate the varying training durations used in the study and to 

provide a more efficient and automated delivery of the training protocol with less experimenter 

influence. During the three testing phases, participants performed 2 minutes of the 1-back task 

followed by 2 minutes of the 2-back task, to assess performance in both a low- and high-load 

condition for the population. During training, participants trained on an adaptive N-back task, 

meaning the task became harder or easier depending on the performance level of the participant, 

for a total of 10 minutes.  
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2.4 EEG  

EEG was recorded using the EMOTIV EPOC+ 14-channel wireless EEG headset 

(Emotiv Inc., San Francisco, CA). The electrodes are arranged according to the international 10-

20 system and includes channels at AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, FC6, F4, F8, and 

AF4 positions, referenced in the common mode sense (CMS, left mastoid)/driven right leg 

(DRL, right mastoid) noise cancellation configuration in P3/P4 locations. Sensors were 

thoroughly wetted with a saline solution prior to outfitting and recording for each participant. 

EEG data was recorded with a sampling rate of 128 samples/second and wirelessly received by a 

study laptop via Bluetooth® Smart connectivity. Through EMOTIV’s TestBench software, real 

time electrode contact quality was visually monitored to ensure quality of acquired data.  

2.5 Subjective Measures 

2.5.1 Symptoms of Schizophrenia Inventory 

The Symptoms of Schizophrenia Inventory (SOS) is a 30-item self-report questionnaire 

designed for use with patients with schizophrenia and schizoaffective disorders, included in 

Appendix C. The range of symptoms assessed in the SOS is broader than in other self-report 

measures, such as the Colorado Symptom Index (CSI), and were developed from those typically 

found in clinical interviews (Weiss, 2005). Participants are required to indicate on a 5-point 

Likert scale the level of each symptom distress experienced in the past week. The purpose of the 

SOS was to provide a rapid assessment of current symptomology at the time of study, for use as 

a covariate in analysis and/or in correlational analyses with cognitive performance or EEG 

measures.  

 



29 

 

2.5.2 Intrinsic Motivation Inventory for Schizophrenia Research 

The Intrinsic Motivation Inventory for Schizophrenia Research (IMI-SR) is a 

multidimensional measurement instrument devised to assess participants subjective experience 

on a target activity (Choi, Mogami, & Medalia, 2010), and is included in Appendix D. The IMI-

SR consists of six subscales with established validity (Interest/Enjoyment, Perceived 

Competence, Effort/Importance, Pressure/Tension, Perceived Choice, and Value/Usefulness), all 

of which were utilized in this study, resulting in 36 items randomly ordered and answered on a 7-

point Likert scale. IMI-SR subscale scores are calculated by averaging across all items of that 

subscale, wherein higher scores on a subscale indicate greater a subjective experience of that 

subscale type (for example, a higher score on the Pressure/Tension subscale indicates a 

participant experienced greater perceived pressure and/or tension during the target activity). The 

subscale scores were then used in the analyses of relevant questions.  

2.5.3 Demographics Interview 

Following consent, participant demographic information was gathered in an interview 

format including age, gender, ethnicity, diagnoses, duration of illness, employment, education, 

and medications. Relevant clinical information was later confirmed through an electronic chart 

review at PCH. The demographics interview form is presented in Appendix E.  

2.6 Study Procedure 

The study consisted of a single 2 hour visit; for study flow diagram see Figure 2.2. Prior 

to study initiation, participants were provided the opportunity to give written informed consent, 

following which the experimenter administered the demographics interview and  
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10 min structured inactivity 10 min N-BACK training 

CT: 

2 min structured inactivity 

2 min N-BACK training 

IT: 

Pre-Test  Post-Test 1 Post-Test 2 

30 min 
structured 
inactivity 

 SOS IMI-SR 

Figure 2.2 Study Flow. Pre-test, post-test 1, and post-test 2 consist of the same three cognitive measures (SS, LNS, N-back). 
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participants were randomized to one of two training conditions: Interval training IT or CT. The 

participant then filled out the SOS self-report on schizophrenia symptoms, upon completion of 

which the experimenter outfitted the participant with the EEG headset. Recording began at pre-

test and continued through to the end of post-test 2. All testing phases (pre-test, post-test 1, and 

post-test 2) consisted of the same three cognitive tasks in the order mentioned above: SS 

(forward then backward), LNS, and the N-back (1- then 2-back).  

Immediately following the pre-test period, participants began the training portion of the 

study. Those in the IT condition received 2 minutes of rest followed by 2 minutes of adaptive N-

back training, repeated five times for a total of 20 minutes. Participants in the CT condition 

received 10 minutes of rest followed by 10 minutes of adaptive N-back training, for a total of 20 

minutes. Immediately following the training period, post-test 1 began. After post-test 1, there 

was a 30 minute rest period during which an nature video was played, before participants 

completed the final phase of cognitive testing in post-test 2. At the end of the study, participants 

complete the IMI-SR, reflecting perceived competence, motivation, and satisfaction with training 

received.  

2.7 Analyses 

2.7.1 EEG Processing 

EEG processing was performed offline using MATLAB (version R2017b). The raw EEG 

data was split into segments of interest and cleaned via visual inspection and manual removal of 

signal noise. The EEG segments of interest were those recorded during the pre-test, post-test 1, 

post-test 2, and training phase N-back tasks. Therefore, for each participant there were six 2-

minute segments for each testing phase 1- and 2-back, and five 2-minute N-back training 
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segments stitched into one 10-minute segment for those in IT and one 10-minute N-back training 

segment for those in CT. EEG signals were then subjected to filtering (using a 1 Hz highpass 

filter and 30 Hz lowpass filter) and artifact removal using the Fully Automated Statistical 

Thresholding for EEG artifact Rejection (FASTER; Nolan, Whelan, & Reilly, 2010). The metric 

that defined contaminated data for removal was a z-score of ± 3 for that parameter.  

Mean power in decibels (dB) was then computed using the MATLAB signal processing 

toolbox EEGLAB (version 14.1.1; Delorme & Makeig, 2004) using the spectopo function at 

specified frequencies. Frequency bins were set at 4.5 – 7.5 Hz for theta and 7.5 – 12.5 Hz for 

alpha. The data was sampled at a window size of 1024 data points with an overlap of 50%. 

Electrode sites used in analyses were selected based on ROI highlighted in previous research, 

namely frontal electrodes for theta power and parietal-occipital electrodes for alpha power. Mean 

frontal theta power was calculated from the mean theta power at each frontal electrode site AF3, 

F7, F3, FC5, FC6, F4, F8, and AF4; mean parietal-occipital alpha power was calculated from the 

mean alpha power at each parietal-occipital electrode P7, O1, O2, and P8. 

2.7.2 EEG Analysis 

All statistical analyses were conducted using SPSS (version 24). To reduce the 

probability of type II error rate due to the limited sample size, alpha and theta power before and 

after training by group were assessed separately for immediate change (pre-test to post-test 1) 

and durable change (pre-test to post-test 2). A two-way mixed ANOVA was conducted for alpha 

and theta power during 1-back and 2-back across both the immediate and durable change 

periods. IT and CT made up the independent groups of the between-subjects factor; the within-

subjects factor was the repeated measure of band power during the N -back each time point (pre-
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test and post-1 or post-2). To determine group differences in alpha and theta band power during 

N-back training, independent samples t-tests were run.  

2.7.3 Cognitive Performance Analysis 

Task performance changes before and after training by group were also assessed 

separately for immediate change (pre-test to post-test 1) and durable change (pre-test to post-test 

2). MCCB normalized t-scores were used for SS and LNS of the WM domain, and percent 

accuracy was used for the NeuroNation© computerized N-back performance score. A two-way 

mixed ANOVA was conducted for performance on each type of cognitive task (SS, LNS, WM 

composite, 1-back, and 2-back) across both the immediate and durable change periods. IT and 

CT made up the independent groups of the between-subjects factor; the within-subjects factor 

was the repeated measure of cognitive task performance at each time point (pre-test and post-1 or 

post-2). To determine group differences in performance during N-back training, independent 

samples t-tests were run. Following any significant differences, correlational analyses were 

conducted to better understanding the group difference. 

2.7.4 Subjective Measure Analysis 

To determine differences in subjective response to training condition, IMI-SR subscale 

scores were compared by training group using independent samples t-tests. To assess group 

differences on the IMI-SR collectively, a one-way multivariate analysis of variance (MANOVA) 

was conducted using all six subscales.  
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Chapter 3: Results 

3.1 Baseline Differences 

3.1.1 Demographic Measures 

A total of 24 participants with schizophrenia (22, 91.7%) or schizoaffective disorder (2, 

8.3%) were randomly assigned to either an interval (IT) or continuous (CT) N-back training 

intervention, 12 in each intervention. Table 3.1 outlines the frequencies, percentages, and 

statistical test values for the comparison of key demographic variables collected at baseline. 

There were no statistical differences on any demographic variables between the two training 

groups. Independent samples t-tests were run to determine differences between groups in age and 

duration of illness (data are mean ± standard deviation (SD), unless otherwise stated). 

Comparison of IT and CT found that were close in both mean age and range; IT presented with a 

mean age of 53.00 ± 10.13 years and a range of 33-68 years, and CT with a mean age of 49.50 ± 

10.66 and a range of 31-65 years. IT presented with a mean illness duration of 25.67 years (± 

13.62), ranging from 7-45 years, while CT presented with 17.83 years (± 10.10), ranging from 5-

37 years.  

Chi-square tests (2x2) were conducted for gender and employment status differences 

between groups. Gender frequency varied slightly between groups, with 9 (75%) males and 3 

(25%) females in the IT group and 5 (41.7%) males and 7 (58.3%) females in the CT group. 

Employment status between the two groups was identical (5 employed, 7 unemployed).   

Fisher’s exact tests were conducted for education, ethnicity, comorbidities, and 

medication, due to an inadequate sample size for the chi-square test of homogeneity. Education 

status of the IT group was higher than that of CT; IT was comprised of fewer high school non-
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completers than CT (1, 8.3% and 4, 33.3%, respectively). Both IT and CT had 4 (33.3%) high 

school graduates and 2 (16.7%) college/associate graduates, while IT had 3 more university 

completers than CT (5, 41.7% and 2, 16.7%, respectively). While the study sample was mostly 

comprised of Caucasian participants (91.7%), the CT group contained 2 (16.7%) participants 

classified as “Other”. Psychiatric comorbidities were present only in the IT group (n = 4), 

comprised of Generalized Anxiety Disorder (n = 2), Post-Traumatic Stress Disorder (n = 1), and 

Borderline Personality Disorder (n = 1).  

Second generation (atypical) antipsychotics alone were prescribed to the majority of 

participants (IT = 9, 75%, CT = 12, 100%), however, first generation (typical) antipsychotic 

medications were also prescribed in the IT group, either alone (n = 1, 8.3%) or in combination 

with a second generation antipsychotic (n = 2, 16.7%). All participants reported to be on 

medication at the time of study.  
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Table 3.1 Demographic Frequencies and Percentages. The percentages and frequencies of key 

demographic variables by training group, collected at baseline. There were no significant 

differences found for any variable between the two groups. 

Variable 

IT 

(n = 12) 

CT 

(n = 12) 

Test 

Statistic p 

Gender Male 9 (75.0%) 5 (41.7%) 
χ2 = 2.743 .098 

 Female 3 (25.0%) 7 (58.3%) 

Age Mean (SD), in years 53.0 (10.1) 49.5 (10.7) 
t = .825 .418 

Range 33 – 68 31 – 65 

Duration of Illness Mean (SD), in years 25.7 (13.6) 17.8 (10.10) 
t = .825 .124 

Range 7 – 45 5 – 37 

Employment Status Employed 5 (41.7%) 5 (41.7%) 
χ2 = 0.00 1.000 

Unemployed 7 (58.3%) 7 (58.3%) 

Education High School Incomplete 1 (8.3%) 4 (33.3%) 

 .406 
High School 4 (33.3%) 4 (33.3%) 

College/Associate Degree 2 (16.7%) 2 (16.7%) 

University 5 (41.7%) 2 (16.7%) 

Ethnicity Caucasian 12 (100%) 10 (83.3%) 
 .478 

Other - 2 (16.7%) 

Antipsychotic 

Medication 

First Generation 1 (8.3%) - 

 .217 
Second Generation 9 (75.0%) 12 (100%) 

Combined First and Second 

Generation 

2 (16.7%) - 

Co-Morbidity Generalized Anxiety Disorder 2 (16.7%) -  
.093 

Post-Traumatic Stress Disorder 1 (8.3%) -  

Borderline Personality Disorder 1 (8.3%) -   
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3.1.2 Clinical Measures 

Symptoms of schizophrenia were self-reported at baseline using the SOS Inventory. An 

independent samples t-test was run to determine if there were differences in SOS total score 

between training conditions, IT and CT. Mean SOS total score was lower for IT (51.83 ± 13.32) 

than CT (60.67 ± 20.12), however this difference was not found to be statistically significant, 

t(22) = -1.268, p = .218.  

3.1.3 EEG Measures 

Independent samples t-tests were run to determine differences between IT and CT groups 

in baseline (at rest) frequency band power. There was no statistically significant difference in 

baseline theta power between IT (3.29 ± 3.13) and CT (2.91 ± 2.27), t = -.217, p = .830, or 

baseline alpha power between IT (3.15 ± 2.84) and CT (3.40 ± 2.79), t = .335, p = .741. 

3.2 Pre-Post Differences 

3.2.1 Cognitive Measures 

Descriptives, independent samples t-test and two-way mixed ANOVA statistics for IT 

and CT on each SS, LNS, WM composite, 1-back and 2-back across testing phases are presented 

in Table 3.2.  

3.2.1.1 Spatial Span 

Immediate Change 

There were no significant interactions or main effects between groups for SS score from 

pre-test to post-test 1, ps > .263 (Figure 3.1A).  
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Durable Change  

There were no significant interactions or main effects between groups for SS score form 

pre-test to post-test 2, ps > .152 (Figure 3.1A). 

3.2.1.2 Letter-Number Sequencing 

Immediate Change 

There were no significant interactions or main effects between groups for LNS score 

from pre-test to post-test 1, ps > .292 (Figure 3.1B). 

Durable Change  

There were no significant interactions or main effects between groups for LNS score 

form pre-test to post-test 2, ps > .228 (Figure 3.1B). 

3.2.1.3 WM Composite 

Immediate Change 

There were no significant interactions or main effects between groups for WM composite 

score from pre-test to post-test 1, ps > .167 (Figure 3.1C).  

Durable Change  

There was a trend for a significant two-way interaction between training group and time 

pre-test to post-test 2 for WM composite score, F(1,22) = 3.122, p = .091, partial η2 = .124 

(Figure 3.1C). Although this was only a trend, follow-up analyses were conducted to determine 

whether IT and CT differed on their improvement at post-test 2. Follow-up analyses revealed 

there was a significant simple main effect of time on WM composite score for the IT group, with 
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a mean improvement at post-test 2 of 4.75 (95% CI, 1.094 to 8.406), F(1,11) = 8.176, p = .016, 

partial η2 = .426 (Figure 3.1C). 

3.2.1.4 1-Back 

Immediate Change 

There were no significant interactions between training group and time on 1-back 

performance from pre-test to post-test 1, but there was a significant main effect of time, F(1,22) 

= 13.412, p = .001, partial η2 = .379, such that participants across groups demonstrated a 

statistically significant increase of 6.43 (95% CI, 2.874 to 9.989) in mean 1-back score from pre-

test to post-test 1, t(23) = -3.740, p = .001 (Figure 3.2A). 

Durable Change  

There were no significant interactions between training group and time on 1-back 

performance from pre-test to post-test 2, but there was a significant main effect of time, F(1,22) 

= 10.892, p = .003, partial η2 = .331. Participants across groups exhibited a statistically 

significant increase of 6.79 (95% CI, 2.626 to 10.953) in mean 1-back score from pre-test to 

post-test 2, t(23) = -3.374, p = .003, demonstrating that immediate improvement observed at 

post-test 1 was well maintained at post-test 2 (Figure 3.2A). 

3.2.1.5 2-Back 

Immediate Change 

There were no significant interactions between training group and time on 2-back 

performance from pre-test to post-test 1, but there was a significant main effect of time, F(1,22) 

= 6.209, p = .021, partial η2 = .220, such that participants across groups exhibited a statistically 



40 

 

significant increase of 5.518 (95% CI, 1.020 to 10.016) in mean 2-back score from pre-test to 

post-test 1, t(23) = -2.538, p = .018 (Figure 3.2B).. 

Durable Change  

There were no significant interactions or main effects between groups for 2-back score 

from pre-test to post-test 2, ps > .113 (Figure 3.2B). 

3.2.1.6 Cognitive Performance and Participant Characteristics 

To determine if specific participant characteristics (age, gender, employment status, or 

subjective symptomology) were associated with cognitive performance or improvement across 

time points, multiple correlations were run. There were no correlations between gender (ps > 

.137) or employment status (ps > .110) and cognitive task performance or improvement over 

time.  

Age was found to have a consistent moderate-to-strong negative correlation with 2-back 

performance, such that higher ages were associated with lower 2-back performance across all 

time points (pre-test, r = -.510, p = .011; post-test 1, r = -.504, p = .012; post-test 2, r = -.436, p = 

.033). Age was not found to have any statistically significant correlations with improvement 

across time on any cognitive measure from pre-test to post-test 1 or post-test 2, ps > .118.   

Symptomology was found to be consistently negatively correlated with 1-back 

performance. Higher SOS total scores were found to be moderately correlated with poorer pre-

test 1-back performance, r = -.477, p = .018, and strongly correlated with poorer post-test 1, 1-

back performance, r = -.529, p = .008. At post-test 2, SOS total score trended towards 

significance in its correlation with 1-back performance, r = -.350, p = .093.  SOS total score was 
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not found to have any statistically significant correlations with improvement across time on any 

cognitive measure from pre-test to post-test 1 or post-test 2, ps > .211.  
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Table 3.2 Cognitive Performance Means and Improvement Comparisons for IT and CT.  Mean scores for IT and CT for the 

cognitive measures at pre-test, post-test 1, and post-test 2. Group means were compared using an independent samples t-test and 

group*time differences in performance improvement from pre-test to post-test 1 and post-test 2 was compared using a two-way mixed 

ANOVA. There were no significant differences in performance between IT and CT at any time point (p > .05). There were no significant 

group*time differences in performance improvement between groups for SS, LNS, 1-back or 2-back, however a group*time difference 

in WM improvement pre-test to post-test 2 trended towards significance (p = .091).  

Measure Time 

IT CT 

Group 

Difference 

Performance Change from Pre-Test  

by Group 

M SD M SD t p df F p η2 

SS Pre-Test 44.17 15.16 42.08 11.066 .384 .704     

Post-Test 1 47.25 15.69 42.08 7.74 1.023 .317 1, 22 1.320 .263 .057 

Post-Test 2 48.75 13.29 42.83 8.78 1.287 .211 1, 22 1.140 .297 .049 

LNS Pre-Test 37.67 12.51 34.83 11.45 .579 .569     

Post-Test 1 39.00 13.48 36.42 12.47 .487 .631 1, 22 .009 .927 .000 

Post-Test 2 40.58 12.70 35.25 12.27 1.046 .307 1, 22 .867 .362 .038 

WM 

Composite 

Pre-Test 38.75 14.62 35.83 12.35 .677 .603     

Post-Test 1 41.42 14.99 36.58 8.72 .252 .345 1, 22 .644 .431 .028 

Post-Test 2 43.50 14.39 36.50 10.76 .879 .191 1, 22 3.122 .091 .124 

1-Back Pre-Test 89.19 9.57 85.93 10.70 .583 .439     

Post-Test 1 96.02 5.08 91.96 7.77 .074 .145 1, 22 .051 .824 .002 

Post-Test 2 95.76 6.98 92.94 5.36 1.108 .280 1, 22 .012 .914 .001 

2-Back Pre-Test 79.62 14.82 76.18 8.57 .696 .494     

Post-Test 1 86.07 7.67 80.77 7.48 1.713 .101 1, 22 .176 .679 .008 

Post-Test 2 83.52 5.82 79.55 5.88 1.665 .110 1, 22 .015 .904 .001 
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Figure 3.1 Mean SS, LNS, and WM Composite Scores. There were 

no statistically significant differences between training groups on (A) 

SS, (B) LNS, or (C) WM composite score at pre-test, post-test 1, or 

post-test 2 time points. Nor was there a statistical difference in 

performance changes from pre-test to post-test 1 or post-test 2 between 

IT and CT on either (A) SS or (B) LNS. (C) There was a trend for a 

significant two-way interaction between training group and time pre-

test to post-test 2 for WM, F(1,22) = 3.122, p = .091, partial η2 = .124; 

further analyses revealed a significant simple main effect of time on 

WM score only for the IT training group, with a mean improvement at 

post-test 2 of 4.75 (95% CI, 1.094 to 8.406), F(1,11) = 8.176, p = .016, 

partial η2 = .426. 

A B 

C 
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Figure 3.2 Mean 1- and 2-Back Scores. IT and CT did not statistically differ on 1- or 2-back scores at any time point, nor were there any 

significant two-way interactions between training group and time on 1- or 2-back performance. However, when independent groups were 

collapsed, the main effect of time showed a statistically significant increase from pre-test to post-test 1 for both (A) 1-back (6.43, 95% CI, 2.874 

to 9.989, F(1,22) = 13.412, p = .001) and (B) 2-back (5.518, 95% CI, 1.020 to 10.016, F(1,22) = 6.209, p = .021, partial η2 = .220). However, 

this statistically significant improvement was only sustained at post-test 2 in the (A) 1-back condition, which had a similar increase in 

performance from pre-test of 6.790 (95% CI, 2.626 to 10.953), F(1,22) = 10.892, p = .003, partial η2 = .331. 

A B 
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3.2.2 EEG Measures 

Independent samples t-test and two-way mixed ANOVA results for IT and CT on each 

theta and alpha power during 1- and 2-back across testing phases is presented in Table 3.3. 

Neither theta power (ps > .356) nor alpha power (ps > .474) was correlated with N-back 

performance at pre-test, post-test 1 or post-test 2.  

3.2.2.1 1-Back Theta Power  

Immediate Change 

There were no significant interactions or main effects between groups for 1-back theta 

power change from pre-test to post-test 1, ps > .671 (Figure 3.3A). 

Durable Change 

There were no significant interactions or main effects between groups for 1-back theta 

power from pre-test to post-test 2, ps > .250 (Figure 3.3A). 

3.2.2.2 2-Back Theta Power 

Immediate Change 

There were no significant interactions or main effects between groups for 2-back theta 

power change from pre-test to post-test 1, ps > .591 (Figure 3.3B). 

Durable Change 

There were no significant interactions between groups for 2-back theta power change 

from pre-test to post-test 2, but there was a significant effect of time, F(1,16) = 6.082, p = .025, 

partial η2 = .275, such that participants across groups exhibited a statistically significant increase 
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of .819 (95% CI, .115 to 1.523) in mean theta power during the 2-back from pre-test to post-test 

2, t(17) = -2.489, p = .023 (Figure 3.3B). 

3.2.2.3 1-Back Alpha Power 

Immediate Change 

There were no significant interactions or main effects between groups for 1-back alpha 

power change from pre-test to post-test 1, ps > .363 (Figure 3.4A). 

Durable Change 

There were no significant interactions or main effects between groups for 1-back alpha 

power change from pre-test to post-test 2, ps > .178 (Figure 3.4A). 

3.2.2.4 2-Back Alpha Power 

Immediate Change 

There were no significant interactions or main effects between groups for 2-back alpha 

power change from pre-test to post-test 1, ps > .433 (Figure 3.4B). 

Durable Change 

There were no significant interactions or main effects between groups for 2-back alpha 

power change from pre-test to post-test 2, ps > .229 (Figure 3.4B). 

3.2.2.5 Band Power and Participant Characteristics 

Participant characteristics (age, gender, employment status, symptomology) were not 

statistically significantly correlated with alpha or theta power at any time point, or with band 

power changes across pre-test to post-test 1 or post-test 2.
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Table 3.3 Theta and Alpha Power Means and Mean Power Change Comparisons for IT and CT.  Mean power scores for IT and 

CT for the 1- and 2-back task at pre-test, post-test 1, and post-test 2. Group means were compared using an independent samples t-test 

and group*time differences in band power change from pre-test to post-test 1 and post-test 2 was compared using a two-way mixed 

ANOVA. Alpha and theta power were not significantly different between IT and CT at any time point (p > .05). There were no 

significant group*time differences in band power change across testing points between groups. 

Band 

Power 

(dB) Measure Time 

IT CT 

Group 

Difference 

Band Power Change from  

Pre-Test by Group 

M SD M SD t p df F p η2 

Theta  1-Back Pre-Test 1.15 2.82 2.14 3.24 -.776 .446     

Post-Test 1 1.37 3.04 2.27 2.28 -.812 .426 1, 21 .010 .922 .000 

Post-Test 2 2.04 3.63 1.62 2.81 .272 .789 1, 16 1.002 .332 .059 

2-Back Pre-Test 1.21 3.52 1.76 2.05 -.464 .647     

Post-Test 1 1.43 3.45 1.86 2.73 -.330 .745 1, 21 .047 .831 .002 

Post-Test 2 2.10 3.32 2.97 2.57 -.627 .539 1, 16 .692 .418 .041 

Alpha 1-Back Pre-Test .23 2.69 .95 2.99 -.609 .549     

Post-Test 1 .02 2.81 1.20 1.92 -1.186 .249 1, 21 .339 .567 .016 

Post-Test 2 1.14 2.59 .73 2.45 .343 .736 1, 16 .454 .510 .028 

2-Back Pre-Test .06 3.04 .82 1.63 -.753 .460     

Post-Test 1 .54 2.83 1.03 2.81 -.417 .681 1, 21 .096 .759 .005 

Post-Test 2 .71 3.35 1.23 2.82 -.355 .727 1, 16 .022 .884 .001 
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Figure 3.3 Mean (SD) Theta Power. There were no significant differences in mean theta power (dB) between groups at pre-test, post-test 1, or 

post-test 2 during the 1- (A) or 2-back (B), nor were there any significant differences between groups in theta power change from pre-test to post-

test 1 or post-2 during the 1- or 2-back task. With training groups collapsed however, the main effect of time on the (B) 2-back task showed a 

statistically significant increase in mean theta power from pre-test to post-test 2 of .819 (95% CI, .115 to 1.523), F(1,16) = 6.082, p = .025, partial 

η2 = .275. 
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Figure 3.4 Mean (SD) Alpha Power. There were no significant differences in mean alpha power (dB) between groups at pre-test, post-test 1, or 

post-test 2 during the (A) 1-back or (B) 2-back task. Neither were there any statistically significant interactions or main effects between training 

group and time on alpha power during the immediate or durable time changes. 
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3.3 Training Differences 

3.3.1 Cognitive Measures 

An independent samples t-test was run to determine if there were differences in 

performance during the N-back training between IT and CT. Performance scores for IT (88.56 ± 

8.20) were statistically significantly higher than for CT (81.61 ± 3.95), t(22) = 2.647, p = .015 

(Figure 3.6). To enhance confidence in the significant difference found, a one-way analysis of 

covariance (ANCOVA) was run to compare N-back performance between groups while 

controlling for N-back difficulty during training. Statistical significance of training performance 

remained after controlling for mean N-back difficulty during training, F(1, 21) = 8.064, p = .010, 

partial η2 = .277. Note, there was no statistically significant difference in N-back difficulty 

during training between groups, t(22) = -1.683, p = .106, neither was there a statistically 

significant correlation between N-back training difficulty and performance, r = .041, p = .851. 

3.3.1.1 Training Performance and Post-Training Improvement 

To provide insight into the relationship between N-back training performance and 

subsequent improvement on cognitive measures in post-testing, a Pearson correlation was run. 

There was a statistically significant moderate positive correlation between training performance 

and WM composite score improvement from pre-test to post-test 2, r = .421, p = .040 (Figure 

3.5A). To get a better understanding of the association of training type on subsequent WM task 

improvement, correlations of training performance with improvement were separated for IT and 

CT (Figure 3.5B). Once separated by group, only IT exhibited a large positive correlation 

between training performance and subsequent WM score improvement which trended towards 

significance (IT: r = .535, p = .073; CT: r = -.141, p = .662).  
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3.3.1.2 Training Performance and Participant Characteristics 

Participant characteristics (age, gender, employment status, subjective symptomology) 

were not statistically significantly correlated with N-back training performance.  

3.3.2 EEG Measures 

3.3.2.1 Theta 

An independent-samples t-test was run to determine if there were differences in theta 

power (dB) during the N-back training between IT and CT (Figure 3.7). Mean IT theta power 

during training (.96 ± 2.77) was lesser than CT (1.68 ± 2.46), however this difference was not 

found to be statistically significant, t(21) = -.659, p = .517.  

3.3.2.2 Alpha 

An independent-samples t-test was run to determine if there were differences in alpha 

power (dB) during the N-back training between IT and CT (Figure 3.7). Mean IT alpha power 

during training (.16 ± 2.56) was lesser than CT (1.48 ± 3.23), this difference was not found to be 

statistically significant, t(21) = -1.082, p = .292.  

3.3.3 Subjective Measures 

Results from the IMI-SR show moderate to high mean scores on five of six subscales 

across both groups: Interest/Enjoyment, Effort/Importance, Value/Usefulness, Perceived 

Competence and Perceived Choice. The sixth subscale, Pressure/Tension, exhibited low to 

moderate mean scores for both groups (Figure 3.8). To test for any group differences within each 

subscale separately, multiple independent samples t-tests were run (Table 3.4). Participants in IT 

scored higher than those in CT on the Pressure/Tension subscale, Perceived Choice subscale, and 
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Effort/Importance subscale. The IT group scored lower than CT on Perceived Competence and 

Value/Usefulness subscales, and the two groups were nearly equal for the Interest/Enjoyment 

subscale. Assessed independently, these groups differences were not found to be statistically 

significant.  

To test the results of the IMI-SR as a whole between groups, a one-way MANOVA 

(Hotelling’s T2) was performed. All six IMI-SR subscales were assessed collectively: 

Interest/Enjoyment, Pressure/Tension, Perceived Choice, Perceived Competence, 

Effort/Importance, and Value/Usefulness. The differences between IT and CT groups on the 

collective IMI-SR was not found to be statistically significant, F(7,16) = 1.019, p = .455, Wilks’ 

Λ = .692; partial η2 = .308. 
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Figure 3.5 Training Performance and WM Improvement. (A) There was a statistically significant moderate positive correlation between 

performance on the N-back task during training and WM composite score improvement from pre-test to post-test 2, r = .421, p = .040. (B) When 

split by training group, only the correlation between IT training performance and WM improvement trended towards significance with a strong 

positive correlation (IT: r = .535, p = .073; CT: r = -.141, p = .662).  

 Accuracy)  Accuracy) 
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Figure 3.7 Mean (SD) N-Back Training Alpha and Theta Power. 

There were no significant differences between groups for alpha or theta 

band power (dB) during N-back training.  
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Figure 3.6 Mean N-Back Training Performance. There was a 

statistically significant difference between groups on N-back 

performance. Performance scores for IT (88.56 ± 8.20) were 

statistically significantly higher than for CT (81.61 ± 3.95),                   

t(22) = 2.647, p = .015. 
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IMI-SR Subscale IT CT IT vs CT 

M SE M SE t p 

Value/Usefulness  5.125 .353 5.767 .353 -1.284 0.213 

Effort/Importance 5.667 .303 5.408 .303 0.572 0.573 

Perceived Competence  4.367 .395 4.875 .395 0.603 0.553 

Perceived Choice  5.767 .311 5.608 .311 -0.909 0.373 

Interest/Enjoyment  5.242 .393 5.267 .393 0.361 0.722 

Pressure/Tension  3.108 .361 2.817 .361 -0.045 0.965 

Table 3.4 IMI-SR Subscale Score. Independent samples t-test found no significant differences 

between groups on any of the six IMI-SR subscales. 

Figure 3.8 Mean (SD) IMI-SR Subscale Scores. There were no significant 

differences between groups on any of the six IMI-SR subscales. 
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Chapter 4: Discussion 

4.1 Evaluation of Cognitive Performance, EEG and Subjective Measures 

The aim of this study was to examine the cognitive, neurophysiological, and subjective 

responses to different work-rest structures of cognitive training in schizophrenia. In general, 

results suggest that while training work-rest structure doesn’t contribute to improvement on the 

task trained on, training in intervals as opposed to continuously leads to greater transfer and 

improvement on other working memory tasks not trained on. Neither the neurophysiological nor 

subjective measures appear to be significantly affected by training delivery structure.  

4.1.1 Primary Objectives  

The primary objective of the study was to examine the effect of training delivery on 

cognitive performance. The first hypothesis was that there would be a group difference in 

training performance, and IT would perform better than CT on the N-back during training. 

Results supported this hypothesis, as participants in IT performed significantly better than those 

in CT during training. The second hypothesis was that there would be a group difference in 

improvement across time, and IT would improve more than CT across working memory tasks. 

The hypotheses in this domain were largely supported, with the exception of N-back 

improvement, in that both IT and CT exhibited nearly identical immediate and durable 

improvement following training. For the MCCB WM domain, there was a trend towards a 

significant interaction between training group and time for a durable change in WM composite 

score (SS and LNS together), and results revealed IT achieved greater and more sustained 

improvement on WM composite score more than CT when assessed after 30-minutes of respite. 

Although there was only a trend towards significance, effect size calculations further emphasized 
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the difference WM improvement between groups as a result of training, with an encouraging 

medium effect size. For such a quantification of effectiveness of IT over CT to be observed after 

a single training session indicates that there might be striking differences in the short term for 

clients in the way clinicians structure CR.  

These findings are supported in part by previous research on mental fatigue (Boksem & 

Tops, 2008; Persson, Welsh, Jonides, & Reuter-Lorenz, 2007; Steinborn & Huestegge, 2016) and 

ego depletion (Lindner et al., 2017; Thompson et al., 2014). Based on results, this concept can be 

used to interpret CT participants’ inferior performance on non-trained tasks (SS and LNS). In the 

CT condition, practice is administered without interruptions. As N-back performance post-

training was not hindered for those in CT, it is possible that the 10-minute duration of continuous 

training was not sufficiently prolonged, or the training task was not difficult enough due to its 

adaptive nature, and therefore CT was not taxing enough to induce impairments on the same 

task, only on distinct tasks engaging different working memory processes. More concrete 

conclusions as to what exactly is the underlying effect or mechanism, be it mental fatigue, ego 

depletion, or some unknown influence, and why only the non-trained tasks exhibited 

improvement differences after training, cannot be elucidated through based on the results and 

methodology of the current study.  

As an alternative explanation, the results of a meta-analysis on the spacing effect in 

verbal learning have demonstrated that the spacing effect can differ across cognitive task type 

and complexity (Janiszewski, Noel, & Sawyer, 2003). As such, it could be that the N-back task 

itself does not respond to the spacing effect in the same manner reflected by SS and LNS. As a 

computerized task, N-back could have been more resistant to the differential effect of massed or 
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distributed practice and associated mental fatigue and/or ego depletion, as it was more visually 

engaging or entertaining for participants.  

The results of the correlational analyses between training performance and sustained 

improvement on WM composite score may provide an alternative or supplementary explanation. 

Findings demonstrated that there was a significant positive correlation between training 

performance and WM score improvement from pre- to post-test 2. Providing further evidence for 

the influence of work-rest structure, correlational analyses were then split by training group to 

reveal a contrast in how training performance and training type were related to improvement. 

Once split, only for IT were training performance scores strongly positively correlated with WM 

improvement, though this correlation only trended towards significance. For those in CT, no 

longer were training performance scores significantly correlated with WM improvement. This 

observation highlights that there may be a specific advantage of spaced training over continuous, 

in combination or in parallel with the effect of training performance on subsequent WM 

improvement.  

It could be proposed that the better performance of IT participants during training 

resulted in greater reward and higher confidence from training than for those in CT. Drawing 

from Boksem and Tops' research (2008), which summarizes mental fatigue as the imbalance 

between energy invested and potential rewards, participants in IT may possess a higher 

perception of reward from their success during cognitive training and subsequent testing, 

attenuating the imbalance leading to mental fatigue. A similar but distinct explanation could be 

that motivation is behind the sustained difference in improvement scores. It is possible that the 

spacing effect induced by IT could have resulted in improved training performance, which in 

turn bolstered motivation for continued task engagement and sustained effort. These conceivable 
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group differences in perceived confidence, value, or motivation related to training performance 

or type, however, were not revealed in comparisons of the IMI-SR.  

4.1.1.1 Relationships Between Age and Performance and Improvement 

In order to evaluate the effect of age on cognitive performance and improvement across 

time, and to determine if the mature adult sample might limit generalizability of results, 

cognitive task scores were correlated with age. Correlations were found only for N-back task 

performance. There was no correlation between age and 1-back scores or improvement on the N-

back across time, however, there was a consistent significant relationship between age and 2-

back performance. This negative correlation was strong for both pre-testing and post-testing 

immediately following training, but weakened slightly to a medium correlation after a 30-minute 

respite. This finding between age and the 2-back but not the 1-back suggests that age has an 

effect only on more complex working memory tasks. During the 1-back, participants must 

continuously update the object that is being held in working memory, whereas during the 2-back, 

participants must continuously shift their focus between objects being held in working memory, 

and effectively reject stimuli no longer needed for comparison. A realistic explanation for this 

relationship is that there is an age-related decline in working memory performance and the 

number of items that can be maintained in working memory declines with age.  

4.1.1.2 Relationship Between Symptomology and Performance and Improvement 

In order to determine if a relationship exists between schizophrenia symptoms and 

cognitive performance, SOS total score was correlated with cognitive task performance and 

improvement across time points. Interestingly, symptomology was found to be consistently 

negatively correlated with 1-back performance, while no relationship existed between 
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symptomology and 2-back performance or improvement on the N-back across time. This 

negative correlation with symptomology was of medium strength during pre-testing, strong for 

post-testing immediately following training, and medium again after a 30-minute respite, 

although the final correlation only trended towards significance. While it is not immediately 

clear why fewer symptoms would be associated with higher scores for the low- but not high-load 

condition, one potential explanation is that a third variable not assessed but related to the SOS 

may be involved. For example, impulsivity has been identified as a common problem symptom 

for those with schizophrenia (Ouzir, 2013), and it is possible that when a task seems easy, such 

as in the 1-back condition, they exert less cognitive control and behave more impulsively, 

resulting in poorer performance. In contrast, when they expect a task to be more difficult, as in 

the 2-back condition, they exert more cognitive control and consider their responses with greater 

care.  

4.1.2 Secondary Objectives 

The secondary objective of the study was to examine the EEG effects of the two training 

paradigms, specifically mean theta and alpha power. The hypothesis that there would be group 

differences in mean theta and alpha power during training was not supported by the results of 

this study. No significant difference was found between IT and CT for N-back training evoked 

theta or alpha power.  

Assessing mean power across testing phases, neither mean theta nor alpha power during 

the 1-back task exhibited significant differences between groups at pre-test, immediately 

following training, or after 30-minutes of respite. Moreover, there were no significant immediate 

or durable changes in 1-back theta or alpha power across time points. The same was found to be 
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true for 2-back alpha power. However, a significant durable increase across training groups was 

found for 2-back theta power from pre-test to testing after 30-minutes of respite.  

The results of varied work-rest training effects on EEG in this study were not supported 

by previous research on mental fatigue in healthy populations, which exhibited frontal theta band 

increases for high-load cognitive tasks with increasing time-on-task (Kamzanova et al., 2014; 

Wascher et al., 2014). In the comparison of interval and continuous time-on-task during N-back 

training, an increase in theta power with increasing time-on-task was not observed for the 

continuous training condition, as hypothesized. A possible explanation for this is that the 

continuous condition used in this study was not long enough, or the cognitive demand was not 

high enough, to induce the neural changes observed in previous research. The same research also 

established increases in alpha power correlated with increasing time-on-task (Kamzanova et al., 

2014; Kiroy et al., 1996; Wascher et al., 2014), which was not observed in this study either 

during training or across testing points.  

Results suggest that even a single session of working memory training can induce on-task 

theta band changes. Previous research has indicated that even brief durations of cognitive 

training (2 weeks) can induce frontal theta and posterior alpha power changes for high-load 

cognitive task conditions (Best, Gale, Tran, Haque, & Bowie, 2017). The gradual increase in 

theta power during the 2-back task observed across groups from pre-testing to final post-testing 

in this study could be interpreted as a similar but more immediate training-induced improvement 

in theta power. While increases in on-task theta power observed in this study were not as robust 

as those observed by Best et al. (2017) after two weeks of executive functioning training, it is 

likely that further theta band increases would be observed with subsequent training sessions. 

Although parietal-occipital alpha power changes were not observed in the present study, it is 
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possible that a longer duration of treatment than a single session may be necessary to induce the 

changes in alpha band power observable at two weeks, or that there is a difference in how N-

back versus executive functioning training affects alpha oscillations.   

Results failed to support the additional hypothesis that theta and alpha power would 

correlate with performance, as demonstrated in previous research (Maurer et al., 2015; 

Scharinger et al., 2017). There are many potential explanations for the absence of this association 

in this study, the most probable being how the N-back task was scored. Performance on this task 

was not based on normalized scores, but percent accuracy on all trials in which participants only 

had to indicate for correct trials, potentially resulting in positively skewed performance scores 

and undermining the detection of associations with spectral power during training.  

The results of this study could also be due to the exclusive ROIs selected for theta and 

alpha power assessment (frontal electrodes for theta and parietal-occipital electrodes for alpha), 

as opposed to whole brain analysis, although previous research indicates these ROI typically 

exhibit maximal effects of working memory related power changes at these frequencies (Gevins 

& Smith, 2000; Krause et al., 2010; Maurer et al., 2015; Pesonen et al., 2007; Scharinger et al., 

2017). Due to the highly individual nature of EEG frequencies and response, there may simply 

have not been enough participants to detect a significant difference in theta or alpha power, as 

the range of standard deviations inhibit comparison of small differences in small samples. 

Alternatively, the EEG headset employed in this study may not have been sufficiently robust to 

capture the specific band power changes across brain regions in response to working memory 

challenge, as it was only a 14-electrode apparatus.  
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4.1.3 Tertiary Objectives 

The tertiary objective of the study was to examine the subjective experience of the two 

training paradigms, by assessing perceived competence, choice, enjoyment, pressure, and value 

using the IMI-SR. Findings did not support the hypothesis that there would be a group difference 

in IMI-SR subscale ratings or that IT would rate their experience more positively across 

subscales as compared to CT. No significant difference was found between the groups on any 

subscale. Considered together, participants rated their training experience positively, indicating a 

high level of acceptability of both types of training and testing.  

4.2 Limitations and Future Research 

There were a number of limitations in this study, presenting clear opportunities for future 

research. One of the most notable would be the sample used, which provided both potentially 

confounding and limiting characteristics. Compared to previous research utilizing the MCCB, 

this sample presented with a higher level of working memory functioning than is to be expected 

in the chronic schizophrenia population (McCleery et al., 2014). This limits generalizability of 

results to a higher functioning population of people with schizophrenia, and may not be 

indicative of changes seen in the typical clinical population. In addition, the sample in this study 

was generally older, with a mean age 51 years, and consisted of mostly long duration illness, 

with a mean duration of nearly 22 years. As cognitive improvement with CR is negatively 

associated with age and illness duration (Bowie et al., 2014; Kontis, Huddy, Reeder, Landau, & 

Wykes, 2013; Radhakrishnan, Kiluk, & Tsai, 2016), the ideal target population for CR may be 

younger than the sample studied here. Future research should incorporate a younger sample of 

participants with schizophrenia, to provide more meaningful or clinically relevant results and 

recommendations.  
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Another limitation of the study was the sample size. With only 12 participants in each 

training condition, there was low power to detect significant differences between groups across 

time, particularly concerning theta and alpha power which exhibited large overlapping SDs. For 

example, while it is believed that the trend towards significance for the effect of training group 

on WM composite score improvement is valid, specifically considering the medium effect size, it 

could be that with a larger sample this effect could be diminished or disappear. However, it could 

also be that with more participants a stronger, more significant result is found, providing greater 

confidence in the superiority of IT presented in this preliminary study. Future research should 

seek to provide greater sample size to more effectively capture the relationship between work-

rest structures of cognitive training and performance and improvement.  

The computerized N-back provided for this study by NeuroNation© allowed for the 

creation of the two specific training paradigms as well as seamless and consistent training 

delivery with no differences in researcher interference. However, whereas SS and LNS involve a 

series of trials that require a response for each, this version of the N-back only required 

participants to “press” for correct trials, and avoid pressing for incorrect trials. It is likely that if 

participants were required to correctly reject and correctly identify, results would yield a lower 

score on the N-back tasks. Therefore, the way in which participants engage with the task limits 

the validity of the assessment of performance, which for this study was percent accuracy on all 

trials administered. There is the possibility that if participants were required to correctly reject as 

well, a different pattern of performance and improvement would emerge between or across 

groups, and should be considered an important modification in future research.  

Although there is a great deal of evidence supporting the relationship between theta and 

alpha power and cognitive performance, this was not supported by the results of this study. There 
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are a number of potential explanations for this discrepancy. The first is that most research 

investigating cognitive performance and EEG band power are conducted outside of the 

psychiatric community, and there is limited evidence for the relationship between the N-back 

task specifically and band power within the schizophrenia population for comparison. The 

sample itself could also be contributing to the difference in results. Because the sample was less 

cognitively impaired than would be expected in the typical schizophrenia population, the use of 

the 2-back task as the high-load condition may not have been sufficiently challenging to induce 

the typically observed increases and decreases in theta and alpha power with increasing task 

difficulty. More research is needed assessing cognitive performance and the neurophysiological 

effects within the schizophrenia population.  

For this study, due to the convenience of portability and quick set-up, the EMOTIV+ was 

the preferred EEG recording device. However, technical issues with EMOTIV’s recording 

software TestBench resulted in loss of valuable event markers for some participants. As well, 

connectivity issues between the Bluetooth® Smart USB connector and the EPOC+ headset 

resulted in a corrupted file and loss of data for one participant in this study. For a study with a 

small sample size, these issues limited statistical analyses of EEG data. Additionally, the headset 

has a limited sensor array of 14 electrodes. In future, dense-array sampling would provide a more 

comprehensive assessment of the oscillatory activity occurring for whole-brain analysis in 

addition to the ROIs.  

Another important factor to consider is the study’s use of fixed frequency bands. 

Research shows that upper and lower limits of each frequency band show high interindividual 

differences (Klimesch, 1999), and individual frequency bands can be defined on a per participant 

basis. However, the process is complex and time consuming and therefore unrealistic and not 
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utilized in the vast majority of studies, which instead resort to the typically defined frequency 

bands. Regardless, studies using fixed broad frequency band analysis must be interpreted with 

caution, and when possible, individual frequency determination should be investigated and 

applied. 

Lastly, while the single-session assessment of the influence of differences in training 

work-rest structure is an important first step in optimizing CR delivery and outcomes, more 

research is necessary to compare the longer term applications of different delivery structures, in 

order to determine the real-world significance of the differences observed in this study. Whether 

or not introducing frequent rest breaks into cognitive training results in meaningful clinical and 

functional improvement has yet to be determined.  

4.3 Conclusions 

This is the first study to examine the objective and subjective effects of different 

durations of work-rest structure of cognitive training in schizophrenia. For this study, three 

objectives were set, centered on assessment of cognitive performance, EEG measures, and 

subjective experience. Regarding the primary objective, interval training was found to boost N-

back training performance and lead to greater and sustained improvements on two distinct 

working memory tasks, suggesting a greater capacity for near transfer following interval training 

as opposed to continuous. Age and symptomology exhibited differential relationships to 

cognitive performance that was found to be task specific, however, neither were associated with 

cognitive improvement across time points. No meaningful differences were observed for the 

secondary or tertiary objective; there were no significant differences during training in theta or 

alpha power, nor was there a difference in IMI-SR subscale scores for any of the six subscales.  
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While there were notable limitations of the current study, they provide valuable targets 

for improving the methodology of future research. Sample characteristics such as age and level 

of cognitive abilities may reduce the generalizability of the results, and further investigations 

should seek to find larger, more representative samples for analysis. Although it provided 

consistent and hands-off delivery of training by the researcher, the computerized N-back utilized 

in this study did present with issues in the validity of performance assessment. The use of a 

mobile EEG headset, while offering portability and rapid setup, resulted in a number of data 

recording complications and analysis limitations. The benefits and issues of its use should be 

carefully considered in future applications.  

Although EEG band power measures were not correlated with cognitive performance in 

this study, nor did they provide insight into the differences between interval or continuous 

training, previous research in healthy and clinical populations suggest that theta and alpha power 

can be used as a reliable indicator of performance and effort. While the discrepancy here may be 

due to limited sample size, further research should be conducted to elucidate if this was indeed 

the case, or if there is some underlying difference in working memory frequency changes for 

mental fatigue, performance variation, and difficulty load in the chronic schizophrenia 

population.  

For people with schizophrenia, symptom reduction and medication management are only 

part of the treatment picture. Functional improvement in real-world domains such as social 

relationships, employment, and independence are a large part of what it means to succeed in 

treatment, and many believe cognitive improvement is the key to unlocking these functional 

outcomes. The overarching goal of this research is to optimize CR delivery; to maximize both 

treatment effects and the time and energy of participants. The results of this study indicate there 
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may be noticeable progress differences in the short term for clients based on the way clinicians 

structure CR. More research is needed to provide clinicians with evidence-based 

recommendations for CR delivery to improve CR program adherence, satisfaction, and outcomes 

to help people with schizophrenia achieve the best possible quality of life.   
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Appendix C: Symptoms of Schizophrenia Inventory 

During the past week, how much have you been bothered by the thought or problem that: 
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Appendix A: Symptoms of Schizophrenia Inventory  

During the past week, how much have you been bothered by the thought or problem that: 

1. I have no interest in things, or can’t seem to get 

started to do things. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

2. I think I have been poisoned in the past. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

3. I feel like hurting someone or breaking something. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

4. I have difficulty expressing myself. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

5. I have difficulty concentrating, even when alone. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

6. I think someone can control my mind. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

7. I have difficulty telling what is real from the 

unreal. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

8. I feel weak and tired. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

9. I feel worthless or guilty. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

10. I think people are against me and cannot be 

trusted. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

11. I think most of my problems are caused by 

someone other than me. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 
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12. I hear voices other people do not hear. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

13. I have difficulty with my memory. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

14. I think it is dangerous to be among strangers or in 

crowds. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

15. I think there is something seriously wrong with 

my body. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

16. I think people are secretly making fun and 

laughing at me. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

17. I am under a great deal of stress. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

18. I have difficulty organizing my thoughts and 

thinking clearly. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

19. I feel like killing myself. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

20. I have nightmares. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

21. I need more than 8 hours sleep. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

22. I see visions of things other people do not see. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

23. The medicine I take is harming me more than it is 

helping me. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 
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24. I feel hopeless. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

25. I think no one likes me. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

26. Sometimes my thoughts seem to go so fast - it's 

like they are racing. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

27. I often I feel like crying. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

28. I feel angry, irritable, or that people bother me. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

29. My imagination runs wild. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 

30. I feel anxious or worried that something bad will 

happen. 

 Not at all 

 A little bit 

 Moderately 

 A great deal 

 Extremely 
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Appendix D: Intrinsic Motivation Inventory for Schizophrenia Research 

For each of the following statements, please circle how true it is for you: 

 

1. I enjoyed doing this activity very much 1 2 3 4 5 6 7 

2. I think I am pretty good at this activity 1 2 3 4 5 6 7 

3. I put a lot of effort into this 1 2 3 4 5 6 7 

4. I did not feel nervous at all while doing this 1 2 3 4 5 6 7 

5. I had a choice to do this activity or not 1 2 3 4 5 6 7 

6. I believe this activity could be of some value to me 1 2 3 4 5 6 7 

7. This activity was fun to do 1 2 3 4 5 6 7 

8. 
I think I did pretty well at this activity, compared to 

other participants 
1 2 3 4 5 6 7 

9. I tried very hard on this activity 1 2 3 4 5 6 7 

10. I was very relaxed in doing these 1 2 3 4 5 6 7 

11. I felt like it was not my own choice to do this task 1 2 3 4 5 6 7 

12. I think that doing this activity is useful 1 2 3 4 5 6 7 

13. I think this is a boring activity 1 2 3 4 5 6 7 

14. 
After working at this activity for a while, I felt 

pretty competent 
1 2 3 4 5 6 7 

15. It was important to me to do well at this task 1 2 3 4 5 6 7 

16. I did not feel pressured to do this 1 2 3 4 5 6 7 

17. I really did not have a choice to do this activity 1 2 3 4 5 6 
7 

 

Not at all 

true 
Somewhat 

true 

Very  

true 
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18. I think this is important to do 1 2 3 4 5 6 7 

19. I would describe this activity as very interesting 1 2 3 4 5 6 7 

20. I am satisfied with my performance at this task 1 2 3 4 5 6 7 

21. I did not try very hard on this activity 1 2 3 4 5 6 7 

22. I felt very tense while doing this activity 1 2 3 4 5 6 7 

23. I feel like I had to do this 1 2 3 4 5 6 7 

24. I would be willing to do this again 1 2 3 4 5 6 7 

25. I thought this activity was quite enjoyable 1 2 3 4 5 6 7 

26. I was pretty skilled at this activity 1 2 3 4 5 6 7 

27. I put a lot of energy into this 1 2 3 4 5 6 7 

28. I did this activity because I wanted to 1 2 3 4 5 6 7 

29. I think doing this activity could help me 1 2 3 4 5 6 7 

30. I was thinking about how much I enjoyed it 1 2 3 4 5 6 7 

31. This was an activity that I couldn’t do very well 1 2 3 4 5 6 7 

32. I had a choice to do this activity or not 1 2 3 4 5 6 7 

33. I believe doing this activity could be beneficial to 

me 

1 2 3 4 5 6 7 

34. This activity did not hold my attention at all 1 2 3 4 5 6 7 

35. I did this activity because I had to 1 2 3 4 5 6 7 

36. I think this is an important activity 1 2 3 4 5 6 7 

 

  

Not at all 

true 
Somewhat 

true 

Very  

true 
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Appendix E: Demographics Interview 

 

Participant ID # ____________________ 

 

Interval versus Continuous Cognitive Training in Schizophrenia: Comparing Cognitive, 

Neurophysiological, and Subjective Outcomes 

 

 

Demographics Interview 

 

 

Date of Birth  ____________________________________ 

 

Sex  ____________________________________ 

 

Race ____________________________________ 

 

Diagnosis _____________________________________________________________________ 

 

Age of debut of mental disorder(s)__________________________________________________ 

 

Medication(s) __________________________________________________________________ 

______________________________________________________________________________ 

 

Education (highest grade completed) ________________________________________________ 

 

Current Employment  YES NO 

 

Current enrollment in CR YES NO 
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