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Abstract 

Background: Major Depressive Disorder (MDD) is associated with severe functional disability; 

however, the mechanisms of impaired functioning are understudied. Cognitive deficits is one known 

mechanism of functional impairment in MDD. However, treatments that remediate cognitive functioning 

do not seem to produce commensurate gains in day-to-day functioning. Current models of functioning in 

MDD do not take into account motivation deficits that characterize the mood disorder. MDD individuals 

have demonstrated avoidance behavior and impaired performance in physically- and cognitively- effortful 

tasks, despite the promise of large rewards. Motivation to expend effort has yet to be evaluated as a 

predictor of functioning in depression. 

Objectives: This study aimed to compare physical and cognitive effort expenditure for rewards and the 

factors that influence motivation to expend high levels of these types of effort in MDD relative to healthy 

comparison individuals. Secondary objectives were to examine whether motivation to expend physical 

and cognitive effort predicted functioning, after controlling for symptoms and cognition. Finally, the 

study aimed to examine whether cognitive functioning was associated with functional impairment through 

its relationship with motivation to expend physical and cognitive effort. 

Method: Two cost-benefit decision-making tasks were developed to assess motivation to expend physical 

and cognitive effort in 44 MDD and 36 healthy comparison participants. Participants were assessed on a 

brief cognitive battery, anhedonia, depression severity, and functional impairment. 

Results: MDD participants made marginally fewer choices to expend high effort for large relative to 

small incentives than healthy comparison participants across both effort tasks. Lower motivation to 

expend physical effort in the MDD sample was moderated by increases in anhedonia severity, whereas 

lower cognitive effort motivation was associated with greater functional impairment, even after 

accounting for symptoms and cognitive ability. Cognitive effort motivation mediated the relationship 

between cognition and functioning in MDD.   
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Conclusion: Motivation deficits to expend physical effort may reveal proximal mechanisms of 

anhedonia, while motivation for cognitive effort may explain distal functional outcomes. Findings offer 

novel evidence for attenuated motivation to expend physical and cognitive effort as a contributor to 

diagnostic clarity of anhedonia and a treatment target for functional recovery, respectively. 
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Chapter 1 

Introduction 

Major Depressive Disorder (MDD) is currently the world’s most prevalent, debilitating, and 

economically burdensome mental illness. The World Health Organization (2017) estimated over 300 

million people worldwide suffer from depressive disorders (4.4% global rate). MDD is the greatest 

contributor to functional disability, which is the highest among all mental, substance use, and common 

physical disorders, including heart disease and diabetes (Üstün, Ayuso-Mateos, Chatterji, Mathers, & 

Murray, 2004; Vos et al., 2012; World Health Organization, 2017). Consequently, the cost of publicly 

uninsured services and lost workdays associated with MDD alone amounts to CAN $6.3 billion (Stephens 

& Joubert, 2001). Despite increased service use in the MDD population over the past decade, the 

prevalence and disability rates have continued to climb (Kessler, Merikangas, & Wang, 2007; World 

Health Organization, 2017).  

MDD individuals suffer from impairments in multiple domains of functioning, including work, 

household duties, social, recreation, and quality of life (Judd, Paulus, Wells, & Rapaport, 1996; Petersen 

et al., 2004). In remitted individuals, few recover their premorbid level of functioning (Andrews, 2001; 

Hirschfeld et al., 2002; Miller et al., 1998). Depressive symptoms do not nearly contribute to as much 

variance in the breadth and persistence of functional impairment as the cognitive symptoms associated 

with this mood disorder (Dewa, Thompson, & Jacobs, 2011; Greer, Kurian, & Trivedi, 2010; Harvey, 

2011; Jaeger, Berns, Uzelac, & Davis-Conway, 2006; McKnight & Kashdan, 2009). Impaired cognitive 

abilities like attention/concentration, processing speed, learning and memory, and executive skills have 

been linked with poor psychosocial outcomes in MDD (Evans, Iverson, Yatham, & Lam, 2014). 

However, even when cognitive abilities are remediated, MDD individuals demonstrate minimal 

improvement in real-world functioning (Bowie, Grossman, Gupta, Holshausen, & Best, 2016). These 



 

 

 

2 

findings reveal that the barriers to functional recovery in clinically depressed populations remain elusive, 

and thus serve as the primary interests of the present investigation.  

One barrier to functional recovery that has not been explored in MDD is motivation deficits to 

expend effort, a behavior that appears to be driven by the symptom of anhedonia and related reward 

systems in the brain. Objectively measured motivation to expend effort is associated with impaired 

functioning in schizophrenia, a mental illness that also has an anhedonic phenotype (Horan et al., 2015; 

Reddy et al., 2015). Specifically, attenuated physical effort production for larger incentives is associated 

with poor community role functioning, while low cognitive effort production is related to cognitive 

dysfunction – a known contributor to functional disability in schizophrenia (Horan et al., 2015). The 

motivation to produce different types of effort (physical and cognitive) as a function of incentives 

promised by challenging tasks has not been systematically examined in MDD. In addition, research has 

not explored whether motivation to mobilize physical or cognitive effort for rewards may explain the 

relationship between cognitive dysfunction and disability in this population. Investigation of the decision-

making contexts that motivate effort expenditure is critical in understanding how behavioral and cognitive 

abilities are applied in real-world tasks, and thereby will inform treatment approaches that can reduce 

burden and disability in depression.  

As follows, the overall purpose of the present study is to understand the role of motivation to 

expend effort in predicting functioning in MDD. To this end, my primary aim was to develop objective 

measures of physical and cognitive effort expenditure for reward. Upon administration of these measures 

to an MDD and healthy comparison sample, I aimed to assess group differences in motivation to expend 

effort and the factors that influence the likelihood of approaching high effort challenges. Secondly, I 

aimed to evaluate motivation to expend physical and cognitive effort as unique predictors of functional 

impairment in MDD, relative to cognitive functioning and symptom severity. Finally, I aimed to test 

whether motivation to expend physical and cognitive effort explained the relationship between cognition 

and functional disability in MDD. 
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Major Depressive Disorder: An Overview 

MDD is a highly prevalent mental health disorder in community populations. An estimated 12.2 – 

16.2% of the North American population experience MDD in their lifetime (Kessler et al., 2003; Patten et 

al., 2006). The annual prevalence rate for Canadians is 4.8%, which is comparable to estimates for the 

United States (6.6%) and Europe (3.9%) (Alonso et al., 2004; Kessler et al., 2003; Patten et al., 2006). 

Findings from a national survey suggest youth (ages 15 – 25) are the most vulnerable to developing a 

depressive episode, with annual prevalence peaking at this developmental period (Patten et al., 2006). 

Most 12-month community cases (76.6%) are moderate to severe in clinical severity (Kessler et al., 

2003), as defined by symptoms that are significantly distressing and functionally impairing. With the 

illness' high prevalence, high risk of early onset, and clinical significance, there is a need to further the 

understanding of its pathology so to inform effective treatment development and practices. 

The heterogeneous symptom profile of MDD presents a challenge for development of universal 

treatment approaches. MDD is characterized by one or both mood and hedonic disturbances and at least 

five other behavioral and cognitive symptoms that are simultaneously present for two weeks (American 

Psychiatric Association, 2013). Mood disturbances involve persistent feelings of depressed mood (e.g., 

sadness, emptiness, or hopelessness) while anhedonia is marked by diminished interest or pleasure in 

activities. In terms of behavioral symptoms, MDD individuals can experience changes in appetite, 

disturbed or excessive sleep, observable psychomotor agitation or retardation, and fatigue or loss of 

energy. Cognitive problems are also diagnostic features of MDD and can include difficulty with 

concentration, indecisiveness, and preoccupation with thoughts of worthlessness, self-reproach, and guilt. 

At its worst, MDD individuals can experience recurrent thoughts of life not worth living, death, or 

suicide.  

Despite current treatment options, MDD is a recurrent and chronic illness. Those who have 

experienced their first episode of MDD are at an increasingly higher risk of experiencing one or more 

episodes as the time after remission passes (Maj, Veltro, Pirozzi, Lobrace, & Magliano, 1992; Mueller et 
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al., 1999), with each episode becoming more severe regardless of treatment history (Keller et al., 1992). 

The chronicity and severity of illness contribute greatly to poor chances of sustained recovery (Judd et al., 

1998; Keller et al., 1992; Maj et al., 1992). The poor prognosis of this mental illness speaks to how little 

is known about the barriers to recovery in MDD. 

Functional Consequences of Major Depression 

 Individuals with MDD experience substantial disability across many aspects of life. Depressive 

symptoms and MDD diagnosis are both associated with impaired social functioning; specifically, higher 

levels of self-reported tension or irritability with social relationships (Judd et al., 1996) and lower 

engagement in social activities (Leader & Klein, 1996). Clinicians have also rated MDD patients as 

experiencing greater days in bed, poor health status, higher financial strain, restricted engagement in 

recreational activities, and significant limitations in carrying out work, school or household duties (Judd 

et al., 1996; Petersen et al., 2004). Occupational functioning is an area that especially suffers in 

depression, with individuals experiencing more lost workdays (absenteeism), impaired work productivity 

(presenteeism), and increased risk of unemployment than their healthy peers (Lerner et al., 2004; Lerner 

& Henke, 2008; Stewart, Ricci, Chee, Hahn, & Morganstein, 2003; Wang et al., 2004). Depression has a 

profound impact on a wide range of functional outcomes, which further underscores the need to 

understand, recognize, and treat the factors that impede functional recovery. 

 The mechanisms by which depression affects day-to-day functioning is not well understood. 

While symptoms of depressed mood are associated with functional impairment, a substantial amount of 

variance in functional disability is left to be explained after controlling for these symptoms alone (e.g., 

Dewa et al., 2011; Greer et al., 2010; Jaeger et al., 2006; McKnight & Kashdan, 2009). Depressive 

symptoms are only a small part of the picture of disability in this population; patients often have lingering 

functional impairments despite symptom resolution through available treatment options (Hirschfeld et al., 

2002; Miller et al., 1998). In a recent study, different symptom clusters in depressed participants were 

reported to affect occupational functioning (Lam et al., 2012). Specifically, about half of the sample 
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reported at least one of the following symptom clusters had the largest contribution to their work 

impairment: anergia (reduced motivation, low energy, psychomotor slowing, sleepiness), tension (feeling 

anxious, nervous, irritable, angry), and cognitive difficulty (trouble concentrating, memory problems). 

Collectively, these results raise two important points. Firstly, symptoms other than low mood contribute 

to functional impairment for a significant portion of those with MDD, suggesting we must explore the 

role of other features of depression in perpetuating disability. Secondly, as only half of the depressed 

sample identified their symptoms as contributing factors to their disability, there may be poorly 

understood factors associated with the illness that contribute to functional disruption in this population. 

For this reason, the current study investigates the psychological mechanisms related to functioning in 

order to inform development of effective treatment practices. 

Cognitive Dysfunction in Major Depression 

 Cognitive impairment in MDD has consequences for functioning. Cognitive deficits like memory 

and attention in this population are significant enough to be observed by clinicians, used to inform 

diagnostic decisions, and detected by standardized neuropsychological tests. The nature and magnitude of 

cognitive dysfunction in MDD remains a contentious subject as the literature base is limited to studies 

with small sample sizes (n’s < 50) and inconsistent measurement tools; however, meta-analyses suggest 

cognitive dysfunction in depressed individuals is at a scale that would implicate general function and 

quality of life (McIntyre et al., 2013; Rock, Roiser, Riedel, & Blackwell, 2014).  

 Standardized neuropsychological testing reveals that cognitive impairment in MDD compared to 

age-appropriate norms are experienced as small to moderate (Cohen’s d range 0.3 to 0.5) deficits 

(McIntyre et al., 2013). While the magnitude and profile of cognitive deficits are known to be variable in 

the MDD population, the most notable and reliable impairments have been found in processing speed or 

attention, memory and learning, and executive function (Bora, Harrison, Yücel, & Pantelis, 2013; Rock et 

al., 2014). Cognitive dysfunction in these domains is consistent in drug-naïve and first-episode MDD 

patients, but worsen as a function of disease chronicity (Lee, Hermens, Porter, & Redoblado-Hodge, 
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2012; Porter, Gallagher, Thompson, & Young, 2003). Cognitive deficits also persist despite symptom 

control or remission, with moderate deficits in executive function and attention (d = 0.52 to 0.61) and 

small to moderate deficits in memory (d = 0.22 to 0.54) in remitted MDD patients (Rock et al., 2014). 

Taken together, impairments in fundamental cognitive skills appear to be reliable and treatment-resistant 

in MDD, often persisting independently of depressive symptoms. 

 The degree of cognitive dysfunction is perceived to be drastic; depressed individuals self-report 

significantly higher and more frequent day-to-day cognitive problems than what is measured with 

objective cognitive testing (Farrin, Hull, Unwin, Wykes, & David, 2003). Self-evaluations of cognitive 

impairment can also hinder performance on cognitively demanding tasks. For example, negative 

perceptions of cognitive abilities by MDD individuals in one study affected performance on a 

standardized memory task, especially for participants with greater chronicity of depression (MacQueen, 

Galway, Hay, Young, & Joffe, 2017). Similarly, on a computer-based sustained attention task, depressed 

individuals slowed their reaction times when they perceived their performance was poor on the task (e.g., 

after making errors; Farrin et al., 2003). This reaction to cognitive failure on the task was not observed in 

healthy comparison participants or brain injured patients. In decision-making tasks, processes related to 

internally-focused thinking that are characteristic of depressed individuals (e.g., low self-efficacy, low 

concentration, and rumination) instead of external factors (e.g., preoccupation with task itself) were 

predictors of difficulties with decision-making (van Randenborgh, de Jong-Meyer, & Hüffmeier, 2009). 

These findings suggest the experience of cognitive impairment in conjunction with features of depression 

exacerbate a heightened subjective sense of cognitive failure that likely has negative consequences for 

functional performance as well as participation. 

The Complex Relationship between Cognition and Functioning 

 Emerging evidence suggests cognitive deficits may be reliable predictors of reduced functioning 

in MDD (Evans et al., 2014). Observer-rated impairment in at least one domain of functioning (i.e., 

community and household activities, work skills and employment status, self-care, and interpersonal 
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relationships) has been linked to cognitive deficits found in MDD (Baune et al., 2010; Godard, Grondin, 

Baruch, & Lafleur, 2011; Gupta et al., 2013; Jaeger et al., 2006; Naismith, Longley, Scott, & Hickie, 

2007). Table 1 describes the studies that have reported associations between certain cognitive deficits and 

functional outcomes in MDD samples, the measures used, and significant findings. Overall, cognitive 

deficits in MDD predict impaired life functioning, even after controlling for depressive symptom severity 

(Dewa et al., 2011; Harvey, 2011; Jaeger et al., 2006; McKnight & Kashdan, 2009). Though the literature 

base is small, these results suggest that cognitive skills are important tools for success in adaptive living 

and most likely in achieving functional recovery for those with depression.
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Table 1    
    

Overview of Studies Demonstrating Relationship between Neurocognition and Functioning in Major Depressive Disorder 

Authors Study description Cognitive domains Functional outcome 

Jaeger et al., 2006 Longitudinal study assessing 48 

hospitalized MDD patients at baseline 

and at six-month follow-up 

Baseline attention/processing 

speed (D2 errors, Stroop Colors, 

Stroop Words, WAIS DS), 

working memory (LNS-Long 

Item), ideational 

fluency/executive function 

(RFFT, COWAT), visuospatial 

function (WAIS BD, PC), verbal 

and nonverbal learning/memory 

(WMS-R VeP I & II, ViP I) 

MSIF (Overall Global rating at six-

month follow-up) 

Naismith et al., 

2007 

Cross-sectional study assessing 21 

MDD patients and 21 controls  

(1) Psychomotor speed (TMT-A), 

(2) Immediate memory (RAVLT), 

delayed memory (WMS-R LM) 

(1) BDQ Physical Disability, (2) BDQ 

Functional domains 

Withall et al., 

2009 

Longitudinal study assessing 48 

hospitalized MDD patients at baseline 

and three-month follow-up 

Executive function (WCST) SOFAS 

Baune et al., 2010 Cross-sectional study assessing 70 

MDD patients (26 currently depressed, 

44 previously depressed) and 206 

controls 

Immediate memory, visuospatial 

function, language, delayed 

memory, global cognitive 

functioning (RBANS) 

Unemployment status 
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Godard et al., 

2011 

Cross-sectional examination of 16 

unipolar depressed, 14 bipolar 

depressed, and 30 age-matched 

controls 

(1) Executive function (D-KEFS 

spontaneous flexibility, CogitEx 

II Sequential Memory Test), 

verbal learning and memory 

(CVLT), (2) Attention (CPT-II, 

DKEFS CWI, CogitEx II) 

(1) LIFE-RIFT Work, Global 

Psychosocial Functioning, Life 

Satisfaction domains (2) LIFE-RIFT 

Relationships with Children subscale 

McCall & Dunn, 

2003 

Cross-sectional study of 77 severely 

depressed, hospitalized patients 

recruited for electroconvulsive therapy 

trial 

(1) Delayed verbal 

learning/memory (RAVLT), 

global cognitive impairment 

screening (MMSE), (2) Delayed 

nonverbal learning/memory (RF) 

(1) IADL, (2) RSO, DLRF 

Gupta et al., 2013 Cross-sectional study of 33 treatment-

resistant MDD patients 

(1) Executive function (TMT-B), 

(2) Sustained attention (CPT-

Identical Pairs Version) 

(1) AFT Adaptive Competence 

domain, (2) LIFE-RIFT Global 

Psychosocial Functioning, Recreation, 

Life Satisfaction domains 

Note. Neurocognitive Measures: COWAT = Controlled Oral Word Association Test; CPT-II = Continuous Performance Test; CVLT-II = 

California Verbal Learning Test; D2 = D2 Test of Attention; D-KEFS = Delis Kaplan Executive Function System (Subtest: CWI - Color 

Word Interference); MMSE = Mini Mental State Examination; RAVLT = Rey Auditory Verbal Learning Test; RBANS = Repeatable 

Battery for the Assessment of Neuropsychological Status; RF = Rey Figure; RFFT = Ruff Figural Fluency Test; TMT-A = Trail Making 

Test part A; TMT-B = Trail Making Test part B; WAIS = Wechsler Abbreviated Scale of Intelligence (Subtests: DS - Digit Span, LNS - 

Letter Number Sequencing),  WCST = Wisconsin Card Sorting Test; WMS-R = Wechsler Memory Scale - Revised (Subtests: VeP = 

Verbal Paired Associates, ViP = Visual Paired Associates, LM = Logical Memory; Terms: I = immediate memory, II = delayed memory) 

Functional Assessments: AFT = Adaptive Finances Task; BDQ = Brief Disability Questionnaire; DLFR = Daily Living and Role 

Functioning; IADL = Instrumental Activities of Daily Living; LIFE-RIFT = Longitudinal Interval Follow-up Evaluation-Range of 

Impaired Functioning Tool; MSIF = Multidimensional Scale of Independent Functioning; RSO = Relationship to Self and Others; SOFAS 

= DSM-IV Social and Occupational Functioning Assessment Scale. 

MDD = Major Depressive Disorder. 
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Treatments that enhance cognition (e.g., cognitive remediation) in depressed individuals have 

been shown to have some efficacy in improving psychosocial outcomes. However, these treatments do 

not seem to produce improvements in everyday functioning that are commensurate to the patient’s 

cognitive gains. At baseline assessment of a treatment-resistant MDD sample seeking cognitive 

remediation, Gupta et al., (2013) found patients often do not apply cognitive skills in real-world 

functional tasks even when these skills are intact. While objectively measured cognitive skills are 

associated with functional competence (what one can do) in MDD, more severe depressive symptoms are 

associated with attenuated functional performance (what one actually does in real-world contexts).  

Cognitive deficits experienced in depression seem to perpetuate negative expectations of one’s real-world 

functioning. Indeed, it is only when anhedonia-related features of depression (i.e., motivation/interest, 

defeatist beliefs, engagement) are addressed in cognitive remediation do we see transfer of cognitive 

gains to real-world functioning improvements (Bowie et al., 2016; Meusel, 2012). These findings suggest 

there is an indirect relationship between cognition and functioning in depression, whereby features of 

anhedonia may act as rate limiters in the application of cognitive abilities to support performance in day-

to-day tasks and responsibilities. A hypothesized model of how cognitive impairment may influence 

functional outcomes through anhedonia-related features of depression is depicted in Figure 1, and its 

components are discussed in the following sections.  
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 Cognitive functioning and anhedonia in major depression. Anhedonia is one of the two core 

symptoms of MDD (the second being depressed mood), and is a symptom used to differentiate a 

diagnosis of MDD from other mood disorders. Present in nearly 40% of MDD patients (Pelizza & Ferrari, 

2009), anhedonia is the experience of reduced interest and pleasure derived from activities that are usually 

enjoyable (American Psychiatric Association, 2013). Unlike low mood symptoms, anhedonia is mostly 

resistant to front-line antidepressants (Rubin, 2012). Furthermore, anhedonia contributes to poor 

prognosis: it is a unique predictor of depression onset, chronicity, poor treatment outcome, and relapse 

(Bennik, Nederhof, Ormel, & Oldehinkel, 2014; Vrieze et al., 2014; Wardenaar, Giltay, van Veen, 

Zitman, & Penninx, 2012). In depressed older adults, anhedonia increases the risk of disability and 

mortality (Covinsky, Cenzer, Yaffe, O’Brien, & Blazer, 2014). Along the same lines as cognitive 

impairment in MDD, anhedonia seems to be both persistent beyond mood symptom remission and a 

threat to functional recovery. 

Motivation to Expend 

Physical Effort 

Cognitive 

Functioning 

Motivation to Expend 

Cognitive Effort 

Global 

Functional 

Impairment 

Figure 1. Hypothesized model of cognitive functioning influencing global functional impairment in 

MDD through its relationship with anhedonia, as measured by the motivation to expend physical and 

cognitive effort. 
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 Anhedonia is associated with more severe disturbances in cognitive functioning in MDD. Patients 

with anhedonic depression were found to be more impaired in global cognitive functioning when 

compared to a typically depressed sample (Day et al., 2015). In addition, specific disturbances were found 

to be unique in depressed patients with anhedonia, these included: impaired verbal and spatial memory, 

attenuated performance on tests of information processing speed, impaired executive functioning (i.e., 

reduced decision-making capacity under time demands), and blunted processing of rewarding stimuli 

(e.g., positive emotion discrimination; Day et al., 2015; Suciu, Paunescu, & Miclutia, 2016). Elevated 

anhedonia in depression is also associated with greater susceptibility to distractions in divided attention 

tasks – a simulation of multi-tasking (Bredemeier et al., 2012; Yee & Miller, 1994). Neural recordings 

during divided attention tasks suggest the problem underlying poor cognitive performance in anhedonic 

MDD is more so a matter of inefficient cognitive resource allocation strategies rather than resource 

capacity (Yee & Miller, 1994). Taken together, anhedonia may interact with cognitive dysfunction to 

perpetuate poor performance or limited participation in cognitively-demanding yet adaptive functional 

activities. 

Implications of anhedonia on motivation to perform effortful tasks. In Major Depression, the 

motivation to expend effort in challenging but rewarding tasks may be compromised by the experience of 

anhedonia. According to the cognitive effort hypothesis of depression, those with depression struggle 

with tasks that demand greater cognitive abilities due to their difficulty with allocating appropriate effort 

and resources to successfully complete them (Ellis & Ashbrook, 1988; Hasher & Zacks, 1979), and this 

seems to be a particular challenge for MDD individuals presenting with anhedonia (Yee & Miller, 1994). 

When administered a variety of neurocognitive tests, MDD individuals were found to perform poorer and 

exhibit longer response times on tests with higher demands of cognitive resources, compared to healthy 

controls (Hammar, 2003; Hammar et al., 2011; Hammar, Lund, & Hugdahl, 2003; Hasher & Zacks, 

1979). In addition, depressed individuals as a function of symptom severity were found to exhibit 

increased disengagement from a cognitively-demanding working memory task (greater consecutively 
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skipped trials), despite no differences in performance accuracy (Bowie, Milanovic, Tran, & Cassidy, 

2017). These findings support the cognitive effort hypothesis of depression and again demonstrate 

anhedonia may be a rate-limiter in the allocation of cognitive resources in challenging tasks.  

Emerging research has explored the mechanisms of effort avoidance in MDD by assessing how 

patients choose to approach physically-demanding experimental tasks. Specifically, the Effort 

Expenditure for Rewards Task (EEfRT), is a paradigm commonly used to manipulate decision-making 

parameters (e.g., incentives) to study the contexts that motivate behavioral effort production in anhedonic 

populations (Treadway, Buckholtz, Schwartzman, Lambert, & Zald, 2009). In the task, participants are 

required to choose between exerting high or low effort (hard and easy task, respectively) in a time-

sensitive finger-tapping task for varying magnitude and probability of monetary incentive. Participants 

who were currently depressed, subsyndromal, or remitted chose to complete hard behavioral effort trials 

less often than controls, and this reduced effort-based decision-making corresponded with anhedonia 

symptom severity (Treadway, Bossaller, Shelton, & Zald, 2012; Treadway et al., 2009; Yang et al., 2014). 

That is, MDD individuals who were administered the EEfRT modulated to a lesser degree than healthy 

controls their expenditure of effort as a function of the reward at stake. Down-regulation of goal-directed 

behavior in spite of the real or perceived benefits of task engagement appears to be driven by blunted 

reward sensitivity and attenuated activation of reward centers in the brain that characterize anhedonia 

(Pizzagalli, Iosifescu, Hallett, Ratner, & Fava, 2008; Pizzagalli, Jahn, & O’Shea, 2005; Treadway & Zald, 

2011). Thus, attenuated motivation to expend effort in MDD may have proximal implications for the 

pursuit of productive day-to-day tasks and distal implications for global life functioning.  

Anhedonia and disengagement from effortful functional tasks. While evidence on the 

consequences of anhedonia on real-world functioning in depressed adults is sparse, preliminary evidence 

suggests reduced motivation to complete physically- and cognitively-demanding activities as a proxy of 

anhedonic behavior may be a promising predictor of functioning in this population. In the high cognitive 

load trial of a working memory task, the frequency of task disengagement by depressed participants was 
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related to poorer self-reported quality of life (Bowie et al., 2017). A collection of studies found that 

depressed individuals, relative to healthy comparison participants, documented less frequent engagement 

and self-reported greater avoidance of effortful daily behaviors that are usually perceived to be 

pleasurable and adaptive (Hopko, Armento, Cantu, Chambers, & Lejuez, 2003; Kasch, Rottenberg, 

Arnow, & Gotlib, 2002). Furthermore, lower approach to behavioral activities was associated with greater 

depression severity and longer course of depression at 8-month follow-up (Kasch et al., 2002). The 

findings reviewed thus far suggest reduced motivation to mobilize cognitive and behavioral effort in the 

pursuit of reinforcing day-to-day activities is apparent in MDD and seems to be relevant to cognitive 

performance, maintenance of the disorder, and psychosocial outcomes. It remains to be determined how 

motivation deficits to expend effort may contribute to the relationship between cognitive dysfunction and 

impaired real-world functioning in MDD. The current study aimed to address this question.  

The Current Study 

The overall purpose of the present study is to understand the role of motivation to expend effort 

in predicting functioning in MDD. The study objectives are outlined below: 

1) To develop and administer physical and cognitive EEfRT tasks that simulate ecological 

dilemmas of expending more effort for greater pay-off or less effort for minimal reward. With 

these tasks, I aimed to evaluate (a) the motivation to produce physical and cognitive effort in 

depressed versus healthy individuals, and (b) whether symptom (anhedonia and mood) and 

non-symptom parameters (reward magnitude and probability) influence this motivation. 

2) To examine whether objective measures of anhedonia-related constructs, motivation to 

expend physical and cognitive effort as unique predictors of global functional impairment in 

MDD, relative to cognitive functioning and symptom severity. 
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3) To test a hypothesized model that proposes that cognitive impairment affects global 

functional impairment in MDD through its relationship with motivation to expend physical 

and cognitive effort.  

Hypotheses 

The following research questions and hypotheses were tested: 

1) Do depressed individuals differ from healthy comparison participants in (a) motivation to 

expend physical and cognitive effort for reward, and (b) does reward magnitude, probability 

of reward receipt, expected incentive value (reward and probability), and (c) anhedonia 

severity differentially influence the likelihood of choosing to expend high effort for greater 

pay-off between groups? 

A) I hypothesized that in line with previous findings (Treadway et al., 2012, 2009; Treadway 

& Zald, 2011; Yang et al., 2014) the MDD group would choose to complete fewer high 

effort trials in both EEfRT paradigms, compared to healthy comparison participants. 

Moreover, given previous findings on impaired cognitive performance and on avoidance 

of cognitive challenges in MDD (e.g., Hammar et al., 2003), I hypothesized that the 

MDD group would complete significantly fewer high cognitive effort trials than physical 

effort trials, while the healthy comparison participants would not discriminate between 

the two types of effort in their choices.  

B) As anhedonic depression is driven by blunted sensitivity to rewards (Pizzagalli et al., 

2008; Treadway & Zald, 2011), I hypothesized that reward magnitude, probability, and 

expected value would be significantly weaker predictors of decisions to produce greater 

physical effort in the MDD group versus healthy comparison participants. In line with 

previous research on the cognitive effort hypothesis in depression (Ellis & Ashbrook, 

1988; Hammar et al., 2011, 2003; Hasher & Zacks, 1979), I hypothesized reward, 
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probability, and expected value parameters would be significantly weaker predictors of 

the likelihood of choosing high cognitive effort trials in MDD individuals compared to 

healthy comparison participants. 

C) Lastly, in line with previous findings on the relationship between anhedonia and 

motivation deficits to expend effort (Treadway et al., 2009), I hypothesized greater 

anhedonia severity will predict lower likelihood of choosing the high effort trials in the 

MDD group, but not in healthy comparison participants.  

2) Does the motivation to expend physical and cognitive effort for larger incentive value predict 

global functional impairment, independent of cognitive functioning and depressive 

symptoms? 

Disability in MDD persists despite resolution of depressive symptoms (Andrews, 2001; 

Hirschfeld et al., 2002; Miller et al., 1998) and cognitive deficits (Bowie et al., 2016). 

Using the EEfRT paradigm, schizophrenia participants of the anhedonic phenotype 

demonstrated greater physical effort production as a function of better community role 

functioning. Furthermore, cognitive effort production on a different paradigm had 

stronger relationships with cognitive functioning, which is also an established predictor 

of life functioning in anhedonic mental illness (Horan et al., 2015). Thus, I hypothesized 

that motivation to expend cognitive and physical effort would predict global functional 

impairment in the MDD group, over and above depressive symptom severity, anhedonia, 

and cognitive functioning. 

3) Does the motivation to produce high physical and cognitive effort for larger incentive value 

(a) both account for the relationship between cognitive ability and global functional 

impairment in depression, and (b) differ in the strength with which they explain the 

relationship? 
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(A) I hypothesized that motivation to produce physical and cognitive effort would in parallel 

explain the relationship between cognition and global functional impairment in the MDD 

sample. 

(B) As cognitive effort avoidance seems to hinder cognitive functioning in depression (Ellis 

& Ashbrook, 1988; Hammar, 2003; Hammar et al., 2011, 2003; Hasher & Zacks, 1979; 

Kasch et al., 2002), I hypothesized that the indirect effect of motivation to exert cognitive 

effort on the relationship between cognitive abilities and global functioning impairment 

would be greater than that of physical effort.   
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Chapter 2 

Method 

Participants 

To determine the appropriate sample size for the MDD group, I conducted an a priori power 

analysis for a multiple regression. Given depressive symptoms and cognitive functioning have been 

reported to share small to large relationships with functional impairment (Evans et al., 2014; McKnight & 

Kashdan, 2009), the following assumptions were applied to the power analysis: maximum of three 

predictors, conventional power level of .80, and a large effect size of .30. The power analysis 

recommended a sample size of 41. Accordingly, I aimed to collect a sample of non-depressed participants 

of equivalent size to the clinical group in order to provide a healthy comparison sample for outcome 

measures. The healthy controls enrolled in the study were matched to clinical participants by age (within 

a 3 year range) and gender (male or female). A total of 44 clinical and 44 healthy participants were 

screened for inclusion in the study but attempts to match for the full clinical sample were not successful. 

The final sample included 44 clinical participants and 36 healthy comparison participants.  

 A convenience sampling method was employed for both clinical and healthy comparison 

participants. Depressed participants were recruited via posters, online advertisement, and a clinical 

participant referral database maintained by the Cognition in Psychological Disorders Laboratory at 

Queen’s University. The clinical participant referrals were sourced from community mental health clinics 

and the Mood Disorders outpatient service located in Kingston, Ontario. All participants were screened 

over the phone by a trained graduate student for inclusion criteria. Clinical participants were enrolled if 

they self-reported a primary diagnosis of unipolar depression as well as met criteria for a past or current 

MDD episode based on a phone screening module of the Mini International Neuropsychiatric Interview 

(MINI). Healthy comparison participants were enrolled if they had no history of psychiatric illness, which 

was also confirmed via the MINI. Participants from both groups were excluded if there was a presence of 
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a medical diagnosis that is associated with known cognitive impairments (e.g., multiple sclerosis, 

cerebrovascular accident, dementia, history of traumatic brain injury, or reading disability), psychotic 

disorder, bipolar disorder, uncorrectable vision or hearing impairment that would preclude valid 

assessments, and substance abuse within the past three weeks. For purposes of neuropsychological 

comparison standards all participants were required to be between 18 to 65 years of age and competent in 

reading and writing English. 

Measures and Materials 

Demographic characteristics. A graduate student surveyed participants of basic demographic 

information, including age, gender (male or female), years of education, ethnicity, and marital status. See 

Appendix A for demographic questionnaire.  

Diagnostic criteria. A phone module of a structured diagnostic interview called the Mini 

International Neuropsychiatric Interview 5th version (MINI; Lecrubier et al., 1997; Shehan et al., 1998) 

was administered to assess for presence of current or past DSM-IV Axis I diagnoses in all participants. 

The modules for eating disorders, suicidality, and antisocial personality disorder were not administered as 

these illnesses are rare in community samples and have not been identified by the depression literature as 

pertinent to the outcome measures of the present study. The MINI has high concordance with 

comprehensive diagnostic interviews (e.g., Structured Clinical Interview for the DSM), good inter-rater 

reliability, and good to very good sensitivity and specificity for DSM-IV Axis I diagnoses (Lecrubier et 

al., 1997; Shehan et al., 1998). 

Effort expenditure for rewards tasks. A pair of cost-benefit decision-making paradigms 

assessing motivation to expend physical and cognitive effort, respectively, were developed following the 

general framework of the Effort Expenditure for Rewards Task (EEfRT; Treadway et al., 2009). The 

EEfRT is a multi-trial computerized task in which participants are given the opportunity for every trial to 

choose between completing a low effort, low monetary pay-off (advertised as ‘easy task’) or high effort, 

high pay-off (‘hard’) task. The paradigms were adapted from the EEfRT script provided by Dr. Michael 
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Treadway and run on a Dell PC computer via Eprime 2.0 software. Following the general psychometric 

framework of the EEfRT, each trial of the modified paradigms proceeded in the same sequence: fixation 

cross, effort “choice” period, ready warning, effort expenditure task, completion feedback, and finally, 

payout feedback (Figure 2). During the effort “choice” period of the paradigm, participants were shown 

on the computer screen information about reward levels and probability of reward receipt for the two 

respective options of task difficulty. The easy task was advertised with a reward magnitude of $1.00 for 

successful completion. The hard task offered 10 possible reward levels ranging from $1.25 to $3.50 in 

twenty-five cent increments. Probability of reward receipt was applied to both easy and hard tasks. This 

parameter included levels of 12% (low), 50% (medium), and 88% (high) odds. Each reward level of the 

hard task was presented once for each probability level and thereby yielded 30 different trials per 

paradigm. Trials in each paradigm were presented in a pre-randomized order (see Appendix B for trial 

lists).  
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Figure 2. Schematic diagram of a single trial of the adapted Effort Expenditure for Rewards Task (EEfRT). 

The general framework applied to both the physical and cognitive effort version. A) Participants view a 

fixation cue for 500 ms. B) Forced effort choice period in which participants are presented with information 

about the reward magnitude of task choices and probability of receiving any reward for that trial. C) 500 ms 

“ready” screen. D) Participants complete the chosen easy or hard task. E) 1 s feedback on whether they 

have completed the task. F) 3 s feedback as to whether they received any money for that trial. 
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A few previously validated modifications were made to the physical and cognitive effort-based 

decision-making paradigms in order to address four methodological concerns of the EEfRT (Fervaha et 

al., 2015). First, a fixed number of possible reward levels for the hard task was used, contrary to the larger 

range advertised in the instructions. The fixed number of reward levels controlled for within-group 

variation in the levels of reward offered, while the deception of a larger range of reward aimed to 

eliminate the possibility of participants anticipating the reward levels that remain to be sampled from a 

fixed set and adjusting their choices accordingly. Second, participants completed a set number of trials, 

thereby reducing within-group variation in number of trials completed and the influence of fatigue in 

making choices. Third, unlike in the EEfRT where failure to make a task choice within five seconds 

resulted in automatic assignment to the easy task, participants were given whatever time they needed to 

make a choice. The purpose of this modification was to eliminate indecisiveness in MDD as a confound 

influencing choice behavior. Lastly, to control for individual differences in ability level influencing task 

choices, the criteria for successful completion of the tasks are determined based on the participant’s best 

performance on calibration trials conducted prior to testing.  

The structure of the EEfRT paradigm aimed to create a trial-by-trial decision dilemma. Variable 

probability of reward receipt encouraged participants to thoughtfully evaluate whether they are willing to 

expend effort for every trial. Experimenters explained to participants that not all trials they successfully 

completed would guarantee winning of the reward and the probability of reward receipt would inform 

them of the winning odds. The probabilities served to deter participants from defaulting to perform hard 

tasks for all trials as a strategy to maximize their pay-out. Participants were also informed of guidelines 

that govern payment for task completion. Participants were told that their monetary pay-out for each task 

would be a randomly selected reward value from their set of successful “win” trials. Thus, the more hard 

trials participants win, the greater the odds that their incentive is worth more than $1. However, 

participants were also told they have twenty minutes to complete as many trials as they can and to keep in 

mind that the hard task is more costly – it would take longer and more effort to complete than the easy 
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task. Thus, choosing more hard trials would result in getting through fewer trials overall and risk missing 

out on high-value, high-probability trials that might come later on. This decision dilemma was made 

explicit to all participants (see Appendix C for experimenter instructions). 

Performance demands of the two effort expenditure tasks are explained below. 

Physical effort task. The physical effort task required participants to press a key for a set number 

of times within 30 s. If an easy trial was chosen, participants had to use the index finger on their dominant 

hand to complete their key presses, whereas for hard trials they used the pinky finger on their non-

dominant hand. Participants had to keep their palm rested on the table during key presses and within the 

surface area outlined by a paper template affixed to the table. Any deviation from this position was 

corrected by the experimenter during practice trials and carefully observed through a two-way mirror 

throughout test trials. The time remaining was displayed in the top right hand corner of the screen while a 

bar in the center incrementally filled to visualize their progress. 

The number of times participants were required to press a key to meet successful completion of 

the task was individually calibrated for ability level. Calibration took place prior to test trials and involved 

three 30 s practice trials of both the easy and the hard task (six trials in total). Participants were instructed 

to press the key with the designated finger as fast as they could. Success criteria for the easy and hard 

tasks were calculated as 50% and 80% of the highest number of key presses achieved on the hard 

calibration task, respectively. This followed previously validated calibration practices, which aims to 

ensure a clear discrepancy in difficulty level between easy and hard tasks and to ensure the criteria for 

successful completion was reasonably within limits of ability (Fervaha et al., 2015). 

Cognitive effort task. In the cognitive task, participants completed one of two difficulty levels of 

a working memory task called N-Back (Owen, McMillan, Laird, & Bullmore, 2005). The N-back requires 

participants to report whether the currently displayed stimulus matches the stimulus that was shown N 

items earlier in the sequence. Following previous research that validated the N-back with a depressed 

sample (Harvey et al., 2005), 12 consonant letters with visual and phonological similarities were used as 
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items. In any given trial, participants observed a pre-randomized list of the following letters: b, B, d, D, g, 

G, p, P, t, T, v, V. The letter items individually appeared for 500 ms, with each item presentation followed 

by a 2 s response interval and a 1.5 s blank screen before the next item appeared. Each trial presented a 

total of 16 items, with four items as targets. The lists were generated with an Excel macro with the 

conditions of 16 random letters, no sequences of three or more of the same letter (regardless of case), no 

adjacent targets, and a 50% chance of target letters being the same case as the non-target items. 

Participants were told to ignore the case of letters.  

For easy trials, participants indicated with “yes” or “no” key press if the currently displayed letter 

was the same letter displayed one item back. Participants that chose the hard task had to indicate if the 

letter displayed was the same as the letter two items back. The N-back levels were chosen based on 1-, 2-, 

and 3-back unpublished raw data from an MDD study (N = 30) that took place in the Cognition in 

Psychological Disorders (CPD) Laboratory at Queen’s University. In Table 2, subjective ratings of 

frustration on a visual analogue scale significantly increased from 1-back to 2-back, p < .001, but 

accuracy still remained above 80% for both levels. We interpreted these preliminary findings to suggest 

1-back and 2-back tasks differed in perceived cognitive effort required to complete the task, instead of the 

working memory skill required. Of note, self-reported focus, motivation, and anxiety did not significantly 

change from 1-back to 2-back, p’s > .05.  

Table 2 

        

Unpublished N-Back Accuracy and Self-report Data in a Depressed Sample 

 1-Back  2-Back  3-Back 

Variable 

(%) M SD   M SD   M SD 

Accuracy 94.58 5.95  84.15 10.07  72.73 11.79 

Motivation 79.89 17.11  79.57 19.72  77.30 22.53 

Frustration 25.11 25.61  56.15 28.51  71.25 26.95 

Focus 79.92 18.08  74.38 20.91  69.09 22.44 

Anxiety 48.89 32.54   56.63 32.75   65.27 29.62 

Note. Accuracy is in percentage of items correct. Self-report variables are 

scored on a visual analogue scale and expressed in percentage of maximum 

level of variable. 
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The percent accuracy participants were required to reach for successful completion of the task 

was individually calibrated for ability level. Prior to testing, participants completed three practice trials of 

both the easy (1-back) and the hard (2-back) task (six trials total) without instruction to play for money or 

reward feedback. Success criteria for the easy and hard tasks were calculated as 50% and 80% of the 

highest accuracy (number of correct responses/total number of items) achieved on the hard task, 

respectively. 

Motivation to expend effort. Following preclinical research, motivation was operationalized as 

effort-based decision-making – the amount of effort one is willing to exert for different levels of reward 

(Young & Markou, 2015). Two dependent variables from the adapted EEfRT tasks were examined: 

overall proportion of hard choices (“Hard Proportion”) and proportion of hard choices for large relative to 

small expected incentive value (“Hard Difference”). The Hard Proportion variable is the most common 

outcome measure of the EEfRT, calculated as the number of times the participant chose to perform the 

hard task divided by the total number of trials (Treadway et al., 2012, 2009). Higher scores represent 

greater effort-based decision-making. The Hard Difference variable is computed as a difference score 

between percentage of hard choices made during the highest and lowest expected value condition (Horan 

et al., 2015; Reddy et al., 2015). The greater the difference score, the greater the motivation to exert effort 

for large versus small incentive value (combination of reward and probability levels). Following practices 

in previous research (Horan et al., 2015), analyses using Hard Difference scores excluded participants 

who did not make any hard selections across all reward levels. A total of five participants (3 MDD, 2 

healthy) were non-responders for cognitive hard choices. These participants were rationalized to be part 

of a subgroup with qualitatively different response profiles (non-respondent) and willingness to exert 

effort for rewards. Therefore, difference scores of this subgroup would have zero variance and be 

inappropriate to include in a variable that aims to operationalize effort expenditure for different levels of 

reward. 
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In order to determine the trials that fell under the highest and lowest expected value conditions for 

computation of Hard Difference scores in this study, the ten reward levels and three probability levels 

were approximately divided into thirds. The lower third reward condition included amounts in the $1 

range, the middle third included the $2 range, and the upper third included the $3 range. As follows, the 

highest expected value condition included trials that offered the upper third reward levels ($3.00 - $3.75) 

and 88% probability of reward receipt (n = 4 trials). The lowest expected value condition included trials 

that offered the lower third reward levels ($1.25 - $1.75) and 12% probability (n = 3). The proportion of 

hard choices computed for the highest expected value condition (number of hard choices/total trials in 

condition) minus the proportion of hard choices for the lowest expected value condition yielded the Hard 

Difference scores. 

Cognitive functioning. Cognitive functioning was assessed via a brief battery of standardized 

neuropsychological tests that were selected for their sensitivity to cognitive deficits in MDD (Rock et al., 

2014). Raw scores were converted to age- and education-corrected standard scores based on normative 

data from healthy control samples from the manuals of the instruments, and then converted to z-scores. 

Consistent with validated practices, a neurocognitive composite score representing an equally weighted 

average of all z-scores was computed (Gupta et al., 2013; Nuechterlein & Green, 2006). Lower 

neurocognitive composite scores indicate greater cognitive dysfunction. The cognitive domains assessed 

are described below. 

Processing speed. The ability to quickly and accurately discriminate visual stimuli and make 

simple decisions was assessed using the Digit Symbol Coding test from the Brief Assessment of 

Cognition in Schizophrenia (BACS; Keefe, 1999). The BACS assessed the speed and accuracy of 

copying as many symbol-number combinations within 90 s, yielding an outcome variable of total number 

of correct responses. 
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 Attention. Sustained concentration and attention was assessed via the Trail Making Test part A 

(TMT-A; Partington & Leiter, 1949). The TMT-A required participants to rapidly draw lines to connect 

25 randomly placed numbers in consecutive order. The dependent variable is the total time to completion. 

 Working memory. Working memory refers to the capacity to hold information in mind for a short 

time while performing some manipulation with it. This cognitive domain was assessed via the Letter 

Number Sequencing Test (LNS; Gold, Carpenter, Randolph, Goldberg, & Weinberger, 1997). The LNS is 

a test of verbal working memory as it required participants to listen to lists of random numbers and letters 

of increasing length one at a time, mentally organize the list with numbers in ascending order and letters 

in alphabetical order, and report the reordered sequence to the test administrator. The outcome variable is 

the number of correct responses. 

Verbal memory. Verbal memory, the ability to learn new verbal information, was operationalized 

with the Hopkins Verbal Learning Test (HVLT; Brandt & Benedict, 2001). Participants were required to 

listen to the same 12-word list over three learning trials and recall as many words as possible after each 

list presentation. The outcome variable is the total number of words correctly recalled over the three trials. 

 Executive functioning. Set-shifting or the ability to alternate attention between two salient 

features of a stimulus was assessed with the Trail Making Test part B (TMT-B; Partington & Leiter, 

1949). Set-shifting taps into the component of executive functioning known as cognitive skill 

management. In the TMT-B, participants were requires to alternate between drawing lines to connect 25 

randomly placed numbers and letters in their respective orders (e.g., 1-A-2-B-3-C…). The dependent 

variable is the time to completion in seconds. 

Functional impairment. Functional impairment was assessed by trained graduate student raters 

using the semi-structured Longitudinal Interval Follow-up Evaluation – Range of Impaired Functioning 

Tool (LIFE-RIFT; Leon et al., 1999). Graduate student raters were trained by a licensed Clinical 

Psychologist who led regular fidelity meetings to discuss ratings. The LIFE-RIFT scale evaluates the 
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degree of impaired functioning due to psychopathology in four domains: work (employment, household, 

and school), interpersonal relations (spouse, children, other relatives, and friends), life satisfaction, and 

recreation. Degree of impairment is assessed on a 6-point scale with unique behavioral anchors (see 

descriptors in Appendix D). In general, work related items were assessed with the anchors 0 (Not 

applicable), 1 (No impairment – high level), 2 (No impairment – satisfactory level), 3 (Mild impairment), 

4 (Moderate impairment), 5 (Severe impairment), 6 (No information). General scale anchors for 

interpersonal relations, satisfaction, and recreation items were 1 (Very good), 2 (Good), 3 (Fair), 4 

(Poor), 5 (Very poor), 6 (No information). Work functioning, life satisfaction, and recreation were each 

rated for the past week, whereas interpersonal functioning was evaluated for the past month. LIFE-RIFT 

total scores were computed by adding the scale score of the four domains, with only the highest respective 

scores (most impaired subscale ratings) of the work and interpersonal domains included in the 

summation. Total scores range from 4 (no impairment) to 20 (severe impairment). 

LIFE-RIFT total scores have been shown to have excellent inter-rater reliability, good internal 

consistency, and good predictive validity in a depressed sample (Leon et al., 1999). Furthermore, LIFE-

RIFT total scores were found to significantly correlate with cognitive functioning in depressed samples at 

medium effect sizes (Godard et al., 2011; Gupta et al., 2013). The internal consistency of the 4-item 

LIFE-RIFT scale in the current study was good for the full sample (Cronbach’s α = .84), but poor for the 

MDD group (Cronbach’s α = .52). Internal consistency only mildly improved with the removal of weakly 

correlating items representing recreation and satisfaction (Cronbach’s α = .61). The low internal 

consistency may be a function of the limited number of items in the LIFE-RIFT scale or indicative of 

items representing distinct constructs in the present MDD sample. Thus, analyses were performed with 

both the LIFE-RIFT 4-item total score and individual items of functional impairment. 

Depressive symptom severity. The Hamilton Rating Scale for Depression (HAM-D; Hamilton, 

1960) was used by trained graduate student raters to assess depressive symptom severity. The HAM-D is 

a widely used structured interview covering 17 symptom domains (e.g., depressed mood, guilt, suicide, 
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and anxiety) in depression. Each domain is rated according to a unique group of symptom descriptors, 

eight of which are quantified based on a 5-point scale, ranging from 0 = not present/not applicable to 4 = 

severe, while nine are scored on a 3-point scale (0 – 2 range). Total HAM-D scores were computed, with 

higher scores indicating greater severity of depressive symptoms. The maximum total score possible on 

the 17-item HAM-D is 52. Evidence-based clinical anchors for depression severity include normal (0 – 

7), mild (8 – 16), moderate (17 – 23), and severe (≥24) (Zimmerman, Martinez, Young, Chelminski, & 

Dalrymple, 2013). Consistent with previous psychometric research (Potts, Daniels, Burnam, & Wells, 

1990), the internal consistency of the HAM-D scale in the MDD sample was good (Cronbach’s α = .85). 

Anhedonia severity. Anhedonia was operationalized as the capacity to experience interest or 

pleasure in everyday activities in the last few days, as captured by the self-report questionnaire Snaith-

Hamilton Pleasure Scale (SHAPS; Snaith et al., 1995). Example items include: “I would be able to enjoy 

my favourite meal” and “I would find pleasure in small things, e.g., bright sunny day, a telephone call 

from a friend”. Participants indicated how much they agree or disagree with each statement on a 4-point 

scale with anchors Strongly disagree, Disagree, Agree, and Strongly agree. According to scoring 

instructions by Snaith et al., (1995), item responses were dichotomized; any level of disagreement was 

coded as 1, while agreement was coded as 0. Total anhedonia scores were computed as a sum of all coded 

responses. A score of 2 or lower represents normal hedonic capacity, while scores greater than 2 represent 

higher anhedonia severity (lower hedonic capacity). The SHAPS has excellent reliability in both clinically 

depressed and non-clinical samples (Franken, Rassin, & Muris, 2007). The internal consistency of the 

scale in the present study was good for the full sample (Cronbach’s α = .89) and clinical sample 

(Cronbach’s α = .80). 

Procedure 

 The current study was granted ethics approval by the Queen’s University Health Sciences & 

Affiliated Teaching Hospitals Research Ethics Board (HSREB; see Appendix E for letter of ethics 

clearance). Participants were phone screened and those who met the eligibility criteria for the study were 
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invited to visit the laboratory. A graduate student reviewed the letter of information and consent form 

with the participant before starting any study procedures. Once the participant provided written informed 

consent, a research assistant who was blind to participant group status, diagnoses, and hypotheses, 

administered the cognitive assessment battery, with the following subtests in a fixed order: HVLT, Trails 

A, Trails B, BACS, LNS. Cognitive testing took approximately twenty minutes. Subsequently, 

participants were oriented to experimental task instructions by the research assistant before completing 

the physical and cognitive EEfRT paradigms, the order of which was counterbalanced across participants. 

The cognitive EEfRT paradigm involved a demonstration of the easy task (1-back), calibration trials for 

the easy task, demonstration of the hard task (2-back), calibration trials for the hard task, game 

instructions, practice trials, and then the test trials (Figure 3). The physical EEfRT paradigm followed the 

same sequence of events but did not involve a demonstration of the easy and hard tasks. Orientation to 

each paradigm took 15 – 20 minutes while the test trials took approximately twenty minutes. After 

completion of the experimental tasks, a second independent rater conducted an interview of demographic 

information, symptoms, and functional impairment. Self-report forms were delivered last. In total, the 

session took about two hours and participants were compensated $40 plus earnings from the experimental 

tasks.  

 

 

Figure 3. Sequence of events in the cognitive EEfRT paradigm. A) Participants observe an easy task (1-

back) item list and follow the appropriate responses on the screen. B) Three calibration trials of the 1-back. 

C) Observation of hard task (2-back) item list and appropriate responses. D) Three calibration trials of the 

hard task. E) Experimenter reviews game instructions with participants. F) Participants complete three 

practice trials, with instructions to choose the easy then hard task for the first two trials and to choose any 

task for the last trial. G) Thirty test trials. 
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Data Analysis 

 All variables were assessed for outliers (>3.5 SD) and normality. No outliers were identified. The 

following variables violated the assumption of normality in at least one participant group: total years of 

education, anhedonia, global functional impairment, work functioning, interpersonal functioning, 

recreation, satisfaction, Trails B Z-score, cognitive task success criteria, completion rate, choice reaction 

time, and pay-out amount. Subsequent analyses involving these variables applied non-parametric tests 

with the exception of choice reaction time. Due to the positive skew of choice reaction time for physical 

and cognitive EEfRT (skewness = 2.07 – 2.41, kurtosis = 5.78 – 9.29), a logarithmic transformation was 

applied before these variables were analyzed with parametric tests.  

Group differences on demographic characteristics and self-report/clinician-rated measures were 

assessed with independent t-tests if the variables approximated normal distributions in each participant 

group, otherwise non-parametric t-tests (e.g., Mann-Whitney U) were applied. Two-way contingency 

tables were used to assess for relationships between group and categorical demographic variables. When 

necessary, secondary models of main analyses were created to adjust for group differences in 

demographic characteristics and any discrepancies in results were reported.  

 To assess for group differences in motivation to expend effort for reward, two separate 2x2 

Mixed Model ANOVA analyses with effort type (physical and cognitive) and participant group (MDD 

and healthy) were conducted on the following dependent variables: Hard Proportion and Hard Difference. 

These dependent measures were approximately normally distributed, and therefore parametric tests were 

used for inferential statistics. A total of five participants (3 MDD, 2 healthy) were non-responders for 

cognitive hard choices and were excluded pair-wise from relevant analyses.  

 Factors that modulated effort task choices were assessed via Generalized Estimating Equations 

(GEE). GEE is a generalized regression model that permits trial-by-trial modelling of time-varying 

parameters (e.g., changes in reward value of hard task for each trial) and fixed effects (e.g., participant 

group) as predictors of logistic outcome variables. GEE models assume residuals of the outcome variable 
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are correlated and allow different distributions to be modelled through a link function. The GEE models 

in the current study applied an autoregressive working correlation matrix and a binary logistic distribution 

to model the probability of choosing the hard task. Quasi-likelihood under Independence Model Criterion 

(QIC) statistics were used to evaluate the goodness of fit of GEE models given a set of model terms 

between different correlation structures. The smaller the QIC the better model fit. I tested four separate 

GEE models to evaluate the factors that predicted the dichotomous outcome task choice (hard = 1, easy = 

0). Models 1 and 2 examined the outcome measures of physical task and cognitive EEfRT choices, 

respectively, and both included the main effect variables of reward, probability, and participant group 

(MDD = 1 and Healthy = 0) and interaction terms of reward x probability (expected value), reward x 

participant group, probability x participant group, and reward x probability x participant group. The 

strength of odds ratios for significant predictors are qualitatively compared between groups. Models 3 and 

4 evaluated outcome variables of physical and cognitive task choices, respectively, and both included the 

following independent variables: reward, probability, expected value, anhedonia, participant group, and 

anhedonia x participant group. Any significant interactions in Models 1 to 4 were followed up by 

conducting the respective within-group GEE models. 

 The remaining analyses exploring predictors of functional impairment involved the MDD sample 

only. Pearson bivariate correlations were used to assess for linear relationships among the following 

variables: motivation to expend physical effort for reward (Physical Hard Difference), motivation to 

expend cognitive effort for reward (Cognitive Hard Difference), cognitive functioning (Neurocognitive 

Composite Score), global functional impairment (LIFE-RIFT Total Score), LIFE-RIFT domains of 

functional impairment (work, interpersonal relations, recreation, and satisfaction), anhedonia severity 

(SHAPS), and depressive symptoms (HAM-D). To address whether Physical and Cognitive Hard 

Difference scores predicted life functioning after controlling for cognition and symptoms, a hierarchical 

regression model was performed. Anhedonia, depressive symptom severity, and cognitive functioning 

were entered in the first step and Physical and Cognitive Hard Difference scores were entered in the 
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second step.  Exploratory hierarchical regression models were individually performed with each of the 

four LIFE-RIFT domains as the outcome variable to examine if domains of functional impairment were 

linearly associated with symptoms, cognition, and motivation to expend effort. 

 Finally, to examine whether motivation to expend physical and cognitive effort both explained 

the relationship between cognition and functional impairment in MDD, a parallel indirect effects model 

was performed using the PROCESS macro for SPSS by Hayes (2013). Cognitive functioning was entered 

as the predictor, Physical and Cognitive Hard Difference scores were assigned as the mediators and global 

functional impairment was the outcome variable. Statistical differences in the indirect effects were 

analyzed. A parallel indirect effects model with the predictor and outcome variables reversed was 

performed to assess for the directionality of any mediation effect. Exploratory indirect effects models 

were individually performed with each of the LIFE-RIFT domains as the dependent variable.  
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Chapter 3 

Results 

Participant Characteristics 

Participant characteristics of the total sample and by participant group (MDD and healthy) are 

presented in Table 3. Using an independent t-test, I found no significant difference in age between the 

MDD and healthy comparison group, t(78) = -.45, p = .65. A Mann-Whitney U test revealed no 

significant group difference in total years of education, U = 638.00, p = .13. I performed a set of two-way 

contingency table analyses to evaluate whether there were group differences in proportion of participants 

classified by gender, ethnicity, and marital status. The proportion of male and female participants did not 

significantly differ by participant group, χ2(1, N = 80) = 0.21, p = .65. Participant group was not 

significantly related to ethnicity group, χ2(10, N = 80) = 14.16, p = .17. However, as there were infrequent 

ethnicity groups (<5 participants per cell), categories were collapsed and analyzed in a secondary cross-

tab analysis to ensure the analysis yielded a test statistic that was approximately distributed as a Chi-

square. The revised ethnicity group variable had two levels (Caucasian and Non-Caucasian). There was 

no significant relationship between participant group and the dichotomous ethnicity variable, χ2(1, N = 

80) = 3.11, p = .08. Marital status was also simplified to a dichotomous variable before performing a 

crosstab analysis. Participants who were never married, separated, divorced, and widowed were classified 

as “Without partner” while those who were married were labelled as “With partner”. I found there was no 

significant association between marital status and participant group, χ2(1, N = 80) = 1.78, p = .18. 
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Table 3 

Demographic Characteristics of Overall Sample and By Group 

  Overall  MDD Group  Healthy Group 

   (n = 80)   (n = 44)   (n = 36) 

Age in years, M (SD) 36.40 (14.48)  37.07 (14.32)  35.58 (14.85) 

Gender (%)      

 Female 58 (72.5)  31 (70.5)  27 (75.0) 

 Male 22 (27.5)  13 (29.5)  9 (25.0) 

Ethnicity (%)      

 Caucasian 59 (73.8)  29 (65.9)  30 (83.3) 

 South Asian 4 (5.0)  3 (6.8)  1 (2.8) 

 Arab/West Asian 3 (3.8)  3 (6.8)  - 

 Latin American 2 (2.5)  -  2 (5.6) 

 Filipino 2 (2.5)  2 (4.5)  - 

 Chinese 1 (1.3)  1 (2.3)  - 

 Korean 1 (1.3)  -  1 (2.8) 

 Black 1 (1.3)  1 (2.3)  - 

 Aboriginal 1 (1.3)  -  1 (2.8) 

 Multiple Ethnicities 5 (6.3)  4 (9.1)  1 (2.8) 

 Not Reported 1 (1.3)  1 (2.3)  - 

Total years of education, M (SD) 15.41 (2.35)  15.20 (2.62)  15.67 (1.99) 

Marital status (%)      

 Without Partner 55 (68.7)  33 (75.0)  22 (61.1) 

 With Partner 25 (31.3)  11 (25.0)  14 (38.9) 

Note. MDD = Major Depressive Disorder. 

 

All thirty-six participants in the healthy comparison group reported no psychiatric diagnosis. In 

the clinical group (N = 44), 81.8% were currently in a MDD episode (n = 36) and 18.2% met MINI 

criteria for a past episode (n = 8) at the time of recruitment. Based on in-lab assessment of depressive 

symptom severity using HAM-D cut-off scores, 11.4% of clinical participants were within normal limits 

(n = 5), 34.1% were mild (n = 15), 31.8% were moderate (n = 14), and 22.7% were severe (n = 10). 

About 90.9% of the clinical participants self-reported a formal diagnosis of MDD (n = 40), 4.5% reported 

Dysthymia (n = 2), and 4.5% reported Double Depression (MDD and Dysthymia). Nearly 44.7% of the 

clinical group self-reported at least one comorbid anxiety disorder (n = 21). Frequencies of other self-

reported comorbid diagnoses are as follows: Attention Deficit Hyperactivity Disorder (n = 2), Sleep 
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Disorder (n = 2), Post-traumatic Stress Disorder (n = 2), Eating Disorder (n = 2), Alcohol Dependence (n 

= 1), Borderline Personality Disorder (n = 1), Chronic Fatigue Syndrome (n = 1), and Chronic Pain (n = 

1). 

I conducted parametric and non-parametric t-tests to compare levels of symptom severity, 

cognitive functioning, and global functional impairment between participant groups. As shown in Table 4, 

clinical participants were significantly higher on impairment in global life functioning, work functioning, 

interpersonal functioning, recreation, and life satisfaction, relative to the healthy comparison sample. In 

addition, clinical participants scored significantly higher than healthy comparison participants on 

depressive symptoms and anhedonia severity. Clinical participants did not significantly differ from 

healthy comparison participants on neurocognitive composite score or on individual cognitive domains. 
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Table 4 

Participant Data on Symptoms, Functioning, and Cognition Measures   

  MDD Group  Healthy Group    

  (n = 44)  (n = 36)    

    M SD   M SD   Statistic p 

HAM-D 17.45 8.76  0.47 0.81  U = 8.50 <.001 

SHAPS 4.58 3.45  0.08 0.37  U = 157.00 <.001 

LIFE-RIFT Functional Impairment         

 Global 12.84 3.21  5.19 1.37  U = 54.00 <.001 

 Work 3.59 1.44  1.14 0.42  U = 134.50 <.001 

 Interpersonal relations 3.23 1.34  1.53 0.81  U = 250.50 <.001 

 Recreation 3.07 1.35  1.14 0.42  U = 182.50 <.001 

 Satisfaction 2.95 0.75  1.39 0.60  U = 123.00 <.001 

Cognitive Functioning (Z-score)        

 Composite 0.13 0.83  0.07 0.68  t(78) = -0.35 .73 

 HVLT 0.25 1.16  -0.09 1.11  t(78) = -1.33 .19 

 Trials A 0.37 0.70  0.29 0.92  t(78) = -0.50 .62 

 Trails B -0.23 0.24  -0.07 0.20  U = 774.00 .86 

 BACS DSC 0.14 1.08  0.02 1.08  t(78) = -0.51 .61 

 LNS 0.11 1.10  0.20 0.81   t(78) = -0.50 .68 

Note. Symptom Measures: HAM-D = Hamilton Rating Scale for Depression; SHAPS = Snaith-

Hamilton Pleasure Scale. 

Functioning Measure: LIFE-RIFT = Longitudinal Interval Follow-up Evaluation – Range of 

Impaired Functioning Tool 

Neurocognitive Measures: HVLT = Hopkins Verbal Learning Test (Visual memory); Trails A = 

Trail Making Test part A (Attention); Trails B = Trail Making Test part B (Set-shifting); BACS 

DSC = Brief Assessment of Cognition in Schizophrenia Digit Symbol Coding subtest (Processing 

speed); LNS = Letter Number Sequencing (Working memory). 

MDD = Major Depressive Disorder.        
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Psychometrics of Adapted Effort Expenditure for Rewards Tasks 

 As the two adapted EEfRT paradigms are novel to the current study, the psychometric parameters 

of the tasks were explored. I examined whether there were participant group differences in maximum 

achieved score during calibration trials that presented the hard task, which was the variable used to derive 

individualized success criteria for the easy (50% of maximum calibration score) and hard conditions (80% 

of maximum calibration score) in the adapted EEfRT paradigms. An independent t-test indicated healthy 

comparison participants (M = 137.78, SD = 27.38) made more key presses during physical calibration 

trials than clinical participants (M = 126.28, SD = 20.60), t(78) = 2.14, p = .04. Using a Mann-Whitney U 

test, I found the two groups did not significantly differ in maximum achieved accuracy during the 

cognitive calibration trials, U = 634.00, p = .16. The healthy comparison group achieved an average 

accuracy rate of 88.50% (SD = 1.71), while the clinical group achieved an average 85.54% (SD = 1.61) 

accuracy rate. 

Completion rate, the proportion of trials for which participants met their personally calibrated 

success criteria for the task, was examined in participants who attempted any easy or hard effort trials. 

Frequencies of participants who chose at least one easy or hard effort trial per EEfRT paradigm are 

presented in Table 5. Both clinical and healthy comparison participants met the success criteria for 100% 

of the easy and hard trials they completed in the physical EEfRT. In terms of the cognitive EEfRT, two 

Mann-Whitney U tests indicated there were no significant participant group differences in completion rate 

for easy (healthy: M = 99.74%, SD = 1.54; clinical: M = 99.88%, SD = 0.76), U = 748.00, and hard 

cognitive trials (healthy: M = 91.19%, SD = 18.38; clinical: M = 88.62%, SD = 18.59), U = 666.00, p’s > 

.05.  
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Table 5 

Frequency of Participants that Attempted Easy or Hard Effort Trials 

  MDD Group  Healthy Group 

  (n = 44)  (n = 36) 

    n %   n % 

Physical EEfRT      

 ≥1 Easy trials 44 100.0  36 100.0 

 ≥1 Hard trials 44 100.0  36 100.0 

 Zero Easy trials - -  - - 

 Zero Hard trials - -  - - 

Cognitive EEfRT      

 ≥1 Easy trials 43 97.7  35 97.2 

 ≥1 Hard trials 41 93.1  34 94.4 

 Zero Easy trials 1 2.2  1 2.8 

  Zero Hard trials 3 6.8   2 5.6 

Note. Physical EEfRT: Easy trials = key presses with dominant index 

finger, Hard trials = key presses with non-dominant pinky finger; 

Cognitive EEfRT: Easy trials = 1-back, Hard trials = 2-back. 

EEfRT = Effort Expenditure for Rewards Task; MDD = Major 

Depressive Disorder. 

 

I conducted a 2x2 Mixed Model ANOVA to examine whether log-transformed choice reaction 

times differed by participant group (MDD and healthy) and the within-subjects variable of effort type 

(physical and cognitive). There was no significant effort by group interaction, F(1,78) = 0.05, or main 

effect of participant group, F(1,78) = 0.18, p’s > .05. The main effect of effort type was significant, 

F(1,78) = 13.65, p < .001, partial η2 = .15, whereby participants took significantly more time (in seconds) 

to make choices in the cognitive EEfRT (M = 3.35, SD = 1.46) than in the physical EEfRT paradigm (M = 

2.92, SD = 1.50), p < .001. 

To assess for participant group differences in the pay-out dollar amount, two Mann-Whitney U 

tests were conducted. MDD (M = 2.00, SD = 0.15) and healthy participants (M = 2.07, SD = 0.17) did not 

significantly differ in the pay-out dollar amount received after completing the physical EEfRT, U = 

779.00, p = .90. I found a significant group difference in pay-out dollar amount for the cognitive EEfRT, 
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U = 568.50, p = .03, in favor of MDD participants (M = 2.04, SD = .16) versus healthy comparison 

participants (M = 1.54, SD = .13). 

Finally, I evaluated the order effect of the EEfRT tasks on the primary outcome measures of 

interest to research questions: Hard Proportion and Hard Difference. I conducted a 2x2 Mixed Model 

ANOVA on Hard Proportion scores, with a between-subjects variable of counterbalance group (physical 

task first and cognitive task first) and a within-subjects effect of effort type (physical and cognitive). 

There was no significant main effect of counterbalance group on Hard Proportion, F(1,78) = 0.004, p = 

.95. The counterbalance by effort interaction was also not significant, F(1,78) = 1.25, p = .27. Using a 

similar 2x2 Mixed Model ANOVA on Hard Difference scores, the main effect of counterbalance group 

was not significant, F(1,73) = .006, p = .94; nor was the counterbalance by effort interaction, F(1, 73) = 

.13, p = .72. 

Analysis of Group by Effort Effects in Motivation to Expend Effort for Rewards 

 I performed a 2x2 Mixed Model ANOVA to examine whether Hard Proportion scores changed as 

a function of participant group (MDD and healthy) and effort type (physical and cognitive). The main 

effect of participant group, F(1,78) = .05, p = .83, and the within-subjects main effect of effort type, 

F(1,78) = 0.57, p = .45, were not significant. The participant group by effort interaction was also not 

significant, F(1,78) = .02, p = .90. In healthy comparison participants, the mean proportion of hard 

physical task choices was 0.44 (SD = 0.15), while the mean proportion of hard cognitive task choices was 

0.41 (SD = 0.24). MDD participants chose the hard physical and cognitive tasks at an average proportion 

of 0.44 (SD = .13) and 0.42 (SD = .25), respectively. 

 I examined whether Hard Difference scores differed as a function of participant group and effort 

type. I performed a 2x2 Mixed Model ANOVA with the between-subjects variable of participant group 

(MDD and healthy) and within-subjects variable of effort type (physical and cognitive). Box’s Test of 

equal within-group covariance was significant, Box’s M = 42.17, p < .001, and thus Pillai’s trace criterion 

was used to describe within-subjects effects. The main effect of effort was significant, F(1,73) = 10.24, p 
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= .002, partial η2 = .12, observed power = .88. The main effect of participant group was trending in 

statistical significance, F(1,73) = 3.05, p = .085, partial η2 = .04, observed power = .41. There was no 

significant interaction between participant group and effort, F(1, 73) = 0.09, p = .77. I conducted pairwise 

analyses to follow up the main effects. After controlling for participant group, participants had 

significantly higher Hard Difference scores in the physical EEfRT (M = 0.91, SE = 0.03) than in the 

cognitive EEfRT (M = 0.77, SE = 0.04), p = .002. Controlling for effort type, MDD participants (M = 

0.79, SE = .04) had lower High Difference scores than healthy comparison participants (M = 0.89, SE = 

.04), p = .085.  

Generalized Estimating Equations 

 To model the factors that modulated the probability of task choices (easy or hard) on a trial-by-

trial basis, I tested four separate GEE models. Results of each model appear in Table 6. Model 1 tested for 

the main effects of reward magnitude, probability, expected value, participant group (Healthy = 0 and 

MDD = 1), and the interaction of these terms on physical EEfRT choices (Easy = 0 and Hard = 1). An 

autoregressive working correlation matrix was implemented, and yielded a QIC goodness of fit statistic of 

2283.00. The QIC after implementing an unstructured working correlation matrix was 2418.30, indicating 

an autoregressive correlation type was the best fit for the data. Increases in reward magnitude, probability 

of reward receipt, and expected value were significant predictors of making hard physical task choices. 

Participant group was not a significant predictor of hard physical task choices. The interaction terms were 

not significant predictors of hard physical choices; the degree to which reward magnitude, probability, 

and expected value predicted hard physical choices did not significantly differ by participant group. 
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Table 6 

Generalized Estimating Equations         

    b SE p Exp(b) 

Model 1: Physical task choice     

 Reward 0.21 0.08 .008 1.24 

 Probability 1.03 0.24 <.001 2.79 

 Expected value 0.07 0.03 .03 1.08 

 Participant group -1.21 0.99 .22  

 Participant group * Reward 0.05 0.14 .72  

 Participant group * Probability 0.27 0.38 .48  

 Participant group * Expected value 0.04 0.06 .58  
Model 2: Cognitive task choice     

 Reward 0.13 0.10 .20  

 Probability 0.88 0.27 .001 2.42 

 Expected value 0.08 0.05 .08 1.08 

 Participant group 1.35 0.94 .15  

 Participant group * Reward -0.13 0.11 .26  

 Participant group * Probability -0.36 0.31 .25  

 Participant group * Expected value 0.02 0.05 .78  
Model 3: Physical task choice     

 Reward 0.23 0.07 .001 1.26 

 Probability 1.14 0.19 <.001 3.14 

 Expected value 0.09 0.03 .003 1.10 

 SHAPS Anhedonia 0.70 0.22 .001 2.01 

 Participant group 0.14 0.26 .60  

 SHAPS Anhedonia * Participant group -0.70 0.22 .002 0.49 

Model 4: Cognitive task choice     

 Reward 0.05 0.05 .36  

 Probability 0.68 0.15 <.001 1.97 

 Expected value 0.09 0.03 <.001 1.10 

 SHAPS Anhedonia 0.42 0.32 .19  

 Participant group 0.27 0.38 .48  
  SHAPS Anhedonia * Participant group -0.46 0.32 .16   

Note. Task choice is coded as easy (0) and hard (1). Participant group is coded 

as Healthy (0) and MDD (1). 
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In Model 2, main effects of reward magnitude, probability, expected value, participant group, and 

the interaction of these terms on cognitive EEfRT task choices were evaluated. The autoregressive 

working correlation matrix (QIC = 2712.51) was a better fit for the data than unstructured (QIC = 

2798.61). Increases in probability of reward receipt was a significant predictor of hard cognitive task 

choices. Increases in expected value approached significance as a predictor of hard cognitive task choices, 

b = 0.08, Exp(b) = 1.08, p = .08. Reward, participant group, and the interaction terms were not significant 

predictors of hard cognitive task choices.  

Model 3 tested the main effects of reward magnitude, probability, expected value, anhedonia, 

participant group, and anhedonia x participant group on physical EEfRT task choices. With an 

unstructured working correlation matrix, the data did not converge on a model. An autoregressive 

working correlation matrix yielded a QIC of 2245.27, and appeared to be a good fit for the data. Increases 

in reward, probability, expected value, and anhedonia were significant predictors of hard physical task 

choices. The main effect of participant group was not significant. However, the anhedonia x participant 

group interaction was significant, indicating the degree that anhedonia predicted hard physical choices 

depends on whether the participant has MDD or not.  

I followed up the significant anhedonia x participant group interaction in Model 3 by using 

separate GEE models that tested the main effects of reward magnitude, probability, expected value, 

anhedonia, and their interaction terms on hard physical task choices in the MDD and healthy comparison 

group. Increases in reward magnitude, b = 0.30, Exp(b) = 1.35, and probability of reward receipt, b = 

1.40, Exp(b) = 4.04, were significant predictors of hard physical task choices in the healthy comparison 

group (p’s < .05), but this was not the case in the MDD group (b = 0.08 and b = 0.48, respectively, p’s > 

.05). Expected value was a significant predictor of hard physical task choices in the MDD group. 

Specifically, increases in expected value significantly predicted hard physical task choices, b = 0.11, p = 

.01, such that for every one unit increase in expected value the likelihood of depressed participants 

choosing the hard task increases by 12%. In the healthy comparison group, expected value was not a 
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marginally significant predictor of hard physical choices, b = 0.10, p = .087, but the odds of choosing the 

hard task were similar to the odds in the MDD group, increasing by 10% for every one unit increase in 

expected value. Anhedonia severity was a significant predictor of hard physical task choices in the MDD 

group, b = -0.37, p = .03. For every one unit increase in anhedonia severity, the odds of MDD participants 

choosing the hard physical task was 1.44 times less likely. In healthy controls, anhedonia was also a 

significant predictor of hard physical choices, b = 2.05, Exp(b) = 7.73, p = .002; however, caution should 

be taken when interpreting this finding as the mean anhedonia score was low (M = 0.08, SD = .06) and 

below clinical significance (clinical cut-off score of 2). The interaction terms of reward x anhedonia (b = -

0.27), reward x probability (b = -0.62), and expected value x anhedonia (b = 0.15) were not significant in 

the healthy group, p’s > .05. The reward x anhedonia (b = 0.03) and expected value x anhedonia (b = -

0.009) was also not significant in the MDD group, p’s > .05. However, the probability x anhedonia 

interaction was significant in MDD participants, b = 0.14, p = .02. The effect of anhedonia severity in 

predicting likelihood of hard physical task choices at the different levels of probability was examined. At 

low probability of reward receipt (12%), anhedonia severity was a significant predictor of hard physical 

choices, b = -0.35, p = .02. For every one unit increase in anhedonia severity the odds of choosing the 

hard physical task when probability of reward receipt is low decreases by a factor of 1.44. Anhedonia was 

not a significant predictor of hard physical task choices at medium (50%) and high (88%) probability of 

reward receipt, b’s = -0.05, p’s = .19.  

In Model 4, main effects of reward magnitude, probability of reward receipt, expected value, 

anhedonia, participant group, and anhedonia x participant group on cognitive EEfRT task choices were 

evaluated. The model converged under an autoregressive working correlation matrix (QIC = 2688.93). 

Increases in probability and expected values were significant predictors of hard cognitive task choices. 

Reward magnitude, anhedonia severity, participant group, and anhedonia x participant group were not 

significant predictors.  
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Hierarchical Regression Models 

 To examine the linear relationships between proportion of Hard Difference scores, depressive 

symptoms, anhedonia, cognitive functioning, and global functional impairment in the MDD sample, I ran 

a Pearson correlation matrix (Table 7). Global functional impairment shared a significant positive 

relationship with anhedonia and depressive symptoms. Cognitive functioning shared a significant 

negative relationship with global functional impairment and depressive symptoms. Cognitive functioning 

and anhedonia were not significantly associated. Both Hard Difference scores for physical and cognitive 

tasks were not significantly associated with anhedonia, depressive symptoms, and cognitive functioning. 

Cognitive Hard Difference scores shared a significant inverse relationship with global functional 

impairment, such that higher proportion of hard task choices for large relative to small incentive value 

was associated with lower functional impairment. Physical Hard Difference scores did not share a 

significant relationship with global functional impairment. Physical Hard Difference scores shared a 

small, significant positive relationship with Cognitive Hard Difference scores.  

Table 7 

Correlations Between Hard Difference Scores, Symptoms, Cognition, and Functioning 

Measure 1 2 3 4 5 6 

1. Physical Hard Difference Score -      

2. Cognitive Hard Difference Score -.35* -     

3. LIFE-RIFT Global Functional Impairment -.08 -.31* -    

4. SHAPS Anhedonia .24 -.02 .37* -   

5. HAM-D Depressive Symptoms .24 -.04 .60*** .52** -  
6. Cognitive Functioning .21 .29 -.35* -.13 -.34* - 

Note. Hard Difference scores are computed as the proportion of hard choices for trials with large 

relative to small incentive value. Cognitive Functioning represents neurocognitive composite scores 

derived from five cognitive measures. LIFE-RIFT = Longitudinal Interval Follow-up Evaluation – 

Range of Impaired Functioning Tool; SHAPS = Snaith-Hamilton Pleasure Scale; HAM-D = Hamilton 

Rating Scale for Depression. 

*p< .05, **p< .01, ***p< .001       
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 I analyzed a hierarchical multiple regression model to evaluate how well Hard Difference scores 

in the physical and cognitive EEfRT predicted global functional impairment, independent of anhedonia, 

depressive symptoms, and cognitive functioning. Results are presented in Table 8. Due to the lack of 

significant linear correlation between Physical Hard Difference scores and global functional impairment, 

this variable was not entered into the regression model. In the first step of the multiple regression 

analysis, I evaluated how well cognitive functioning, anhedonia, and depressive symptoms predicted 

global functional impairment. The linear combination of these predictors was significantly related to 

global functional impairment. Specifically, depressive symptom severity was a significant predictor of 

global functional impairment, such that MDD participants with more severe depressive symptoms tended 

to have lower global life functioning. Anhedonia and cognitive functioning were not significant predictors 

of global functional impairment. In the second step of the multiple regression analysis, I evaluated 

whether Cognitive Hard Difference scores predicted global functional impairment over and above 

anhedonia, depressive symptoms, and cognitive functioning. Hard Cognitive Difference scores accounted 

for a significant proportion of the variance in global functional impairment after controlling for the effect 

of symptoms and cognitive functioning. In this step, depressive symptoms remained a significant 

predictor of global functional impairment. These results suggest that MDD participants are more likely to 

have greater impairment in global life functioning if they have more severe depressive symptoms and if 

they make fewer hard cognitive task choices for trials with large relative to small incentive values.  
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Table 8 

Results of Hierarchical Regression Model on Predictors of Global Functional Impairment 

  Step 1    Step 2  

Variable b SE β   b SE β 

SHAPS Anhedonia 0.08 0.14 .09  0.07 0.13 .08 

HAM-D Depressive Symptoms 0.17** 0.06 .50**  0.18** 0.05 .52** 

Cognitive Functioning -0.64 0.51 -.17  -0.34 0.51 -.09 

Cognitive Hard Difference Score - - -  -1.83* 0.91 -.26* 

R2  .39    .45  
F  7.68***    7.27***  

ΔR2  -    .06  
F Change   -       4.08*   

Note. Hard Difference scores represent the proportion of hard choices for large relative to small 

incentive value. N = 39. 

*p< .05, **p< .01, ***p< .001.       
 

As the LIFE-RIFT scale for global functional impairment had poor internal consistency in the 

MDD sample, I conducted four separate hierarchical multiple regression models to evaluate how well a 

set of Hard Difference scores (physical and cognitive task) and a set of symptom and cognition measures 

(anhedonia, depressive symptoms, and cognitive functioning) predicted individual domains of functional 

impairment (work, interpersonal, recreation, and satisfaction). The results are presented in Appendix F.  

Cognition, Functioning, and Effort Expenditure Mediation Model 

 I conducted a parallel indirect effects model in order to examine whether the effect of cognitive 

functioning on global functional impairment in MDD (b = -1.30, t(40) = -2.35, p = .02) can be explained 

by its relationship with two variables: Physical Hard Difference and Cognitive Hard Difference. The 

model with its regression coefficients is presented in Figure 4. I did not find evidence that cognitive 

functioning significantly predicted global functional impairment independent of the effect of all 

mediators, b = -1.08, t(40) = -1.88, p = .07. Overall, the parallel indirect effects model was marginally 

significant, F(3,37) = 2.65, p = .06, and accounted for 18% of the variance in the relationship between 

cognitive functioning and global functional impairment. To examine indirect effects of each hypothesized 
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mediator I computed bias-corrected bootstrap confidence intervals based on 1000 bootstrap samples. The 

effect of Physical Hard Difference scores on global functional impairment was not significant, b = 0.05, 

BCa CI [-.045, .302], indicating a non-significant indirect effect. Cognitive Hard Difference scores had a 

significant effect on global functional impairment, b = -0.27, BCa CI [-1.052, -.003], indicating a 

significant indirect effect. This indicated proportion of hard cognitive task choices for large relative to 

small incentive value explained the relationship between cognitive functioning and global functional 

impairment. The indirect effect of Cognitive Hard Difference on global functional impairment (b = -0.27) 

is significantly greater than the indirect effect through Physical Hard Difference (b = 0.05), b = 0.32, BCa 

CI [.010, 1.154]. The parallel indirect effects model was not significant when run with cognitive 

functioning as the outcome and global functional impairment as the predictor. 

 

 

 

0.65 

Motivation to Expend 

Physical Effort 

Cognitive 

Functioning 

Motivation to Expend 

Cognitive Effort 

Global 

Functional 

Impairment 

0.08 

0.15 

Total effect: c = -1.30* 

Direct effect: c’ = -1.08 

-1.75 

Figure 4. Unstandardized regression coefficients for the relationship between cognitive functioning 

and global functional impairment in MDD as mediated by motivation to expend physical and 

cognitive effort (Hard Difference scores).  

*p < .05. 
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I explored parallel indirect effects models to examine whether the effect of cognitive functioning 

on impairment in particular domains of life functioning can be explained by its relationship with two 

variables: Physical Hard Difference and Cognitive Hard Difference scores. Impairment in interpersonal 

relations was the only domain that met the assumptions of the hypothesized model (see Table F1 in 

Appendix F for correlation matrix between variables). Full results of the parallel indirect effects model 

are presented in Appendix G.  
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Chapter 4 

Discussion 

The current study is novel with respect to the investigation of motivation to expend physical and 

cognitive effort in Major Depression and the mechanisms by which they may be related to day-to-day 

functioning. Motivation to expend physical effort for rewards was indexed by an objective, translational 

cost-benefit decision-making task, adapted after the EEfRT (Treadway et al., 2009). Following the 

framework of the adapted physical EEfRT task, a cognitive version that adjusted for the load of working 

memory was developed. MDD and healthy comparison participants completed physical and cognitive 

EEfRT tasks and were assessed on symptoms, cognitive functioning, and functional impairment. 

Research Question 1A: Group Differences in Motivation to Expend Effort for Rewards 

 Across both physical and cognitive EEfRT paradigms, I observed that MDD participants on 

average chose to complete a similar number of high effort tasks as healthy comparison participants. This 

finding is inconsistent with my hypothesis, as well as previous findings demonstrating MDD individuals 

tend to choose fewer high effort trials than healthy individuals (Treadway et al., 2012; Yang et al., 2014). 

These results may be a product of the modifications that were made to the EEfRT tasks in the current 

study, which involved unlimited decision-making reaction time, individualized success criteria to control 

for ability level, and smaller fixed number of mandatory trials to control for fatigue. These modifications 

may have offered those with depression a fair decision-making context to consider their task options 

based on the incentive information given. However, I found a trend of MDD participants across both 

physical and cognitive EEfRT paradigms choosing fewer hard task trials than their healthy counterparts 

when larger values of incentives (reward and probability) versus smaller values were offered. Healthy 

comparison participants seem to have prioritized high effort expenditure for trials with the highest versus 

lowest benefit, whereas this was not as strong of a case for those with MDD. Reserving high effort 

expenditure for large incentive value trials is one strategy that could increase the selection odds of a 
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higher monetary pay-out drawn from a participant’s total pool of “win” trials. Perhaps what remains after 

controlling for decision making reaction time, ability level, and fatigue in the EEfRT framework is 

impaired strategy development to maximize long-term benefits. Prior studies have also observed in 

reward-based decision-making tasks depressed individuals demonstrate both attenuated sensitivity to 

rewards and reduced capacity to use reward feedback to guide development of strategies that can 

maximize long-term benefits (Kunisato, Okamoto, Ueda, Onoda, & Okada, 2012; Pizzagalli et al., 2008, 

2005). Moreover, with increased cognitive load of an experimental task MDD individuals were found to 

show impaired reward evaluation as indexed by reduction in the amplitude of an event-related neural 

signal associated with reward feedback processing (Krigolson, Hassall, Satel, & Klein, 2015). Taken 

together with current findings, the demands of the EEfRT paradigm – cost-benefit analysis and strategy 

development to maximize long-term benefits – may have required greater cognitive load of MDD 

individuals and thereby negatively influenced performance. 

Contrary to my hypothesis, there was no interaction of participant group and effort type whereby 

MDD participants would especially choose fewer high cognitive effort trials than controls. The cognitive 

effort hypothesis and related evidence suggests cognitive effort avoidance may be more salient in 

depression than physical effort avoidance (Ellis & Ashbrook, 1988). Accordingly, depression is linked 

with avoidance behavior of cognitively demanding tasks, and this avoidance of cognitive effort has been 

associated with poor performance on objective cognitive testing – a known predictor of functional 

disability in MDD (Bowie et al., 2017; Evans et al., 2014; Hammar, 2003; Hammar et al., 2011, 2003; 

Hasher & Zacks, 1979). While in line with the cognitive effort hypothesis the current study observed 

lower motivation to expend cognitive effort than physical effort for rewards in MDD participants, this 

was also observed in healthy comparison participants. Westbrook et al. (2013) also found with 

administration of the N-back in a cognitive effort discounting paradigm, individuals from the general 

population are biased to avoid cognitive demand and are willing to forgo substantial reward to conserve 

cognitive effort. As depressed individuals are less insightful of their level of cognitive functioning (Farrin 
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et al., 2003), healthy comparison participants in the current study may have been aware of the limitations 

of their cognitive resources and preferentially chosen the easy cognitive task more often to ensure any 

reward receipt. 

Research Question 1B: Moderators of Effort-Based Decision-Making 

Physical effort expenditure for rewards. I found evidence that choices to expend effort in the 

adapted physical EEfRT task differed as a function of anhedonia severity in the MDD group. Specifically, 

in line with my hypothesis, I found MDD participants with greater clinical levels of anhedonia were less 

likely to choose the hard physical effort task over the easy one. Prior studies also found in MDD 

populations anhedonia was associated with decreased motivation to expend physical effort for rewards 

(Treadway et al., 2009; Yang et al., 2014). These findings collectively support the growing literature base 

demonstrating that the experience of anhedonia symptoms in depression corresponds with blunted reward 

processing and anticipation (Pizzagalli et al., 2008, 2005). As anhedonia is characterized by lack of 

interest and pleasure in activities, the results suggest motivation to mobilize physical effort to obtain 

rewards may be essential in the approach of positive, adaptive activities.   

 Reward magnitude and probability of reward receipt had different effects on motivation to 

expend physical effort between depressed and healthy comparison participants. I found MDD participants 

demonstrated less sensitivity, compared to healthy comparison participants, to information about reward 

magnitude and probability of a win when making their choices in the physical EEfRT task. Healthy 

comparison participants were more motivated to choose the hard physical task as a function of larger 

reward magnitude and probability of reward receipt than MDD participants. These findings support my 

hypothesis, as well as previous research that provided evidence for reward and probability as weaker 

predictors of high physical effort choices in depressed versus healthy individuals (Treadway et al., 2012; 

Yang et al., 2014). It may be that MDD is characterized by reduced capacity to take into account pertinent 

information on reward and likelihood of reward receipt in the decision-making process to expend physical 

energy resources. 
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Moreover, I found the effect of reward and probability in predicting the likelihood of choosing 

the high physical effort task was moderated by anhedonia severity in MDD participants. The established 

relationship between higher anhedonia severity and lower motivation to expend physical effort in the 

MDD group changed as a function of the probability of reward receipt. The relationship was the strongest 

when probability of a win was low (12%). Similarly, Treadway et al. (2009) found anhedonia was the 

strongest predictor of lower willingness to choose the hard task for trials with high uncertainty of pay-off. 

Findings from behavioral effort models in preclinical research indicate dopamine at the reward centre of 

the brain is released during reward anticipation, especially in trials with high uncertainty of large rewards 

(Fiorillo, Tobler, & Schultz, 2003; Schultz, 2007). Anhedonia is also associated with abnormal brain 

activation in dopamine-related neuroanatomical systems, as indexed by imaging data in MDD patients 

(Tremblay et al., 2005). Taken together, these results suggest the cost-benefit decision-making process 

that is required to bolster motivation to pursue effortful yet rewarding tasks is implicated in the 

experience of anhedonia in MDD. 

Cognitive effort expenditure for rewards. Contrary to my hypothesis, I found MDD and 

healthy comparison participants did not significantly differ in the degree with which reward magnitude 

and probability guided hard cognitive task choices. Anhedonia also did not significantly moderate the 

effect of reward and probability on hard cognitive task choices. Increases in expected value of the high 

effort trials predicted greater motivation to expend cognitive effort for all participants. Despite the 

cognitive EEfRT paradigm following the same framework as the physical version, the former decision-

making context did not produce evidence for participant group differences in the effect of reward and 

probability on the likelihood of choosing the hard task. One possible explanation for this finding is the 

hard cognitive task (2-back) may have been an unrealistic challenge of the abilities of some participants 

and this may have influenced task choices. However, given that the success criterion for the hard 

cognitive task was calibrated as 20% lower than the accuracy rate that individual participants achieved in 

practice trials, it is reasonable to assume completion of the hard task was within reach of one’s ability 
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level. Instead, the results may be suggesting factors that were out of the scope of the current study 

influenced motivation to expend cognitive effort for reward in lieu of anhedonia severity. One possible 

factor may be individual differences in need for cognition – the satisfaction one gains from engaging in 

effortful thinking (Cacioppo & Petty, 1982). Previous research found individuals from the general 

population who volunteered to complete a decision-making task were less likely to entertain the depth and 

breadth of options as a function of lower need for cognition (Levin, Huneke, & Jasper, 2000). Lower need 

for cognition has also been demonstrated to be related to lower academic achievement (Elias & Loomis, 

2002). These results suggest those with lower need for cognition have lower priority for effective 

information processing in decision-making contexts and seek less satisfaction from going after cognitive 

challenges. It is possible there were participants in both groups of the current study with low need for 

cognition that affected their motivation to expend cognitive effort. Future research should explore 

whether motivation to expend cognitive effort may be particularly vulnerable to individual differences in 

need for cognition.  

Research Question 2: Predictors of Functioning in Major Depression 

 Previous research found depressive symptoms predict little variance in functioning in MDD and 

disability often persists despite resolution of symptoms (Dewa et al., 2011; Harvey, 2011; Jaeger et al., 

2006; McKnight & Kashdan, 2009). In addition, although a growing literature base has established 

cognitive functioning as a predictor of disability in MDD (Evans et al., 2014), even when depressed 

individuals have improved cognitive abilities, functioning in real-world settings remains poor unless low 

motivation, defeatist beliefs, and engagement are addressed in treatment (Bowie et al., 2016; Meusel, 

2012). These findings suggest there may be other understudied factors that explain more of the variance 

in functional impairment observed in MDD. As hypothesized, I found evidence that lower motivation to 

expend cognitive effort significantly predicted greater global functional impairment in MDD individuals, 

even after controlling for depressive symptoms, anhedonia, and cognitive functioning. This finding 

suggests motivation to expend cognitive effort is a unique predictor of functional disability in MDD. On 
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the other hand, the relationship between motivation to expend physical effort and global functional 

impairment was not significant. Prior research found greater physical effort production for rewards on the 

EEfRT predicted better community role functioning in schizophrenia, a mental illness that is also 

characterized by anhedonia (Horan et al., 2015). The discrepancy in findings suggest motivation to 

expend physical effort may influence functioning through a different mechanism in MDD than in 

schizophrenia. In the current study, self-reported anhedonia in MDD predicted lower physical effort 

expenditure for rewards, as well as shared a significant positive relationship with global functional 

impairment. Thus, while motivation to expend cognitive effort was found to be a unique predictor of 

functional impairment, motivation to expend physical effort may be a more sensitive marker for 

anhedonia in MDD than as a predictor of everyday functional outcomes.  

It is important to note that the hierarchical regression model also indicated that depressive 

symptoms accounted for a considerable amount of variance in functional impairment (medium effect size) 

relative to cognitive functioning. This is in disagreement with prior research reporting depressive 

symptoms predict relatively little variance in functioning after accounting for cognitive impairment 

(Harvey, 2011; Jaeger et al., 2006; McKnight & Kashdan, 2009). Though in a systematic review, the 

strongest correlations between depression severity and functioning were observed when both measures 

were clinician-rated (McKnight & Kashdan, 2009). The current study also had the same experimenter 

rating symptoms and functioning and it is possible that for this reason a medium-sized relationship was 

observed. Despite this, self-report measures of depressive symptoms are known to yield relatively 

conservative symptom ratings and solely rely on the cognitive model of depression, whereas clinician-

rated measures have advantages in comprehensiveness and validity (Cuijpers, Li, Hofmann, & Andersson, 

2010). The significant relationship between depression severity and functioning as measured by 

standardized semi-structured clinical interviews in the current study may have been a more valid 

measurement of the experience of disability in MDD compared to previous studies.   
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Research Question 3: A Model of Effort Expenditure, Cognition, and Functioning 

 In line with my hypothesis, I found motivation to expend cognitive effort significantly accounted 

for the relationship between cognitive functioning and global functional impairment in MDD. Moreover, 

motivation to expend cognitive effort explained significantly greater variance in the effect of cognitive 

functioning on global functional impairment than motivation to expend physical effort, for which the 

indirect effect was not significant. Similarly, Horan et al. (2015) found that lower willingness to complete 

a high cognitive load card-sorting task for reward was associated with lower cognitive functioning in 

individuals with schizophrenia. However, willingness to expend cognitive effort on this task did not share 

a significant relationship with community functioning in schizophrenia. It could be that daily experience 

of illness-related cognitive deficits in MDD may negatively color the perception of one’s cognitive 

abilities over time (e.g., Farrin et al., 2003) and decrease motivation to mobilize cognitive resources. 

Indeed, Gupta et al., (2013) found MDD patients often fail to apply cognitive skills in real-world 

functional tasks even when these skills are intact. As discussed earlier, blunted motivation to expend 

cognitive effort may be associated with lower sensitivity to reward feedback and inefficient regulation of 

behavior in order to maximize long-term benefits. Low motivation to apply one’s cognitive skills may 

reinforce avoidance of cognitively challenging day-to-day tasks (e.g., scheduling activities, following a 

social interaction) as these tasks are perceived by MDD individuals as opportunities for cognitive failures 

instead of opportunities for enrichment of life functioning. This may explain the prevalence of 

unemployment, work absenteeism, lower engagement in social activities, reduced participation in 

recreational activities, and lower quality of life observed in MDD individuals (Judd et al., 1996; Leader & 

Klein, 1996; Lerner et al., 2004; Lerner & Henke, 2008; Petersen et al., 2004; Stewart et al., 2003; Wang 

et al., 2004). Taken together, the current study is the first to provide evidence that motivation to expend 

cognitive effort is implicated in functional disability associated with cognitive impairment in MDD.  

 Motivation to expend physical and cognitive effort may be constructs with distinct applications in 

the clinical setting. Greater clinician attention to a patient’s motivation to expend physical effort as 
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indexed by blunted reward sensitivity and poor regulation of behavior to maximize long-term rewards 

may aid in objective conceptualization and assessment of anhedonia. As anhedonia is a unique predictor 

of depression onset, chronicity, poor treatment outcome, and relapse (Bennik et al., 2014; Vrieze et al., 

2014; Wardenaar et al., 2012), improved understanding of how anhedonia behaviorally manifests can 

inform effective treatment development and illness monitoring. On the other hand, motivation deficits to 

expend cognitive effort may be a barrier in psychotherapy and for a patient’s functional recovery. As 

MDD individuals demonstrate low motivation to approach cognitively challenging tasks, it may be 

difficult to elicit engagement in psychotherapeutic exercises that often require effortful thinking for better 

treatment response (i.e., reframing schemas through thought records, designing behavioral experiments, 

cognitive remediation training). Motivation deficits to expend cognitive effort can be addressed via tools 

like motivational interviewing, whereby the benefits of treatment engagement can be made salient to 

patients. Strengthening the motivation to approach effortful tasks may ultimately assist with treatment 

adherence and transference of treatment gains to real-world functioning. 

Limitations and Future Directions 

 The current study has a number of limitations. First, the adapted EEfRT paradigms involved cost-

benefit analysis and integration of reward and probability information in decision-making. These 

performance demands may require cognitive skills like working memory and executive functioning, and 

thus raises the concern of cognitive deficits in MDD conflating motivation to expend effort. However, 

this seems less likely since standardized assessments of working memory and executive functioning did 

not significantly correlate with proportion of hard task choices and results did not change when these 

cognitive skills were covaried for in ANOVA analyses. Second, the modification of unlimited time to 

make task choices in the adapted EEfRT may have allowed participants to take breaks between trials, 

which could have offered participants an opportunity to rest or attend to distracting thoughts instead of 

evaluating reward information for easy and hard tasks. In these scenarios, it would be difficult to pull 

apart whether participants made task choices based on improved energy level after resting, ruminative 
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thoughts, or reward evaluation. However, the mean and variance of decision-making time for both 

participant groups was below the five second time limit Treadway and colleagues used in the original 

EEfRT paradigm for automatic assignment to the easy task. A third limitation of evaluating MDD 

individuals on the adapted EEfRT paradigm is the possibility of the symptom of indecisiveness 

confounding responses on the task. However, as I found there were no participant group differences in 

mean decision-making time and this variable also did not significantly predict hard task choices, this 

limitation may not be a significant concern. Fourth, the same rater evaluated both symptoms and 

functioning in participants. This may have added bias to clinician ratings of symptoms and functioning 

and inflated the relationship between these two measures. Independent raters were used to administer 

objective assessments (experimental tasks and cognitive assessment) and semi-structured interviews 

(symptoms and functioning), aiding the confidence in the relationship found between the independently 

measured constructs. Fifth, the neurocognitive composite score was derived from a brief cognitive 

assessment battery (though of domains known to be most often impaired in MDD) instead of a 

comprehensive battery for global cognitive functioning, thereby limiting generalizations of findings on 

cognition to the particular domains assessed. Sixth, the study was limited in measures of internalizing 

constructs that may affect motivation to expend effort in depression (i.e., need for cognition, self-efficacy, 

and defeatist beliefs). Lastly, data collected in the study are cross-sectional in nature so caution must be 

used when making inferences about the direction of effects found in the regression models. Future 

research should test the hypothesized models of cognition, functioning, and effort expenditure 

longitudinally and with independently rated, comprehensive measures for cognitive functioning and 

internalizing constructs in order to increase generalizability of results.  

Conclusion 

 The current findings demonstrate that two cost-benefit decision-making experimental tasks can be 

sensitive to the motivational deficits that characterize MDD. Individuals with depression displayed 

marginally lower motivation to expend physical and cognitive effort compared to those without 
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depression. Motivation to participate in a physically effortful task in anticipation of reward decreased as a 

function of greater anhedonia severity in MDD individuals. On the other hand, blunted motivation to 

participate in cognitively-demanding yet highly rewarding tasks predicted greater functional impairment, 

even after controlling for the effect of symptom severity and cognitive functioning. Moreover, lower 

motivation to expend cognitive effort was shown to be a rate limiter of the relationship between cognitive 

abilities and global functional impairment in MDD. These findings highlight the importance of addressing 

motivation to expend cognitive effort and reward-related deficits in all treatments for depression in order 

to maximize psychosocial outcomes and narrow the gap between skill gains and real-world functioning.  
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Appendix A 

Demographic Questionnaire 

Population Group 

1. White               5. Filipino                9. West Asian   13. Multiple ethnicities  

2. Chinese         6. Latin American  10. Korean   14. Not reported 

3. South Asian   7. Southeast Asian  11. Japanese 

4. Black   8. Arab    12. Aboriginal  

 

Age: ____ 

City/Province of birth: ________  Country of birth: _______  If not Canada, year of 

immigration: _____ 

City/Province of residence: __________ 

Native language: 1. English 2. French 3. Other _______  Age of ESL _______ 

Marital Status Financial responsibility for the dwelling 

1. Never married 1. Self or mate 

2. Married/common-law 2. Parents or parents-in-law 

3. Separated 3.Other relatives 

4. Divorced and not remarried                                      4. Other structured (social, housing/military) 

5. Divorced and remarried                                             5. Other unstructured (friends, transients) 

6. Divorced >= 2x and not currently married 6. Other (specify) 

7. Divorced >=2x and currently married  

8. Widowed  

  

Living circumstances Source of Income/Resources 

1. Alone 1. Employment/retirement funds 

2. With parents 2. Parents 

3. With mate 3. Social security disability insurance 

4. With children 4. Aid to dependent children 

5. With siblings 5. Other social agency 

6. Other relatives 6. Employment and other support 

7. Friends or group living 7. Other (specify) 

8.   Group home 

 

Type of dwelling Highest level of Education 

1. House, privately owned 1. Some high school 

2. Apartment/condo 2. High school – Grade 12 or 13? 

3. Rooming house (share bath/kitchen) 3. Some college or university 

4. Halfway house (supervision) 4. College or university degree 

5. Dormitory (sleeping provisions only) 5. Graduate school 

6. Transient (short time in any given residence) 6. Post-graduate studies 

7. Institutionalized 
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Appendix B 

Pre-randomized Trial Lists for Adapted EEfRT Paradigms 

Table A1      

       

Sequence of Reward and Probability Levels Presented for Hard Task Trials 

  Physical EEfRT  Cognitive EEfRT 

Trial   Reward ($) Probability (%)   Reward ($) Probability (%) 

1  2.25 88  2.50  88 

2  1.50 50  2.00  50 

3  2.50 50  3.25  50 

4  1.25 88  3.00  12 

5  1.75 88  2.00  88 

6  3.25 12  2.50  12 

7  3.50 12  1.25  50 

8  1.75 50  1.50  50 

9  1.50 12  1.50  88 

10  3.50 88  3.25  88 

11  3.00 88  3.00  88 

12  2.00 88  1.75  88 

13  2.25 50  1.50  12 

14  2.75 12  2.00  12 

15  2.75 88  1.25  88 

16  3.00 12  2.75  50 

17  2.25 12  3.50  12 

18  2.00 50  3.50  88 

19  1.75 12  1.75  12 

20  1.50 88  1.75  50 

21  2.00 12  3.25  12 

22  1.25 12  3.50  50 

23  3.25 88  2.75  88 

24  2.50 12  2.25  50 

25  2.75 50  2.25  12 

26  2.50 88  2.25  88 

27  3.00 50  2.75  12 

28  1.25 50  1.25  12 

29  3.50 50  3.00  50 

30   3.25 50   2.50  50 
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Appendix C 

Experimenter Instructions for Physical and Cognitive EEfRT Paradigms 

Physical and Cognitive Effort Expenditure Rewards Tasks 
Copyright © Tanya Tran, 2016 

 

 

HOW TO START TASK 

1) Set up the appropriate labels for keys on the response pad 

 

 Key 1 Key 2 Key 3 Key 4 

Right-handed Hard Yes No Easy 

Left-handed Easy Yes No Hard 

 

2) To launch the task, open Eprime.Run file: 

o PhysicalEffortTask4 

o CognitiveEffortTask9 

 

3) This will launch a dialogue window that prompts the following information: 

 

Subject number: Enter unique subject ID. Numbers only. 

Session: Enter a number to identify session number. Numbers only. If this is the first Effort Task 

the subject completes enter “1” and “2” if it is the second. 

Handedness: Using arrow keys indicate if the subject is “R” or “L” handed. 

 

GENERAL TIMELINE OF THE TASK 

 

The subjects will be presented with a demo of the Easy Version of the Effort Task, followed by a 

series of Easy Task Calibration trials (x3). Then the subjects will observe a demo of the Hard 

Version of the Effort Task and complete the respective Calibration trials (x3). Next, the subject 

will be presented with a series of instructions and Practice Trials (3). The experimenter should be 

available up until this point in the study to read instructions aloud and answer any questions. 

 

INSTRUCTIONS FOR CALIBRATION AND PRACTICE TRIALS 

 

COGNITIVE EFFORT TASK 

1) READ ALOUD: Cog Easy Demo Instructions on Computer Screen. Model the following as you 

read out the instructions about hand position: 
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o The experimenter should model position of dominant hand during the Cognitive Effort 

Task (Recommend index finger on ‘Yes’ button and middle finger on ‘No’ button) 

 

2) CLICK to begin the Demo. Allow the participant to follow along with the keys. 

 

3) After Demo of Easy Task: 

o The experimenter should ask the following: 

 

Do you understand when you have to press the YES and NO button? 

 

      *Please explain to me in your own words when you have to press YES and NO. 

 

[If participant does not explain the task accurately OR replies No, proceed to showing paper 

demonstration in Appendix A and following the script below as needed] 

For example, suppose that you saw the letters in this sequence flashed one at a time. You would 

see a B and by default this would be a NO because it is the first letter of the sequence. Next you 

see a p and then you would be asked if this letter [point to p] is the same as the letter flashed one 

step back. The correct answer would be NO because the letter one step before [point to B] is 

different than this letter [point to p]. If the next letter  was a P [point to the P] and you were 

asked if this letter is the same as the letter flashed one step back, then the correct answer would 

be YES because the letter that was flashed one step before [point to p] is the same as this letter 

[point to P]. After the letter v is flashed, the correct answer would be NO. After the letter d is 

flashed, the correct answer would be NO. After this D is flashed, the correct answer would be 

YES, and so on. 

 

*Ok good! Keep in mind the correct response for the first letter will be a “No” since there is 

no letter one step before.  

 

After each letter you see, a blue yes or no question will show up. This is when you should be 

submitting your response yes or no. The computer screen will show the next letter after it has 

detected your response. If you respond too early, that’s okay, you can press the key again. 

 

It is really important that you respond on this task even if you are not sure. If you miss a letter 

in the sequence, it is okay, just try and pick up the sequence from the next letter you see. Even 

if you have to guess, it is better than not responding. You should also know that this task goes 

very quickly, so please pay very close attention. 

 

4) If the subject understands the task, CLICK to start Easy Calibration trials. 

Pay attention to premature responding (AS NEEDED, use short reminders to submit responses 

again “Press the key again” or to reinforce after they’ve figured it out “You got it that time”) 

 

5) READ ALOUD: Cog Easy Calibration Instructions on Computer Screen. CLICK to skip 

screens. 
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6) READ ALOUD: Cog Hard Demo Instructions on Computer Screen. CLICK to skip screens. 

 

7) After Demo of the Hard Task: 

o The experimenter should ask the following: 

 

Do you understand when you have to press the YES and NO button? 

 

*Please explain to me in your own words when you have to press YES and NO. 

 

[If participant does not explain the task accurately OR replies No, proceed to showing paper 

demonstration in Appendix B and following the script below as needed] 

  

For example, suppose that you saw the letters in this sequence flashed one at a time. You 

would see a V and you would be asked if this letter [point to V] is the same as the letter 

flashed two steps back. The correct answer by default would be NO because it is the first 

letter in the sequence. Then you see a p and the correct answer would be NO because it is 

the second letter in the sequence. Next is a V and the correct answer would be YES because 

the letter two steps before [point to first V] is the same as this letter [point to second V]. If 

the next letter  was a d [point to the d] and you were asked if this letter is the same as the 

letter flashed two steps back, then the correct answer would be NO because the letter two 

steps before [point to p] is different. After the letter v is flashed, the correct answer would be 

YES. After the letter P is flashed, the correct answer would be NO, and so on. 

 

*Ok good! Keep in mind the correct response for the first two letters will be “No” since there 

are no letters two steps before.  

 

Remember to submit your response when the blue yes or no question comes up after the letter.  

 

It is really important that you respond on this task even if you are not sure. If you miss a letter 

in the sequence, it is okay, just try and pick up the sequence from the next letter you see. Even 

if you have to guess, it is better than not responding. You should also know that this task goes 

very quickly, so please pay very close attention. 

 

8) If the subject understands the task, CLICK to start the Hard Calibration trials. 

Pay attention to premature responding (AS NEEDED, use short reminders to submit responses 

again “Press the key again” or to reinforce after they’ve figured it out “You got it that time”) 

 

9) READ ALOUD: Cog Hard Calibration Computer Instructions. CLICK to skip screens. 

 

10)  READ ALOUD: Cog Task Computer Instructions. PRESS ANY KEY on the response pad to 

move through the instructions. 

o The experimenter should point out appropriate keys on the response pad (‘Easy’ and ‘Hard’ key 

are used to indicate choice of task and ‘Yes’ and ‘No’ keys are used during N-Back trials) 
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11)  When instructions are finished, the screen will display “Get your hands in position for practice 

trials” 

o The experimenter should then ask the following:  

 

*I know we went over a lot of instructions and I just want to make sure you understand the 

task. 

 

Do you feel clear on what the different probabilities signify? 

*Please explain in your own words what the different probabilities mean. 

 

[If No] They signify the probability that you will win money on a given trial if you 

complete either the easy or hard task for that trial. Every trial will either have an 88% a 

50% or a 12% probability of winning. [EMPHASIZE THAT PROBABILITY APPLIES TO 

EASY AND HARD TRIALS]. 

 

Are you clear on how you will be paid for trials on this task? 

*Please explain in your own words how you will be paid for trials on this task. 

 

[If No] So even though you are playing for money on each trial, only one trial that you win 

money for will actually be paid to you at the end. This trial will be chosen randomly at the end 

of the experiment.  So we want you to treat every trial as if it could count.  

 

 Do you have any questions about the task? 

 

12)  Introduce the practice trials with the following script:  

 

You will now play three practice trials. For the first two trials, I will tell you which to choose. 

For the last one, you will have an opportunity to choose.  

 

13)  Tell subject get his or her hands in position.  

[Have the subject PRESS ANY KEY to advance to practice trials.] 

 

14)  For the first practice trial, instruct the subject to choose the easy task.  

Choose the easy task. 

 

A screen with easy task instructions will appear. Announce the following script: 

 

This is the easy task. Press the “YES” button if the letter presented is the same as the letter 

shown one step back. Press the “NO” button if the letter presented is not the same as the letter 

shown one step back. Remember to ignore the case of letters. Afterwards you get feedback on 

whether you completed the task, and the feedback on whether you won money for that trial.  
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[Have the subject PRESS ANY KEY to advance to practice trial] 

 

15)  For 2nd practice trial, instruct subject to choose hard task.  

 

Choose the hard task. 

 

A screen with hard task instructions will appear. Announce the following script: 

 

This is the hard task. Press the “YES” button if the letter presented is the same as the letter 

shown two steps back. Press the “NO” button if the letter presented is not the same as the 

letter shown two steps back. Remember to ignore the case of letters. Afterwards you get 

feedback on whether you completed the task, and the feedback on whether you won money for 

that trial.  

 

[Have the subject PRESS ANY KEY to advance to practice trial] 

 

16)  For the 3rd practice trial, instruct subjects to make a choice (easy vs. hard).  

 

For this trial, it is your turn to choose the task. 

 

If the subject does not respond after 5 seconds, remind them to make a choice promptly 

(“Please make your choice promptly”)  

 

17)  After they have completed the practice trials, there will be a screen that says “Nice effort! Let’s 

move on to the game”. Ask the subject if they have any questions.  

 

Do you have any questions about the task? 

 

Refer to the above script for the relevant questions. If there are no questions, proceed as 

follows:  

 

Ok. Good. A few final things to keep in mind: 

 

You should be making your decisions promptly.  

 

We may check-in on you periodically to make sure you are performing the task correctly. 

Make sure you do not intentionally fail to perform any tasks that you choose. If you do this, 

we won’t be able to give you your pay-out for completing the task. 

 

You will now play the game for 20 minutes. How many trials you get through in that time will 

be up to you, as the hard-task takes longer and more effort to complete than the easy task. On 

the one hand, the more hard trial choices you make, the more likely it is that your incentive 

trials will be worth more than $1. On the other hand, the more hard-task trials you choose the 
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fewer trials you will get through overall, and so you may miss out on some high-value, high-

probability trials that come later on.  

 

*Can you explain in your own words what is expected of you from the task? What is the goal 

of the task? 

 

PHYSICAL EFFORT TASK 

1) READ ALOUD: Phys Easy Calibration Instructions on Computer Screen. Model the following 

as you read out the instructions about hand position: 

o Using the laminated sheet, direct the subject to keep their palms in the labelled area during 

button pressing 

o For Easy Trials, subjects should be using their dominant index finger to press the EASY 

key 

 

2) CLICK to begin the Easy Calibration trials.  

 

3) READ ALOUD: Phys Hard Calibration Instructions on Computer Screen. Model the following 

as you read out the instructions about hand position: 

o Using the laminated sheet, direct the subject to keep their palms in the labelled area during 

button pressing 

o For Hard Trials, subjects should be using their non-dominant pinky finger to press the 

HARD key 

 

4) CLICK to begin the Hard Calibration trials 

 

5) READ ALOUD: Phys Task Computer Instructions. PRESS ANY KEY on the response pad to 

move through the instructions. 

o The experimenter should point out appropriate keys on the response pad (‘Easy’ and 

‘Hard’ key are used to indicate choice of task) 

 

6) When instructions are finished, the screen will display “Get your hands in position for practice 

trials” 

o The experimenter should then ask the following: 

*I know we went over a lot of instructions and I just want to make sure you understand the 

task. 

 

Do you feel clear on what the different probabilities signify? 

*Please explain in your own words what the different probabilities mean. 

 

[If No] They signify the probability that you will win money on a given trial if you 

complete either the easy or hard task for that trial. Every trial will either have an 88% a 

50% or a 12% probability of winning. [EMPHASIZE THAT PROBABILITY APPLIES TO 

EASY AND HARD TRIALS]. 
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Are you clear on how you will be paid for trials on this task? 

*Please explain in your own words how you will be paid for trials on this task. 

 

[If No] So even though you are playing for money on each trial, only one trial that you 

win money for will actually be paid to you at the end. This trial will be chosen randomly 

at the end of the experiment.  So we want you to treat every trial as if it could count.  

 

Do you have any questions about the task? 

 

7) Introduce the practice trials with the following script: 

 

You will now play three practice trials. For the first two trials, I will tell you which to choose. 

For the last two, you will have an opportunity to choose.  

 

8) Tell subject get his or her hands in position.  

[Have the subject PRESS ANY KEY to advance to practice trials.] 

 

9) For the first trial, instruct the subject to choose the easy task.  

 

Choose the easy task. 

 

As they begin to complete the task say:  

 

This is the easy task. You want to press the EASY key until the bar gets to the top before the 

timer runs down. Afterwards you get feedback on whether you completed the task, and the 

feedback on whether you won money for that trial.  

 

10)  For 2nd practice trial, instruct subject to choose hard task.  

 

Choose the hard task. 

 

As before, make sure to point out each step of the task with the following script: 

 

This is the hard task. You want to press the HARD key until the bar gets to the top before the 

timer runs down. Afterwards you get feedback on whether you completed the task, and the 

feedback on whether you won money for that trial.  

 

11) For the last trial, instruct subjects to make a choice (easy vs hard).  

 

For this trial, it is your turn to choose the task. 
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If the subject does not respond after 5 seconds, remind them to make a choice promptly 

(“Please make your choice promptly”).  

 

12)  After they have completed the practice trials, there will be a screen that says “Nice effort! Let’s 

move on to the game”. Ask the subject if they have any questions.  

 

Do you have any questions about the task? 

 

Refer to the above script for the relevant questions. If there are no questions, proceed as 

follows: 

 

Ok. Good. A few final things to keep in mind: 

 

You should be making your decisions promptly.  

 

We may check-in on you periodically to make sure you are performing the task correctly. 

Make sure you do not switch fingers for the hard task, and make sure you do not intentionally 

fail to perform any tasks that you chose. If you do this, we won’t be able to give you your pay-

out for completing the task. 

 

You will now play the game for 20 minutes. How many trials you get through in that time will 

be up to you as the hard task takes longer and more effort than the easy task. On the one 

hand, the more hard trial choices you make, the more likely it is that your incentive trials will 

be worth more than $1. On the other hand, the more hard-task trials you choose the fewer 

trials you will get through overall, and so you may miss out on some high-value, high-

probability trials that come later on.  

 

*Can you explain in your own words what is expected of you from the task? What is the goal 

of the task? 

 

INSTRUCTIONS FOR EXTRANEOUS EVENTS 

 

STOPPING/RE-STARTING 

 

If you need to interrupt the task at any point, simply press “CTRL” and “C” at the same time 

(these keys are the same for both PCs and MACs). You may need to do it more than once. This 

should pause the task.  

 

COMPLIANCE/CHEATING 

 

The experimenter MUST be able to monitor the participant occasionally to make sure that s/he 

has not switched fingers and is otherwise complying with the task. As described in the 
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instructions, common types of cheating are switching fingers, taking a break during the choice 

period, and intentionally failing trials. 

 

OUTPUT AND PAY-OUT 

 

After the task is completed, the script will write a file called 

“EEfRT_Data[Subj#]_Session[#].dat”. to the EEfRT/DATA directory.  

 

It will also write a text file with the subject’s earnings based on 1 randomly selected trial (Scroll 

down to bottom for AmtWon). 
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Appendix D 

LIFE-RIFT Questionnaire 

Work 

(1 a) Employment: __________ 

 

In the past week, have you been working? (If not working) Tell me why. 

Did you miss any days of work? How many? 

On days you did attend work, what percentage of tasks did you complete, given 

expectations?  

What percentage of tasks had errors? 

Tell me more about those errors. Are they unexpected given job demands? What would 

your coworkers or boss think? 

 

Which of the following categories best characterizes the degree to which the patient’s current (past week) 

work activities have been impaired as a result of a psychopathology? 

0 = Not applicable. Did not work during past week, for reasons other than psychopathology. 

1 = No impairment – high level. Worked as much as someone in their social situation would be 

expected to work, and worked at a high level. 

2 = No impairment – satisfactory level. Worked as much as someone in their social situation would 

be expected to work, and worked at a satisfactory level. 

3 = Mild impairment. Worked somewhat less than someone in their social situation would be 

expected to work and/or had mild difficulties in carrying out work activities. 

4 = Moderate impairment. Has missed a lot of work and/or has had considerable difficulties in 

carrying out work activities. 

5 = Severe impairment. Has missed a great deal of work when someone in their social situation 

would have been expected to work and/or has been virtually unable to carry out their work 

activities when they did work. Did not work because haven’t been able to attain a job. 

 

(1 b) Household: __________ 

 

Now let’s talk about the work you need to do at home (e.g., keeping house tidy, laundry, 

paying utilities, washing dishes, grocery shopping). 

In the past week, what household duties did you complete? (If did not complete) Tell me why. 

On days you did housework, what percentage of tasks did you complete, given expectations? 

What percentage of tasks had errors? 

Tell me about any difficulties you had with carrying out household work. 

 

Which of the following categories best characterizes the degree to which the patient’s current (past week) 

household activities have been impaired as a result of a psychopathology? 

0 = Not applicable. Did not carry out household duties during the past week for reasons other than 

psychopathology. 

1 = No impairment – high level. Has carried out housework most of the time that would be 

expected, and worked at a high level. 

2 = No impairment – satisfactory level. Has carried out housework most of the time that would be 

expected and worked at a satisfactory level. 

3 = Mild impairment. Worked somewhat less than expected and/or had mild difficulties in carrying 

out housework. 
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4 = Moderate impairment. Has missed a lot of housework when expected and/or has had 

considerable difficulties in carrying out housework. 

5 = Severe impairment. Has missed a great deal of housework when expected to work and/or has 

been virtually unable to carry out housework when they attempt it. 

 

(1c) Student: __________ 

 

In the past week, have you been going to school or taking courses? (If not enrolled, missed, 

or dropped out) Tell me why. 

Did you miss any days of school? How many? 

On days you did attend school, what percentage of class time were you actively 

participating (e.g., paying attention, volunteering answers, asking questions)? 

What percentage of school work have you completed, given expectations? 

How do you do on your school work?  

What do your teachers think of your work? 

 

Which of the following categories best characterizes the degree to which the patient’s current school work 

has been impaired as a result of psychopathology? 

0 = Not applicable. Because not currently enrolled in a student program for reasons other than 

psychopathology. 

1 = No impairment – high level. Worked as much as would be expected if not symptomatic and got 

high grades. 

2 = No impairment – satisfactory level. Worked as much as would be expected if not symptomatic 

and got satisfactory grades. 

3 = Mild impairment. Worked somewhat less and/or got grades somewhat below expected if not 

symptomatic. 

4 = Moderate impairment. Missed a lot of school work and/or got grades consistently below 

expected. 

5 = Sever impairment. Missed most of school work and/or dropped out of school or got grades far 

below those expected. 

 

(1) Work (maximum of 1 a, 1 b, and 1 c): ________________ 

 

Interpersonal relations with family 

(2a) Interpersonal relations with spouse: __________ 

(2b) Interpersonal relations with children: ________________ 

(2c) Interpersonal relations with other relatives: ________________ 

 

In the past month, how have you been getting along with your spouse/children/other 

relatives? 

Have you been getting into any arguments or fights? How long do they last? How were they 

resolved?  

How do you keep in contact with your [family member]? How often? 

How close do you feel with your [family member]? 

When you are in contact with your [family member], what is your experience like? 
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Which of the following best characterizes the patient’s level of interpersonal relationships with their 

family currently (past month)? [Provide separate ratings for spouse (2a), children (2b) and other relatives 

(2c) if applicable, and use highest one of three scores] 

0 = Not applicable because does not have relatives in this category.  

1 = Very good.  Experiences very good relationships with this/these family member(s), with only 

transient friction which is rapidly resolved. Feels only very minor or     occasional need to 

improve quality of relationship, which is usually close and satisfying. 

2 = Good. Argues occasionally, but arguments usually resolve satisfactorily within a short time. 

May occasionally prefer not to be with them because of dissatisfaction with them or be 

actively working with them to improve relationship. 

3 = Fair. Often argues with this (these) family member(s) and takes a long time to resolve 

arguments. May withdraw from this person (these people) due to dissatisfaction. Often thinks 

that relationship needs to be either more harmonious or closer emotionally even when no 

conflict is present. For those relatives not living with the subject, contacts with them by choice 

are less frequent than feasible or rarely enjoyed very much when made. 

4 = Poor. Regularly argues with this (these) family member(s) and such arguments are rarely ever 

resolved satisfactorily, regularly prefers to avoid contact with them and/or feels great deficit in 

emotional closeness. For those family members out of the household, subject avoids seeing 

them as much as possible and derives no pleasure from contact when made. 

5 = Very poor. Either constantly argues with this (these) family member(s) or withdraws from them 

most of the time. Separated or divorced from spouse or children moved out of household or 

almost always hostile to them when in contact. Individual is estranged from family. 

 

(2d) Interpersonal relations with friends: __________ 

How do you spend time with friends? 

Do you have special friends who you feel close with emotionally? 

In the past month, how often do you see your special friend(s)? Your casual friend(s)? 

 

Which of the following best characterizes the patient’s interpersonal relationships with friends currently 

(past month)? 

1 = Very good.  Had several special friends that they saw regularly and frequently and was close to. 

2 = Good. Had at least two special friends that they saw from time to time and was fairly close to. 

3 = Fair. Had only one special friend that they saw from time to time and was fairly close to; or 

contacts limited to several friends that they were not very close to emotionally. 

4 = Poor. Had no special friends they saw from time to time and was fairly close to; or contacts 

limited to one or two friends that they were not very close to emotionally. 

5 = Very poor. Had no special friends and practically no social contacts. 

 

(2) Interpersonal relations (maximum of 2a, 2b 2c, and 2d): __________ 

 

Recreation 
(4) Recreation: __________ 

  

 Let’s think about activities you do on a weekly basis. 

Please list your recreational activities and hobbies. 

How many times in the past week have you done what you consider is a recreational activity 

or hobby? 

When you engage in your activities, how much interest and enjoyment do you have? 
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At what level has the participant been involved in and able to enjoy active recreational activities and 

hobbies (reading, spectator or participant sports, gardening, music, sewing, attending parties or 

gatherings, church or community organizations) in the past week         

1 = Very good. Has at least two activities which he enjoys fully and frequently (nearly every day 

for the past seven days) 

2 = Good. Participates in several activities and does not always enjoy them fully; or participates in 

fewer activities or less frequently than optimal, but enjoys participation.   

3 = Fair. Occasional (half of the time) participation in recreational activities or hobbies; or limited 

enjoyment when participation occurs. 

4 = Poor. Some participation in recreational activities or hobbies, and derives very little enjoyment 

from such activities. Participates 1-2 days per week without a lot of enjoyment or goes along 

with the flow. 

5 = Very poor. No involvement in recreational activities or hobbies. 

6 = No information. 

 

Satisfaction 

(3) Satisfaction: __________ 

  

Thinking about your job, family, friends, recreational activities, sexual activities, and 

finances, how satisfied are you with your functioning in these areas? 

How much are you interested in participating in your job, relationships with family and 

friends, activities, and finances? 

 

Which of the following best characterizes the patient’s overall level of satisfaction (contentment, degree 

to which he feels fulfilled, gratification derived from activities) for the past week 

1 = Very good. Transient problems may occur, but generally satisfied with all aspects of their life. 

Occasional minor dissatisfaction in one area, but overall is quite content with self, job, family, 

friends, activities, and finances. 

2 = Good. Mild dissatisfaction persists, but only in one area or is intermittent in several areas. In 

balance, is generally content and able to enjoy life most of the time, but does think there 

should be some improvement in either occupational role, interpersonal relations, sexual 

activities, or finances.  

3 = Fair. Moderate dissatisfaction in one or more areas, which is relatively persistent. Either 

discontent with occupational role, interpersonal relations, sexual activities, or finances.  

4 = Poor. Very dissatisfied in most areas and derives little pleasure from life. Rarely able to derive 

satisfaction from activities or relationships.  

5 = Very poor. Derives no satisfaction from anything. May feel no desire to carry out the smallest 

task or to be with other people 

6 = No information. 

 

______________________________________________________________________________ 

 

THE LIFT-RIFT SUMMARY 

1) Work (maximum of 1a, 1b and 1c): __________ 

2) Interpersonal relations (maximum of 2a, 2b 2c and 2d): __________ 

3) Satisfaction: __________ 

4) Recreation: __________ 

 

Total score: __________ 
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Appendix E 

Research Ethics Approval Letter 
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Appendix F 

Supplementary Hierarchical Regression Models 

To examine the linear relationships between Hard Difference scores, depressive symptoms, 

anhedonia, cognitive functioning, and domains of impaired functioning (work, interpersonal, recreation, 

and satisfaction) in the MDD sample, I ran a Pearson correlation matrix (Table F1). Impairment in work 

functioning was not associated with depressive symptoms, anhedonia, and cognitive function, but was 

significantly, positively related to interpersonal impairment. Interpersonal impairment shared significant 

negative relationships with cognitive functioning and Cognitive Hard Difference scores. Greater 

impairment in recreational activities was significantly associated with higher anhedonia severity, higher 

depressive symptom severity, and lower cognitive functioning. Deficits in life satisfaction shared a 

significant positive relationship with depressive symptoms. 

 

Table F1      

       
Correlations Between Difference Scores for Hard Choices, Symptoms, Cognition, and Domains of 

Functional Impairment 

Measure 1 2 3 4 5 6 

1. Physical Hard Difference Score -      

2. Cognitive Hard Difference Score -.35* -     

3. LIFE-RIFT Work .01 -.11 -    

4. LIFE-RIFT Interpersonal -.26 -.50** .41** -   

5. LIFE-RIFT Recreation .03 -.06 -.08 .11 -  
6. LIFE-RIFT Satisfaction .09 -.03 .19 .13 .36* - 

7. SHAPS Anhedonia .24 -.02 .08 .05 .52** .30 

8. HAM-D Depressive Symptoms .24 -.04 .28 .20 .60** .50** 

9. Cognitive Functioning .21 .29 .02 -.30* -.47** -.08 

Note. Hard Difference scores were computed as the proportion of hard task choices for large relative to 

small incentive value. Cognitive Functioning represents neurocognitive composite scores derived from 

five cognitive measures. LIFE-RIFT = Longitudinal Interval Follow-up Evaluation – Range of 

Impaired Functioning Tool; SHAPS = Snaith-Hamilton Pleasure Scale; HAM-D = Hamilton Rating 

Scale for Depression. 

*p< .05, **p< .01, ***p< .001       
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 To explore how well a set of Hard Difference scores (physical and cognitive task) and a set of 

symptom and cognition measures (anhedonia, depressive symptoms, and cognitive functioning) predicted 

individual domains of functional impairment, I conducted four separate hierarchical multiple regression 

models (Table F2). Models 1 to 4 aimed to predict domains of impaired functioning in work, 

interpersonal, recreation, and life satisfaction, respectively. For each model, I entered cognitive 

functioning, anhedonia, and depressive symptoms in the first step and Hard Difference scores for the 

physical and cognitive tasks in the second step. In Model 1, the linear combination of predictors in steps 1 

and 2 did not significantly predict work impairment. In Model 2, the linear combination of symptom and 

cognitive functioning predictors were not significantly related to interpersonal impairment, but the linear 

combination of predictors in the second step accounted for a significant amount of variance in 

interpersonal impairment. Specifically, lower proportion of hard cognitive task choices for large relative 

to small incentive value significantly predicted greater interpersonal impairment, after controlling for 

symptoms and cognitive functioning, R2 change = .21, F(2,34) = 5.08, p = .01. In Model 3, the linear 

combination of higher anhedonia severity, higher depressive symptom severity, and lower cognitive 

functioning significantly predicted functional impairment in recreational activities. However, difference 

scores for hard physical and cognitive choices did not account for significant variance in recreational 

impairment over and above symptoms and cognitive functioning, R2 change = .01, F(2,34) = 0.32, p = 

.73. In Model 4, the first step of the model significantly predicted deficits in life satisfaction. In particular, 

greater depressive symptom severity predicted greater deficits in life satisfaction. After controlling for 

symptoms and cognitive functioning, difference scores for hard physical and cognitive choices did not 

account for significant variance in life satisfaction deficits, R2 change = .01, F(2,34) = 0.11, p = .90. 
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Table F2                 
Hierarchical Regression Models Evaluating Predictors of Functional Impairment Domains 

      Step 1       Step 2  
  Variable b SE β   b SE β 

Model 1: Work        

 SHAPS Anhedonia -0.04 0.08 -0.09  -0.04 0.08 -0.09 

 HAM-D Depressive Symptoms 0.06 0.03 0.37  0.06 0.03 0.39 

 Cognitive Functioning 0.22 0.29 0.13  0.33 0.32 0.19 

 Cognitive Hard Difference     -0.44 0.58 -0.13 

 Physical Hard Difference     -0.24 0.82 -0.06 

 R2  .10    .12  

 F  1.28    0.44  
Model 2: Interpersonal        

 SHAPS Anhedonia -0.02 0.08 -0.06  -0.02 0.07 -0.04 

 HAM-D Depressive Symptoms 0.02 0.03 0.14  0.03 0.03 0.21 

 Cognitive Functioning -0.44 0.28 -0.26  -0.15 0.27 -0.09 

 Cognitive Hard Difference     -1.30* 0.49 -0.42* 

 Physical Hard Difference     -0.59 0.69 -0.14 

 R2  .11    .31  

 F  1.42    3.07*  

 ΔR2  -    .21*  
Model 3: Recreation        

 SHAPS Anhedonia 0.12* 0.05 0.30*  0.12* 0.06 0.31* 

 HAM-D Depressive Symptoms 0.05* 0.02 0.34*  0.06* 0.02 0.36* 

 Cognitive Functioning -0.51* 0.20 -0.32*  -0.50* 0.22 -0.31* 

 Cognitive Hard Difference     0.24 0.40 0.08 

 Physical Hard Difference     -0.38 0.56 -0.09 

 R2  .51    .52  

 F  12.31***    7.23***  
Model 4: Satisfaction        

 SHAPS Anhedonia 0.01 0.04 0.05  0.01 0.04 0.06 

 HAM-D Depressive Symptoms 0.04** 0.01 0.51**  0.04** 0.02 0.52** 

 Cognitive Functioning 0.08 0.13 0.10  0.11 0.14 0.12 

 Cognitive Hard Difference     -0.04 0.26 -0.03 

 Physical Hard Difference     -0.14 0.37 -0.06 

 R2  .26    .26  

 F  4.18*    2.43  

Note. N = 39. 

*p< .05, **p< .01, ***p< .001. 
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Appendix G 

Supplementary Mediation Model 

I analyzed a parallel indirect effects model to explore whether the effect of cognitive functioning 

on interpersonal functional impairment can be explained by its relationship with two variables: Physical 

Hard Difference and Cognitive Hard Difference scores. Overall, the parallel indirect effects model was 

significant, F(3,37) = 4.83, p = .006, and accounted for 28% of the variance in the relationship between 

cognitive functioning and interpersonal impairment. In this model, the effect of Physical Hard Difference 

on interpersonal impairment was not significant, b = -.03, BCa CI [-.222, .049], indicating a non-

significant indirect effect. Cognitive Hard Difference had a marginally significant effect on interpersonal 

impairment, b = -0.20, BCa CI [-.628, .002], indicating a trending indirect effect.  

I conducted an exploratory model to explore the indirect effect of Cognitive Hard Difference on 

the relationship between cognition and interpersonal impairment. The indirect effect model was 

significant, F(2,38) = 7.24, p = .002, and accounted for 28% of the variance in the relationship between 

cognitive functioning and interpersonal impairment. In this model, I found there was a significant indirect 

effect of Cognitive Hard Difference, b = -.21, BCa CI [-.611, -.012], indicating this variable explained the 

relationship between cognition and interpersonal impairment. The indirect effect model did not hold when 

analyzed with cognitive functioning as the outcome and interpersonal impairment as the predictor. The 

final indirect effect model and its regression coefficients are presented in Figure G1. 
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 Motivation to Expend 

Cognitive Effort 

Cognitive 

Functioning 

Interpersonal 

Impairment 

a = 0.15, p = .07 

Total effect: c = -0.50, p = .05 

Direct effect: c’ = -.29, p = .23 

b = -1.40, p = .004 

Figure G1.  Unstandardized regression coefficients for the relationship between cognitive functioning 

and interpersonal functional impairment in MDD, as mediated by motivation to expend cognitive 

effort for reward (Cognitive Hard Difference). 


