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Abstract

Objective—Two experiments were conducted to examine whether insufficient effort, negative 

symptoms (e.g., avolition, anhedonia), and psychological variables (e.g., anhedonia and perception 

of low cognitive resources) predict generalized neurocognitive impairment in individuals with 

schizophrenia (SZ).

Method—In Experiment 1, participants included 97 individuals with SZ and 63 healthy controls 

(CN) who completed the Victoria Symptom Validity Test (VSVT), the MATRICS Consensus 

Cognitive Battery (MCCB), and self-report anhedonia questionnaires. In Experiment 2, 

participants included 46 individuals with SZ and 33 CN who completed Green’s Word Memory 

Test (WMT), the MCCB, and self-reports of anhedonia, defeatist performance beliefs, and 

negative expectancy appraisals.

Results—Results indicated that a low proportion of individuals with SZ failed effort testing 

(1.0% Experiment 1; 15.2% Experiment 2); however, global neurocognitive impairment was 

significantly predicted by low effort and negative symptoms.

Conclusions—Findings indicate that low effort does not threaten the validity of 

neuropsychological test results in the majority of individuals with schizophrenia; however, effort 

testing may be useful in SZ patients with severe negative symptoms who may be more likely to 

put forth insufficient effort due to motivational problems. Although the base rate of failure is 

relatively low, it may be beneficial to screen for insufficient effort in SZ and exclude individuals 

who fail effort testing from pharmacological or cognitive remediation trials.
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Introduction

Neuropsychological impairment has long been considered a core characteristic of 

schizophrenia (SZ) (Kraepelin, 1919). Meta-analyses of neuropsychological test 

performance confirm that individuals with SZ display neurocognitive impairments on the 

order of 1.0 standard deviation below healthy controls (Dickinson, Ramsey, & Gold, 2007; 

Fioravanti, Carlone, Vitale, Cinti, & Clare, 2005). Although the field has searched for focal 

deficits in specific cognitive domains for over 40 years now, it is clear that there is no 

distinctive pattern of differential deficits in SZ (Reichenberg & Harvey, 2007). Rather, SZ 

patients display impairments across a range of cognitive domains and there are generally 

moderate interrelationships among individual tests (Dickinson, 2008; Dickinson, Iannone, 

Wilk, & Gold, 2004; Dickinson, Ragland, Gold, & Gur, 2008). Such findings are consistent 

with a generalized neurocognitive deficit in SZ (Dickinson & Harvey, 2009; Dickinson, et 

al., 2008).

Several accounts have been proposed to explain the generalized neurocognitive deficit in 

SZ, including grey and white-matter abnormalities, impaired integration of signals across 

neural networks, cellular-level neuropathology that causes diffuse effects across brain 

regions (e.g., GABA internenurons or NMDA receptor dysfunction), and abnormalities in 

inflammatory, metabolic, and oxidative stress processes (Dickinson & Harvey, 2009). 

Although central nervous system and “general systems” theories of the generalized cognitive 

impairment in SZ are compelling, it is possible that psychological factors also play a role. 

One long held clinical view of neuropsychological impairment in SZ is that problems with 

motivation undermine the ability to put forth adequate effort on cognitively demanding 

tasks. If a substantial proportion of individuals with SZ do in fact exhibit insufficient effort 

on cognitive testing, one might expect a generalized deficit that spans across most areas of 

cognitive functioning. Relatively few studies have empirically evaluated the impact of effort 

on neuropsychological test performance in SZ, despite the existence of several effort tests 

that have been well-validated in clinical and nonclinical populations (Bush, et al., 2005). 

These effort measures are designed to look like rather difficult tests of memory, whereas in 

fact they are quite easy. Indeed, even individuals with severe memory impairments or severe 

Traumatic Brain Injury are capable of achieving near perfect performance on measures of 

effort (Green, Rohling, Lees-Haley, & Allen, 2001), supporting the notion that low scores 

on these tests reflect reduced effort rather than true cognitive impairments. Low effort on 

such tests is often found in assessment contexts where examinees have a clear motive to 

perform poorly (e.g., litigation, disability determination) (Mittenberg, Patton, Canyock, & 

Condit, 2002). Studies administering standardized effort tests to individuals with SZ have 

produced mixed results, with the proportion of patients falling below clinically derived 

effort cutoffs ranging from 0–20% (Arnold, et al., 2005; Avery, Startup, & Calabria, 2009; 

Back, 1996; Duncan, 2005; Egeland, et al., 2003; Gierok, Dickson, & Cole, 2005; Hunt, 

Root, & Bascetta, 2014; Moore, et al., 2013; Pivovarova, Rosenfeld, Dole, Green, & Zapf, 

2009; Schroeder & Marshall, 2011) to as high as 60–72% (Gorissen, Sanz, & Schmand, 

2005; Hunt, et al., 2014). Inconsistent findings may be due to differences in sample 

characteristics (e.g., symptom severity and heterogeneity), inpatient vs. outpatient status, 

whether freestanding vs. embedded effort tests were used, and differences in the sensitivity 
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and specificity of effort tests administered. Importantly, schizophrenia patients who fail 

effort testing are not thought to be malingering (i.e., feigning cognitive impairment), but 

rather to have invested insufficient effort due to motivational impairment inherent to the 

disease. Significant correlations between clinical ratings of negative symptoms (e.g., 

avolition, anhedonia) and performance on effort tests support this interpretation (Avery, et 

al., 2009; Gorissen, et al., 2005).

In addition to negative symptoms and effort (Gorissen, et al., 2005; Harvey, Koren, 

Reichenberg, & Bowie, 2006), several psychological processes may also play a role in 

neuropsychological impairment in SZ. Grant, Beck, Rector and colleagues (Beck & Rector, 

2005; Grant & Beck, 2009; Rector, Beck, & Stolar, 2005) proposed that dysfunctional 

beliefs play an important role in neurocognitive deficits in SZ. These include defeatist 

performance beliefs (i.e., overly generalized negative conclusions regarding task 

performance) and negative expectancy appraisals, such as perceptions of limited cognitive 

resources, negative beliefs related to one’s ability to persist in difficult tasks, and reduced 

expectations for success (Couture, Blanchard, & Bennett, 2011; Grant & Beck, 2009; Horan, 

et al., 2010). Several studies have reported an association between neurocognitive deficits 

and dysfunctional beliefs in SZ, including defeatist performance beliefs and negative 

expectancy appraisals (Couture, et al., 2011; Grant & Beck, 2009; Horan, et al., 2010). 

There is also a significant association between neurocognitive impairment and anhedonia in 

SZ. In particular, neurocognitive impairments may be related to reduced anticipation of how 

much pleasure can be experienced from future activities (Strauss & Gold, 2012). It is 

currently unclear whether dysfunctional beliefs and anhedonia are associated with 

insufficient effort during neuropsychological testing. In the only study examining such 

associations to date, effort on the Word Memory Test was significantly correlated with 

anhedonia, but not negative expectancy appraisals measured in relation to beliefs about 

performance on the Trail Making Part B test (Avery, et al., 2009). Thus, there is some 

evidence that a significant proportion of variance in neuropsychological test scores is 

accounted for by effort, anhedonia, and dysfunctional beliefs; however, the extent to which 

these variables make individual and combined contributions to neuropsychological 

impairment in SZ is unclear.

In the current study, we conducted two experiments to determine whether 

neuropsychological impairment in SZ is predicted by insufficient effort and psychological 

variables. We hypothesized that a small proportion of individuals with SZ would fail 

standard effort tests, and that effort, anhedonia, dysfunctional beliefs, and negative 

symptoms would explain a significant proportion of variance in neuropsychological test 

scores in SZ.

Experiment #1

In Study 1, we administered a well-validated measure of effort, the Victoria Symptom 

Validity Test (VSVT: Slick et al. 1997), to a sample of schizophrenia patients and healthy 

controls. The VSVT is sensitive to detecting low effort and has been shown to differentiate 

malingerers from healthy controls and neurological patients (Slick et al, 1996). Although the 

VSVT is presented as a memory test, it is not a true memory test, but a test of effort. Patients 

Strauss et al. Page 3

Neuropsychology. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



with neurological disorders typically obtain near perfect performance on the VSVT (Slick et 

al., 2003). The VSVT would therefore be expected to be an adequate test of effort in SZ, 

even though these patients have memory deficits.

Participants

Participants included 97 individuals meeting DSM-IV-TR criteria for schizophrenia or 

schizoaffective disorder and 63 healthy controls. Patient and control groups did not differ on 

age, gender, ethnicity, or parental education (Table 1). Individuals with SZ were recruited 

from the Maryland Psychiatric Research Center outpatient clinics and other local treatment 

programs. Exclusion criteria included: (1) history of substance abuse or dependence in the 

past 6 months, (2) history of a head injury, and (3) history of a neurological disorder. 

Patients were clinically stable at the time of assessment. Stability was defined by constant 

dosage and type of medication for a period of at least 4 weeks and as judged by treatment 

providers. Consensus diagnosis was established with a best-estimate approach based on a 

diagnostic interview and medical records, and subsequently confirmed using the Structured 

Clinical Interview for DSM–IV (SCID; (First et al., 2001). All patients were prescribed 

antipsychotic medications.

Healthy control participants were recruited from the community by means of random digit 

dialing, newspaper advertisements, and word of mouth. In addition to the aforementioned 

exclusionary criteria, control subjects did not meet criteria for current Axis I or II diagnoses 

as determined by the Structured Clinical Interview for DSM-IV Axis I Disorders (First et al., 

2001) and Structured Interview for DSM-IV Personality (SID-P) (Pfol et al., 1997), reported 

no family history of psychosis, and were not taking psychotropic medications. Subjects were 

screened using urine toxicology to assess for current substance use. All participants signed 

an informed consent for a research protocol approved by the University of Maryland 

Institutional Review Board.

Measures

Participant completed the Wechsler Test of Adult Reading (Wechsler, 2001) and the 

MATRICS Cognitive Consensus Battery (MCCB; (Nuechterlein, et al., 2008). The WTAR 

is a measure of word reading often used as an estimate of premorbid intellectual functioning. 

The MCCB consists of 10 tests that yield domain scores in relation to 7 areas of cognition 

(speed of processing, attention/vigilance, working memory, verbal learning, visual learning, 

reasoning and problem solving, social cognition), as well as a global impairment score.

Participants also completed the Victoria Symptom Validity Test (Slick et al., 1997), a 

computerized cognitive test used to assess inadequate effort in neuropsychological testing. 

The VSVT is a 48-item test separated into three blocks of 16 trials. Examinees are presented 

with a recognition trial consisting of a 5 digit number, followed by a brief retention interval 

that varies across trials (trials 1–16 = 5 seconds, trials 17–32 = 10 seconds, trials 33–48 = 15 

seconds). After the retention interval, subjects receive a forced-choice recognition trial in 

which they are presented with the original 5-digit number and a 5-digit foil and asked to 

indicate which of the two numbers was originally presented. Recognition distractors are 

either easy or difficult, as determined by their similarity to the original stimulus. A measure 
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of inadequate effort was derived from examining performance across these difficult items in 

comparison to VSVT standardization norms and established cut-scores for inadequate effort. 

Difficult item correct scores ≥ 16 indicate sufficient effort. By chance alone, individuals 

would be expected to perform above this score on difficult items approximately 3 out of 100 

times. Thus, even though the difficult items are designed to look harder than easy items, 

difference in performance between easy and difficult items are minimal and “difficult” items 

are in fact quite easy. Discrepancies between the easy and difficult items or low scores on 

the difficult items have been shown to predict insufficient effort (Slick, Hopp, Strauss, & 

Spellacy, 1996).

A clinical interview was performed to assess symptom severity and functional outcome, 

after which the following scales were completed by clinicians trained to MPRC reliability 

criteria using gold-standard training videos (Inter-rater reliability > 0.80 on each scale): 

Scale for the Assessment of Negative Symptoms (SANS; (Andreasen et al., 1983), Brief 

Psychiatric Rating Scale (BPRS; (Overall & Gorham, 1962), and Level of Function Scale 

(LOF: (Hawk et al., 1975). Questionnaires administered to explore potential relationships 

between psychological variables and VSVT performance included: the Revised Chapman 

Scales for Physical and Social Anhedonia (Chapman, Chapman, & Raulin, 1976; Eckblad, 

1982).

Results

VSVT Performance—One individual with SZ and 0 CN failed the VSVT. The proportion 

of SZ vs. CN who failed the VSVT was nonsignificant (SZ: 1.0% vs. CN: 0.0%), χ2 (1, n = 

160) =0.65, p= 1.00. The sole patient who failed the VSVT received scores of 22/24 and 

11/24 on the easy and difficult items, respectively. This person was retested approximately 1 

month later and passed the second administration, receiving scores of 23/24 (easy) and 

18/24 (difficult) (this subject’s original scores are included in analyses).

One-way ANOVAs indicated that SZ had significantly lower accuracy and slower reaction 

time (RT) than CN on VSVT easy and difficult items (see Table 1). On the VSVT, easy item 

RTs > 3 seconds have been shown to predict questionable or invalid performance; our 

patients and CN had mean RTs much faster than 3 seconds. Additionally, larger 

discrepancies in RT to easy and difficult items are associated with low effort (e.g., >5 

seconds); much like CN, our SZ patients displayed minimal differences in RT between easy 

and difficult items (~ 1 second)

The VSVT also yields a Right-Left Preference score, which indicates the extent to which the 

examinee displayed a bias toward selecting the left or right item more frequently. Correct 

responses are evenly distributed across sides, so side preference reflects biased or random 

responding. Scores < −0.6 indicate a left sided bias and scores > 0.6 indicate a right sided 

bias. Evaluation of the mean Right-Left preference scores indicated that neither group 

displayed a left or right-sided bias; ANOVA revealed that groups did not differ on the Right-

Left preference score.

Multiple Regression—VSVT difficult accuracy, Chapman anhedonia scores, and SANS 

total scores were used in stepwise (backward) multiple regression analysis to predict MCCB 
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global scores in SZ. The correlations among the variables are presented in Supplemental 

Materials (see Tables S1 and S2). In SZ, poorer performance on VSVT difficult items (i.e., 

lower effort) was associated with greater severity of physical anhedonia and 

neuropsychological impairment. Poorer neuropsychological test performance was associated 

with greater severity of physical anhedonia. The prediction model contained 2 of the 4 

predictors and was reached in 3 steps with two variables removed. The model was 

statistically significant and accounted for approximately 26% of variance in MCCB global 

scores. Cognition was significantly predicted by low effort and negative symptoms (see 

Table 2).

Experiment #2

Results of Study # 1 indicated that only 1% of SZ patients failed the VSVT. Given that the 

VSVT has been found to be less sensitive to detecting low effort than some other 

freestanding effort measures (Tan, Slick, Strauss, & Hultsch, 2002), we conducted a second 

experiment where participants completed a test that is known to be more sensitive to 

detecting subtle reductions in effort, the Word Memory Test (WMT: (Green, 2003). In 

addition to examining anhedonia and effort as predictors of cognitive impairment, we also 

examined defeatist performance beliefs and negative expectancy appraisals. Specifically, we 

evaluated beliefs in relation to performance on the VSVT and obtained reports of expected 

success, effort, and pleasure on the WMT after participants heard standard instructions. We 

also obtained self-reports on questionnaires validated to assess defeatist performance beliefs 

and negative expectancy appraisals.

Methods

Participants—Participants included 46 individuals with SZ and 33 CN. SZ and CN did not 

significantly differ on age, parental education, sex, or ethnicity (see Table 3). All patients 

were prescribed antipsychotic medications. Recruitment, diagnostic, and exclusionary 

procedures were identical to Experiment 1. All participants signed an informed consent for a 

research protocol approved by the University of Maryland Institutional Review Board.

Measures—In addition to the SCID and SID-P, all participants completed a battery of 

psychiatric rating instruments, questionnaires, and neuropsychological tests. Questionnaires 

included: (1) Revised Chapman Physical and Social Anhedonia Scales(Chapman, et al., 

1976; Eckblad, 1982), (2) Success and Resource Appraisals Questionnaire (SARA-Q: 

(Couture, et al., 2011), a self-report measure of expectation for success and appraisal of 

cognitive resources, and (3) the Defeatist Performance Beliefs subscale of the Defeatist 

Attitudes Scale, which evaluates overgeneralized conclusions about one’s ability to perform 

tasks (DPB: (Grant & Beck, 2009; Weissman, 1978)). Symptom rating scales included: (1) 

Brief Negative Symptom Scale (BNSS: (Kirkpatrick, et al., 2011; Strauss, Hong, et al., 

2012; Strauss, Keller, et al., 2012) and (3) Brief Psychiatric Rating Scale (BPRS: (Overall & 

Gorham, 1962). Functional outcome was assed using the Level of Function Scale (LOF: 

(Hawk et al., 1975). Neuropsychological status was evaluated using the MATRICS 

Consensus Cognitive Battery (MCCB: (Nuechterlein, et al., 2008). Of note, 3 participants 
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did not complete the MCCB (SZ: n=2; CN: n=1). All subjects who did not complete the 

MCCB passed the WMT.

Green’s Word Memory Test (WMT: (Green, 2003)) was administered to measure effort. 

The WMT consists of 6 subtests, including Immediate Recognition (IR), Delayed 

Recognition (DR), Multiple Choice (MC), Paired Associates (PA), Free Recall (FR), and 

Long Delayed Free Recall (LDFR). Participants are shown 20 word pairs on the screen, one 

at a time, and then tested for immediate recognition (IR). After a 30-minute delay, delayed 

recognition (DR) is tested using different foils. The consistency between the IR and DR 

scores is assessed (CNS). Three memory subtests are then given. In Multiple Choice (MC) 

testing, participants are shown the first word of the pair and asked to select its match from 8 

choices. In Paired Associates (PA) a word is given from each pair and the participant is 

asked to provide its match. In Free Recall (FR) the participant is asked to recall as many 

words as possible without prompting. Effort is determined by performance on variables that 

are extremely easy to pass (immediate recognition, delayed recognition and response 

consistency scores), and on which adults with neurological disease or brain injury can obtain 

scores of approximately 95% (Green, et al., 2001). Individuals were considered to fail the 

WMT according to standardized procedures outlined in the WMT manual: scoring below the 

82.5% cutoff on any of the 3 WMT effort scale (i.e., Immediate Recognition, Delayed 

Recognition, Consistency). A composite effort measure was calculated by averaging the 3 

WMT effort subtests.

After the standardized WMT instructions were read, participants were asked three questions 

to determine whether psychological factors predict performance on effort testing: (1) how 

much they expected to enjoy the test, (2) how successful they expected to be on the test, and 

(3) how much effort it would take to complete the test. Each self-report was made on a 1 

(not at all) to 7 (extremely) scale. Self-reports were not obtained on 3 participants (SZ: n = 

1; CN: n = 2). All subjects who did not complete the self-report questions passed the WMT.

Results

WMT Performance—A total of 7/46 individuals with SZ and 0/33 CN failed the WMT. 

The proportion of SZ vs. CN that failed the WMT was statistically significant (SZ: 15.2% 

vs. CN: 0.0%), χ2 (1, n = 79) =5.51, p= 0.038. Any individuals who failed the WMT were 

subsequently administered the VSVT- all participants who failed the WMT scored above the 

VSVT low effort cut-off score.

Figures 1A and 1B present mean group performance for each of the WMT subtests. A 2 X 6 

(Group [SZ, CN] X Subtest [IR, DR, MC, PA, FR, LDFR]) repeated measures ANOVA 

indicated a significant group x WMT subtest interaction [F(2.89, 211.10) = 33.17, p < .001, 

ηp
2 = .31], within-subjects effect of WMT subtest [F(2.89, 211.10) = 170.17, p < .001, ηp

2 

= .70], and between-subjects effect of group [F(1, 73) = 51.27, p < .001, ηp
2 = .41]. Follow-

up one-way ANOVAs revealed that the schizophrenia group performed poorer than the 

healthy control group on all 6 WMT subtests (all p-values < .01).

Self-Report for WMT Performance and Experience—Patient and healthy control 

groups were compared on their self-reported ratings of expected enjoyment, success, and 
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effort on the WMT (see Figure 2A). A 2 X 3 (Group [SZ, CN] X WMT Question [enjoy, 

success, effort]) repeated measures ANOVA revealed a significant within-subjects effect of 

WMT question [F(2, 148) = 8.41, p < .001, ηp
2 = .10] and a significant group effect [F(1, 

74) = 8.98, p = .004, ηp
2 = .11]. However, the Group X WMT Question interaction was 

nonsignificant [F(2, 148) = 1.76, p = .18]. Follow-up one-way ANOVAs indicated that 

compared to CN, SZ expected less enjoyment from the test [F(1, 74) = 7.00, p = .01] and to 

be less successful on the WMT [F(1, 74) = 11.04, p = .01]; groups did not differ on how 

much effort they expected it would take to complete the test [F(1, 74) = .364, p = .55].

A 3 X 3 (Group [SZ-PASS, SZ- FAIL, CN] X WMT Question [enjoy, success, effort]) 

repeated measures ANOVA was also conducted, and revealed significant within-subjects 

[F(2, 146) = 6.85, p = .001, ηp
2 = .09] and group [F(2, 73) = 4.55, p = .014, ηp

2 = .11] 

effects; there was a trend toward a significant Group X WMT Question interaction [F(4, 

146) = 2.19, p = .073]. Again, groups differed significantly on how much they expected to 

enjoy the test [F(2, 73) = 5.30, p = .007] and how successful they expected to be on the test 

[F(2, 73) = 3.66, p = .03], but not on how much effort they expected it would take to 

complete the test [F(2, 73) = .18, p = .835]. Post-hoc LSD contrasts revealed that only the 

SZ-pass and the CN groups differed significantly on how much they expected to enjoy the 

test [p = .003], such that the CN group expected to enjoy the WMT more. There was a trend 

toward SZ-PASS expecting to enjoy the WMT less than SZ-FAIL (p = .07). Additionally, 

the SZ-PASS [p = .03] and SZ-FAIL [p = .03] groups expected to be less successful on the 

WMT than CN (see Figure 2B); however, SZ-PASS and SZ-FAIL groups did not differ on 

expected success (p = .35).

Neuropsychological Test Performance—One-way ANOVAs revealed significant 

group differences between SZ and CN on all MCCB subtests, as well as the composite score 

[p < .001] such that SZ had significantly greater impairment (see Figure 3A). The magnitude 

of impairment was approximately 2 SDs below healthy controls, which is lower than the 1 

SD difference typically found in meta-analyses examining performance on individual tests. 

This difference in magnitude of impairment may reflect that composite scores are more 

sensitive than any individual test typically included in meta-analyses.

A 3 X 8 (Group [SZ-PASS, SZ-FAIL, CN] X MCCB Subtest [processing speed, attention/

vigilance, working memory, verbal learning, visual learning, reasoning/problem solving, 

social cognition, overall score]) repeated measures ANOVA was also conducted to 

determine whether groups displayed different patterns of impairment across MCCB subtests. 

Group means are shown in Figure 3B. There was a significant effect of MCCB subtest 

[F(5.08, 365.81) = 11.08, p < .001, ηp
2 = .13], Group [F(12, 72) = 51.23, p < .001, ηp

2 = .

59], and Group X Subtest interaction [F(10.16, 365.81) = 4.07, p < .001, ηp
2 = .10]. Follow-

up one-way ANOVAs revealed significant group differences on all MCCB subtests, and on 

the overall MCCB score [all p-values < .001]. Post-hoc LSD contrasts revealed that CN had 

significantly better performance than SZ-FAIL and SZ-PASS on all 7 MCCB domains and 

the global score (p < .01 for all). SZ-FAIL performed significantly worse than SZ-PASS on 

the MCCB processing speed, working memory, visual learning, and global score (p’s < .05); 

however, there were no differences on attention/vigilance, verbal learning, reasoning/

problem solving, and social cognition (p’s > .19).
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Multiple Regression—The WMT composite, chapman physical and social anhedonia, 

SARA-Q, WMT success expectancy, and BNSS total scores were used in stepwise 

(backward) multiple regression analysis to predict MCCB global scores in SZ. Correlations 

among the variables are presented in Supplemental materials (Tables S3 and S4). The 

prediction model contained 2 of the 6 predictors and was reached in 5 steps with 4 variables 

removed. The model was statistically significant and accounted for approximately 36% of 

variance in MCCB global scores. Cognition was predicted by low effort and negative 

symptoms (see Table 4).

General Discussion

Across two experiments, we examined the role of effort in neuropsychologcal test 

performance in SZ. Results indicated that only 1% of SZ patients failed the VSVT in 

Experiment 1 and 15.2% failed the WMT in Experiment 2. These findings suggest that the 

majority of individuals with SZ put forth adequate effort during neuropsychological testing. 

Low rates of insufficient effort were also found in most prior SZ studies, with similar 

findings across studies using freestanding and embedded effort tests (Avery, et al., 2009; 

Moore, et al., 2013; Schroeder & Marshall, 2011). Inconsistencies in effort rates between 

our two experiments may reflect variation in the sensitivity of the tests used. The WMT is 

known to be more sensitive to subtler forms of low effort (Tan, et al., 2002), such as those 

that might be expected to occur in SZ as result of motivational impairments rather than 

malingering. This explanation appears viable given that when we administered the VSVT to 

patients who had failed the WMT in Experiment 2, there were no patients who failed both 

tests.

Interestingly, patients who failed the WMT performed significantly worse than those who 

passed on only 3 MCCB subtests: processing speed, working memory, and visual learning. 

There were no differences between those who passed and those who failed on attention/

vigilance, verbal learning, reasoning/problem solving, and social cognition. This suggests 

that although low effort contributes to reduced test scores, it cannot fully account for the 

generalized cognitive impairment that is observed in SZ. A combination of low effort, CNS, 

and general systems factors (e.g., inflammation, oxidative stress, metabolic factors) may 

explain the generalized cognitive deficit in SZ.

Results of our two experiments, as well as most other published studies using standard effort 

tests in SZ (Arnold, et al., 2005; Avery, et al., 2009; Back, 1996; Duncan, 2005; Egeland, et 

al., 2003; Gierok, et al., 2005; Hunt, et al., 2014; Moore, et al., 2013; Pivovarova, et al., 

2009; Schroeder & Marshall, 2011), stand in contrast to the results of Gorrisen et al. 

(Gorissen, et al., 2005) who found that 72% of patients diagnosed with SZ failed the WMT. 

The high proportion of WMT failures led Gorrisen et al. (2005) et al to conclude that 

insufficient effort represents a serious threat to the validity of neuropsychological test data in 

SZ. However, given the mounting evidence for relatively low rates of failure on effort tests 

in SZ (generally <25%), we disagree with this conclusion. Several factors may explain the 

striking differences in failure rates between Gorrisen et al. (2005) and other published SZ 

studies. First, patients in the Gorrisen et al. (2005) sample may not be representative of the 

general population of individuals with SZ. Compared to patients in our samples, those in 
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Gorrisen et al. (2005) were older, more cognitively impaired, and referred for 

neuropsychological evaluation due to suspected cognitive impairment. Patients in our 

studies were recruited from an outpatient research center where they received 

pharmacological and psychosocial treatment- they were not referred for neuropsychological 

evaluation purposes. Additionally, Gorrisen et al. (2005) included a sample of inpatients that 

were ostensibly more symptomatic than the stable outpatients in our sample, which tended 

to have relatively mild positive, negative, and general psychiatric symptoms. Given the 

remarkable heterogeneity of schizophrenia and potential differences in cognition across 

phases of the illness, additional studies examining effort in SZ are needed to resolve 

discrepancies within this literature.

Although the majority of SZ patients passed the effort tests administered in the current 

study, stepwise regression analyses indicated that global neuropsychological impairment 

was significantly predicted by low effort and negative symptoms. Self-reported anhedonia 

was also predictive of neuropsychological impairment, but to a lesser extent. These findings 

may suggest that SZ patients who fail effort tests and do poorly on neuropsychological 

assessments exhibit insufficient effort due to abnormal motivational or affective processes. 

Patients failing the WMT also had significantly lower personal education and a trend toward 

lower parental education. They may therefore have a history of not performing well during 

testing sessions and may have low expectations for academic/testing achievement. Unlike 

many patients who fail effort testing in clinical settings, we do not suspect that individuals 

with SZ who fail effort tests are feigning cognitive impairment. Rather, insufficient effort 

travels with negative symptoms (e.g., avolition, anhedonia) that affect a minority of patients 

with the disease. It may therefore be important to evaluate effort in SZ patients with severe 

negative symptoms to ensure the validity of their neuropsychological test results. 

Furthermore, the MCCB domains that correlated with symptom validity test performance 

included subtests that require sustained effort (e.g., symbol-coding, animal fluency). These 

results raise caution for examiners, indicating that some patients should be prompted to keep 

trying on more demanding tests despite features of their illness that make these tests more 

difficult.

Consistent with hypotheses, dysfunctional beliefs were meaningfully associated with low 

effort in SZ. In both experiments, greater severity of self-reported physical anhedonia was 

associated with lower effort in both studies, and in experiment 2 low effort was related to 

negative expectancy appraisals. Expectations for reduced success on the WMT were most 

related to low effort, whereas defeatist performance beliefs and SARA-Q scores were not 

associated with WMT effort. These findings provide only modest support for recent 

psychological models of SZ (Beck & Grant, 2008; Grant & Beck, 2009). Based on these 

psychological theories, one would expect that defeatist performance beliefs and beliefs of 

limited cognitive resources, broadly held, would strongly predict low effort. In our study, 

only beliefs of low success on the WMT predicted low effort on the WMT, potentially 

suggesting that situation-specific rather than more global perceptions of limited cognitive 

resources may predict insufficient effort during neuropsychological testing. In developing 

future cognitive remediation programs for SZ, it may therefore be valuable to target task-

specific low success expectancies using cognitive therapy techniques.
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Although the base rate is relatively low, it may be worth screening for insufficient effort and 

excluding those patients who fail effort tests from clinical trials examining the efficacy of 

cognitive enhancing drugs or cognitive rehabilitation programs. The exclusion of such 

patients may increase the likelihood of detecting small to moderate treatment effects. 

Alternatively, patients failing effort testing could be retained in treatment trials and effort 

testing could be used to identify which patients might benefit from individually tailored 

cognitive remediation approaches that incorporate incentives to maximize effort. 

Freestanding effort tests may be valuable additions to comprehensive neuropsychological 

test batteries such as the MCCB that are used in cognitive enhancing clinical trials. Given 

differences in beta weights that were observed between the WMT and VSVT for predicting 

global neurocognitive impairment on the MCCB, the WMT may be the more sensitive test. 

Indeed, it has an extensive literature and normative database for score comparisons with 

both psychiatric and neurological disorders and it has been shown to have better sensitivity 

and specificity than some other measures (Tan, et al., 2002). However, current guidelines for 

effort testing recommend the use of multiple measures. Therefore it would be ideal to 

include other freestanding measures and examine embedded effort indices when performing 

neuropsychological evaluations on individuals with SZ.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
WMT Performance among Groups

Note. SZ = Schizophrenia; CN = Control; SZ_Fail = Schizophrenia patients who failed the 

Word Memory Test; SZ_PASS = Schizophrenia patients who passed the Word Memory 

Test; IR = Immediate Recognition; DR = Delayed Recognition; MC = Multiple Choice; PA 

= Paired Associates; FR = Free Recall
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Figure 2. 
Self-reports of Expected Enjoyment, Success, and Effort on the WMT among Groups

Note. SZ = Schizophrenia; CN = Control; SZ_Fail = Schizophrenia patients who failed the 

Word Memory Test; SZ_PASS = Schizophrenia patients who passed the Word Memory 

Test; Enjoy = Self-report of How much participants expected to enjoy the Word Memory 

Test; Success = How well participants expected to do on the Word Memory Test; Effort = 

How much effort participants expected it would take to complete the Word Memory Test
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Figure 3. 
Neuropsychological Test Performance among Groups

Note. SZ = Schizophrenia; CN = Control; SZ_Fail = Schizophrenia patients who failed the 

Word Memory Test; SZ_PASS = Schizophrenia patients who passed the Word Memory 

Test; Proc speed = Processing Speed; Att/Vig = Attention/Vigilance; Work Mem = Working 

memory; Verb Lrn = Verbal learning; Vis Lrn = Visual learning; Reasoning/PS = 

Reasoning/Problem-solving; Social cog = Social cognition; Overall = Global t-score.
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Table 1

Participant Demographics and Test Performance for Experiment 1

SZ (n = 97) CN (n = 63) Test Statistic η2
partial

Demographics

 Age 42.1 (9.7) 41.5 (9.7) F = 0.17 .001

 Parental Education 13.2 (2.91) 13.5 (2.5) F = 0.43 .220

 Participant Education 12.5 (2.3) 14.9 (1.9) F = 47.45*** .002

 % Male 69.1% 66.7% χ2 = 0.10 --

 Ethnicity χ2 = 1.87 --

  Caucasian 57.7% 61.9%

  African-American 36.1% 34.9%

  American-Indian 2.1% 0%

Neuropsychological Performance

 WTAR SS 95.8 (16.2) 108.5 (12.5) F = 25.99*** .149

 WASI Full-Scale IQ 95.2 (14.5) 113.63 (10.9) F = 68.73*** .310

 VSVT

  Accuracy Easy Items 23.6 (1.0) 24.0 (0.2) F = 10.4*** .060

  Accuracy Difficult Items 21.9 (2.5) 23.7 (0.6) F = 30.3*** .152

  RT Easy Items 1.9 (0.7) 1.4 (0.5) F = 30.7*** .172

  RT Difficult Items 2.9 (1.1) 2.2 (0.7) F = 20.4*** .121

  Right-Left Preference −0.01 (0.06) 0.00(0.03) F = 1.20 .006

Note. SZ = Schizophrenia; CN = Control; WTAR SS = Wechsler Test of Adult Reading Scaled Score; WASI = Wechsler Abbreviated Scale of 
Intelligence; VSVT = Victoria Symptom Validity Test; RT = Reaction Time;

***
= p < 0.001
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Table 2

Regression Models Predicting Global MCCB Performance (Experiment 1)

β F R2

Step 1 7.96*** .28

 Constant

 VSVT Difficult Accuracy .36***

 SANS Total −.27**

 PA −.16

 SA .03

Step 2 10.71*** .28

 Constant

 VSVT Difficult Accuracy .36***

 SANS Total −.26**

 PA −.14

Step 3 14.79*** .26

 Constant

 VSVT Difficult Accuracy .39***

 SANS Total −.30**

Note.

***
p < 0.001;

**
p< 0.01;

MCCB = MATRICS Consensus Cognitive Battery; VSVT = Victoria Symptom Validity Test; SANS = Scale for the Assessment of Negative 
Symptoms; PA = Chapman Scale Physical Anhedonia; SA = Chapman Scale Social Anhedonia
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Table 4

Regression Models Predicting Global MCCB Performance (Experiment 2)

β F R2

Step 1 4.26** .44

 WMT .36*

 Success Expectancy .07

 BNSS Total −.37*

 SARA-Q .04

 PA −.39

 SA .28

Step 2 5.25*** .44

 WMT .35*

 Success Expectancy .08

 BNSS Total −.35*

 PA −.38

 SA .28

Step 3 6.60*** .43

 WMT .38**

 BNSS Total −.36*

 PA −.39*

 SA .29

Step 4 7.70*** .39

 WMT .42**

 BNSS Total −.29

 PA −.21

Step 5 10.36*** .36

 WMT .47***

 BNSS Total −.38**

Note.

***
p < 0.001;

**
p< 0.01;

MCCB = MATRICS Consensus Cognitive Battery; WMT = Word Memory Test; BNSS = Brief Negative Symptom Scale; SARA-Q = Success and 
Resource Appraisals Questionnaire; PA = Chapman Scale Physical Anhedonia; SA = Chapman Scale Social Anhedonia; Success Expectancy = 
How well participants expected to do on the Word Memory Test
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