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Abstract

The cognitive and affective factors implicated in the motivational impairments seen in many 

people with schizophrenia remain poorly understood. In the past two years a number of research 

groups have done studies examining the role of effort-cost computations driven by the hypothesis 

that over-estimation of the cost of effort involved in volitional behavior might underlie the 

reduction in goal-directed behavior seen in some people with schizophrenia. The goal of this 

commentary is to assess the available evidence and the interpretative ambiguities that remain to be 

addressed by further studies. There is a clear preponderance of evidence suggesting that people 

with schizophrenia demonstrate altered effort allocation by failing to make high effort response 

choices in order to maximize reward. The evidence relating altered effort-allocation to the severity 

of negative symptoms is mixed. It remains for future work to determine the precise mechanisms 

implicated in altered effort-allocation with two prominent possibilities: 1) that patients 

overestimate the cost of effort, or, 2) underestimate the value of potential awards. Other 

mechanisms in need of investigation include the potential contributions of other impairments 

associated with the illness that actually increase the cost of effort. Further it is possible that 

accurate value representations fail to invigorate behavior. While questions remain, evidence 

available to date suggests that the study of cost-benefit decision making may shed new light on the 

motivational impairments seen in many people with schizophrenia.

Keywords

Schizophrenia; Motivation; Negative Symptoms; Decision Making; Effort Cost; Avolition

* Correspondence concerning this article should be addressed to James M. Gold, Ph.D., jgold@mprc.umaryland.edu. Phone: 
+1-410-402-7871. Fax: +1-410-402-7198. University of Maryland School of Medicine, Maryland Psychiatric Research Center, P.O. 
Box 21247, Baltimore, MD, 21228 USA.. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Financial disclosure: James Gold receives royalty payments from the BACS and has been a consultant for Amgen, Hoffman LaRoche, 
Takeda, and Lundbeck; James Waltz and Michael Frank have done consulting work for Hoffman LaRoche.

HHS Public Access
Author manuscript
Biol Psychiatry. Author manuscript; available in PMC 2016 December 01.

Published in final edited form as:
Biol Psychiatry. 2015 December 1; 78(11): 747–753. doi:10.1016/j.biopsych.2015.05.005.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Negative symptoms are defined as the absence of normal function: a lack of normal 

emotional expressivity, a lack of goal-directed behavior, a lack of social engagement. These 

symptoms are largely unresponsive to standard psychopharmacological treatments and it is 

common to read that negative symptoms are highly correlated with functional outcome (1). 

This is hardly surprising given that the same behaviors that are rated as negative symptoms 

are central features of functional outcome: patients with high levels of avolition and 

asociality, by definition, have limited instrumental role behavior and limited social contacts 

– central features of poor outcome. Thus, negative symptoms – particularly in the area of 

motivation and asociality – are not really a correlate of outcome; such symptoms are 

outcomes. Given this, increased understanding of the origins of negative symptoms is 

critical to guide treatment development.

For many years the lack of goal-directed behavior in people with schizophrenia (PSZ) was 

understood to reflect the impact of anhedonia. Simply put, if goal attainment is not 

particularly enjoyable - because the hedonic pay-off is blunted - there is little reason to 

pursue such goals. That causal understanding has been thoroughly challenged by a host of 

laboratory and experience-sampling studies over the last decade that have repeatedly shown 

that patients appear to have largely normal in- the-moment hedonic responses to a wide 

variety of evocative stimuli (2,3). Thus, the puzzle is: why do PSZ fail to pursue goals and 

potentially rewarding experiences that they seem to truly enjoy? In the framework 

developed by Berridge and Robinson (4): why do patients, particularly those with high 

levels of negative symptoms, seem to not want what they like?

In seeking to answer this question, researchers have begun to examine the role of effort-cost 

computations in decision-making. This is a particularly attractive concept from a 

translational perspective because there is a very rich basic neuroscience literature in this area 

demonstrating the critical role of dopamine in wanting (i.e. the willingness to work for 

rewards, rather than in liking per se; 5). Dopamine appears to play a fundamental role in 

invigorating and sustaining behaviors that facilitate obtaining a desired reward, in 

overcoming barriers in time, space, and instrumental requirements that stand between where 

an animal is at one point in time and where it needs to be to have the opportunity to consume 

a reward(6). In brief, dopamine-depleted rodents prefer low-effort/low-reward options, 

instead of high-effort/high-reward ones – an effect that is reversed by amphetamine 

administration (7). Notably, dopamine blockade does not impact hedonic responses; animals 

simply cease to be willing to work for, to expend effort to obtain rewards that they “like” 

(4). Furthermore, it does not impede the physical capability to expend effort: when there is 

no reward available for the low-effort option, DA- blockade does not impact the selection of 

the high-effort/high-reward option (8). More detailed investigations have shown that the 

effective cost of effort is enhanced by pharmacological manipulations that promote 

excitability of D2-expressing neurons in the striatum, and the effective cost can be reduced 

by decreasing this excitability (9, 10, 11). These pharmacological observations are 

complimented by studies showing that over-expression of striatal D2 receptors induced in 

adulthood, using genetic methods, leads to enhanced willingness to work for higher levels of 

reward (12). In healthy humans, d-amphetamine administration increases the willingness to 

work for higher levels of reward, and differences in dopamine release are predictive of how 
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willing an individual is to make high effort choices to obtain higher reward levels (13). This 

evidence fits with computational models that capture these and a range of other effects by 

assuming that dopamine – via differential effects on striatal D1 and D2 receptors – 

modulates the extent to which choices are dictated by prospective gains vs. losses/costs of 

alternative actions (14). Both human functional imaging and rodent lesion studies suggest 

that cost/benefit decision making is also critically dependent on the anterior cingulate cortex 

(ACC) which may serve an integrative function representing actions and their anticipated 

outcomes—the basis for value-based decision-making (15, 16, 17). The fact that 

schizophrenia is associated with both dopamine dysfunction, as well as functional 

abnormalities in the ACC, suggests that effort-based decision making is likely to be altered 

in schizophrenia (18, 19).

Several recent studies have provided converging results in supporting this hypothesis. In the 

first such study, from our group (20), 44 patients with schizophrenia (PSZ) and 36 healthy 

controls (HC) were offered a choice between making 20 speeded alternating button presses 

to obtain a $1 payoff, or making 100 button presses to earn higher reward levels ($3-7). The 

probability of receiving the payoff was either 50% or 100%. The critical result was that PSZ 

were less likely to make the high effort choice at both the highest and 100% certain reward 

levels compared to HC. The evidence of altered effort allocation was most evident in 

patients with the highest levels of clinically-rated negative symptoms. This study was 

followed by Fervaha et al (21), who studied 16 PSZ and 16 HC using the Effort Expenditure 

for Rewards Task (EEfRT), developed by Treadway (22). In this task, subjects face a series 

of decisions between an easy task (button pressing with the index finger of the dominant 

hand for 7 seconds) and a harder task (using the non-dominant hand pinky to do speeded 

button pressing for 21 seconds), with titration of the number of button presses for each 

subject to adjust for differences in motor performance. As in our study, PSZ showed reduced 

willingness to choose the more effortful alternative when both reward magnitude and 

probability were highest. Notably, higher scores on the Apathy Evaluation Scale (23) 

correlated with making fewer high-effort choices in the high- reward/probability options. 

The interpretation of this effect is complex, as it was only seen in an analysis that combined 

the control and patient group, and was not seen in the patient group alone. Barch et al (24) 

used a different version of the EEfRT in a sample of 59 PSZ and 39 HC. Patients again 

showed decreased willingness to make high-effort choices at the highest levels of reward 

and probability of payoff. In this study, reduced high-effort choices for the highest reward-

probability condition were related to ratings of avolition in patients. Importantly, better 

scores for community and work function were associated with higher rates of hard task 

choices in the highest probability condition, providing additional evidence that a laboratory-

based measure of cost/benefit decision relates to real-world functioning.

Recently, Treadway et al (25) used the EEfRT in a group of 12 PSZ and 15 HC and found 

the same pattern of results: patients differed from controls at the highest levels of reward 

probability and magnitude. They also did an analysis where they examined the degree to 

which each subject's choices was influenced by the expected value on each trial, finding that 

patients failed to use EV to guide choices, whereas the choices of controls were strongly 

predicted by EV. Notably, they observed that the choices of patients with lower scores on 
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the Scale for the Assessment of Negative Symptoms (SANS; 26) were more influenced by 

EV than patients with higher SANS scores.

Thus, the three studies using the EEfRT have all observed the same pattern of results: 

patients fail to choose high effort alternatives when payoffs are largest and most certain, as 

we found with a different task (20). In addition to this behavioral signature, it appears that 

altered effort allocation has a modest association with the severity of negative symptoms.

Confidence in this conclusion is bolstered by the results of two other studies using different 

methods. Hartmann et al (27) studied 31 PSZ and 20 HC using a novel handgrip-exertion 

task. In this task, individual exertion thresholds were determined for each subject. Subjects 

chose between a small amount of money (1 Swiss Franc) that required no exertion, or a 

larger reward (1.5- 5 Francs) that required squeezing at 40, 60, 80, or 100% of personal 

maximum pressure for 3.5 seconds. In analyses where the performance of healthy controls 

was compared to high-apathy and low-apathy patient groups, high-apathy patients showed 

more severe effort discounting than either controls or low-apathy patients. Consistent with 

this, apathy ratings from the Brief Negative Symptom Scale (BNSS; 28) were strongly 

correlated (r = -0.67) with overall effort-discounting scores, whereas diminished 

expressivity ratings (a separate negative symptom dimension) showed no relationship with 

discounting. One interpretive advantage of this paradigm is that the duration of trials is 

identical for the high- and low- effort choices, whereas in the previously discussed 

paradigms the choice of the high-effort alternative adds a delay: it takes more time to 

complete more presses, potentially confounding delay discounting (abnormal in PSZ; see 

29) in the measurement of effort discounting. In related work, Wolf et al, (30) used a 

progressive ratio task in a group of 41 PSZ and 37 controls and examined breakpoints – the 

point where a subject decides they are unwilling to continue with the task as the response 

demands increase. As hypothesized, PSZ had lower break points: they were less willing to 

continue the task as response demands increased. Further, breakpoints correlated with the 

Amotivation scale from the Clinical Assessment Interview for Negative Symptoms (CAINS; 

31). The same subjects also did a monetary card guessing task adapted from Delgado et al 

(32), known to elicit differential ventral striatal activity on winning and losing trials 

consistent with a prediction error signal. In PSZ, ventral striatal activation correlated with 

impaired motivation on the progressive ratio task, suggesting a direct link between the 

processing of unexpected rewards and willingness to expend effort.

The fact that all six of these studies provide evidence that PSZ show altered effort 

allocation, an effect that is related to negative symptoms in some, but not all, studies, is 

remarkable and suggests there is a real signal in this body of work. These studies raise the 

hypothesis that patients overestimate the cost of the effort that will be required to achieve 

their goals in everyday life. This hypothesis is bolstered by a recent study by Gard et al (33), 

which used ecological momentary assessment to examine the activities and goals of PSZ and 

healthy controls over the course of a week, with four surveys administered each day. Gard et 

al found that PSZ engaged in fewer effortful activities, set less effortful goals, set goals with 

less long-term benefits, and appeared to misestimate the amount of effort that would be 

required to achieve a goal. Interestingly, PSZ reported higher levels of anticipatory pleasure 

for goals relative to controls with similar levels of consummatory pleasure relative to 
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controls. Importantly, higher levels of clinically-rated negative symptoms were associated 

with having fewer goals that have long-term positive potential. Thus, lack of anticipated or 

experienced pleasure (i.e., anhedonia) does not appear to be a plausible explanation for the 

reduction in effortful goal-directed activities. Instead, it appears that PSZ set fewer effort-

demanding long-term goals for themselves with 92% of reported goals requiring either no or 

very little effort, whereas controls reported 69% no/low effort goals. The convergence 

between laboratory performance measures and self-report on everyday activities strongly 

suggests that there is an important clinical signal in cost/benefit decision-making.

This apparent unanimity among results appears to be short-lived. Docx et al (34) examined 

effort-based decision-making in a group of 40 PSZ and 30 controls using a handgrip task 

similar to that of Hartman (27) and failed to find either an overall effect of diagnosis or a 

negative symptom effect within the patient group. Further, another large-scale psychometric 

study examining multiple physical and cognitive effort-based decision-making paradigms 

has found main effects of diagnostic group across multiple measures suggesting reduced 

willingness to work harder for higher reward levels in PSZ, with relatively modest 

correlations between negative symptom severity and willingness to expend effort. Of note: 

willingness to expend effort was related to self-reported motivation and vocational 

performance (35).

Two preliminary conclusions appear to be warranted: 1) with one exception, all studies to 

date have found a main effect of diagnostic group, suggesting that PSZ show a reduced 

willingness to expend effort to obtain higher levels of reward; 2) this effect may be mediated 

by negative symptom severity. Given the interest in this area of work from groups around 

the world, we suspect that other studies will be appearing shortly. However, this may be an 

opportune time to consider the work to date and offer some thoughts on the interpretation of 

findings and methodological considerations.

The question remains how best to understand the origins of this apparent alteration in effort- 

allocation as many different processes may be involved in cost/benefit decision making. One 

potential confound to consider is that even simple motor tasks may be “harder” for patients 

than for controls due to motor impairments. This appears unlikely in that most tasks studied 

to date have very simple motor responses or involve individual difficulty titrations, 

minimizing but not eliminating, this concern. However, this issue may become more central 

as investigators move on to study cognitive effort tasks. It should also be noted that all 

previous studies (of which we are aware) have utilized monetary reinforcers, and the 

generalizability to other types of rewards has yet to be addressed. It is important to consider 

that cost/benefit decision making involves at least three separate processes: 1) the estimation 

or computations of the expected value (EV), or benefit, of an action; 2) the effort required to 

obtain that reward must be estimated; and 3) the EV of the action must be weighed against 

the perceived cost of the action. If the value is high enough, it should serve to invigorate 

action. Thus, overestimation of effort cost, underestimates of reward value, or difficulty 

translating of value into action selection can all result in altered effort allocation and 

different patients may demonstrate the same behavioral phenotype for different reasons. 

There is ample evidence for deficits in these processes from other studies in the literature. 

For example, we have shown a reduced correlation (relative to controls) between the 
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subjective valuation ratings offered by patients and the amount of effort they expended to 

either prolong contact with hedonic stimuli or reduce contact with aversive stimuli (36). 

Thus, a failure to increase responding in high effort conditions, typically attributed to effort 

aversion, might actually be the result of a blunted representation of the expected reward 

values that would be obtained, for example a high reward outcome may not be well 

differentiated from an intermediate reward.

There is other evidence of altered valuation-based decision-making in PSZ and we will only 

highlight a few of them here. Valuation preferences are typically transitive (i.e., if I like A> 

B, and B>C, then I would likely prefer A>C). We examined this type of decision making 

using pictures of puppies, pleasant foods, etc., and found that the choices of PSZ were much 

less transitive than those of HC (37). If valuations are not made in a parametric, ordered 

fashion, decisions about effort investment might also occur in a non-orderly fashion. In 

addition, PSZ show deficits in calculating expected value in gambling type tasks (38). In 

reinforcement learning tasks, we have found that patients tend to underestimate the reward 

probability for frequently reinforced stimuli but perform accurately for frequently punished 

stimuli (39). Further, the degree to which reward probability was underestimated correlated 

with the severity of negative symptoms. This result is consistent with two earlier 

experiments from our group (40,41), where we found that the severity of negative symptoms 

was related to an undervaluation of stimuli that had the highest expected value coupled with 

intact learning from stimuli that were frequently punished, or intact learning to avoid 

punishment. Such a devaluation of reward value would be expected to impact cost/benefit 

decision-making by reducing the motivational incentive value of increasing reward levels.

Thus across multiple decision making and reinforcement learning experiments, PSZ differ 

from controls in the extent to which they appear to represent the relative positive expected 

value of stimuli and possible actions and use this information to guide behavior. We 

speculate that the neural system that codes for reward value may have limited dynamic 

range in schizophrenia so that as reward value increases, the neural response fails to 

increment in a linear fashion and ends up being under-additive. The extent of this deficit 

correlates with the severity of negative symptoms in many, but not all, of the experiments 

that have examined aspects of this issue. Such altered valuation may well impact choices in 

effort tasks. In physical cost/benefit decision-making tasks, the differences in effort required 

are highly salient, whereas the differences in valuation may be relatively subtle. Thus, a 

failure to adequately represent positive expected value could easily alter effort-cost 

computations. Note, in most studies, participants are faced with high- versus low-effort 

response alternatives while the expected values tied to those choices often varies in a much 

more parametric fashion. Given the possibility that patients have difficulty representing 

relative expected value, it might be very informative to design tasks where several values 

are held constant while parametrically varying the amount of effort required to obtain those 

rewards. This type of design might offer better resolution on the costs of effort by reducing 

the role of relative valuation. In nearly all paradigms studied to date, reward and effort 

demand are manipulated simultaneously, decreasing the ability to detect the contribution of 

these two distinct processes. Raising these interpretive issues should not diminish interest in 

the study of effort-cost computations as a mechanism implicated in schizophrenia and in 
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negative symptoms. Indeed, there does appear to be a replicable behavioral signal in this 

area suggesting that this may be a ripe area for additional study. However, the experiments 

showing alterations in valuation and the ability to translate value into action suggest that 

there is likely more than one path that leads to altered effort-cost computations.

Another issue that needs to be studied more carefully is the impact of antipsychotic 

treatment on effort tasks, given the large animal literature implicating acute striatal D2 

blockade in reducing motivation to work. As always, it is difficult to assess the impact of 

core symptoms of SZ versus that of medication in chronically treated patients. The common 

approach, used in all seven published effort studies including ours, is to determine the 

effects of antipsychotic doses using standard conversion tables that are based on clinical 

efficacy rather than direct in-vivo assessment of dopamine blockade (42).

None of the above-mentioned studies found a correlation between antipsychotic dose and 

willingness to choose the high-effort response option. This post-hoc analytic approach is 

quite problematic: first, antipsychotic dose and type is not randomly assigned, and second, 

the conversion tables may not properly assess the D2 receptor affinity per se, which is most 

relevant given the literature.

For this review, we decided to explore our data set more closely (19). In our sample, we had 

16 patients on clozapine monotherapy, a drug with relatively low D2 affinity. We also had 7 

patients on monotherapy with either haloperidol or fluphenazine, prototype first-generation 

antipsychotics with high D2 affinity, and 6 patients on risperidone monotherapy, a drug with 

both relatively high D2 affinity as well as a broader spectrum of effects. As seen in Figure 

1C the clozapine group was receiving the “highest “ daily dose using the conversion tables, 

but Figure 1A shows that the more relevant factor (if any, see below) appears to be D2 

affinity. The clozapine group showed low levels of high-effort choices at the lower reward 

levels with a clear upward slope at the $5 level, where the payoffs per press actually become 

advantageous: they are appropriately sensitive to cost/benefit tradeoffs. In contrast, patients 

on first-generation drugs showed minimal responsiveness to reward level, choosing the 

greater effort/higher pay-off option less than 50% of the time- a remarkable degree of effort 

aversion. The risperidone group was eager to choose the high effort alternative in a 

somewhat undifferentiated fashion, with similar levels of performance from $4-$7.

Before concluding that this is an effect of drug type, however, it is important to consider 

negative symptoms, as seen in Figure 1B. The patients on first-generation drugs have BNSS 

total scores that are basically twice as high as seen in the other two groups

Thus, what looks like a theoretically interesting effect of drug type is confounded by patient 

“type”: the patients on first-generation drugs had the highest levels of negative symptoms, 

and it is impossible to separate cause from effect. The most that can be said about these data 

is that the conversion tables do not appear to provide a useful signal to use for these types of 

post-hoc analysis, as the clozapine group has the highest drug dose and relatively well-

preserved effort-cost computations. Given the basic neuroscience suggesting a role for 

dopamine in effort-cost computations, additional study of this question is clearly warranted 

using more optimal study designs.
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To further explore negative-symptom effects in our sample, we removed the seven subjects 

taking first-generation drugs and used the same negative symptom cut score as in our 

original paper to form groups of high and low negative symptom patients. As seen in Figure 

2A, the effort-based decision making of the two groups is nearly identical, as is their 

haloperidol daily dose (2B). It is difficult to attribute this lack of difference in decision 

making to any lack of difference in negative symptom severity. As seen in Figure 2C the 

BNSS total score in the high negative symptom group is 6-7 times higher than in the low 

negative symptom group.

These results were truly surprising, as the elimination of a very small number of subjects 

profoundly altered our original findings. Concerned that our original between-group results 

(HC vs. SZ) showing altered effort allocation might have been driven by patients on first-

generation drugs, we did a comparison of the 36 HC with the 37 PSZ not receiving first-

generation monotherapy. We did a group (2 levels: HC, SZ) × value (5 levels: 3, 4, 5, 6, 7) 

repeated-measures ANOVA, which found a significant within-subjects effect of value 

[F(4,71) = 46.2, p<0.001] and a main effect of group [F(1,71) = 4.89, p=0.03). In post-hoc 

tests, significant between-group differences were only observed at the $6 and $7 reward 

levels (both p's<0.01), consistent with findings from other groups that differences are most 

likely to be found at the highest reward levels. Thus, relative to controls, PSZ, as a group, 

show a reduced willingness to expend effort to obtain higher levels of reward that does not 

appear to be confounded by the use of first-generation antipsychotics.

As noted above, it is difficult to evaluate the validity of such post-hoc analyses suggesting 

that patients on first-generation antipsychotics had an important impact on our original 

negative symptom results, given that drug type was not randomly assigned, and other groups 

have also reported negative- symptom effects on effort-based decision-making including in 

samples where there was minimal use of first-generation drugs, including in a small 

subsample of unmedicated patients (23). It is clear that the question of potential 

antipsychotic effects on cost-benefit decision making could best be addressed in the context 

of randomized clinical trials comparing different doses of the same drug, or comparing 

drugs that systematically vary in dopamine receptor affinity.

The study of effort-based decision-making appears to be a new, promising translational 

approach to investigating motivational deficits common among PSZ. This literature has 

interpretive limitations: small samples, varied clinical assessment approaches, and a variety 

of experimental paradigms yielding somewhat different findings. However, this new work 

compliments studies showing that other aspects of reward-based decision making and 

reinforcement learning are implicated in negative symptoms including reduced exploration 

of response alternatives (43), a reduced ability to represent expected value (41), and a 

reduced ability to learn from positive outcomes (40). These different impairments may 

account for different aspects of the molar behaviors that are assessed by negative symptom 

rating scales. Thus, careful work across a range of experimental decision making and 

reinforcement learning paradigms and a range of clinical measures will be needed to tease 

apart these factors.

Gold et al. Page 8

Biol Psychiatry. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgements

This work was supported by NIMH R01 MH080066.

References

1. Fervaha G, Foussias G, Agid O, Remington G. Amotivation and functional outcomes in early 
schizophrenia. Psychiatry Res. 2013; 210(2):665–668. [PubMed: 23911005] 

2. Cohen AS, Minor KS. Emotional experience in patients with schizophrenia revisited: meta-analysis 
of laboratory studies. Schizophr Bull. 2010; 36:143–150. [PubMed: 18562345] 

3. Oorschot M, Lataster T, Thewissen V, Lardinois M, Wichers M, van Os J, et al. Emotional 
experience in negative symptoms of schizophrenia--no evidence for a generalized hedonic deficit. 
Schizophr Bull. 2013; 39(1):217–225. [PubMed: 22021660] 

4. Berridge KC, Robinson TE. What is the role of dopamine in reward: hedonic impact, reward 
learning, or incentive salience? Brain Res Brain Res Rev. 1998; 28(3):309–369. [PubMed: 
9858756] 

5. Salamone JD, Correa M, Nunes EJ, Randall PA, Pardo M. The behavioral pharmacology of effort-
related choice behavior: dopamine, adenosine and beyond. J Exp Anal Behav. 2012; 97(1):125–146. 
[PubMed: 22287808] 

6. Salamone JD, Correa M. The mysterious motivational functions of mesolimbic dopamine. Neuron. 
2012; 76:470–485. [PubMed: 23141060] 

7. Bardgett ME, Depenbrock M, Downs N, Points M, Green L. Dopamine modulates effort-based 
decision making in rats. Behav Neurosci. 2009; 123(2):242–251. [PubMed: 19331447] 

8. Cousins MS, Atherton A, Turner L, Salamone JD. Nucleus accumbens dopamine depletions alter 
relative response allocation in a T-maze cost/benefit task. Behav Brain Res. 1996; 74(1-2):189–197. 
[PubMed: 8851929] 

9. Farrar AM, Segovia KN, Randall PA, Nunes EJ, Collins LE, Stopper CM, et al. Nucleus accumbens 
and effort-related functions: behavioral and neural markers of the interactions between adenosine 
A2A and dopamine D2 receptors. Neuroscience. 2010; 166(4):1056–1067. [PubMed: 20096336] 

10. Nunes EJ, Randall PA, Santerre JL, Given AB, Sager TN, Correa M, Salamone JD. Differential 
effects of selective adenosine antagonists on the effort-related impairments induced by dopamine 
D1 and D2 antagonism. Neuroscience. 2010; 170(1):268–280. [PubMed: 20600675] 

11. Mingote S, Font L, Farrar AM, Vontell R, Worden LT, Stopper CM, et al. Nucleus accumbens 
adenosine A2A receptors regulate exertion of effort by acting on the ventral striatopallidal 
pathway. J Neurosci. 2008; 28(36):9037–9046. [PubMed: 18768698] 

12. Trifilieff P, Feng B, Urizar E, Winiger V, Ward RD, Taylor KM, et al. Increasing dopamine D2 
receptor expression in the adult nucleus accumbens enhances motivation. Mol Psychiatry. 2013; 
18(9):1025–1033. [PubMed: 23711983] 

13. Treadway MT, Buckholtz JW, Cowan RL, Woodward ND, Li R, Ansari MS, et al. Dopaminergic 
mechanisms of individual differences in human effort-based decision-making. J Neurosci. 2012; 
32:6170–6176. [PubMed: 22553023] 

14. Collins AG, Frank MJ. Opponent actor learning (OpAL): Modeling interactive effects of striatal 
dopamine on reinforcement learning and choice incentive. Psychol Rev. 2014; 121(3):337–366. 
[PubMed: 25090423] 

15. Croxson PL, Walton ME, O'Reilly JX, Behrens TE, Rushworth MF. Effort-based cost-benefit 
valuation and the human brain. J Neurosci. 2009; 29:4531–4541. [PubMed: 19357278] 

16. Walton ME, Groves J, Jennings KA, Croxson PL, Sharp T, Rushworth MF, Bannerman DM. 
Comparing the role of the anterior cingulate cortex and 6-hydroxydopamine nucleus accumbens 
lesions on operant effort-based decision making. Eur J Neurosci. 2009; 29(8):1678–1691. 
[PubMed: 19385990] 

17. Skvortsova V, Palminteri S, Pessiglione M. Learning to minimize efforts versus maximizing 
rewards: computational principles and neural correlates. J Neurosci. 2014; 34(47):15621–15630. 
[PubMed: 25411490] 

Gold et al. Page 9

Biol Psychiatry. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



18. Minzenberg MJ, Laird AR, Thelen S, Carter CS, Glahn DC. Meta-analysis of 41 functional 
neuroimaging studies of executive function in schizophrenia. Arch Gen Psychiatry. 2009; 66:811–
822. [PubMed: 19652121] 

19. Bora E, Fornito A, Radua J, Walterfang M, Seal M, Wood SJ, et al. Neuroanatomical abnormalities 
in schizophrenia: a multimodal voxelwise meta-analysis and meta-regression analysis. Schizophr 
Res. 2011; 127(1-3):46–57. [PubMed: 21300524] 

20. Gold JM, Strauss GP, Waltz JA, Robinson BM, Brown JK, Frank MJ. Negative symptoms of 
schizophrenia are associated with abnormal effort-cost computations. Biol Psychiatry. 2013; 74(2):
130–136. PMCID: PMC3703817. [PubMed: 23394903] 

21. Fervaha G, Graff-Guerrero A, Zakzanis KK, Foussias G, Agid O, Remington G. Incentive 
motivation deficits in schizophrenia reflect effort computation impairments during cost-benefit 
decision-making. J Psychiatr Res. 2013; 47(11):1590–1596. [PubMed: 23992770] 

22. Treadway MT, Buckholtz JW, Schwartzman AN, Lambert WE, Zald DH. Worth the ‘EEfRT’? The 
effort expenditure for rewards task as an objective measure of motivation and anhedonia. PLoS 
One. 2009; 4:e6598. [PubMed: 19672310] 

23. Marin RS, Biedrzycki RC, Firinciogullari S. Reliability and validity of the Apathy Evaluation 
Scale. Psychiatry Res. 1991; 38(2):143–162. [PubMed: 1754629] 

24. Barch DM, Treadway MT, Schoen N. Effort, anhedonia, and function in schizophrenia: reduced 
effort allocation predicts amotivation and functional impairment. J Abnorm Psychol. 2014; 123(2):
387–397. [PubMed: 24886012] 

25. Treadway MT, Peterman JS, Zald DH, Park S. Impaired effort allocation in patients with 
schizophrenia. Schizophr Res. 2014 pii: S0920-9964(14)00701-4. doi: 10.1016/j.schres.
2014.11.024. [Epub ahead of print]. 

26. Andreasen, NC. The Scale fo rthe Assessment of Negative Symptoms (SANS). University of Iowa; 
Iowa City: 1984. 

27. Hartmann MN, Hager OM, Reimann AV, Chumbley JR. Apathy but not diminished expression in 
schizophrenia is associated with discounting of monetary rewards by physical effort. Schizophr 
Bull. Jul 22.2014 2014 pii: sbu102. [Epub ahead of print]. 

28. Kirkpatrick B, Strauss GP, Nguyen L, Fischer BA, Daniel DG, Cienfuegos A, et al. The brief 
negative symptom scale: psychometric properties. Schizophr Bull. 2011; 37:300–305. [PubMed: 
20558531] 

29. Heerey EA, Robinson BM, McMahon RP, Gold JM. Delay discounting in schizophrenia. Cognit 
Neuropsychiatry. 2007; 12:213–221. [PubMed: 17453902] 

30. Wolf DH, Satterthwaite TD, Kantrowitz JJ, Katchmar N, Vandekar L, Elliott MA, Ruparel K. 
Amotivation in schizophrenia: integrated assessment with behavioral, clinical, and imaging 
measures. Schizophr Bull. 2014; 40(6):1328–1337. [PubMed: 24657876] 

31. Kring AM, Gur RE, Blanchard JJ, Horan WP, Reise SP. The Clinical Assessment Interview for 
Negative Symptoms (CAINS): Final development and validation. Am J Psychiatry. 2013; 170(2):
165–172. [PubMed: 23377637] 

32. Delgado MR, Miller MM, Inati S, Phelps EA. An fMRI study of reward-related probability 
learning. Neuroimage. 2005; 24(3):862–873. [PubMed: 15652321] 

33. Gard DE, Sanchez AH, Cooper K, Fisher M, Garrett C, Vinogradov S. Do people with 
schizophrenia have difficulty anticipating pleasure, engaging in effortful behavior, or both? J 
Abnorm Psychol. 2014; 123(4):771–782. [PubMed: 25133986] 

34. Docx L, de la Asuncion J, Sabbe B, Hoste L, Baeten R, Warnaerts N, Morrens M. Effort 
discounting and its association with negative symptoms in schizophrenia. Cogn Neuropsychiatry. 
2015; 20(2):172–185. [PubMed: 25559619] 

35. Reddy, LF.; Horan, WP.; Wynn, JK.; Corey-Lisle, PK.; Maglinte, GA.; Barch, DA., et al. 
Cognitive and perceptual effort-based decision-making in schizophrenia.. Poster presented at 4th 
Biennial Schizophrenia International Research Society; Florence, Italy. Apr. 2014 

36. Heerey EA, Gold JM. Patients with schizophrenia demonstrate dissociation between affective 
experience and motivated behavior. J Abnorm Psychol. 2007; 116:268–278. [PubMed: 17516760] 

Gold et al. Page 10

Biol Psychiatry. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Strauss GP, Robinson BM, Waltz JA, Frank MJ, Kasanova Z, Herbener ES, et al. Patients with 
schizophrenia demonstrate inconsistent preference judgments for affective and nonaffective 
stimuli. Schizophr Bull. 2011; 37:1295–1304. [PubMed: 20484522] 

38. Brown JK, Waltz JA, Strauss GP, McMahon RP, Frank MJ, Gold JM. Hypothetical decision 
making in schizophrenia: the role of expected value computation and “irrational” biases. 
Psychiatry Res. 2013; 209(2):142–149. [PubMed: 23664664] 

39. Doll BB, Waltz JA, Cockburn J, Brown JK, Frank MJ, Gold JM. Reduced susceptibility to 
confirmation bias in schizophrenia. Cogn Affect Behav Neurosci. 2014; 14(2):715–728. [PubMed: 
24481852] 

40. Waltz JA, Frank MJ, Robinson BM, Gold JM. Selective reinforcement learning deficits in 
schizophrenia support predictions from computational models of striatal-cortical dysfunction. Biol 
Psychiatry. 2007; 62:756–764. [PubMed: 17300757] 

41. Gold JM, Waltz JA, Kasanova Z, Strauss GP, Matveeva TM, Herbener ES, et al. Negative 
symptoms and the failure to represent the expected reward value of actions: behavioral and 
computational modeling evidence. Arch Gen Psychiatry. 2012; 69:129–138. [PubMed: 22310503] 

42. Andreasen NC, Pressler M, Nopoulos P, Miller D, Ho BC. Antipsychotic dose equivalents and 
dose-years: a standardized method for comparing exposure to different drugs. Biol Psychiatry. 
2010; 67:255–262. [PubMed: 19897178] 

43. Strauss GP, Frank MF, Waltz JA, Kasanova Z, Herbener ES, Gold JM. Deficits in positive 
reinforcement learning and uncertainty-driven exploration are associated with distinct aspects of 
negative symptoms in schizophrenia. Biol Psychiatry. 2011; 69(5):424–431. PMCID: 
PMC3039035. [PubMed: 21168124] 

Gold et al. Page 11

Biol Psychiatry. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Proportion of high effort choices as a function of antipsychotic-type. A. Patients on first- 

generation drugs show marked indifference to increasing reward levels. B. Haloperidol-

equivalent dose across the patient groups. C. Patients on first-generation drugs had much 

higher negative symptom ratings.
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Figure 2. 
Proportion of high effort choices as a function of negative symptoms with the patients on 

first- generation drugs removed from the sample. A. Probability of selecting the harder 

response alternative in the high and low negative symptom groups. B. The groups of high- 

and low-negative-symptom had very similar haloperidol equivalent doses, whereas the 

groups differed markedly on negative symptom severity.
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Figure 3. 
Proportion of high effort choices in PSZ and HCs with the patients on first-generation drugs 

removed from the sample.
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