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Abstract

To study impaired goal-oriented behavior in schizophrenia (SZ), we used a delay discounting task, 

which consists of a series of choices between receiving a small immediate or larger delayed 

reward. Few studies of delay discounting have evaluated response consistency (R2), which is 

especially relevant in SZ because of documented inconsistency in task performance. We 

calculated the rate of discounting (k) and R2 in SZ (n=35) and healthy controls (HC; n=21). Using 

a criterion value of R2 > .60 to define consistent performance allowed us to compare discounting 

in consistent SZ and HC, as well as in inconsistent SZ. Groups did not differ significantly in 

smoking. Compared to HC, consistent SZ showed greater delay discounting. Both groups 

exhibited similar patterns of decreasing immediate choices across trial categories, although the 

decrease was less for SZ. Separate analyses on smokers and non-smokers showed that this group 

difference was carried by the non-smokers. Inconsistent SZ discounted more than HC and 

consistent SZ, but their aberrant pattern of choices casts doubt on the validity of their calculated k 

values.
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1. Introduction

Schizophrenia is a complex mental illness with functional deficits such as the inability to 

initiate and maintain goal-directed behavior that contribute to the long-term disability 

associated with the illness (Barch and Dowd, 2010). Goal-directed behavior involves 

selecting some desired future outcome and making choices that best serve reaching that 

goal. Such behavior can require choosing between alternative actions that may require short-

term sacrifice for long-term gain, similar to choices in the laboratory delay discounting (DD) 

task. The DD task consists of making a series of choices between receiving a small sooner 

(usually immediate) reward or a larger delayed reward (Rachlin et al., 1991; Green et al., 

1996). Most studies using the DD paradigm characterize an individual;s choices in terms of 

a discount function that models the effect of delay on subjective value of later rewards 

(Bickel et al., 1999; Kirby et al., 1999; Heerey et al., 2007). The statistic k indicates the rate 

at which an individual discounts future rewards, with larger k’s indicating greater DD 

(Mazur and Coe, 1987; Rachlin et al., 1991). Lower k, or greater willingness to wait for 

larger but later rewards in DD, has been associated with less impulsivity (Ainslie, 1975) and 

better cognition and executive function (Shamosh et al., 2008). Individuals with various 

addictions (Vuchinich and Simpson, 1998; Bickel et al., 1999; Kirby et al., 1999; Mitchell, 

1999; Petry and Casarella, 1999; Baker et al., 2003; Robles et al., 2011), some psychiatric 

conditions (Crean et al., 2000; Petry, 2001; Takahashi et al., 2008), and with poorer 

treatment outcomes (Sheffer et al., 2012; Stanger et al., 2012) exhibit greater DD; that is, 

they choose more immediate smaller rewards than controls do. Given the latter, the study of 

DD in schizophrenia might suggest targeted interventions that could be used to improve 

decision making.

Patients with schizophrenia (SZ) have neural abnormalities associated with regions of the 

brain thought to mediate executive functions (Perlstein et al., 2001; Callicott et al., 2003; 

Manoach, 2003; Tan et al., 2007) and reward (Juckel et al., 2006a; Juckel et al., 2006b; 

Murray et al., 2007; Jensen et al., 2008; Schlagenhauf et al., 2008; Schlagenhauf et al., 2009; 

Walter et al., 2009; Koch et al., 2010; Simon et al., 2010; Waltz et al., 2010; Morris et al., 

2012). Furthermore, previous studies using functional magnetic resonance imaging (fMRI) 

to determine the neural bases of the decision making processes involved in DD have 

revealed activation in executive function regions, among other parts of the brain (McClure et 

al., 2004; for review, see Avsar et al., 2013). These studies thus provide convergent 

evidence that the DD task might be particularly relevant to those with SZ.

Previous behavioral studies of DD in patients with SZ have yielded mixed results (Heerey et 

al., 2007; Heerey et al., 2008; Heerey et al., 2011; Ahn et al., 2011; MacKillop and Tidey, 

2011; Wing et al., 2012). Heerey et al. (2007; 2011) reported greater DD in those with SZ, 

but they did not control for smoking behavior (MacKillop and Tidey, 2011; Wing et al., 

2012). Smokers show greater DD than non-smokers (Bickel et al., 1999; Baker et al., 2003), 

and incidence of smoking is very high in SZ (Hughes et al., 1986; de Leon and Diaz, 2005; 

Kalman et al., 2005). Two recent studies that took smoking into consideration found no 

group differences in DD between SZ and healthy controls (HC) (MacKillop and Tidey, 

2011; Wing et al., 2012); but see Ahn et al. (2011).

Weller et al. Page 2

Psychiatry Res. Author manuscript; available in PMC 2015 April 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Another important caveat is that, although patients with SZ are more likely to perform tasks 

inconsistently (Cohen and Servan-Schreiber, 1992; Schooler et al., 2008), inconsistent 

performance on the DD task has not always been systematically evaluated. R2 has often been 

used to assess consistency by indexing the degree of correspondence between data points 

and a mathematical discounting model and then to exclude data from nonsystematic 

(inconsistent) responders based on R2 less than some criterion value (for review, see 

Johnson and Bickel, 2008). Other model-driven mathematical measures, such as those based 

on other indices of goodness-of-fit (e.g., SSE), have also been used occasionally to identify 

nonsystematic DD data (see Johnson and Bickel, 2008). By contrast, a model-free algorithm 

was used by Johnson and Bickel (2008) to define nonsystematic data sets as those in which k 

was not a monotonically decreasing function of delay. Both the R2 and Johnson and Bickel 

(2008) methods evaluate responses in relation to a monotonically decreasing curve. In 

previous studies of DD in SZ, Heerey et al. (2007), MacKillop and Tidey (2011) and Wing 

et al. (2012) used another method, the percentage of responses (< 78%) disagreeing with the 

participant’s estimated k (Kirby et al., 1999; Heerey et al., 2007; Kirby, 2000) as a measure 

of inconsistency to exclude discounting data from some SZ participants. In contrast to other 

measures of consistency, this criterion does not require any systematic relationship between 

discounting and delay. In the present study, we used regression analysis to calculate each 

participant’s k and model-fit statistic, R2. Based on the data obtained for R2, all healthy 

controls (HC) showed R2 > 0.60 and were classified as consistent responders, whereas we 

divided patients into consistent (R2 > 0.60) and inconsistent (R2 < 0.60) groups. This 

allowed us to directly compare consistent SZ and HC. Relevant to previous studies of DD, 

smoking, and SZ (Bickel et al., 1999; Baker et al., 2003; Heerey et al., 2007; MacKillop and 

Tidey, 2011; Wing et al., 2012), the HC, consistent SZ, and inconsistent SZ groups did not 

differ significantly in number of cigarettes smoked per day or percentage of smokers and 

non-smokers. Thus, this is the first paper of DD in SZ to take both consistency of task 

performance and smoking into consideration. Our paper is also the first to provide details 

about DD by inconsistent SZ.

The HC and SZ participants of the present study were also studied in our recent fMRI 

investigation of DD in SZ (Avsar et al., 2013). However, results reported in the fMRI paper 

were based on a different version of the DD task, individually tailored for each participant 

based on his or her k, and on smaller subsets of the HC and SZ participants.

2. Materials and methods

2.1 Participants

Thirty-five patients with DSM-IV (2000) schizophrenia or schizoaffective disorder were 

recruited from the outpatient psychiatric clinics at the University of Alabama at Birmingham 

(UAB). Diagnoses were established using participants’ medical records and the Diagnostic 

Interview for Genetic Studies (Nurnberger et al., 1994). Diagnostic interviews and clinical 

evaluations were done by a trained master’s level research coordinator. The diagnosis was 

made as a consensus reached by a board-certified psychiatrist and the trained research 

coordinator. Twenty-one HC, not significantly different from the SZ groups (see below) in 

self-reported number of cigarettes smoked per day and percentages of smokers and non-

Weller et al. Page 3

Psychiatry Res. Author manuscript; available in PMC 2015 April 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



smokers, nor on age, sex, or parental socioeconomic status, were recruited by 

advertisements in flyers and the University newspaper. Non-smokers were defined by self-

reported number of cigarettes smoked/day = 0–5. Smoking 5 or fewer cigarettes/day is the 

usual definition of a tobacco or cigarette “chipper” who smokes without becoming 

dependent, as determined by nicotine dependence scales (Shiffman et al., 1999, 2004). 

Significantly, cigarette chippers discount like non-smokers, in contrast to the greater delay 

discounting shown by real smokers (Heyman and Gibb, 2006). Matching on characteristics 

in addition to smoking is relevant because greater DD has been found related to lower 

income (Green et al., 1996) and to age (for review, see Samanez-Larkin et al., 2011), as well 

as smoking (Bickel et al., 1999; Baker et al., 2003). Exclusion criteria were major medical 

conditions, self-reported substance abuse within the past six months, previous serious head 

injury, a neurological disorder, and previous loss of consciousness. In addition, because 

participants were also part of an fMRI study of DD (Avsar et al., 2013), pregnancy or the 

presence of ferromagnetic material in the body was exclusionary. HC were excluded for any 

major current or lifetime Axis I diagnosis (e.g., depression, anxiety). The UAB Institutional 

Review Board approved the study, and all participants gave written informed consent.

General cognitive function of all participants was characterized by the Repeatable Battery of 

Neuropsychological Status (RBANS) (Randolph et al., 1998). The Brief Psychological 

Rating Scale (BPRS) (Overall and Gorham, 1962) and its positive and negative subscales 

were used to assess mental status and symptom severity in SZ. Participants received 

compensation for participation in the study.

2.2 Delay discounting task

We tested participants on a DD task modified from Kirby et al. (Kirby et al., 1999; 

Kishinevsky et al., 2012). Participants viewed the 108 trials of the DD task on a computer 

monitor; 96 trials were divided equally between eight types each with a particular trial k 

value (see Supplementary Material), interspersed with 12 sensorimotor control (SMC) trials, 

for which participants arbitrarily made a right or left button response (Figure 1). Each trial 

consisted of a choice between a unique combination of an immediate reward (IR; Kirby et 

al., 1999), ranging from $1 to $73, and a delayed reward (DR), ranging from $28 to $86, 

with delays (D) ranging from 1 to 116 days. Trial k values were used in generating IR and 

DR for each trial, according to the hyperbolic function, IR = DR/(1 + kD) (Mazur and Coe, 

1987). A trial k that matched a participant’s k would be most difficult because the two 

choices would have equal subjective value and would be equally likely to be chosen (Marco-

Pallarés et al., 2010). Trial k’s less than that would result in the immediate rewards having 

greater subjective value and, therefore, more immediate choices. Conversely, for higher trial 

k’s, more delayed rewards would be chosen. All rewards were hypothetical. We entered 

percentages of immediate choices (%Now) versus corresponding trial k values into non-

linear (exponential) regression analysis to determine each participant-specific k, defined as a 

trial k value corresponding to predicted %Now = 50%. The analysis also yielded a model fit 

statistic, R2, which provided a measurement of how well the participant’s responses fit the 

expected pattern of decreasing %Now as trial k increased. We used R2 to characterize 

participants as consistent (R2>0.60) or inconsistent (R2<0.60) (see Results). All HC were 

consistent, and SZ were divided into consistent and inconsistent groups (see Results).
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2.3 Data analysis

One-way analysis of variance (ANOVA) was used to compare the HC, consistent SZ, and 

inconsistent SZ groups on rate of discounting and consistency. For the former, we compared 

log(k) (to the base 10) because distributions of k are severely skewed (Johnson and Bickel, 

2002; Heyman and Gibb, 2006). For the latter, R2 values were transformed to Fisher’s R′ 

values (Howell, 2007). Follow-up comparisons between pairs of means were performed 

using Fisher’s Least Significant Difference test, which maintains familywise Type I error 

rate = 0.05 when there are three groups (Howell, 2007). For discounting and consistency 

data we also performed two-way ANOVA with the factors Diagnosis and Smoking status 

(see below).

One-way ANOVA was also used to compare groups on age, parental SES, RBANS scales, 

and BPRS scales. For comparison of number of cigarettes smoked per day, nonparametric 

ANOVA (Kruskal-Wallis) was used because of the high frequency of 0 values in each 

group, resulting in positively skewed distributions. The proportion of smokers in each group 

was compared using the χ2 test of independence. Gender composition of groups was also 

compared using the χ2 test. Finally, mixed between- and within-group ANOVA was 

performed to compare groups on %Now across trial k values. For all analyses, α =0.05.

3. Results

Figure 2 shows the distribution of R2 on the DD task (i.e., model fit) for all participants. 

Among patients, R2 values formed a quasi-bimodal distribution, with approximately three-

quarters displaying R2 values ranging from 0.65 – 0.97 and the remainder showing very low 

values (≤0.48), suggesting an inability to make consistent choices. Therefore, we defined 

consistent performance as R2 >0 .60, as we have done previously (Avsar et al., 2013). By 

this definition, all controls exhibited consistent performance, as did 27 of 35 patients, 

referred to as the consistent SZ group (Table 1). The remaining eight patients comprised the 

inconsistent SZ group. Comparisons involving the inconsistent patients should be considered 

tentative, given their small sample size. When R′ values were compared, HC had 

significantly higher R′ than both consistent (t[53] = 4.16, p < 0.001) and inconsistent SZ 

(t[53] = 10.61, p <0 .001). For comparison, we also adapted for our analysis an algorithm 

proposed by Johnson & Bickel (2008) for identifying non-systematic DD data. Admittedly, 

their analysis and ours differed in that theirs looked at the relationship between indifference 

points and delay compared to percentage of immediate choices vs. trial k in our analysis. 

However, in both situations, systematic, or consistent, data would follow similar patterns by 

approximately a decreasing monotonic function. Adopting their exclusion criteria for non-

systematic data of (1) any subsequent point being greater than the preceding point by >20% 

or (2) the last point being not greater than 10% less than the first point, five participants, all 

members of the inconsistent SZ group (see above) were excluded. Thus, in this case, use of 

our R2 exclusion criterion appeared to be more sensitive in that it identified 8 data sets as 

inconsistent. Because our rationale entails excluding as many suspect data sets as possible 

from the SZ vs. HC comparison, we believe the R2 criterion is preferable for these data. 

However, when group comparisons were performed using SZ groups defined by the Johnson 

and Bickel (2008) procedure, results were essentially identical to those obtained with our 
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consistent SZ and inconsistent SZ groups. We also found the same results when we applied 

the Kirby (2000) method to define inconsistent responders (<78% of responses agreeing 

with their k).

3.1 Group comparisons: delay discounting

Comparison of log(k) values (Figure 3) revealed greater DD in both the consistent SZ (t[53] 

= 2.92, p =0.005) and inconsistent SZ (t[53] = 4.70, p =0 .00002) than in HC. Moreover, 

log(k) was significantly greater in inconsistent compared to consistent SZ (t[53] = 2.68, p 

=0 .01). These differences remained significant when we controlled for number of cigarettes 

smoked per day using analysis of covariance. Repeated measures ANOVA comparing 

%Now values across trial k’s revealed no main effect of Group (F[2,53] = 1.22, p = 0.30) 

but a Group x Trial k interaction (F[14,371] = 8.87, p <0 .0001). Tests of simple interaction 

effects comparing groups in pairwise fashion were all significant (p values < 0.05), 

indicating that the pattern of %Now values across trial k values in each group was 

significantly different from each of the others. Inspection of mean %Now values (Figure 4) 

shows that consistent SZ were as likely as HC to choose immediate rewards for low trial k’s, 

but reduced their frequency of immediate choices less than HC did as trial k increased, 

which is consistent with their higher rate of discounting. By contrast, inconsistent SZ 

exhibited a pattern of % Now values which might be best described as aberrant. When data 

from individual participants were inspected, the pattern of %Now values across trial k’s 

generally bore little resemblance to the expected decreasing function. Inspection of group 

results reveals that, while inconsistent SZ did choose immediate rewards more frequently 

than the other groups for high trial k values (k6 – k8; p values <0 .05), for low trial k’s (k1 – 

k3), by contrast, they chose immediate rewards less frequently than the other two groups (p 

values <0 .05), which is inconsistent with a high rate of discounting. This makes the higher 

average k for the inconsistent SZ group suspect.

Parenthetically, in the consistent SZ, we found a significant negative correlation between log 

(k) and R′ (r = −0.66, p <0 .0005). We found no significant correlations in the other two 

groups.

To investigate whether our observed group difference in delay discounting was related to 

smoking status, we dichotomized the consistent SZ and HC groups into smokers and non-

smokers, with non-smokers defined as those who reported smoking 5 or fewer cigarettes/day 

(Table 1). (Inconsistent SZ were not included because of small n.). Two-way ANOVA 

revealed that the SZ vs. HC difference was carried by the non-smokers. The Group x 

Smoking interaction was significant (F[1,43] = 11.47, p =0.002). Simple-effects tests 

showed that log(k) was significantly greater in non-smoking SZ than non-smoking HC (t[43] 

=4.24, p <0.0005) but there was a non-significant difference between SZ and HC smokers 

(t[43] = 0.34, p =0.74).

Within the HC, smokers had significantly higher log(k) than non-smokers (p =0.009), as 

expected from the literature on DD and smoking (Bickel et al., 1999; Baker et al., 2003). 

However, within the consistent SZ, smokers had significantly lower log(k) than non-smokers 

(p = 0.049).
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Because we had also found that discounting was related to consistency in the patients, we 

asked whether the differences above were paralleled by differences in R2 (with statistical 

comparisons performed on R′, as previously). The Group x Smoking interaction was 

significant (F[1,43] = 7.53, p =0.009). Among the non-smokers, SZ were significantly less 

consistent than HC (t[43] = 4.56, p <0.0005). The analogous difference was not significant 

among smokers (t[43] = 0.98, p =0.33). When analogous analyses were done with all of our 

other demographic and clinical assessments, we found no significant effects related to 

smoking status.

Thus, consistent SZ showed greater discounting and less consistency than controls. 

Dichotomizing the groups by smoking status revealed that both of these effects were largely 

carried by the non-smokers. However, the latter finding should be considered in light of the 

small n’s that followed dividing the SZ and HC groups.

3.2 Group comparisons: demographic variables and clinical assessments

Demographic data and clinical and cognitive assessments (Nurnberger et al., 1994; 

Randolph et al., 1998) are presented in Table 1. Groups did not differ significantly with 

regard to number of cigarettes smoked per day or age or percentage of smokers and non-

smokers, although there was a trend for the latter. However, subsequent analyses showed 

that the SZ vs. HC difference in discounting was carried by the non-smokers (see below). 

Although a higher percentage of inconsistent patients were male than in the other groups, 

group differences on gender were not significant (although the small sample size limited 

power), and no consistent relationship between gender and delay discounting has been 

reported (for review, see Weller et al., 2008). ANOVA revealed no significant group 

differences on parental socioeconomic status (Table 1).

Inconsistent SZ did not differ significantly from consistent SZ on total RBANS, BPRS, or 

positive and negative BPRS subscales. However, inconsistent patients had significantly 

lower scores than consistent patients on the delayed memory and language RBANS scales (p 

values < 0.05; Table 1).

For HC and consistent SZ, there were no significant within-group correlations between 

log(k) and RBANS scales. For consistent SZ, there were no significant correlations between 

log(k) and BPRS scales. For inconsistent SZ, there was a significant negative correlation 

between log(k) and the RBANS delayed memory scale (r = −0.88, p =0.02) and marginally 

significant negative correlations between log(k) and total RBANS (r = −0.79, p =0.06), the 

RBANS language scale (r = −0.66, p =0 .08), and BPRS-positive (r = −0.66; p =0.08).

4. Discussion

In the present study, we used the model-fit statistic, R2, as a method of assessing 

consistency. The use of R2 provided a useful screening procedure for identifying SZ 

exhibiting aberrant response patterns. Their k values were very high compared to the other 

participants’ values but appeared to be artifactual rather than a valid reflection of greater 

delay discounting. Thus, separating their data from those of SZ exhibiting consistent 

responding provided a more conservative comparison of DD in SZ vs. HC; including those 
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values in an overall SZ group would have inflated the SZ vs. HC difference. However, we 

found that, even in the absence of data from inconsistent SZ, consistent SZ showed greater 

DD than controls.

4.1 Delay discounting results

Overall, consistent SZ showed greater DD than HC. Furthermore, the group difference 

occurred in the absence of significant differences in percentages of smokers vs. non-smokers 

or cigarettes smoked per day, and when we controlled for the latter with analysis of 

covariance. These results appear in contrast to those of two recent studies of DD in SZ and 

HC when smoking was taken into consideration (MacKillop and Tidey, 2011; Wing et al., 

2012). However, the MacKillop and Tidey (2011) study involved all smokers, so their 

negative findings are actually similar to ours in that we found no difference in DD between 

consistent SZ and HC who were smokers (with the caveat that our findings are based on 

small n’s). Wing and colleagues (2012), whose studied smoking and non-smoking controls 

and SZ, found no overall statistical difference in DD between SZ and HC, unlike our results. 

Wing and colleagues (2012) defined smokers and non-smokers differently than we did, with 

their “non-smokers” having expired CO levels < 10 ppm. However, their “smokers” 

reported smoking at least 10 cigarettes/day, comparable to the reported number of 

cigarettes/day smoked by our “smoker” consistent HC and SZ. When we divided the HC and 

consistent SZ groups into smokers and non-smokers, we found that log(k) was higher in 

non-smoking SZ than non-smoking HC, but there was no difference between smoking SZ 

and HC. Within the SZ group, smokers actually had lower log (k) than non-smokers. Both 

sets of results suggest that being a smoker may benefit consistent SZ on DD, improving their 

performance over non-smoking SZ and “normalizing” their performance compared to 

smoking HC. These results agree with other literature suggesting that smoking may have 

such prevalence in SZ because it helps cognition (Kumari & Postma, 2005).

The results of the present behavioral study may appear contrary to those of our recent fMRI 

study of DD in SZ that did not differ on number of cigarettes smoked/day, in which we 

reported no differences in mean rate of discounting for smaller subgroups of SZ and HC 

(Avsar et al., 2013). However, in the Avsar et al. (2013) study, the DD task was a more 

difficult version than that used in the present study, and SZ and HC groups that were chosen 

for neuroimaging did not significantly differ in consistency.

Our use of R2 as a measure of consistency in the present study was noteworthy in that it 

revealed two subgroups within SZ, a majority that performed consistently on the task 

(although not as consistently as controls) and a minority that performed inconsistently on the 

task and whose results were excluded from the main comparison consistent SZ and HC. R2 

has often been used to assess consistency by characterizing the degree of correspondence 

between data points and a theoretical mathematical discounting model and then to exclude 

results from nonsystematic (inconsistent) responders based on R2 < a criterion value (for 

review, see Johnson and Bickel, 2008). By contrast, Johnson and Bickel (2008) used a 

model-free algorithm to define nonsystematic data sets as those for which k was not a 

monotonically decreasing function of delay. Although previous studies of DD in SZ did not 

systematically evaluate performance consistency using R2 as we did, Heerey and colleagues 
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(2007) excluded DD results for some SZ based on too low a percentage of consistent 

responses, with consistency defined as in Kirby (2000); that is, >78% of individual trial 

responses agreeing with the participant’s k. MacKillop and Tidey (2011) and Wing et al. 

(2012) also used Kirby’s (2000) method to evaluate consistency, but reported high levels of 

consistency and excluded few participants for inconsistency (although both studies excluded 

results from outliers). To convince ourselves that our results were not artifacts of our 

particular definition of consistency, we adapted the Kirby (2000) as well as the Johnson and 

Bickel (2008) procedures for use with our data and then compared the results on log(k). For 

both procedures, we obtained the same results as in our original analysis: rate of discounting 

by inconsistent SZ significantly greater than consistent SZ, who were significantly greater 

than controls.

As a possibility for the different results of our study and those of MacKillop and Tidey 

(2011) and Wing et al. (2012) that used the basic Kirby task, it is possible that the Kirby et 

al. (1999) version of the DD task, which consists of only 27 trials encompassing nine 

different trial k’s, or only three trials at each trial k, results in a measure of consistency that 

is less sensitive than our DD task, which presents 12 trials at each trial k.

In the SZ participants, we found a parallel relationship between delay discounting and 

response consistency. Even in our consistent SZ group, consistency was reduced compared 

to controls. Moreover, within this patient group, there was a negative correlation between 

log(k) and R′. Calculated k values of the inconsistent SZ group, although of questionable 

validity, were substantially higher than those of the other groups. Thus, higher discounting 

and lower consistency appear to go hand in hand, although the nature of this relationship is 

not clear.

Concerning previously used measures of consistency and whether we would recommend our 

R2 over other measures, we think that there is no “gold standard”. As to whether our R2 of 

>0.60 as the criterion for consistency has clinical significance, it was empirically based on 

the bimodal distribution of R2 among the patients in our present study, in which there was a 

clear gap between the values of 0.65 and 0.48, demarcating the two distinct subgroups. (We 

found a similar distribution when patients were tested in our fMRI study; Avsar et al., 2013.) 

Also, we document in the current paper that the pattern of responding of the inconsistent SZ 

was aberrant as compared to the consistent patients and controls, who showed similar 

patterns despite a modest difference in rate of discounting (Figure 4). Despite the apparent 

arbitrariness of our R2 criterion, it appeared to have real-world significance in terms of 

dividing the patient sample into those capable of performing the task and those who could 

not, possibly because of inattention or some other reason. Thus, our assessment of 

consistency appeared to appropriately discriminate good vs. poor performers. Also, its use 

resulted in group comparisons with results very similar to those obtained using previously 

published criteria (e.g., the Kirby, 2000 method; see above).

4.2 Clinical assessment results in relation to delay discounting

We did not find significant differences between the inconsistent and consistent patient 

groups on total RBANS or BPRS scores. However, RBANS scores for delayed memory and 

language were significantly lower in inconsistent patients than in the consistent patients and 
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controls. Thus, deficits in working memory and/or semantic fluency may have contributed to 

the abnormal responding in the inconsistent group. For example, the task may have been 

more difficult for them, making it more difficult for them to maintain task engagement. 

Although there were significant negative correlations between the RBANS delayed memory 

scale and log(k) in the inconsistent SZ, interpretation is problematic because of concerns 

about the validity of k in this group.

4.3 Study limitations

A limitation of our study is the small sample size for the inconsistent SZ, but this does not 

affect the major conclusion of the present study, that consistently performing SZ had greater 

DD than consistently performing HC. Although the three groups did not differ significantly 

in self-reported number of cigarettes smoked per day or percentage of smokers and non-

smokers, the group differences in percentage of smokers and non-smokers approached 

significance, and other measures of smoking could have been used that might have revealed 

group differences in smoking. The latter would be important because of the known 

relationship between greater delay discounting and smoking (Bickel et al., 1999; Baker et 

al., 2003). Another possible limitation is that the SZ and HC groups might have differed on 

IQ, as we did not measure IQ because we believe that assessing parental SES is a better 

indicator in SZ of premorbid intellectual functioning. Finally, the SZ in this study were on 

stable doses of antipsychotic medications, although antipsychotic medications have now 

been shown to not worsen cognitive function (Keefe et al., 2004; Goldberg et al., 2007).

4.4 Conclusions

Compared to controls, individuals with schizophrenia show greater delay discounting, or 

less willingness to wait for larger but later rewards. Consistent SZ were also less consistent 

than controls. Greater DD in schizophrenia could stem from several abnormal cognitive or 

reward related processes. Given our findings of a relationship between DD and consistency 

in SZ, it is tempting to speculate that inconsistency could be driven by an inability, for any 

given trial, to keep a mental representation of the choices that were made on previous trials. 

Indeed, inconsistent patients showed lower scores on delayed memory. Greater DD can be 

considered a type of deficit in executive function that can result in poor decision making. 

Even in our fMRI study of DD in SZ and HC who did not differ in mean k or consistency, 

we found that consistent SZ had reduced activation to DD task versus sensorimotor control 

trials in executive function, as well as reward, brain areas (Avsar et al., 2013). Impaired 

decision making in schizophrenia can have grave consequences. Greater delay discounting 

can contribute to the poor treatment adherence often shown by patients with schizophrenia 

(Fenton et al., 1997). This outcome underscores the usefulness of the delay discounting task 

for studying cognitive deficits associated with schizophrenia. In our analysis, the group 

difference in delay discounting could not be attributed to group differences in smoking–in 

fact, it was present when non-smoking members of both groups were compared and was 

found even when patients with suspect high k values were excluded from the comparison.

Inconsistent patients have not been characterized in previous studies of delay discounting in 

SZ (Heerey et al., 2007; Heerey et al., 2011; MacKillop and Tidey, 2011; Wing et al., 2012). 

The inconsistent SZ’s aberrant choices on the decision making DD task, as well as their 
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memory and language deficits, suggest that they are a particularly vulnerable subgroup of 

patients with SZ and might especially benefit from cognitive remediation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Delay discounting task. (A) Delay discounting task trial; (B) Sensorimotor control trial. All 

trials were 11 sec in duration, with the initial fixation cross presented for two, four, or six 

sec, followed by two grey boxes paired with (A) the choice of an immediate or a delayed 

hypothetical monetary reward ($28 now or $34 in five days; a trial k of 0.041) or (B) the no 

choice option. Participants had the remainder of the 11-sec trial (nine, seven, or five sec) to 

indicate their preference by pressing a button on the side corresponding to their choice. The 

box under the choice turned green, indicating the response selection. A return of the fixation 

cross indicated the start of the next trial.
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Fig. 2. 
Model fit (R2) during estimation of k values for healthy controls (HC; all consistent) and 

consistent patients and inconsistent patients with schizophrenia (SZ). The reference line at 

0.60 indicates the minimum R2 value that was used to define consistent performance.
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Fig. 3. 
Mean (± standard error) log(k) for the healthy controls (HC), consistent patients with 

schizophrenia (Con SZ), and inconsistent patients with schizophrenia (Incon SZ). Smaller 

negative values indicate greater delay discounting. The values at top above each group are 

the k values corresponding to the log(k) values on the y-axis and in Table 1. Letters (a, b, c) 

indicate that all group differences were significant (p < 0.05).
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Fig. 4. 
Mean (± standard error) percentage of Now (%Now) choices as a function of the eight trial k 

s for the healthy controls (HC), consistent patients with schizophrenia (Con SZ), and 

inconsistent patients with schizophrenia (Incon SZ).
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