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It has been proposed that both positive and negative symp-
toms in schizophrenia (SZ) may derive, at least in part, 
from a disrupted ability to accurately and flexibly repre-
sent the value of stimuli and actions. To assess relation-
ships between dimensions of psychopathology in SZ, and 
the tendency to devalue food stimuli, on which subjects 
were fed to satiety, we administered a sensory-specific sati-
ety (SSS) paradigm to 42 SZ patients and 44 controls. In 
each of 2 sessions, subjects received 16 0.7-ml squirts of 
each of 2 rewarding foods and 32 squirts of a control solu-
tion, using syringes. In between the 2 sessions, each sub-
ject was instructed to drink one of the foods until he/she 
felt “full, but not uncomfortable.” At 10 regular intervals, 
interspersed throughout the 2 sessions, subjects rated each 
liquid for pleasantness, using a Likert-type scale. Mann-
Whitney U-tests revealed group differences in SSS effects. 
Within-group tests revealed that, while controls showed an 
effect of satiety that was sensory specific, patients showed 
an effect of satiety that was not, devaluing the sated and 
unsated foods similarly. In SZ patients, we observed cor-
relations between the magnitude of SSS effects and mea-
sures of both positive and negative symptoms. We argue 
that the ability to flexibly and rapidly update representa-
tions of the value of stimuli and actions figures critically 
in the ability of patients with psychotic illness to process 
salient events and adaptively engage in goal-directed 
behavior.
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Introduction

Schizophrenia (SZ) is a devastating mental illness, affect-
ing approximately 0.5%–1% of the adult population 
worldwide.1 Along with positive (psychotic) symptoms, 

SZ is characterized by negative symptoms, which are 
among the most enduring and debilitating aspects of 
the illness.2,3 A  reduced ability to initiate goal-oriented 
behavior (avolition)4 and a reduced ability to experience 
pleasure (anhedonia)5 are 2 aspects of negative symptom-
atology characteristic of many patients with SZ.

One possible explanation for avolition in SZ is a dimin-
ished hedonic response to rewarding stimuli—if individu-
als do not experience a stimulus as pleasurable, they will 
not want it, or work to get it. The idea that anhedonia in 
SZ patients is characterized by diminished consummatory 
pleasure is not supported by the literature, however, as 
most studies indicate that SZ patients do not differ from 
controls in their self-reported experience of pleasure.6 
That is, despite a large and growing literature pointing to 
deficits in reward-sensitivity and reinforcement learning,7 
as well as associated neural signals,8 in SZ patients (espe-
cially those with moderate-to-severe negative symptoms), 
patients have generally given normative ratings for rein-
forcer valence/pleasurability,9,10 when prompted directly. 
Reduced reward-seeking behavior could, however, persist 
in the presence of seemingly intact consummatory plea-
sure in SZ if  patients and controls assign affective value 
using dissimilar internal “scales.” That is potential differ-
ences in the ranges of  hedonic experience might not be 
captured by cross-sectional studies prompting patients 
and controls to rate their hedonic experiences on Likert-
type scales. An additional possibility is that patients do 
such ratings, not based on actual experiences, but rather 
based on a sense of what is likely normative and socially 
desirable.

One way to shed light on this issue is to examine 
approach or avoidance behavior, with regard to stimuli 
that have been variably been associated with appetitive 
and aversive feedback. Studies using such paradigms, 
however, typically bear on the ability of patients to learn 
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about the value of stimuli, based on the experience of 
rewards and punishments. The purpose of the current 
study was to investigate whether the experience of appeti-
tive stimuli in SZ is genuinely normative, by examining 
changes in the valuation of stimuli, not as a consequence 
of learning, but as a consequence of satiation. In order 
to investigate this issue, we adapted a paradigm from 
Kringelbach and colleagues,11 which uses a sensory-spe-
cific satiety (SSS) design to assess subjective evaluations 
of rewards, before and after satiation, and to investigate 
the extent to which neural responses in reward-sensitive 
brain regions track, or fail to track, reported experience. 
This paradigm allowed us to directly vary the value of 
a reinforcer under experimental control. Importantly, 
the SSS effect depends on differential devaluation of 
food stimuli with different sensory properties, based on 
the fact that one is consumed to satiety, and the other 
not.12 Based on the idea that motivational deficits in SZ 
are driven, at least in part, by a reduced ability to flexibly 
and precisely update representations of value, we hypoth-
esized that patients with SZ would show a reduced SSS 
effect, relative to control participants. Furthermore, we 
predicted that the magnitude of the SSS effect would cor-
relate significantly with clinical ratings of avolition and 
anhedonia.

Methods

Participants

Our initial sample consisted of 49 patients meeting DSM-
IV-TR criteria for schizophrenia or schizoaffective disor-
der, as determined by the Structured Interview for the 
DSM-IV (SCID-I),13 and 48 healthy controls. All individ-
uals volunteered to participate in the study and provided 
written informed consent, and all subjects were compen-
sated for study participation. All patients were recruited 
from the Maryland Psychiatric Research Center (MPRC) 
and were clinically stable (as determined by their treat-
ing physician) and stably medicated (no changes in medi-
cation type or dose within 4 weeks of study; details of 
antipsychotic drugs (APDs) are given in supplementary 
table 1). Healthy volunteers were recruited from the com-
munity via random phone number dialing and advertise-
ments and were screened for Axis I and II disorders using 
the SCID-I.13 All control participants were free of any 
significant personal psychiatric and medical history, had 
no history of severe mental illness in first-degree relatives, 
and did not meet criteria for current substance abuse or 
dependence.

General Procedures

All participants fasted (no food or drink, except for water 
and necessary medications) for at least 3 hours prior to 
the 2 experimental sessions described below. The total 
time of the 2 experimental sessions was 75–90 minutes. 

Study participants completed standard cognitive assess-
ments including the MATRICS battery,14 Wechsler 
Abbreviated Scale of Intelligence (WASI),15 Wide Ranging 
Achievement Test Four (WRAT-4),16 and Wechsler Test 
of Adult Reading (WTAR).17 Patients and controls were 
also administered the Chapman Scales for Physical and 
Social Anhedonia.18 Overall symptom severity in patients 
was characterized using the Brief  Psychiatric Ratings 
Scale (BPRS),19 and negative symptom severity was 
quantified using the Scale for the Assessment of Negative 
Symptoms (SANS)20 and the Brief  Negative Symptom 
Scale (BNSS).21 These assessments were generally admin-
istered within a week of the experimental sessions (the 
median interval was 5 days). Patients in the study exhib-
ited moderate degrees of negative and overall symptoms 
(mean SANS item score  =  1.5; SD  =  0.7; mean BPRS 
item score = 1.8; SD = 0.3).

SSS Task

Food stimuli (V8 100% Vegetable Juice, from the 
Campbell Soup Company, and All Natural Chocolate 
Hazelnut Non-dairy Beverage, from Pacific Natural 
Foods) were presented in 2 sessions (pre- and postfeed-
ing), each consisting of  16 four-trial epochs (figure 1A). 
Each epoch consisted of  the delivery of  one of  the liq-
uid foods, followed by a tasteless solution (consisting of 
the ionic components of  saliva, KCl, and NaHCO3, dis-
solved in sterile water), then by the other liquid food, 
then again by the tasteless solution. At the beginning 
of  each trial, 0.7 ml of  one of  the gustatory stimuli was 
delivered. The subject was instructed to roll the stimulus 
around on the tongue and to swallow the liquid after 10 
seconds (following a visual cue). Immediately after sam-
pling each of  the food stimuli 16 times in the first experi-
mental session, and immediately before sampling each 
of  the food stimuli 16 times in the second experimental 
session, subjects were fed to satiety on one of  the foods 
(see supplementary methods for details). As illustrated in 
figure 1B, 10 pleasantness ratings were taken, at regular 
intervals (prior to each session and after every 4 epochs 
of  each session). Ratings were entered on a visual ana-
log scale, using a wheel manipulandum, with anchors of 
“Not at all” (far left; cursor position 0) and “Extremely” 
(far right; cursor position 800). A value corresponding 
to the final position of  the cursor was scaled to range 
from 0 to 100.

Seven patients and 4 controls were removed from the 
analysis, because they gave low initial pleasure ratings 
to one of the food stimuli. The remaining sample of 42 
patients and 44 controls did not differ in demographic 
variables such as age, gender, race, parental educational 
attainment (as a proxy for socioeconomic status), and 
proportions of smokers (table 1). In 26 patients and 26 
controls, behavioral data were collected along with the 
acquisition of functional magnetic resonance imaging 
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(fMRI) data; results of analyses of fMRI data will be 
reported elsewhere.

Statistical Analyses

In order to quantify the acute SSS/devaluation effect, 
we computed, for both the sated and unsated foods, the 
differences in average ratings between the 2 time points 
immediately prior to feeding and the 2 immediately 
after feeding (Postfeeding Pleasantness − Prefeeding 

Pleasantness; see figure 1B). The main SSS score we used 
was the difference in the pleasantness change scores for 
the sated and unsated foods from immediately prefeeding 
to immediately postfeeding:

[(Sated-Post − Sated-Pre) − (Unsated-Post − Unsated-Pre)]

According to this formula, a negative change score repre-
sents devaluation, from pre- to postfeeding, and a nega-
tive SSS score represents greater devaluation of the sated 
food, relative to the unsated food. We used initial and 

Fig. 1.  Illustration of the experimental paradigm. (A) In each epoch of 4 trials, participants received 1 squirt of each food and 2 squirts 
of the control solution. (B) Time course of ratings across the sessions. Subjects were asked to manually rate each liquid for pleasantness, 
using a wheel manipulandum (green vertical lines). Subjects also rated each food for intensity, before and after each session, and also 
gave ratings of hunger and thirst at these times (red vertical lines).

Table 1.  Subject Characteristics

Patients (N = 42) Controls (N = 44)
P of  Group 
DifferenceMean (SD) Mean (SD)

Demographics
  Age 37.9 (11.2) 38.6 (11.7) .783
  Gender 10 F, 32 M 17 F, 27 M .167
  Race 27 W, 15 NW 26 W, 18 NW .662
  Smokers 14 Y, 28 N 8 Y, 36 N .140
  Subject education (y) 13.0 (2.0) 15.2 (2.0) <.001
  Parental education (y) 13.8 (3.5) 14.5 (2.8) .335
Neuropsychological testing/ questionnaires
  IQ (from WASI 2-subtest) 102.3 (12.8) 118.1 (9.6) <.001
  WTAR Scaled Score 100.5 (16.5) 112.0 (10.7) <.001
  MATRICS Composite Score 34.5 (13.5) 54.7 (9.3) <.001
  Chapman – Phys. Anhed. 14.7 (7.2) 8.0 (4.3) <.001
  Chapman – Soc. Anhed. 11.9 (7.5) 7.4 (6.6) .005

Note: F, Female; M, Male; W, White; NW, Non-White; WASI, Wechsler Abbreviated Scale of Intelligence; WTAR, Wechsler Test of 
Adult Reading; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status; Phys., Physical; Anhed., Anhedonia; 
Soc., Social.
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postfeeding ratings for sated and unsated foods, change 
scores for sated and unsated foods, and SSS scores in 
correlation analyses with clinical variables, including 
symptom ratings and antipsychotic drug dose (converted 
to oral-haloperidol-equivalent units; see supplementary 
materials for details).

In order to quantify the extent to which the SSS/
devaluation effect endured (after Rolls et  al12), we also 
computed, for both the sated and unsated foods, the 
differences in average ratings between the 2 time points 
immediately prior to feeding and the last 2 time points 
of the experiment (End-of-Session Pleasantness − 
Prefeeding Pleasantness). From these change scores, we 
computed a second SSS measure. Details of these analy-
ses are reported in the supplementary materials.

Results

Tests of Group Differences in SSS: All Subjects

As shown in figure  2A, patients and controls showed a 
strong trend toward a group difference in mean SSS scores, 
from prefeeding to time points immediately following 
feeding (Z of Mann-Whitney U = 1.845, P = .065). This 
was true, despite similar amounts of liquid consumed dur-
ing the feeding interval (see supplementary results) and 
similar initial pleasantness ratings for the 2 foods across 
groups (supplementary table 2). Patients showed an effect 
of satiety on pleasantness ratings that was not sensory 
specific. Unlike controls, who showed a greater decrement 
in pleasantness ratings for the fed food than the unfed 
food (Z of Wilcoxon Signed Rank Test = 2.305, P = .021), 
patients devalued both of the food stimuli equally, follow-
ing the consumption of only one of the foods to satiety (Z 
of Wilcoxon Signed Rank Test = 0.518, P = .604). That is, 
for patients, the experience of consuming one food to the 
point of satiety led to a generalization to the other food—
an effect not seen in controls.

Tests of Group Differences in SSS: Subjects Reporting 
Changes in Hunger

Because patients reported less of  a reduction in the 
overall feeling of  satiety, relative to controls (see supple-
mentary materials), we did additional analyses, compar-
ing only the 20 patients and 37 controls who reported 
a reduction in hunger (prefeeding hunger rating > 
postfeeding hunger rating; characterizing information 
reported in supplementary table 3). These subsamples 
of  patients and controls did not differ in their initial 
ratings of  hunger, thirst, the intensity of  either food 
stimulus, or the pleasantness of  either food stimulus 
(supplementary table 4). They also did not differ in the 
mean changes in their ratings of  the intensity of  either 
food stimulus, or in mean changes in hunger and thirst 
ratings, from immediately prefeeding to immediately 
postfeeding. As shown in figure 2, these subsamples of 
patients and controls showing reduced hunger differed 
significantly in mean SSS scores (Z of  Mann-Whitney 
U  =  2.157, P  =  .031). As with the entire sample of 
patients, patients reporting hunger reductions exhib-
ited an effect of  satiety on pleasantness ratings that was 
not sensory specific (supplementary table  4). Unlike 
controls reporting hunger reductions, who showed 
greater devaluation of  the fed food than the unfed food 
(Z of  Wilcoxon Signed Rank Test = 2.142, P =  .032), 
the subsample of  patients devalued both of  the food 
stimuli similarly, following the consumption of  only 
one of  the foods to satiety (Z of  Wilcoxon Signed Rank 
Test = 1.045, P = .296).

Correlation Analyses

In the entire sample of patients, the magnitudes of SSS 
effects correlated significantly with BPRS measures 
of psychosis severity (table  2). In SZ patients showing 
changes in hunger from immediately pre- to immediately 
postfeeding, the magnitude of the SSS effect correlated 
significantly with measures of anhedonia and avolition 
from both questionnaires (the Chapman scales) and 
clinical ratings (the SANS; table 2). All of these results 
indicated that patients with higher levels of anhedonia/
avolition showed devaluation that was less specific to the 
food on which they were sated (supplementary figure 1).

Perhaps of note, average baseline pleasantness ratings 
for the 2 foods showed strong correlations with BPRS 
ratings of psychotic symptoms (ρ = −0.353, P = .022), in 
the full sample of patients (supplementary table 5), and 
with both psychotic (ρ = −0.714, P < .001) and general 
(ρ = −0.561, P = .010) symptoms, in the reduced sample 
of patients (supplementary table 6). However, given the 
lack of a correlation between average baseline pleasant-
ness ratings and SSS scores, in both the full (ρ = −0.196, 
P = .213) and reduced (ρ = −0.260, P = .268) samples of 
patients, it is unlikely that the correlation between aver-
age baseline pleasantness ratings and ratings of psychotic 

Fig. 2.  Sensory-specific satiety effects in (A) the full sample of 
patients with schizophrenia (SZs; N = 42) and healthy volunteers 
(HVs; N = 44; left set of bars) and (B) in the subsample of SZs 
(N = 20) and HVs (N = 37) showing reduced hunger ratings, 
postfeeding (right set of bars). Sets of bars show differences 
in valuation change, for the sated and unsated foods, from 
prefeeding to immediately postfeeding.
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symptoms can account for the observed correlation 
between SSS scores and ratings of psychotic symptoms.

We also observed that average baseline pleasantness 
ratings for the 2 foods showed weak trends toward cor-
relations with self-reports of both physical (ρ = −0.382, 
P = .096) and social (ρ = −0.386, P = .103) anhedonia, 
from the Chapman scales, in the reduced sample of 
patients (supplementary table  6). However, these rela-
tionships were not observed in the reduced sample of 
controls, or in either group, in the full sample (all P’s >> 
.1). Furthermore, average baseline pleasantness ratings 
for the 2 foods did not correlate at all with clinical rat-
ings from the SANS, arguing against the idea that cor-
relations between SSS scores and measures of anhedonia 
and avolition are attributable to correlations between 
baseline pleasantness ratings and measures of anhedonia 
and avolition.

Discussion

Our analyses of reports of subjective hedonic experience 
in SZ patients and controls produced 3 main findings. 
First, patients with SZ showed a reduced SSS effect, such 
that they tended to devalue both the sated and the unsated 
food stimulus. Second, the magnitude of the SSS effect in 
patients with SZ, as well as with the degree of devalua-
tion of the sated stimulus, correlated with clinical ratings 
for avolition/anhedonia; as expected, patients with lower 
ratings for avolition/anhedonia showed devaluation that 
was more specific to the sated food stimulus. Finally, SSS 
scores in SZ patients also correlated with clinical ratings 
for positive symptoms.

The current results have important implications for our 
understanding of negative symptoms in SZ. In particular, 
these findings suggest a need conceptualize the nature of 
anhedonia in SZ, not only in terms of feelings of in-the-
moment pleasure at given time points, but also in terms 
of the modification of these feelings over time. It has 

been established that environmental stimuli can vary in 
their incentive value/ability to motivate behavior, depend-
ing on the organism’s current status or internal state.22,23 
As illustrated by the SSS effect,12,24 food stimuli, in partic-
ular, vary in value based on an individual’s level of satiety 
for a certain class of food. The ability to precisely update 
and represent the value of stimuli and actions in context 
is a key aspect of adaptive behavior, and a reduced abil-
ity to do this could account for some of the motivational 
deficits observed in psychiatric illness.

It is noteworthy that attenuated SSS effects were not 
just characteristic of SZ patients with the most severe 
negative symptoms; we also found correlations between 
severity of positive symptoms and impaired SSS. One 
might see this relationship as indicating a different kind 
of aberrant salience than is typically discussed in the lit-
erature25,26: the devaluation of one food transferred to a 
different food, an inappropriate generalization of nega-
tive valence. It is not hard to imagine how a similar pro-
cess could underlie impaired social functioning if  even 
appropriate discomfort with a specific person generalized 
more broadly.

SSS is a phenomenon that reflects a reduced experi-
ence of  pleasure with regard to a specific food based 
on satiety on that food, thus relying on a high degree 
of  sensitivity to interoceptive signals and neural rep-
resentations of  the value and magnitude of  rewards 
and punishments, in which orbitofrontal cortex (OFC) 
and associated structures have been observed to play a 
critical role.27–31 Neuroimaging research has linked the 
rapid updating the subjective value of  food stimuli to 
activity in OFC.11 This finding, of  a direct correspon-
dence between OFC activity and self-reports of  plea-
sure, ties the psychological experience of  taste hedonics 
to a brain region that is known to play a more general 
role in the active maintenance of  value representations. 
Importantly, additional research has provided evidence 
of  OFC abnormalities in SZ,32–35 which could factor in 

Table 2.  Spearman Correlations Between Sensory-Specific Satiety Scores and Clinical Variables, in the Full Sample, and in the Reduced 
Sample, of Patients

Full Sample (N = 42) Reduced Sample (N = 20)

ρ P ρ P

BPRS Item Average 0.281 .071 0.224 .343
BPRS Psychosis Average 0.343 .026* 0.293 .211
SANS Item Average 0.034 .831 0.306 .190
SANS Avolition Item Average 0.268 .086 0.525 .017*
SANS Avolition/Anhedonia Item Average 0.186 .238 0.538 .014*
Chapman – Physical Anhedonia Score 0.141 .374 0.547 .013*
Chapman – Social Anhedonia Score 0.250 .120 0.709 .001*
MATRICS Composite Score −0.308 .047* −0.421 .064

Note: Sensory-specific satiety scores explained in text. BPRS, Brief  Psychiatric Rating Scale; SANS, Scale for the Assessment of Negative 
Symptoms.

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv034/-/DC1
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the reduced ability to learn and precisely represent the 
value of  environmental stimuli36–38 and underlie motiva-
tional deficits.

The fact that SZ patients (especially more symptomatic 
patients) tend to devalue sated and unsated foods simi-
larly, in the context of a SSS paradigm, suggests a lack 
of precision in value updating, supporting the idea that 
OFC is dysfunctional in SZ. One potential explanation 
for the observation that SZ patients often show norma-
tive ratings for consummatory hedonics in cross-sectional 
studies6 is that these studies, depending on single-instance 
ratings of in-the-moment pleasure, do not genuinely 
require participants to report hedonic experience in the 
way a SSS paradigm does. While a devaluation paradigm, 
like SSS, prompts subjects to report fine-grained intero-
ceptive feelings at multiple instances over time, cross-
sectional studies may allow subjects to report feelings 
based on a sense of what is likely normative and socially 
desirable, rather than directly on the basis of value signals 
from OFC.

A recent study by Morris et al39 examining the impact of 
food devaluation on goal-directed action in SZ39 suggests 
an additional role for the caudate in value-driven behav-
ior. These authors also found that higher avolition scores 
were related to reduced devaluation-related changes in 
caudate activity in SZ. It should be noted, however, 
that while Morris et al39 used a Pavlovian-Instrumental 
Transfer (PIT) paradigm, showing that SZ patients failed 
to adjust their approach/avoidance behavior, with regard 
to devalued food stimuli, the current study used a sim-
pler paradigm, not dependent on any form of associative 
learning, revealing that SZ patients failed to selectively 
adjust their hedonic assessment of food stimuli as a con-
sequence of the devaluation of one of the stimuli.

The interpretations of the results of this study are con-
strained by several limitations. First, SZ patients in our 
study were taking antipsychotic drugs (supplementary 
table  1), which may have had an impact on feelings of 
pleasure or satiety. Although an effect of APD type and/
or dose can only be ruled out by random assignment to 
drug in the context of a clinical trial, our analyses (sup-
plementary table 7) revealed no systematic relationships 
between drug dose (converted to haloperidol equivalent 
units) and SSS effects. Thus, we had no reason to believe 
that antipsychotic dose accounted for changes in feelings 
of either sensory-specific or overall feelings of satiety.

Second, it is possible that methodological issues 
may have affected the robustness of the satiety effects 
observed in this study, relative those observed in the study 
after which it was modeled.11 These differences included 
the length of time that subjects were required to fast (6 h 
in the original study), the time of day at which subjects 
typically performed the study (usually late morning in 
our study, later afternoon in the original study), and the 
inclusion of females and older subjects in our study (the 

mean age of participants in the Kringelbach et al11 study 
was 28.5).

Perhaps as a consequence of some of these method-
ological considerations, it was apparent that a much 
lower proportion of patients reported a change in hunger, 
following the consumption of only one of the foods to 
satiety, relative to controls. Despite the consumption of 
similar amounts of each drink, roughly half of patients 
did not report a reduction in hunger. The reduced ten-
dency of patients with SZ to report changes in hunger, 
following the consumption of foods, may be consistent 
with reports that SZ patients show a reduced experience 
of pain,40,41 possibly reflecting a more general abnormality 
in the physiology underlying interoception.42 It is worth 
noting that evidence points to involvement of the insula in 
multiple aspects of interoception,43 including feelings of 
hunger and satiety,44 and that there have been numerous 
reports of insula abnormalities in SZ.45–47

In order to assess whether the 20 patients reporting 
reductions in hunger differed from the 22 who did not, 
we compared the 2 groups on a number of standard clini-
cal, cognitive, and experimental measures (supplementary 
tables 8 and 9). In addition to changes in hunger and thirst 
ratings, these comparisons revealed group differences in 
the average of SANS Avolition items and devaluation of 
the unsated stimulus, as well as mean devaluation of both 
food stimuli. Thus, patients who felt less full, also devalued 
the food stimuli less. When we performed further analyses 
on the 20 patients reporting changes in hunger from pre- 
to postfeeding sessions (excluding the 22 who did not), we 
observed a close relationship, in this group, between the 
extent to which the feeling of satiety was sensory specific, 
and the severity of hedonic and motivational impairments 
in patients. The reporting of SSS requires a sensitivity to 
internal state that is even more fine-grained than the abil-
ity to report overall changes in satiety. It is likely that sys-
tematic relationships between clinical symptoms and the 
magnitude of the SSS effect were observed in only a sub-
set of SZ patients, because the ability to detect and report 
SSS is contingent on the ability to detect and report feel-
ings of satiety, in general.

In sum, the results of our study validate the use of a 
SSS paradigm as a probe of stimulus-specific devalu-
ation, specifically in conjunction with neuroimaging. 
Furthermore, similar paradigms could be used to test 
whether specific physiological abnormalities related to 
the psychological experience of rewards, and the trans-
lation of this experience into motivation, have a genetic 
basis and are present in unaffected first-degree relatives 
of SZ patients.
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