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Avolition in schizophrenia has been attributed to the decoupling between emotion and motivation rather than
an inability to perceive or distinguish emotions. Hence, goal-directed behavior incentivized by positive or neg-
ative reinforcement becomes impoverished and dull. It is further suggested that goal-directed actions directed at
future outcomes (anticipatory or representational response) are preferentially affected, as opposed to actions
directed to the current state of affairs (consummatory or evoked response). Attempts to dissociate them behav-
iorally using the “anticipatory and consummatory pleasure” (ACP) task have demonstrated deficits in both
components, yet some have claimed otherwise. In this replication study, we presented further characterization
of the pronounced deficits in valence-dependent consummatory as well as anticipatory responding in 40 sub-
jects with schizophrenia in comparison with 42 healthy subjects. In addition, two novel observations were
made. First, the correlation between ratings of emotional intensity and arousal levels of pictures used to moti-
vate responding in the ACP task was markedly attenuated in the schizophrenic (SZ) group, suggesting that the
decoupling from emotion may be manifested beyond goal-directed behavior in schizophrenia. Second, multi-
ple correlations between ACP performance indices and individual scores in the letter–number span test were
uniquely observed in the SZ group, not among healthy controls. The co-emergence of ACP and workingmem-
ory deficiency in SZ may be linked to common psychopathological processes.

General Scientific Summary
The replication study provided further support that lack of motivation in schizophrenia can lead to a fail-
ure to seek (or avoid) pleasurable (or aversive) emotional experiences. However, our data challenged the
interpretation of previous studies and suggested that the disconnection of action from emotion may be
more extensive. We also clarified that the linkage between this functional disconnection and working
memory deficiency was unique in people with schizophrenia.
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Avolition is a core negative symptom in the DSM-5 and ICD-10
criteria of schizophrenia. Kraepelin (1920/1974) suggested that the
“loss of energy and drive” characteristic in dementia praecox is a
consequence of “disjointed [rather than loss of] volitional behav-
ior.” One interpretation of this disjunction refers to the failure of
affective experiences to incentivize adaptive, goal-directed behav-
ior (Heerey & Gold, 2007). It is distinct from the failure to experi-
ence or register the emotional valence of specific events, as in
anhedonia—the inability to feel pleasure. Reports of intact subjec-
tive rating and reflexive response to affective stimuli in people with
schizophrenia (Aghevli et al., 2003; Curtis et al., 1999) showed that
anhedonia is unlikely the primary cause of avolition. Instead, “the
loss of mastery over volitional actions” (Kraepelin, 1919/1971)
may be more closely linked to executive dysfunction in schizophre-
nia (Zec, 1995).
Gard et al. (2006, 2007) attempted to differentiate volitional con-

trol from emotional experience with the self-report Temporal
Experience of Pleasure Scale (TEPS) by parsing pleasure experience
into its temporal components. Separate items were designed to tap
anticipatory (i.e., to be experienced in the future) or consummatory
(i.e., in the moment) pleasure (Klein, 1984). This temporal distinc-
tion is expected to mirror the distinction between wanting and liking
central to the incentive theory of motivation (Berridge & Robinson,
2016). The initial study by Gard et al. (2007) showed that the antic-
ipatory (or wanting) component was specifically impaired in schiz-
ophrenia, but it was followed by a series of conflicting reports (Frost
& Strauss, 2016; Visser et al., 2020). Using TEPS, Strauss et al.
(2011) reported a selective reduction in consummatory pleasure
instead; and Da Silva et al. (2017) failed to find any difference
from healthy controls (HCs).
The consummatory–anticipatory dichotomy was also investigated

by Heerey and Gold (2007). Instead of relying on self-report, they
developed the “anticipatory and consummatory pleasure” (ACP)
task, designed to distinguish two types of emotion-driven response
incentivized by positive (desirable), or negative (undesirable) visual
affective stimuli. Between two distinct phases, responses either
modify the exposure time of affective stimuli in-the-moment or the
likelihood of being presented with the specific stimuli at some
time in the future. They were aptly described as evoked and represen-
tational responses, respectively. In keeping with the parsing of plea-
sure experiences into consummatory vs anticipatory components by
Gard et al. (2006), the key distinction between evoked and represen-
tational responses in the ACP task is the temporal separation
between an action and its goal.
In their seminal study, Heerey and Gold (2007) concluded that

representational/anticipatory response was preferentially impaired
in people with schizophrenia or schizoaffective disorder on the
basis of two findings. First, the correlation of response vigor with
the perceived valence of the affective images was weaker among
schizophrenia subjects (their Figure 4). Second, schizophrenia sub-
jects exhibited excessively inappropriate responses to neutral stimuli
(their Figure 3). The first finding has been replicated in people with
acute as well as chronic schizophrenia (Chu et al., 2020; Lui, Liu, et
al., 2016; Wang et al., 2020; Xie et al., 2017) and is widely taken as

evidence for a decoupling of behavior from emotional incentive.
However, the suggestion of a preferential impairment in representa-
tional/anticipatory response in schizophrenia has been challenged by
more recent studies. Lui, Liu, et al. (2016) and Xie et al. (2017) both
reported a preferential decoupling in evoked/consummatory
response, while Chu et al. (2020) observed comparable impairment
in both types of response. In addition, Heerey and Gold’s (2007)
finding concerning inappropriate responding to neutral stimuli by
subjects with schizophrenia also appears far from robust. Such dis-
inhibited responding was absent (Chu et al., 2020), comparably
observed in both types of response (Lui, Liu, et al., 2016; Lui,
Shi, et al., 2016), or more strongly expressed in evoked/consumma-
tory response (Xie et al., 2017).

Heerey and Gold (2007) claimed that their data further indicated a
link between the emotion–behavior coupling (specifically for repre-
sentational/anticipatory response) and working memory function.
However, the statistical support presented was far from unequivocal:
the crucial correlative analysis was performed with data pooled
across patients and controls. The correlation could have been driven
by the concomitant deficits in both measures in schizophrenia sub-
jects relative to controls. Moreover, a comparison of ACP perfor-
mance between patients with and without poor working memory
by Lui, Liu, et al. (2016) failed to yield a difference in terms of
emotion-behavior decoupling during anticipatory responding.
Instead, these authors suggested that preserved working memory
was associated with greater decoupling in evoked/consummatory
response in schizophrenia.

The present study was undertaken to address the inconsistent out-
comes outlined above. Their clarification not only is relevant to how
the link of volition to emotion may be disrupted in schizophrenia but
also the application of ACP and its variants as a behavioral test to
differentiate forms of volitional dysfunction in depression (Wang
et al., 2020), schizotypy (Yan et al., 2019), and its potential exten-
sion to addiction, obsessive-compulsive disorder, or impulse-control
disorder. To this end, Heerey and Gold’s (2007) ACP task was faith-
fully replicated here after translation to the Chinese language (Lui,
Liu, et al., 2016) and administered to subjects with schizophrenia
spectrum disorders in comparison with a group of age- and gender-
matched HCs.

To improve the quantification of specific dependency of
responding on stimulus valence, we applied a priori orthogonal
trend analysis to facilitate the evaluation of the predicted response
profile. The quantification was extended to individual subjects for
subsequent correlative analysis between ACP and memory perfor-
mance. Here, we attempted to broaden working memory evaluation
beyond the letter–number span (LNS) task routinely employed in
previous ACP studies. Specifically, we opted for a visual recogni-
tion test designed to evaluate the load-dependent expression of
short-term working memory (J. M. Palva et al., 2010; S. Palva et
al., 2011) with minimal retention demand and opportunity for
rehearsal. Although viable data were only obtained from half of
the subjects with schizophrenia, it provided potential insights
into future experimental design in the search for cognitive corre-
lates of emotion–behavior decoupling in schizophrenia.
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Method

Subjects

As a replication study, the sample sizes closelymatched the seminal
study byHeerey andGold (2007). Full descriptions of recruitment and
eligibility criteria are provided in online supplemental material A.

Schizophrenia Group

This cohort comprised adult outpatients recruited from the com-
munity, aged between 18 and 60, with a confirmed diagnosis
under schizophrenia spectrum disorder of DSM-5 and stable symp-
toms. Other inclusion criteria included normal corrected vision, the
ability to communicate in spoken Cantonese and written Chinese,
and the capacity to provide informed consent. Subjects with another
comorbid mental disorder, a history of head injury, hemiplegia or
other neurological conditions, electroconvulsive therapy in the
past 6 months, color blindness, or pregnancy were excluded; 40 eli-
gible schizophrenia (SZ) subjects were recruited.

Healthy Control Group

Healthy Chinese-speaking adults with good or corrected vision
were recruited by advertisements and word of mouth from the com-
munity. Potential subjects with any physical disabilities, chronic dis-
eases, neurological conditions, pregnancy, and a personal/familial
history of mental disorders were excluded. Out of the 105 eligible
volunteers, we first selected those who matched the gender and
age to one of the 40 subjects in the SZ group. Next, additional same-
sex healthy volunteers whose age was+1 year of the remaining SZ
subjects were also selected. This yielded a total of 42 healthy partic-
ipants. There remained five female SZ subjects without a control ful-
filling the above matching criteria, but their age never deviated .7
years from a female HC subject.

Procedures

Following informed consent, all subjects completed a demographic
questionnaire and the TEPS. Current diagnosis and medication, and
the age of the first approach for psychiatric service were obtained
from medical records. The ACP task and the Visual Working
Memory (VWM) test were then administered in a counterbalanced
order, followed by the LNS test. The three tests were performed in
a quiet room and were separated by at least 5 min. Additional 1–
2 min breaks were permitted during the ACP and VWM tests at the
subjects’ request. Each subject received a HK$200 shopping voucher
as gratitude for participation. All experiments were conducted in
accordance with the Declaration of Helsinki, with prior approvals
by institutional review boards (The Hong Kong Polytechnic
University, and the Hong Kong Hospital Authority).

Anticipatory and Consummatory Pleasure Task

The ACP task was identical to the original task (see Figure 1 in
Heerey & Gold, 2007) except for translation into Chinese. The
implementation and instructions (see online supplemental material
B) used closely followed that obtained from Lui, Liu, et al.
(2016). It was implemented in E-Prime®2.0 (PA, USA) on a laptop
PC. A set of 42 visual stimuli (14 positive, 14 neutral, and 14 neg-
ative) were used. Each stimulus was constructed by the juxtaposition

of three images of the same valence categories taken from the
International Affective Picture System (IAPS; Lang et al., 2005).
Full descriptions of the task, including pretraining and instructions,
are provided in online supplemental material B. Briefly, the two
phases of the task comprised multiple discrete trials. In each trial of
Phase 1, following the presentation of the stimulus, the subjects first
rated the stimulus’ pleasantness and then arousal on a 9-point
Likert-like scale. Next, they were instructed to decrease/increase the
likelihood of seeing the just presented stimulus according to how
unpleasant/pleasant (undesirable/desirable) they rated the stimulus.
They were told that actual change achieved would depend on the des-
ignated key presses registered within a 2-s window, and also explicitly
instructed to refrain from responding to stimuli they considered nei-
ther pleasant nor unpleasant. In Phase 2, the subjects were presented
with a pseudorandom subset of the visual stimuli (10 positive, 10 neu-
tral, and 10 negative) that appeared previously in Phase 1. The sub-
jects were instructed to shorten or lengthen the viewing time of
undesirable and desirable stimuli on the screen in each trial by repeat-
edly pressing the designated keys. Subjects were again instructed to
refrain from responding to stimulus considered as neutral. Each trial
ended with the disappearance of the stimulus from the screen (mini-
mum 3 s, maximum 10 s). The vigor of representational/anticipatory
and evoked/consummatory response was indexed by response rates
expressed in Hz from valid trials (i.e., key presses congruent with sub-
jective unpleasantness–pleasantness ratings) recorded in Phase 1 and
Phase 2, respectively.

Visual Working Memory Test

The test was implemented on a desktop PC running the STIM2

(Compumedics, Australia). All stimuli were composed of an array
of (2, 4, or 6) uniquely colored squares (with a palette of seven col-
ors), displayed against a white arena on the screen with a permanent
fixation point (+) drawn in the middle. Each trial began with a
100-ms presentation of the sample stimulus, followed by 1-s reten-
tion interval, and a 500-ms presentation of the test stimulus (see
Figure C1 in online supplemental material C). The sample and test
stimuli were identical in half of the trials but differed in the color
of a single square in the other half. The subjects were instructed to
press the “yes” key if they detected a change in the test stimulus
from the sample, or the “no” key if not, within 2.5 s after the test
stimulus appeared. Late responses were counted as nonresponse,
and a total of 540 discrete trials were administered. Accuracy and
memory capacity (Lm× (H− FA)/(1− FA), where Lm= 2, 4, or 6;
H= hit rate and FA= false alarm rate) at successive higher memory
loads (Lm; Pashler, 1988).

Letter–Number Span

The LNS task (Gold et al., 1997) was identical to that in previous
ACP studies in schizophrenia (Chu et al., 2020; Heerey & Gold,
2007; Lui, Liu, et al., 2016; Xie et al., 2017). After listening to a
string of unique alphanumeric characters, subjects needed to restate
the numbers in ascending order followed by the letters in alphabet-
ical order. The alphanumeric strings increased sequentially from
two to nine characters. Four distinct strings were evaluated at
each length. The task was terminated if all four attempts failed.
The total correct responses and maximum length reached were
scored.
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Temporal Experience of Pleasure Scale

The 20-item Chinese version of the TEPS was used. Its internal
consistency (Cronbach’s α= 0.83) and test–retest reliability
(r= .79) have been validated (Chan et al., 2012, 2016). Subjects
responded to each item on a 6-point Likert-like scale (from 1=
very false for me to 6= very true for me).

Statistical Analysis

All data analyseswere performedwith SPSS® v26.Variables derived
from independent assessments were analyzed separately. Following
examination of data distribution of individual variables for gross
departure from normality (Shapiro–Wilk test), evaluation of group
differences was performed using parametric analysis of variance
(ANOVA) with between-subject factor, Group (SZ vs. HC), and appro-
priate within-subject factors (e.g., Valence, Phases in the ACP task, or
Memory Loadings in the VWM test). Planned polynomial trend anal-
ysis was applied to dissect the response pattern in the ACP task, by par-
titioning the within-subject factor, Valence, into orthogonal linear and
quadratic components (including interaction terms). The quadratic com-
ponent of the individual response profile was also calculated by curve
fitting. The association between ACP performance indices andmemory
performance in the LNS and VWM tests was examined by Pearson’s
correlation and partial correlation. Fisher’s z-transformationwas applied
to correlation coefficients calculated for individual subjects before
group comparison using to ANOVAs. Deviation of individual group’s
average performance indices from chance level was evaluated by a one-
sample t test. Group comparisons of demographic and clinical datawere
evaluated by independent t test or Fisher’s exact test (FET).

Transparency and Openness

Every effort has been made to comply with APA Style Journal
Article Reporting Standards and transparency and openness (TOP)
requirements at Level 2. Access to the original data is obtained from
the corresponding author (B. K. Y.) upon reasonable requests. Data
analytics, including statistical software employed, are fully described,
and no custom-made code is needed for their reproduction. Request for
the E-Prime® script of the Chinese version of the ACP task used here
should be made after prior approval from its originator (Lui, Liu et al.,
2016). The script for the VWM test and the online supplemental mate-
rials included in this report are available from the OSF repository
(https://osf.io/w5nst/). Neither the study plan nor the analysis plan
had been preregistered.

Results

Demographic and Clinical Characteristics

The SZ (n= 40) and HC (n= 42) groups did not differ in terms of
age, t(80)= 1.00, p= .32, or gender ratio (χ2= 0.41, df= 1,
p= .52). Significant group differences in the stratification of three
socioeconomic factors were identified (online supplemental material
D). The SZ group had a higher proportion of never-married subjects,
yet a higher number of divorcees (FET: p, .001). The education
level was generally lower in SZ subjects (FET: p, .001). The pro-
portion of unemployment and reliance on government allowances
was higher in the SZ group (FET: p, .001). These were consistent
with the known demographic characteristics of schizophrenia.

The diagnostic composition in the SZ group included primarily schiz-
ophrenia (87.5%) and schizoaffective disorder (12.5%)—the two most
common diagnoses of schizophrenia spectrum disorders in the
Chinese adult population. Moreover, 23 had their first contact with psy-
chiatric services at or under 25 years of age (mean+ SD: 25.1+ 9.2).
The average number of years past since the first psychiatric contact
was 20.6+ 10.0 years; and it was under one decade in five subjects.
Symptoms were well controlled. Adverse psychotic symptoms were
not observed during the study. All but two SZ subjects were maintained
on antipsychotic drugs: clozapine, olanzapine, or risperidone, with a
mean chlorpromazine-equivalent dosage of 622.0+ 470.8 mg daily.
Furthermore, 19 subjects were also prescribed antidepressants (fluoxe-
tine, sertraline, or amitriptyline), anxiolytics, and/or hypnotic agents.

Anticipatory and Consummatory Pleasure Task

Subjective Pleasantness and Arousal Ratings

Individuals’ average subjective pleasantness and arousal ratings of
the visual stimuli according to IAPS valence categories (negative,
neutral, positive emotional valence) obtained in Phase 1 were sub-
jected to separate 2× 3 (Group× IAPS categories) mixed ANOVAs.

Pleasantness ratings conformed closely to the IAPS valence cate-
gories in both groups (Figure 1A). The ANOVA yielded a significant
effect of IAPS categories, F(2, 160)= 588.87, p, .001, ηp

2= 0.88,
and Group, F(1, 80)= 4.88, p, .05, ηp

2= 0.06. The Group effect
emerged because SZ subjects generally gave a higher rating, (i.e.,
toward more pleasant; mean+ SE: 5.33+ 0.09) than HC subjects
(5.05+ 0.09). This was seen regardless of IAPS valence, and the
interaction term was far from significance (F, 1).

Across the three IAPS valence categories, positive and negative
stimuli received higher arousal ratings than neutral ones (Figure 1B).
This expected effect of IAPS categories was highly significant, F(2,
160)= 9.24, p, .001, ηp

2= 0.10. Polynomial contrast analysis con-
firmed that the effect stemmed primarily from its quadratic component:
V-shape profile; F(1, 80)= 50.56, p, .001, ηp

2= 0.39; cf. the linear
component: F, 1. The quadratic trend was, however, less prominent
in the SZ group, yielding a significant interaction, F(2, 160)= 4.07, p
, .05, ηp

2= 0.05; quadratic component: F(1, 80)= 7.34, p, .01,
ηp
2= 0.08. Compared with HC subjects, SZ subjects were less aroused
by the negative images ( p, .05), whereas positive and neutral images
were rated similarly by the two groups.

We also examined the variability of individual subjective pleas-
antness and arousal ratings. The standard deviation of stimulus rat-
ings of each IAPS valence category was subjected to separate
two-way ANOVAs. In general, ratings of pleasantness (Figure 1C)
and arousal (Figure 1D) were both more variable in the SZ group,
as evidenced by the significant Group effect in the respective
ANOVAs, F(1, 80)= 21.07, p, .001, ηp

2= 0.21; F(1, 80)= 6.31,
p, .05, ηp

2= 0.07. Rating variability appeared stable across IAPS
valence categories. Neither the main effect of IAPS categories nor
its interaction with the Group achieved statistical significance.

Next, we examined whether the departure of the pleasantness rat-
ing from neutrality (defined as deviation from a rating of 5) predicted
higher arousal ratings. To this end, the correlation coefficient
between the two ratings was computed for each subject followed
by Fisher’s z-transformation before comparison between groups. A
positive correlation was evident in both SZ and HC groups, but it
was significantly lower in the SZ group, F(1, 80)= 17.58, p, .001,
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ηp
2= 0.18; Figure 1E. The slope of the linear regression line was
further computed as it represented the linear dependency of arousal
ratings on the deviation of pleasantness/unpleasantness from neu-
trality (Figure 1F), and it was less steep in the SZ group, F(1,
80)= 11.45, p, .001, ηp

2= 0.13.

Anticipatory and Consummatory Response

The proportion of valid trials in both phases of the ACP task
exceeded 90%. It was generally lower in Phase 2 of the experiment,
and lower in the SZ groups. The group difference appeared more
pronounced in Phase 2 (SZ: 93.25+ 1.18% vs. HC: 98.41+
1.15%) than in Phase 1 (SZ: 96.96+ 0.75%; 98.75+ 0.73%).
A 2(Group)× 2(Phases) ANOVA of the proportion of valid trials

yielded a main effect of Group, F(1, 80)= 9.95, p, .005, ηp
2=

0.11, Phases, F(1, 80)= 6.04, p, .05, ηp
2= 0.07, and their interac-

tion, F(1, 80)= 4.18, p, .05, ηp
2= 0.05.

The vigor of both anticipatory and consummatory effortful
responses obtained in valid trials was quantified by key-press rate
and classified according to the perceived pleasantness (i.e., valence
or desirability) assigned by individual subjects to the images pre-
sented in the trial into the following: Undesirable (ratings: 1–3),
Indifferent (ratings: 4–6), or Desirable (ratings: 7–9). As expected,
anticipatory responding to increase/decrease the probability of see-
ing a stimulus in the future and consummatory response to shorten/
lengthen the viewing in-the-moment was higher for undesirable/
desirable images in comparison to indifferent images. This ability
to translate perceived emotional valence to willed action was

Figure 1
Subjective Pleasantness and Arousal Ratings

Note. Average individual pleasantness (A) and arousal (B) ratings of the visual stimuli presented in the first phase are illustrated by the line plots, as a function
of the IAPS stimulus valence categories: Neg: negative, neu: neutral, Pos: positive emotional valence. Average ratings across the three valence categories are
shown in the accompany bar plots. The variability of pleasantness (C) and arousal (D) ratings were indexed by the standard deviation of individual ratings.
Correlation between deviation of pleasantness rating from 5 (indicating complete emotional indifference) and the arousal rating computed for each subject was
lower in SZ (E). Evaluation of the slope obtained by linear regression in each subject yielded the same conclusion (F). * indicates a significant difference
( p, .05) between groups. SZ: n= 40, HC: n= 42. IAPS= International Affective Picture System; HC= healthy control; SZ= schizophrenia.
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strongly expressed in HC subjects but substantially weakened in the
SZ subjects (Figure 2).
The HC group exhibited a highly symmetric, V-shaped, anticipa-

tory response profile. By comparison, the SZ group responded with
less vigor in desirable and undesirable trials and showed stronger
response in indifferent trials (Figure 2A). The HC group’s consum-
matory response followed a V-shaped profile, albeit asymmetric,

with more vigorous responding in undesirable trials than desirable
ones (Figure 2B). Hence, the flattening of the response profile in
the SZ group was associated with a more prominent deficiency in
undesirable trials.

These impressions were confirmed by the 2(Group)× 2
(Phases)× 3(Desirability) ANOVA of key-press rate. First, the
V-shaped response profile was confirmed by the significant effect

Figure 2
ACP Key-Press Responses as a Function of Perceived Emotional Valence (or Desirability) of the Visual Stimuli

Note. Key-press rate was used to index behavioral effort exerted to increase/decrease the probability of future viewing in panel (A), and to shorten/lengthen
in-the-moment viewing time in panel (B), of images classified according to subjective desirability (Undesired, Indifferent, orDesired). The profile of key-press
rate against stimulus desirability is plotted on the left. The quadratic and linear components of the profile were separately shown in the accompany histograms
(middle and right plots, respectively). SZ: n= 40, HC: n= 42. * indicates a significant difference ( p, .05) between groups. ACP= anticipatory and con-
summatory pleasure; HC= healthy control; SZ= schizophrenia.
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of Desirability, F(2, 160)= 50.73, p, .001, ηp
2= 0.39, that primar-

ily stemmed from its quadratic component, F(1, 80)= 73.73,
p, .001, ηp

2= 0.48, accounting for 99.61% of the sum-of-square
partitioned to Desirability. Second, the aberrant valence-driven
responding in the SZ group and its differential expression between
the two phases led to the significant Group×Desirability interac-
tion, F(2, 160)= 63.44, p, .001, ηp

2= 0.44, and the three-way
interaction, F(2,160)= 14.69, p, .001, ηp

2= 0.16. These two inter-
action terms were again more prominent in their quadratic compo-
nents, F(1, 80)= 45.07 and 17.06, both p’s, .001, ηp

2= 0.36
and 0.18, respectively. The quadratic component of desirability-
dependent responding thus most effectively captured the
aberrant behavior in the SZ group, as depicted in Figure 2. The
respective effect size (ηp

2) of the Group×Desirability(quadratic)
interaction term computed from separate ANOVAs restricted to
the anticipatory or consummatory phase was 0.35 and 0.25,
respectively.
Considering the substantial flattening of the response profile in the

SZ group across both phases, we further evaluated if the predicted
V-shape profile was completely abolished. One-sample t test showed
that the mean quadratic component of the anticipatory and consum-
matory response profiles both significantly exceeded zero at the one-
tailed criterion, t(39)= 1.95, pone-tailed= .029; t(39)= 3.06,
pone-tailed= .002, respectively. Hence, valence (desirability) had
maintained some control over key presses in the SZ group in accor-
dance with the ACP task.
Responding was generally higher during the anticipatory than the

consummatory phase, F(1, 80)= 78.21, p, .001, ηp
2= 0.50.

Examination of the linear components confirmed the stronger con-
summatory responding in undesirable trials by HC subjects
(Figure 2B). Finally, consistent with our interpretation, the overall
ANOVA yielded a significant main effect of Group, F(1, 80)=
4.08, p, .05, ηp

2= 0.05, and the Phase×Desirability interaction,
F(2, 160)= 23.54, p, .001, ηp

2= 0.23.

Emotion-Effort and Arousal-Effort Coupling

Next, we examined how individual’s own rating of pleasantness
predicted the vigor of response across stimuli. This was quantified
by computing the product-moment correlation coefficient for valid
trials in each of the three categories of desirability from each
phase of the ACP task. Thirteen SZ subjects and 20 HC subjects
had yielded sufficient valid trials for the computation of all six cor-
relation coefficients (2 Phases× 3 perceived levels of desirability).
Omissions of subjects were due to the requirements for at least
three valid trials spanning across at least two ratings in each and
every defined range of ratings assigned to the three categories of sub-
jective valence: undesirable (ratings: 1, 2, 3), indifferent (ratings: 4,
5, 6) and desirable (ratings: 7, 8, 9).
The coefficients were submitted to a 2(Group)× 2(Phases)× 3

(Desirability) ANOVA after Fisher’s z-transformation. As expected,
the pleasant rating scores correlated negatively and positively with
response vigor to undesirable and desirable images, respectively,
while the correlation was near zero for indifferent images. For
both anticipatory and consummatory responding, this coupling
between stimulus-perceived desirability and response vigor was
clearly seen in the HC group (Figure 3A). By contrast, the coupling
was attenuated in the SZ group. These interpretations were supported
by the emergence of a significant effect of Desirability, F(2, 62)=

27.13, p, .001, ηp
2= 0.47, and the Group×Desirability interac-

tion, F(2, 62)= 4.00, p, .05, ηp
2= 0.11. Neither the main effect

of Phase nor its interactions approached statistical significance.
A similar analysis was performed to examine the coupling

between arousal ratings and responding. This was again quantified
by correlation coefficients, except that no distinction was made
with respect to stimulus desirability. One coefficient with respect
to anticipatory responding, and one for consummatory responding
could be computed in 39 SZ and 41 HC subjects. Decoupling was
evident in the SZ group regardless of response types (Figure 3B).
The 2(Group)× 2(Phases) ANOVA of Fisher’s z-transformed corre-
lation coefficients yielded only a Group effect, F(1, 78)= 13.88, p
, .001, ηp

2= 0.15.

Visual Working Memory

Nine SZ subjects were unable to complete the VWM test, and the
number of nonresponded trials by the remaining SZ subjects
(37.37+ 4.64%, n= 31) far exceeded the HC group (2.69+
3.98, n= 42; F(1, 71)= 32,19, p, .001, ηp

2= 0.31. To avoid con-
founding differences in the number of trials, we only included the
first 120 responded trials at each memory load and excluded subjects
(12 SZ and 1 HC) who failed the criterion. One additional SZ subject
was dropped because she always responded “yes” despite complet-
ing all 560 trials, as this prevented the computation of memory
capacity scores. The final 2× 3 (Group×Memory Loads)
ANOVA of all variables included 18 SZ and 41 HC subjects.

Analysis of correct rate showed a clear reduction with increasing
load, F(2, 114)= 166.87, p, .001, ηp

2= 0.75, and the SZ group was
clearly impaired, F(1, 57)= 33.45, p, .001, ηp

2= 0.37. The magni-
tude of the SZ deficit was largely stable across memory loads (F, 1;
Figure 4A). Accuracy dropped from 91% to 69% in the HC group,
while a drop from 79% to 57% was seen in the SZ group.
One-sample test showed that the SZ group had maintained perfor-
mance above chance (.50%) at the highest load, t(17)= 3.26,
p, .005.

The SZ group was also deficient in terms of memory capacity, F
(1, 57)= 31.43, p, .001, ηp

2= 0.36. While increasing memory
loads induced higher memory capacity in the HC group, a decrease
was observed in the SZ group. This led to a significant interaction, F
(2, 114)= 13.19, p, .001, ηp

2= 0.19, and the impression that the
capacity deficiency in the SZ group was magnified with increasing
loadings (Figure 4B).

Finally, reaction time showed a clear increase with increasing
memory loads, F(2, 114)= 38.77, p, .001, ηp

2= 0.41, but the
rate of increase was lower in the SZ group (Figure 4C). The latter
led to a significant interaction, F(2, 114)= 6.70, p, .005, ηp

2=
0.11, although the average reaction time was comparable between
groups (F, 1).

Given that a significant proportion of SZ subjects was excluded
from the VWM analysis, we conducted additional analysis (see
online supplemental material E) to examine if SZ subjects included
(n= 18) and those excluded (n= 22) might exhibit systematic dif-
ference in their ACP performance. Specifically, it is imperative to
decide if the substantial ACP deficit in the SZ group described before
could have been primarily driven by SZ subjects whose general
engagement in psychological testing was markedly impaired. If so,
it would undermine the validity of our conclusion. To this end, we
directly contrasted ACP performance between the two subsets SZ
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subjects in an analysis of press rate as a function of subjective stim-
ulus valence (negative, neutral, positive) across the two phases
(anticipatory vs. consummatory response) of the ACP task. There
was no statistical evidence suggesting that their ACP response pro-
file might differ significantly from each other (see Figure E1 in the
online supplemental materials). In addition, we also compared the
demographic and clinical features between two subsets of SZ sub-
jects, which yielded only a difference in sex ratio with ( p= .005
by FET). While the VWM-able subset had a bias for males
(14M:4F), the VWM-unable subset had a bias for females
(7M:15F). The two subsets, however, did not differ in terms of
age, age at first psychiatric contact, years since first psychiatric con-
tact, medication expressed in chlorpromazine-equivalent dosage,
diagnosis, marital status, education levels, or employment. They
also cannot be differentiated by their TEPS or LNS performance.
Relevant descriptive and interpretative statistics are listed in
Table 2 in online supplemental material E.

Letter–Number Span

The SZ group was substantially impaired. Significant group
effects of comparable effect size were obtained from separate one-
way ANOVAs of LNS correct score, F(1, 80)= 98.07, p, .001,
ηp
2= 0.55, and maximum alphanumeric string length completed,

F(1, 80)= 101.79, p, .001, ηp
2= 0.56; Figure 5.

Temporal Experience of Pleasure Scale

A 2 (Group)× 2 (Subscores) ANOVA including anticipatory and
consummatory TEPS subscores failed to yield any significant group
difference. A nonsignificant numerical reduction of TEPS scores

was just discernible in the SZ group (Figure 6). Consummatory
subscores were notably higher than anticipatory subscores across
both groups, F(1, 80)= 77.42, p, .001, ηp

2= 0.49.

Correlation Between ACP and Memory Variables

Five ACP performance variables correlated significantly with
LNS scores, but these correlations were uniquely observed in the
SZ subjects (Figure 7). The five variables were (a) correlation of sub-
jective pleasantness and arousal ratings (Figure 1D), (b) and (c) the
quadratic components computed from the anticipatory and consum-
matory response profiles (Figure 2A, B), (d) and (e) the correlations
of arousal ratings against anticipatory, and consummatory respond-
ing (Figure 3B). By contrast, none of the five ACP variables corre-
lated with individual performance in the VWM test. Interpretation of
these null results, however, is limited by the reduced sample size
(n= 18). It is therefore worth noting that the correlation between
arousal-anticipatory response coupling and VWM correct rate
yielded an effect size (r= .37, p= .14, R2= 0.13, df= 16)
approaching those ACP–LNS correlations shown in Figure 7.
Otherwise, the coefficients of determination of other ACP–VWM
correlations were all below 0.05.

Discussion

The present study reexamined the power of the ACP task to detect
and quantify emotional decoupling in the behavioral expression of
goal-directed action incentivized by affective stimuli in schizophre-
nia. First, we consolidated the presence of robust impairment in both
types of response in schizophrenia when the subjective rating of
emotional content was apparently normal. Second, our data

Figure 3
Correlation Between Behavioral Efforts and Subjective Ratings in Stimulus Pleasantness (Desirability) and Arousal Levels

Note. (A) Individual correlation coefficients between key-press rate and stimulus desirability of the associated stimuli (Undesired, Indifferent, and Desired)
based on subjective pleasantness ratings (1–3, 4–6, and 7–9, respectively) were computed separately for anticipatory and consummatory response across valid
trials in 13 SZ and 20 HC subjects. (B) Individual correlation coefficients between key-press rate and stimulus arousal ratings were computed separately for
valid trials in the two phases (anticipatory and consummatory) of the ACP task. SZ: n= 39, HC: n= 41. * indicates a significant difference ( p, .05) between
groups. HC= healthy control; SZ= schizophrenia; ACP= anticipatory and consummatory pleasure.
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suggested that interpretation for a preferential emotional decoupling
in anticipatory goal-directed action in schizophrenia based on the
ACP paradigm (here and elsewhere) may be untenable (see further
discussion below based on planned orthogonal contrasts analysis).
Third, we provided new evidence for emotional decoupling beyond
goal-directed behavior. Stimuli whose affective valence was per-
ceived as more extreme (pleasantness scale) were less effective in
driving higher arousal ratings in the SZ group. Fourth, there were
grounds for a more refined interpretation of the potential link
between emotional decoupling and working memory deficiency in
schizophrenia, first alluded to by Heerey and Gold (2007). The com-
prehensive association between indices of emotional decoupling
derived from the ACP task and LNS memory scores (Figure 7)
has clarified concerns raised in the Introduction. One critical quali-
fication was that the association was unique to the SZ group, high-
lighting that the linkage between volitional and cognitive deficits
may be pathological. Although the failure to generalize the

correlative findings to the VWM test could partly be attributed to
reduced statistical power, it highlights the possibility that not all
working memory tests are equally linked to the emergence of emo-
tional decoupling in schizophrenia—hence, the need for further
dissection.

ACP Versus TEPS

The ACP task is a behavioral paradigm to dissociate consumma-
tory and anticipatory goal-directed action incentivized by emotion
that mirrors the temporal separation between actions and outcomes
emphasized in the TEPS (Gard et al., 2006). Here, ACPwas superior
in differentiating our SZ and HC subjects while TEPS essentially
failed (Figure 6). The critical Group×Desirability interaction across
the two phases of the ACP task yielded an impressive effect size of
ηp
2= 0.44. The limited robustness of TEPS, however, was not

unprecedented (Frost & Strauss, 2016; Visser et al., 2020). The

Figure 4
Performance in the Visual Working Memory (VWM) Test

Note. Thememory deficit in the SZ group (*) was evident in terms of correct rate (A) andmemory capacity (B) in the first 120 trials at each memory load. (C)
The overall reaction time was comparable between groups, but its rate of increment with increasing memory loads was lower in the SZ group. SZ: n= 18, HC:
n= 41. HC= healthy control; SZ= schizophrenia.

Figure 5
Performance in the Letter–Number Span (LNS) Test

Note. LNS performance was grossly impaired in the schizophrenia group
in terms of (A) total correct scores and (B) maximum length achieved. SZ:
n= 40, HC: n= 42. * denotes significant group difference at p, .05.
HC= healthy control; SZ= schizophrenia.

Figure 6
Temporal Experience of Pleasure Scale Scores

Note. No significant group differencewas obtained in the (A) anticipatory
and (B) consummatory subscales of TEPS. SZ: n= 40, HC: n= 42.
TEPS= Temporal Experience of Pleasure Scale; HC= healthy control;
SZ= schizophrenia.
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possibility that its application to Chinese subjects may undermine
TEPS seems unlikely. Li et al. (2015) showed that the Chinese
TEPS could differentiate Chinese people with chronic schizophrenia
from their nonpsychotic first-degree relatives by the abstract compo-
nents of anticipatory pleasure and consummatory pleasure with very
respectable effect sizes (Cohen’s d= 1.57 and 0.60, respectively)
with sample sizes (n= 45) not substantially larger than ours.
Secondly, the ACP task, being a behavioral paradigm, is less
prone to cultural divergence. The use of IAPS images to induce an
affective response in Chinese subjects is well supported (Chiang et

al., 2012). Another notable advantage of ACP over TEPS is the abil-
ity to contrast approach/seeking and escape/avoidance actions driven
by positive and negative emotions, respectively. TEPS instead mea-
sures exclusively sensitivity to pleasurable experience.

Interpretating ACP Response Profile Through
Polynomial Contrasts

Responding under the two opposing affects in contrast to neutral
control trials is associated with a prototypical V-shaped profile that

Figure 7
Correlation and Scattered Plots Between ACP Variables and LNS Memory Scores

Note. Pearson’s correlation coefficients were computed separately for the SZ (n= 39–40) and HC (n= 42) group. Five ACP variables (A–E) are plotted
against the total scores in the LNS test. Two regression lines (SZ: red squares, HC: black circles) are fitted to each scattered plot. ACP= anticipatory and
consummatory pleasure; LNS= letter–number span; HC= healthy control; SZ= schizophrenia. See the online article for the color version of this figure.
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can be precisely and conveniently captured by the quadratic trend
across the three ordered levels of valence: negative/undesirable→
neutral/indifferent→ positive/desirable. The quadratic trend pro-
vides a metric to evaluate emotion-behavior coupling and its
hypothesized attenuation (i.e., decoupling) in schizophrenia. As an
orthogonal complement, the linear trend provides a metric for asym-
metric coupling as it specifically contrasts response vigor between
undesirable and desirable trials (Fisher & Yates, 1963).
The primary statistical support for the differential expression of

anticipatory vs. consummatory response deficit in our SZ subjects
was the emergence of the Group× Phases×Desirability interaction
in key-press rate (Figure 2). The differential flattening of the
response profile in the SZ group was captured by the quadratic
trend of this three-way interaction (ηp

2= 0.18). In comparison with
HC subjects, the flattening was more substantial in terms of anticipa-
tory response than consummatory response (Figure 2). However, it
was obvious that this impression was driven primarily by the stron-
ger quadratic trend in anticipatory response by HC subjects. By con-
trast, SZ subjects responded similarly between the two phases. A
posteriori restricted ANOVAs confirmed the presence of a highly
significant Phases×Desirability interaction, F(2, 82)= 22.55, p
, .001, ηp

2= 0.39, in the HC group but not in the SZ group, F(2,
78)= 1.11, p= .33, ηp

2= 0.03. This raises a concern that our SZ
subjects were unable to comprehend or implement the task require-
ments.1 Such a barrier of engagement could have potentially
accounted for the nonspecific impairment seen in our SZ subjects.
However, we showed that the mean quadratic component of the
anticipatory and consummatory responding in the SZ group
remained significantly above zero.2 This was in keeping with our
records that all subjects indicated their understanding of the task dur-
ing the practice phase. This concern however resurfaced in the
VWM task, which was apparently more demanding and led to the
omission of data by a significant proportion of SZ subjects. Yet,
this also provided an opportunity to evaluate the contribution of
compliance to task demand in general (or the potential lack of it in
our SZ subjects) to our main ACP finding. The additional analysis
(detailed in online supplemental material E) showed convincingly
that the possibility of poor engagement on the VWM task per se
could not differentiate the flattening of the ACP valence-dependent
key-press profile.3 We speculate that what appeared to be suggestive
of a lack of task engagement/comprehension was indicative of poor
psychomotor speed, and this nonspecific effect was not critical to the
emergence of the grossly attenuated emotion-response coupling evi-
dent in the ACP task. Thus, in comparison with Heerey and Gold
(2007), the flattening in our SZ subjects was more pronounced.
Yet, a complete loss of expected V-shaped profile is not unprece-
dented. Lui, Shi, et al. (2016, see their Figure 4) reported a complete
loss in nonclinical negative schizotypy subjects whose understand-
ing of task instructions would not be in doubt.
Finally, the linear trend of the significant three-way interaction in

the overall ANOVA (ηp
2= 0.11) further revealed an asymmetric

emotion-behavior coupling specific to consummatory responding
in our HC subjects. Heerey and Gold (2007) also reveal a similar
bias in HCs for more vigorous responding in undesirable than desir-
able trials, but it was interpreted as exclusive to anticipatory respond-
ing. Our data agreed nonetheless that SZ subjects never displayed
such asymmetric responding. Incidentally, we both observed stron-
ger anticipatory responding by SZ subjects in indifferent trials
(Figure 2A).

Anticipatory or Consummatory, That Is the Question

The crucial question that arises is whether the differential expres-
sion of anticipatory vs consummatory response deficit in the SZ
group may be interpreted as evidence for a stronger emotional
decoupling in anticipatory response? We contend that an affirmative
answer runs the risk of reading into the stronger V-shape (i.e., qua-
dratic) anticipatory response profile seen in the HC group as evi-
dence for its more severe attenuation in the SZ group. There are at
least four reasons for our caution. First, multiple attempts since the
seminal study by Heerey and Gold (2007) have failed to report the
critical three-way interaction (except Wang et al., 2020, and here),
yet the two-way (Group×Desirability or Valence) interaction was
far more robust (Chu et al., 2020; Lui, Liu, et al., 2016; Lui, Shi,
et al., 2016; Xie et al., 2017).

Second, although ACP studies consistently showed a stronger
V-shaped profile in anticipatory compared with consummatory
responding, this may be an artifact even though both were quantified
by key presses per second. The response window for an anticipatory
response was fixed to 2 s without any immediate feedback available.
On the other hand, the response window for registering consumma-
tory response was variable—in a manner that directly depended on
registered key presses. Appropriate key presses during desirable tri-
als prolonged not only the viewing time (as desired) but also the
response window. The potential reward gained from further key
presses diminished as viewing time approached the upper bound
of 10 s. The key-press rate would be expected to decelerate and
dragged down the average press rate. By contrast, the response dur-
ing undesirable trials did not suffer from this potential limit. The
resultant shorter response window (,5 s) may have inadvertently
inflated the average key-press rate. This difference in time windows
may explain the asymmetric response exhibited by HC subjects dur-
ing consummatory responding.

Third, we lack an a priori rationale for predicting whether the
V-shape profile of anticipatory or consummatory response should
be stronger in healthy people. Although ACP studies consistently
showed a sharper profile in anticipatory responding, a brief survey
of TEPS studies have demonstrated all possible patterns in healthy
subjects (Da Silva et al., 2017; Gard et al., 2007; Strauss et al.,
2011). Notably, in the ACP task, the expected outcomes associated
with anticipatory and consummatory responses were qualitatively
different. They were delivered either as a change in future probability
of viewing, or the “in-the-moment” viewing time, of a specific affec-
tive stimulus. This prevents the direct application of delayed dis-
counting function (Frederick et al., 2002), which otherwise should
predict weaker anticipatory than consummatory responses.

Fourth, our evaluation of the correlation between subjective
valence ratings and behavioral response did not yield any statistical
support for a preferential attenuation of the correlation in anticipa-
tory responding, but only a general weakening of the correlation
(Figure 3A). This concurs with two recent reports in community-
dwelling people with schizophrenia and in-patients (Wang et al.,
2020; Xie et al., 2017). Moreover, neither Lui, Shi, et al. (2016)

1We are grateful to the two reviewers for raising this concern.
2 Additional indices were computed to more precisely estimate the qua-

dratic trend of the response profile and they all showed that the SZ group
were performing significantly above chance.

3 This additional analysis was performed as recommended by a reviewer.
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nor Chu et al. (2020) had reported a significant interaction
between group and response phases in their evaluation of ACP per-
formance in schizophrenia. Heerey and Gold (2007) remains the
only study to date reporting that the correlation between valence rat-
ings and vigor of anticipatory response was significantly more
impaired in schizophrenia compared with the correlation between
valence ratings and vigor of consummatory response—with a mod-
erate effect size (ηp

2= 0.07). Intriguingly, the exact opposite out-
come, of a comparable effect size (ηp

2= 0.08), has been reported
in first-episode schizophrenia patients, who exhibited a more severe
decoupling between valence ratings and consummatory response
vigor (Lui, Liu, et al., 2016). Taken together, the majority of ACP
studies failed to substantiate the hypothesis that schizophrenia
selectively undermines willed actions incentivized by anticipatory
emotional reinforcement. Instead, evidence for decoupling in
both anticipatory and consummatory responses are abound. This
impression of a more pervasive decoupling from emotion may
extend to the link between emotion and arousal we reported here
for the first time.

Decoupling Beyond Goal-Directed Behavior

Evidence for a decoupling between valence and arousal ratings
was apparent even before the actual key presses for the anticipatory
response were registered in Phase 1 of the ACP task. Extensive nor-
mative data showed that IAPS images rated as more emotive are also
rated higher in arousal (Balsamo et al., 2020). This normative rela-
tionship was attenuated in the SZ subjects (Figure 1E). The emo-
tion–arousal connection has received limited attention in the
literature, perhaps because arousal bore no programmed conse-
quences and thus considered irrelevant to the types of goal-directed
response measured in ACP. However, the motivational significance
of arousal has been demonstrated by ad libitum viewing time of
affective pictures (Kron et al., 2014). Therefore, some discussion
is warranted given that our SZ subjects exhibited attenuated coupling
between subjective arousal and the vigor of both anticipatory and
consummatory responses (Figure 3B).
The attenuation is unlikely simply attributable to a lack of within-

subject variability in the two ratings among SZ subjects (Figure 1C,
D), or their small (albeit significant) bias for more pleasant ratings
(Figure 1A). On the other hand, the failure of SZ subjects to distin-
guish between neutral and negative categories of images in their
arousal ratings (Figure 1B) could have undermined the concordance
between perceived valence and arousal ratings (Figure 1F)—which
we interpreted as an expression of emotion–arousal decoupling.
Since the ACP task accords no motivational significance to the

arousal rating, one may be inclined to interpret emotion–arousal
decoupling as a sign of anhedonia rather than avolition. Yet, emo-
tion–arousal decoupling might act as a mediator of the weaker link
between subjective arousal and effortful responding observed in the
SZ group. When ratings of valence and arousal are tightly correlated,
the processing of stimuli of more extreme valence is expected to be
modulated by higher arousal. According to the arousal-biased compe-
tition theory (Mather & Sutherland, 2011), the affective information
therein would be perceived as more salient and represented more
strongly in working memory and afforded higher priority in the regu-
lation of behavior—especially behavior incentivized by the prioritized
affective information. Hence, strong coupling between valence and
arousal can reinforce emotional couplingwith behavior. The cognitive

processes implicated extend across the diverse supervisory roles of
the central executive (Baddeley, 1986), the multifaceted executive
dysfunction of which is well documented in schizophrenia
(Barch, 2003, 2005). Whether such impairments may differentially
contribute to aberrant anticipatory versus consummatory goal-
directed behavior that underlies avolition in schizophrenia remains
to be further investigated. Nonetheless, our data suggested that both
types of motivated behavior were grossly affected in our SZ subjects
(Figure 3B). A complementary impression also emerges when the
association between deficits in ACP and working memory is
considered.

The ACP–LNS Correlation Is Intrinsic to Schizophrenia
Psychopathology

A correlation between the concordance of anticipatory response
with subjective valence and LNS performance was first reported
by Heerey and Gold (2007), but it was based on a pooled analysis
across both schizophrenia and healthy subjects. It remains uncertain
if it was simply driven by group differences in the two variables
because neither a scatter plot nor within-group correlation was per-
formed. Here, we clarified this uncertainty and provided some criti-
cal qualifications.

Five ACP variables that were indexing some form of emotional
decoupling identifiable in the SZ subjects correlated with LNS
scores, but only in the SZ group (Figure 7). Notably, SZ subjects
scoring low in LNS also exhibited weaker emotion–behavior cou-
pling captured by the quadratic components derived from both antic-
ipatory and consummatory response profiles. Their unique

Figure 8
The Concomitant Attenuation of Emotional Coupling and
Working Memory Impairment in Schizophrenia (SZ)

Note. A representation that attributes our correlative findings depicted
in Figure 7 as pathological in nature, while the two traits largely varied
independently in healthy controls (HCs). See the online article for the
color version of this figure.
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emergence among SZ subjects suggests a pathological link between
diminished emotional coupling and working memory dysfunction
(Figure 8). Our data agree with the observation that ACP perfor-
mance in schizophrenia patients with near-normal LNS performance
was better than patients with clear working memory deficit, although
it remained poorer than HCs (Lui, Liu, et al., 2016). Chu et al. (2020)
also reported that the variation in working memory alone could not
statistically account for the presence of emotion–behavior decou-
pling in schizophrenia. Examination of the effect sizes of correlation
shown in Figure 7 has led to the same conclusion. Hence, the emo-
tion–behavior decoupling in schizophrenia likely involves dysfunc-
tion of other cognitive processes. Indeed, the link between
diminished emotional coupling and memory dysfunction here was
more pervasive here than pervasively described. The attenuated con-
cordance related to arousal in schizophrenia also correlated with
LNS scores, including emotion–arousal decoupling (Figure 7A)
and arousal–behavior decoupling (Figure 7D, E).
Unlike Heerey and Gold (2007), we were unable to generalize the

ACP–LNS correlation to a visual-spatial working memory para-
digm.4 The VWM task was selected as an attempt to minimize
rehearsal, temporal retention, and manipulation demand, and for
its focus on memory buffer capacity (J. M. Palva et al., 2010).
However, its implementation as a two-alternative forced choice
task proved to be too demanding for half of our SZ subjects. As a
consequence, the loss of statistical power might contribute to our
failure to observe comparable ACP–VWM correlation in the SZ
group. The contrast between LNS and VWM here must therefore
be interpreted with caution, although it may point to the irrelevance
of short-term memory capacity in the emergence of the robust “path-
ological” ACP–LNS correlation. Nevertheless, the VWM data had
highlighted the possibility that not all working memory components
are perhaps equally linked to the emotion–behavior decoupling in
schizophrenia. Further dissection is worth attempting to isolate
more precisely the cognitive underpinnings of avolition symptoms
in schizophrenia (e.g., Strauss & Gold, 2012) as well as other condi-
tions with similar affective symptoms (Heinz et al., 1994; Lambert et
al., 2018; Wang et al., 2020). Future ACP studies are encouraged to
incorporate tests that can selectively engage specific components of
executive and working memory function.

Some Theoretical Considerations

The parsing of reinforced behavior with respect to it consumma-
tory and anticipatory intent in the ACP task is designed to mirror the
distinction between liking and wanting (see Heerey & Gold, 2007,
p. 269). Their respective deficiency has been mapped onto anhedo-
nia and avolition, respectively; and by extension, the Kraepelinian
expectation of a preferential anticipatory impairment in schizophre-
nia. However, it may not be fundamentally refuted by our contention
that deficiency in both consummatory and anticipatory behavior can
be robustly demonstrated in schizophrenia. The key presses recorded
in both phases of the ACP task are behavior intended for some spe-
cific outcomes. Hence, both consummatory and anticipatory
responses are arguably volitional in nature. A closer approximation
to liking is perhaps the self-reported valence ratings given to affec-
tive images—a view explicitly favored by Lui, Liu, et al. (2016).
A caveat of this view, however, is that we cannot be certain if the
subjective ratings are made primarily from an experiential or seman-
tic perspective. Semantic valence—as “factual knowledge about

the valence of an object or event,” is dissociable from experiential
affective valence (Itkes & Kron, 2019; Kron et al., 2013, 2015).
This distinction would be crucial to the conceptualization of emo-
tion-behavior decoupling as a psychopathological construct in schiz-
ophrenia, and specifically the interpretation of valence-arousal
decoupling in schizophrenia demonstrated here. Future ACP studies
may consider measuring overt facial, orienting, and autonomic (e.g.,
electrodermal) responses as more objective readouts of arousal to
approximate experiential affects (Hamzani et al., 2020; Itkes et al.,
2017).

Conclusion

We demonstrated here the power of the ACP paradigm to capture
deficiencies in affective processing for adaptive purposeful behavior
through the wealth of data one may extract and analyze. Further dis-
section is certainly possible: not only to further untangle the under-
lying psychological processes but also to enrich the application of
the ACP task (including its modification) in the study of avolition,
apathy, and anhedonia in schizophrenia as well as within a transdiag-
nostic framework (Yan et al., 2019).

References

Aghevli, M. A., Blanchard, J. J., & Horan, W. P. (2003). The expression and
experience of emotion in schizophrenia: A study of social interactions.
Psychiatry Research, 119(3), 261–270. https://doi.org/10.1016/s0165-
1781(03)00133-1

Baddeley, A. D. (1986). Working memory. Clarendon Press; Oxford
University Press.

Balsamo, M., Carlucci, L., Padulo, C., Perfetti, B., & Fairfield, B. (2020). A
bottom-up validation of the IAPS, GAPED, and NAPS affective picture
databases: Differential effects on behavioral performance. Frontiers in
Psychology, 11, Article 2187. https://doi.org/10.3389/fpsyg.2020.02187

Barch, D. M. (2003). Cognition in schizophrenia: Does working memory
work? Current Directions in Psychological Science, 12(4), 146–150.
https://doi.org/10.1111/1467-8721.01251

Barch, D. M. (2005). The cognitive neuroscience of schizophrenia. Annual
Review of Clinical Psychology, 1(1), 321–353. https://doi.org/10.1146/
annurev.clinpsy.1.102803.143959

Berridge, K. C., & Robinson, T. E. (2016). Liking, wanting, and the
incentive-sensitization theory of addiction. American Psychologist,
71(8), 670–79. https://doi.org/10.1037/amp0000059

Chan, R. C. K., Li, Z., Li, K., Zeng, Y. W., Xie, W. Z., Yan, C., Cheung,
E. F. C., & Jin, Z. (2016). Distinct processing of social and monetary
rewards in late adolescents with trait anhedonia. Neuropsychology,
30(3), 274–280. https://doi.org/10.1037/neu0000233

Chan, R. C. K., Shi, Y. F., Lai, M. K.,Wang, Y. N.,Wang, Y., &Kring, A.M.
(2012). The Temporal Experience of Pleasure Scale (TEPS): Exploration
and confirmation of factor structure in a healthy Chinese sample. PLoS
ONE, 7(4), Article e35352. https://doi.org/10.1371/journal.pone.0035352

Chiang, S.-K., Tam, W.-C. C., Hua, M.-S., Chen, W.-L., & Chang, C.-S.
(2012). The International Affective Picture System: A validation study
for young adults in Taiwan. Chinese Journal of Psychology, 54(4), 495–
510. https://doi.org/10.6129/CJP.20120403

Chu, M., Hu, H., Ni, H., Lu, W., Lui, S. S. Y., Yi, Z., Cheung, E. F. C., &
Chan, R. C. K. (2020). Impact of long-term institutionalization on

4 If we were to perform correlation by pooling both SZ and HC subjects
together, as Heerey and Gold (2007) did, multiple significant ACP-VWM
correlations would also unsurprisingly emerge (r≍ 0.3, df= 57, p, .05).

ANTICIPATORY AND CONSUMMATORY VOLITIONAL DEFICITS 511

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

C
on
te
nt

m
ay

be
sh
ar
ed

at
no

co
st
,b

ut
an
y
re
qu
es
ts
to

re
us
e
th
is
co
nt
en
ti
n
pa
rt
or

w
ho
le
m
us
tg

o
th
ro
ug
h
th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n.

https://doi.org/10.1016/s0165-1781(03)00133-1
https://doi.org/10.1016/s0165-1781(03)00133-1
https://doi.org/10.1016/s0165-1781(03)00133-1
https://doi.org/10.3389/fpsyg.2020.02187
https://doi.org/10.3389/fpsyg.2020.02187
https://doi.org/10.3389/fpsyg.2020.02187
https://doi.org/10.3389/fpsyg.2020.02187
https://doi.org/10.1111/1467-8721.01251
https://doi.org/10.1111/1467-8721.01251
https://doi.org/10.1111/1467-8721.01251
https://doi.org/10.1146/annurev.clinpsy.1.102803.143959
https://doi.org/10.1146/annurev.clinpsy.1.102803.143959
https://doi.org/10.1146/annurev.clinpsy.1.102803.143959
https://doi.org/10.1146/annurev.clinpsy.1.102803.143959
https://doi.org/10.1146/annurev.clinpsy.1.102803.143959
https://doi.org/10.1146/annurev.clinpsy.1.102803.143959
https://doi.org/10.1146/annurev.clinpsy.1.102803.143959
https://doi.org/10.1037/amp0000059
https://doi.org/10.1037/amp0000059
https://doi.org/10.1037/neu0000233
https://doi.org/10.1037/neu0000233
https://doi.org/10.1371/journal.pone.0035352
https://doi.org/10.1371/journal.pone.0035352
https://doi.org/10.1371/journal.pone.0035352
https://doi.org/10.1371/journal.pone.0035352
https://doi.org/10.6129/CJP.20120403
https://doi.org/10.6129/CJP.20120403
https://doi.org/10.6129/CJP.20120403


experiential pleasure and motivation in patients with schizophrenia. PsyCh
Journal, 9(1), 77–86. https://doi.org/10.1002/pchj.300

Curtis, C. E., Lebow, B., Lake, D. S., Katsanis, J., & Iacono, W. G. (1999).
Acoustic startle reflex in schizophrenia patients and their first-degree rela-
tives: Evidence of normal emotional modulation. Psychophysiology,
36(4), 469–475. https://doi.org/10.1017/s0048577299980757

Da Silva, S., Saperia, S., Siddiqui, I., Fervaha, G., Agid, O., Daskalakis, Z. J.,
Ravindran, A., Voineskos, A. N., Zakzanis, K. K., Remington, G., &
Foussias, G. (2017). Investigating consummatory and anticipatory plea-
sure across motivation deficits in schizophrenia and healthy controls.
Psychiatry Research, 254, 112–117. https://doi.org/10.1016/j.psychres
.2017.04.040

Fisher, R., & Yates, F. (1963). Statistical tables for biological, agricultural
and medical research (6th ed.). Oliver and Boyd.

Frederick, S., Loewenstein, G., & O’donoghue, T. (2002). Time discounting
and time preference: A critical review. Journal of Economic Literature,
40(2), 351–401. https://doi.org/10.1257/jel.40.2.351

Frost, K. H., & Strauss, G. P. (2016). A review of anticipatory pleasure in
schizophrenia. Current Behavioral Neuroscience Reports, 3(3), 232–
247. https://doi.org/10.1007/s40473-016-0082-5

Gard, D. E., Gard, M. G., Kring, A. M., & John, O. P. (2006). Anticipatory
and consummatory components of the experience of pleasure: A scale
development study. Journal of Research in Personality, 40(6), 1086–
1102. https://doi.org/10.1016/j.jrp.2005.11.001

Gard, D. E., Kring, A. M., Gard, M. G., Horan, W. P., & Green, M. F. (2007).
Anhedonia in schizophrenia: Distinctions between anticipatory and con-
summatory pleasure. Schizophrenia Research, 93(1–3), 253–260. https://
doi.org/10.1016/j.schres.2007.03.008

Gold, J. M., Carpenter, C., Randolph, C., Goldberg, T. E., & Weinberger, D.
R. (1997). Auditory working memory and Wisconsin Card Sorting Test
performance in schizophrenia. Archives of General Psychiatry, 54(2),
159–165. https://doi.org/10.1001/archpsyc.1997.01830140071013

Hamzani, O., Mazar, T., Itkes, O., Petranker, R., & Kron, A. (2020).
Semantic and affective representations of valence: Prediction of auto-
nomic and facial responses from feelings-focused and knowledge-
focused self-reports. Emotion, 20(3), 486–500. https://doi.org/10.1037/
emo0000567

Heerey, E. A., & Gold, J. M. (2007). Patients with schizophrenia demonstrate
dissociation between affective experience andmotivated behavior. Journal
of Abnormal Psychology, 116(2), 268–78. https://doi.org/10.1037/0021-
843x.116.2.268

Heinz, A., Schmidt, L., & Reischies, F. (1994). Anhedonia in schizophrenic,
depressed, or alcohol-dependent patients—Neurobiological correlates.
Pharmacopsychiatry, 27(S1), 7–10. https://doi.org/10.1055/s-2007-
1014317

Itkes, O., Kimchi, R., Haj-Ali, H., Shapiro, A., & Kron, A. (2017).
Dissociating affective and semantic valence. Journal of Experimental
Psychology: General, 146(7), 924–942. https://doi.org/10.1037/xge0000291

Itkes, O., & Kron, A. (2019). Affective and semantic representations
of valence: A conceptual framework. Emotion Review, 11(4), 283–293.
https://doi.org/10.1177/1754073919868759

Klein, D. (1984). Depression and anhedonia. In C. Clark & J. Fawcett (Eds.),
Anhedonia and affect deficit states (pp. 1–14). PMA Publishing.

Kraepelin, E. (1971). Dementia praecox and paraphrenia (R. M. Barclay,
Trans.). R.E. Krieger. (Original work published 1919)

Kraepelin, E. (1974). Die Erscheinungsformen des Irresciens (H. Marshall,
Trans.). Themes and Variations in European Psychiatry. (Original work
published 1920)

Kron, A., Goldstein, A., Lee, D. H. J., Gardhouse, K., & Anderson, A. K.
(2013). How are you feeling? Revisiting the quantification of emotional
qualia. Psychological Science, 24(8), 1503–1511. https://doi.org/10
.1177/0956797613475456

Kron, A., Pilkiw, M., Banaei, J., Goldstein, A., & Anderson, A. K. (2015).
Are valence and arousal separable in emotional experience? Emotion,
15(1), 35–44. https://doi.org/10.1037/a0038474

Kron, A., Pilkiw, M., Goldstein, A., Lee, D. H., Gardhouse, K., & Anderson,
A. K. (2014). Spending one’s time: The hedonic principle in ad libitum
viewing of pictures. Emotion, 14(6), 1087–1101. https://doi.org/10
.1037/a0037696

Lambert, C., Da Silva, S., Ceniti, A. K., Rizvi, S. J., Foussias, G., &
Kennedy, S. H. (2018). Anhedonia in depression and schizophrenia: A
transdiagnostic challenge. CNS Neuroscience & Therapeutics, 24(7),
615–623. https://doi.org/10.1111/cns.12854

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2005). International affective
picture system (IAPS): Digitized photographs, instruction manual and
affective ratings. University of Florida.

Li, Z., Lui, S. S. Y., Geng, F., Li, Y., Li, W., Wang, C., Tan, S., Cheung,
E. F. C., Kring, A. M., & Chan, R. C. K. (2015). Experiential pleasure def-
icits in different stages of schizophrenia. Schizophrenia Research, 166(1–
3), 98–103. https://doi.org/10.1016/j.schres.2015.05.041

Lui, S. S. Y., Liu, A. C. Y., Chui, W. W. H., Li, Z., Geng, F., Wang, Y.,
Heerey, E. A., Cheung, E. F. C., & Chan, R. C. K. (2016). The nature of
anhedonia and avolition in patients with first-episode schizophrenia.
Psychological Medicine, 46(2), 437–447. https://doi.org/10.1017/
S0033291715001968

Lui, S. S. Y., Shi, Y., Au, A. C.W., Li, Z., Tsui, C. F., Chan, C. K. Y., Leung,
M. M. W., Wong, P. T. Y., Wang, Y., Yan, C., Heerey, E. A., Cheung,
E. F. C., & Chan, R. C. K. (2016). Affective experience and motivated
behavior in schizophrenia spectrum disorders: Evidence from clinical
and nonclinical samples. Neuropsychology, 30(6), 673–684. https://
doi.org/10.1037/neu0000278

Mather, M., & Sutherland, M. R. (2011). Arousal-biased competition in per-
ception and memory. Perspectives on Psychological Science, 6(2), 114–
133. https://doi.org/10.1177/1745691611400234

Palva, J. M., Monto, S., Kulashekhar, S., & Palva, S. (2010). Neuronal syn-
chrony reveals workingmemory networks and predicts individual memory
capacity. Proceedings of the National Academy of Sciences of the United
States of America, 107(16), 7580–7585. https://doi.org/10.1073/pnas
.0913113107

Palva, S., Kulashekhar, S., Hämäläinen, M., & Palva, J. M.
(2011). Localization of cortical phase and amplitude dynamics
during visual working memory encoding and retention. The Journal
of Neuroscience, 31(13), 5013–5025. https://doi.org/10.1523/
JNEUROSCI.5592-10.2011

Pashler, H. (1988). Familiarity and visual change detection. Perception &
Psychophysics, 44(4), 369–378. https://doi.org/10.3758/BF03210419

Strauss, G. P., & Gold, J. M. (2012). A new perspective on anhedonia in
schizophrenia. The American Journal of Psychiatry, 169(4), 364–373.
https://doi.org/10.1176/appi.ajp.2011.11030447

Strauss, G. P., Wilbur, R. C., Warren, K. R., August, S. M., & Gold, J. M.
(2011). Anticipatory versus consummatory pleasure: What is the nature
of hedonic deficits in schizophrenia? Psychiatry Research, 187(1–2),
36–41. https://doi.org/10.1016/j.psychres.2011.01.012

Visser, K. F., Chapman, H. C., Ruiz, I., Raugh, I. M., & Strauss, G. P. (2020).
A meta-analysis of self-reported anticipatory and consummatory pleasure
in the schizophrenia-spectrum. Journal of Psychiatric Research, 121, 68–
81. https://doi.org/10.1016/j.jpsychires.2019.11.007

Wang, Y., Ge, M., Zhu, G., Jiang, N., Wang, G., Lv, S., Zhang, Q., Guo, J.,
Tian, X., Lui, S. S. Y., Cheung, E. F. C., Heerey, E. A., Sun, H., &
Chan, R. C. K. (2020). Emotion–behavior decoupling in individuals
with schizophrenia, bipolar disorder, and major depressive disorder.
Journal of Abnormal Psychology, 129(4), 331–342. https://doi.org/10
.1037/abn0000499

Xie, D., Lui, S. S. Y., Geng, F., Yang, Z., Zou, Y., Li, Y., Yeung, H. K. H.,
Cheung, E. F. C., Heerey, E. A., & Chan, R. C. K. (2017). Dissociation
between affective experience and motivated behaviour in schizophrenia

LAM, NG, CHENG, VÄLIMÄKI, AND YEE512

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

C
on
te
nt

m
ay

be
sh
ar
ed

at
no

co
st
,b

ut
an
y
re
qu
es
ts
to

re
us
e
th
is
co
nt
en
ti
n
pa
rt
or

w
ho
le
m
us
tg

o
th
ro
ug
h
th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n.

https://doi.org/10.1002/pchj.300
https://doi.org/10.1002/pchj.300
https://doi.org/10.1002/pchj.300
https://doi.org/10.1017/s0048577299980757
https://doi.org/10.1017/s0048577299980757
https://doi.org/10.1016/j.psychres.2017.04.040
https://doi.org/10.1016/j.psychres.2017.04.040
https://doi.org/10.1016/j.psychres.2017.04.040
https://doi.org/10.1016/j.psychres.2017.04.040
https://doi.org/10.1016/j.psychres.2017.04.040
https://doi.org/10.1016/j.psychres.2017.04.040
https://doi.org/10.1257/jel.40.2.351
https://doi.org/10.1257/jel.40.2.351
https://doi.org/10.1257/jel.40.2.351
https://doi.org/10.1257/jel.40.2.351
https://doi.org/10.1257/jel.40.2.351
https://doi.org/10.1007/s40473-016-0082-5
https://doi.org/10.1007/s40473-016-0082-5
https://doi.org/10.1016/j.jrp.2005.11.001
https://doi.org/10.1016/j.jrp.2005.11.001
https://doi.org/10.1016/j.jrp.2005.11.001
https://doi.org/10.1016/j.jrp.2005.11.001
https://doi.org/10.1016/j.jrp.2005.11.001
https://doi.org/10.1016/j.jrp.2005.11.001
https://doi.org/10.1016/j.schres.2007.03.008
https://doi.org/10.1016/j.schres.2007.03.008
https://doi.org/10.1016/j.schres.2007.03.008
https://doi.org/10.1016/j.schres.2007.03.008
https://doi.org/10.1016/j.schres.2007.03.008
https://doi.org/10.1016/j.schres.2007.03.008
https://doi.org/10.1016/j.schres.2007.03.008
https://doi.org/10.1001/archpsyc.1997.01830140071013
https://doi.org/10.1001/archpsyc.1997.01830140071013
https://doi.org/10.1001/archpsyc.1997.01830140071013
https://doi.org/10.1001/archpsyc.1997.01830140071013
https://doi.org/10.1037/emo0000567
https://doi.org/10.1037/emo0000567
https://doi.org/10.1037/emo0000567
https://doi.org/10.1037/0021-843x.116.2.268
https://doi.org/10.1037/0021-843x.116.2.268
https://doi.org/10.1037/0021-843x.116.2.268
https://doi.org/10.1037/0021-843x.116.2.268
https://doi.org/10.1037/0021-843x.116.2.268
https://doi.org/10.1037/0021-843x.116.2.268
https://doi.org/10.1055/s-2007-1014317
https://doi.org/10.1055/s-2007-1014317
https://doi.org/10.1055/s-2007-1014317
https://doi.org/10.1037/xge0000291
https://doi.org/10.1037/xge0000291
https://doi.org/10.1177/1754073919868759
https://doi.org/10.1177/1754073919868759
https://doi.org/10.1177/0956797613475456
https://doi.org/10.1177/0956797613475456
https://doi.org/10.1037/a0038474
https://doi.org/10.1037/a0038474
https://doi.org/10.1037/a0037696
https://doi.org/10.1037/a0037696
https://doi.org/10.1111/cns.12854
https://doi.org/10.1111/cns.12854
https://doi.org/10.1111/cns.12854
https://doi.org/10.1016/j.schres.2015.05.041
https://doi.org/10.1016/j.schres.2015.05.041
https://doi.org/10.1016/j.schres.2015.05.041
https://doi.org/10.1016/j.schres.2015.05.041
https://doi.org/10.1016/j.schres.2015.05.041
https://doi.org/10.1016/j.schres.2015.05.041
https://doi.org/10.1017/S0033291715001968
https://doi.org/10.1017/S0033291715001968
https://doi.org/10.1017/S0033291715001968
https://doi.org/10.1037/neu0000278
https://doi.org/10.1037/neu0000278
https://doi.org/10.1037/neu0000278
https://doi.org/10.1177/1745691611400234
https://doi.org/10.1177/1745691611400234
https://doi.org/10.1073/pnas.0913113107
https://doi.org/10.1073/pnas.0913113107
https://doi.org/10.1073/pnas.0913113107
https://doi.org/10.1523/JNEUROSCI.5592-10.2011
https://doi.org/10.1523/JNEUROSCI.5592-10.2011
https://doi.org/10.1523/JNEUROSCI.5592-10.2011
https://doi.org/10.1523/JNEUROSCI.5592-10.2011
https://doi.org/10.1523/JNEUROSCI.5592-10.2011
https://doi.org/10.3758/BF03210419
https://doi.org/10.3758/BF03210419
https://doi.org/10.1176/appi.ajp.2011.11030447
https://doi.org/10.1176/appi.ajp.2011.11030447
https://doi.org/10.1176/appi.ajp.2011.11030447
https://doi.org/10.1176/appi.ajp.2011.11030447
https://doi.org/10.1176/appi.ajp.2011.11030447
https://doi.org/10.1016/j.psychres.2011.01.012
https://doi.org/10.1016/j.psychres.2011.01.012
https://doi.org/10.1016/j.psychres.2011.01.012
https://doi.org/10.1016/j.psychres.2011.01.012
https://doi.org/10.1016/j.psychres.2011.01.012
https://doi.org/10.1016/j.psychres.2011.01.012
https://doi.org/10.1016/j.jpsychires.2019.11.007
https://doi.org/10.1016/j.jpsychires.2019.11.007
https://doi.org/10.1016/j.jpsychires.2019.11.007
https://doi.org/10.1016/j.jpsychires.2019.11.007
https://doi.org/10.1016/j.jpsychires.2019.11.007
https://doi.org/10.1016/j.jpsychires.2019.11.007
https://doi.org/10.1037/abn0000499
https://doi.org/10.1037/abn0000499


patients and their unaffected first-degree relatives and schizotypal individ-
uals. Psychological Medicine, 48(9), 1474–1483. https://doi.org/10.1017/
S0033291717002926

Yan, C., Lui, S. S., Zou, L. Q., Wang, C. Y., Zhou, F. C., Cheung, E. F.,
Shum, D. H. K., & Chan, R. C. (2019). Anticipatory pleasure for future
rewards is attenuated in patients with schizophrenia but not in individuals
with schizotypal traits. Schizophrenia Research, 206, 118–126. https://
doi.org/10.1016/j.schres.2018.12.003

Zec, R. F. (1995). Neuropsychology of schizophrenia according to Kraepelin:
Disorders of volition and executive functioning. European Archives of
Psychiatry and Clinical Neuroscience, 245(4–5), 216–223. https://
doi.org/10.1007/BF02191800

Received June 12, 2022
Revision received November 10, 2022

Accepted November 16, 2022 ▪

ANTICIPATORY AND CONSUMMATORY VOLITIONAL DEFICITS 513

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

C
on
te
nt

m
ay

be
sh
ar
ed

at
no

co
st
,b

ut
an
y
re
qu
es
ts
to

re
us
e
th
is
co
nt
en
ti
n
pa
rt
or

w
ho
le
m
us
tg

o
th
ro
ug
h
th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n.

https://doi.org/10.1017/S0033291717002926
https://doi.org/10.1017/S0033291717002926
https://doi.org/10.1017/S0033291717002926
https://doi.org/10.1016/j.schres.2018.12.003
https://doi.org/10.1016/j.schres.2018.12.003
https://doi.org/10.1016/j.schres.2018.12.003
https://doi.org/10.1016/j.schres.2018.12.003
https://doi.org/10.1016/j.schres.2018.12.003
https://doi.org/10.1016/j.schres.2018.12.003
https://doi.org/10.1016/j.schres.2018.12.003
https://doi.org/10.1007/BF02191800
https://doi.org/10.1007/BF02191800
https://doi.org/10.1007/BF02191800

	Coexpression of Anticipatory and Consummatory Volitional Deficits in Schizophrenia and Their Association With Memory Impairment
	Method&?show [AQ ID=AQ3]?;
	Subjects
	Schizophrenia Group
	Healthy Control Group

	Procedures
	Anticipatory and Consummatory Pleasure Task
	Visual Working Memory Test
	Letter–Number Span
	Temporal Experience of Pleasure Scale
	Statistical Analysis
	Transparency and Openness

	Results
	Demographic and Clinical Characteristics
	Anticipatory and Consummatory Pleasure Task
	Subjective Pleasantness and Arousal Ratings
	Anticipatory and Consummatory Response
	Emotion-Effort and Arousal-Effort Coupling

	Visual Working Memory
	Letter–Number Span
	Temporal Experience of Pleasure Scale
	Correlation Between ACP and Memory Variables

	Discussion
	ACP Versus TEPS
	Interpretating ACP Response Profile Through Polynomial Contrasts
	Anticipatory or Consummatory, That Is the Question
	Decoupling Beyond Goal-Directed Behavior
	The ACP–LNS Correlation Is Intrinsic to Schizophrenia Psychopathology
	Some Theoretical Considerations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


