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Introduction: Suboptimal effort-based decision-making with reduced willingness to
expend effort for high-probability/high-value reward is observed in schizophrenia
patients and is related to diminished motivation, but is understudied in schizotypy.
This study aimed to examine effort-allocation in schizotypy individuals and its
association with amotivation and psychosocial functioning.

Methods: We recruited 40 schizotypy individuals and 40 demographically-matched
healthy controls, based on Schizotypal Personality Questionnaire-Brief (SPQ-B)
score (top and bottom 10% SPQ-B scores, respectively), from 2400 young people
aged 15-24 years participating a population-based mental health survey in Hong
Kong and examined effort-allocation using the Effort Expenditure for Reward Task
(EEfRT). Negative / amotivation symptoms and psychosocial functioning were
assessed by the Brief Negative Symptom Scale (BNSS) and the Social Functioning and
Occupational Assessment Scale (SOFAS), respectively. Schizotypy individuals were
categorized into high-amotivation and low-amotivation groups based on a median-
split of BNSS amotivation domain score.

Results: Our results showed no main group effect (in either two or three-group
comparison) on effort task performance. Three-group comparison analyses on
selected EEfRT performance indices revealed that high-amotivation schizotypy
individuals displayed significantly less increase in effortful options from low-value
to high-value reward (reward-difference score) and from low-probability/low-
value to high-probability/high-value reward (probability/reward-difference score)
than low-amotivation individuals and controls. Correlation analyses demonstrated
trend-wise significance between BNSS amotivation domain score and several
EEfRT performance indices in schizotypy group. Schizotypy individuals with poorer
psychosocial functioning tended to exhibit smaller probability/reward-difference
score relative to other two groups.

Discussion: Our findings indicate subtle effort-allocation abnormalities in schizotypy
individuals with high levels of diminished motivation, and suggest the link between
laboratory-based effort-cost measures and real-world functional outcome.

Effort-based decision-making, effort allocation, schizotypy, amotivation, psychosocial
functioning
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Introduction

Schizotypy refers to a broad phenotype of schizophrenia-like
psychopathology, and has been considered as the latent personality
organization associated with liability for the development of
schizophrenia (1-3). More recently, a full dimensional model has been
applied in conceptualizing schizotypy which is regarded as a
constellation of stable traits linking a continuum of subclinical and
clinical manifestations of schizophrenia-spectrum disorders and normal
personality variation expressed in the general population (4, 5).
Literature has found that schizotypal traits are associated with cognitive
impairment, neuroanatomical abnormalities and genetic risk factors
that are qualitatively similar, albeit attenuated, to patients with
schizophrenia (6-9). Examining schizotypy in a non-clinical sample
may therefore facilitate elucidation of the etiology as well as identification
of potential risk and protective factors of schizophrenia (10), without
the confounding effect of medication treatment.

Diminished motivation (or termed amotivation) is a core
subdomain of negative symptom construct (11, 12) and a major
determinant of functional impairment in schizophrenia (13-15). A large
body of research has recently been conducted to investigate
neurobiological mechanisms, such as reward processing (16, 17),
underlying amotivation in schizophrenia. In particular, effort-based
decision-making has been increasingly examined in patients with
schizophrenia (18). Accumulating evidence indicates that patients in
chronic schizophrenia and first-episode psychosis displayed suboptimal
effort allocation in pursuit of reward, with significantly reduced
willingness to select high-effort/high-reward options than healthy
controls (19-22). Such reduced effort expenditure was found to
be associated with higher levels of amotivation in many (21-28), though
not all (29-32) previous studies. Additionally, several past studies have
demonstrated significant relationship between abnormal effort
allocation and poor psychosocial functioning (21, 24, 27, 33). It is
recognized that individuals with schizotypal traits may experience
attenuated negative symptoms including reduced motivation and social
drive, which are related to poorer psychosocial functioning and quality
of life (34, 35). Of note, there is a paucity of research assessing the
relationship between effort-based decision-making and schizotypy, and
mixed findings were observed (36, 37). One previous study showed no
difference between high-schizotypy individuals and controls in effort
allocation for reward (36), while another report revealed that individuals
with elevated social anhedonia expended more effort than controls
when the probability of reward was most uncertain (ie., 50%
probability) (37).

In the current study, we sought to investigate effort-based decision-
making in Chinese individual with high-schizotypy (schizotypy group)
versus low-schizotypy (controls), using the Effort-Expenditure for
Reward Task (EEfRT) (38) which is a computerized button-pressing task
assessing physical effort allocation in response to varying levels of
reward magnitude and probability. Specifically, we aimed to examine the
association of effort allocation performance with amotivation severity
and psychosocial functioning in the schizotypy group. EEfRT has been
well-studied in healthy populations (38, 39) and is the most frequently
used performance-based paradigm in studying effort allocation in
schizophrenia (20). Furthermore, EEfRT has demonstrated good
psychometric properties, tolerability and group discriminability (33, 40).
Based on prior studies (20), we hypothesized that individuals in
schizotypy group would exhibit suboptimal effort allocation with
reduced willingness to exert effort for high-value/high-probability
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reward compared with controls, and such altered performance would
be associated with amotivation. Moreover, we predicted that diminished
effort expenditure for reward would be related to poorer
psychosocial functioning.

Methods
Participants and study setting

Participants in this study were recruited from the Hong Kong Youth
Epidemiology Study of Mental Health (HKYES), which is an ongoing
territory-wide population-based survey examining mental health
conditions in Chinese young people aged 15-24years in Hong Kong
(41). The study adopts a multistage cluster sampling design with
stratification by geographical location. Invitation letters were mailed to
randomly select household addresses obtained from the local
government, and a total of 2,400 participants were recruited between
May 2019 and May 2021. During the baseline assessment, participants’
sociodemographic characteristics, severity of various psychiatric
symptom domains, presence of major psychiatric disorders, psychosocial
variables and functional status were evaluated by trained research
assistants via structured face-to-face interview (41). In the current study,
we applied an extreme-group design and classified individuals with
schizotypy based on their scores on the Schizotypal Personality
Questionnaire-Brief (SPQ-B) (42, 43). Individuals who had a total
SPQ-B score within the top 10% of the HKYES sample were categorized
as individuals with schizotypy, whereas those with a total SPQ-B score
at the bottom 10th percentile were categorized as healthy controls. Forty
individuals with schizotypy were randomly selected from the schizotypy
sample and constituted the schizotypy group (mean=16.7; SD=1.9) of
the current study. Forty demographically-matched controls were then
selected from the control sample (mean=0.3; SD =0.9) for comparison.
All study participants were right-handed. Individuals with lifetime
diagnosis or family history of psychotic disorder, past or current use of
antipsychotic medications, intellectual disability, a history of substance
use disorder, head trauma or neurological disease were excluded from
the study. This study was approved by the local institutional review
boards and all participants provided written informed consent. For
those aged under 18years, parental consent was also obtained.

Symptoms, functional, and cognitive
assessments

Negative symptoms including amotivation were assessed using the
Brief Negative Symptom Scale (BNSS) (44). Following the method of
previous research (22, 45), amotivation consisted of items of anhedonia,
avolition, and asociality subscales on the BNSS. The Snaith-Hamilton
Pleasure Scale-Chinese version (C-SHAPS) (46) was employed as a self-
reported measure of anhedonia. Psychosocial functioning was assessed
by the Social and Occupational Functioning Assessment Scale (SOFAS)
(47). A brief battery of cognitive assessments comprising logical
memory subtest from the Wechsler Memory Scale-Revised (WMS-R)
(48), digit symbol subscale from the Wechsler Adult Intelligence Scale-
Revised (WAIS-R) (48), letter-number span (49), trail making test (50)
and letter cancelation test (51) were administered. Additionally,
participants completed three 10-s trials of measuring finger-tapping
speed using their non-dominant pinky finger prior to EEfRT
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administration. The average number of presses over three trials was used
as a quantitative measure of motor function to evaluate potential group
differences in motor speed as a confound.

Effort-based decision-making task

The Effort-Expenditure for Reward Task (EEfRT) (38) is a
computerized, multi-trial button-pressing experiment that assesses a
participant’s willingness to expend physical effort for monetary reward.
On each trial, participants were asked to choose between a “high-effort”
(hard) and “low-effort” (easy) task. Low-effort trials required
participants to make 30 button presses within 7s using their dominant
index finger, and hard trials required participants to make 100 button
presses within 21 s using their non-dominant pinky finger. The reward
value for the easy choice was fixed at $1, while that of the hard choice
ranged from $1.24 to $4.12. Receipt of reward following successful
completion of a trial was contingent upon three probability levels (12,
50, or 88%), regardless of hard or easy choice. All participants received
trials presented in the same pre-randomized sequence, within which
there was an equal number of three probability-level trials associated
with each level of reward value. Information regarding the probability
of receiving reward and the reward value associated with high-effort
choice was provided at the beginning of each trial. Following trial
completion, participants were provided with feedback about whether
the trial was successfully completed, and if so, whether they had won
monetary reward for that trial. Task duration was modified to last for
15min to minimize potential fatigue effect on task performance.
Participants were provided with standardized task instructions and
underwent four practice trials under the supervision of a trained
research assistant. Participants were told that they would receive a bonus
at the end of the study based on their task performance, in addition to
the base-compensation of HK$100 (US$13) for their participation. In
actuality, all participants were compensated HK$200 (US$26).

Statistical analysis

First, to examine the effects of group, probability and reward
magnitude on effort allocation, we performed a 2 group (schizotypy vs.
controls) x 3 probability (12, 50, and 88%) x 3 reward (values for hard
option were binned into: small=$1.24 to $2.00, medium=$2.01 to
$3.00, and large=$3.01 to $4.12) mixed analysis of variance (ANOVA),
with proportion of hard choices as the dependent variable. Significant
effects were further explored using a series of post-hoc t-tests. Second,
we derived a number of reccommended EEfRT performance indices with
reference to previous research (27, 30, 33) between-group comparison
and correlation analyses: (1) percentage of hard choices in 88%
probability condition; (2) percentage of hard choices at large reward
condition; (3) percentage of hard choices in 88% probability with large
reward condition; (4) difference in percentage of hard choices between
12 and 88% probability conditions (probability difference score); (5)
difference in percentage of hard choices between small and large reward
conditions (reward difference score); and (6) difference in percentage of
hard choices between 12% probability with small reward and 88%
probability with large reward conditions (probability/reward difference
score). Third, to investigate the relationships between effort expenditure
and negative symptoms, two approaches were adopted in the current
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study. As evidence indicates that amotivation is specifically linked to
impaired effort allocation, we employed a categorical approach by
dichotomizing individuals with schizotypy into high (HIGH-AMO) and
low (LOW-AMO) amotivation subgroups, based on a median split on
BNSS amotivation score (split score =10.5), for comparison analyses on
EEfRT performance (21, 22, 28). We also examined correlations of BNSS
total and amotivation scores with various EEfRT performance indices.
It is recommended to evaluate the effects of negative and amotivation
symptoms both categorically and dimensionally because the construct
is not purely continuous, but rather of a hybrid categorical-dimensional
nature (52). As we did not observe any participant who only selected
hard trials across all reward levels (i.e., all-hard inflexible responder) in
either schizotypy or control groups, the entire study sample was included
for difference-score analyses (33). Fourth, we conducted correlation
analyses to examine the relationship between psychosocial functioning
(measured by SOFAS) and EEfRT performance. Additionally,
we assessed correlations of EEfRT performance with self-reported
anhedonia and cognitive functions. We applied Benjamini-Hochberg
procedure with false discovery rate being set at standard 25% for the
correlations that were hypothesized-driven (i.e., EEfRT measures with
overall negative symptom severity, amotivation levels, and psychosocial
functioning), and generated critical values (based on the ranking of p
values) for each of the variables with p <0.05 to confirm their statistical
significance. Bonferroni correction (i.e., more conservative approach)
was employed in the case of correlations that were not hypothesis-driven.

Results
Characteristics of the sample

Demographics, symptom severity, psychosocial functioning, and
cognitive performance of the study participants are summarized in
Table 1. Schizotypy and control groups did not differ in age, gender and
years of education. There was no group difference in any of the cognitive
functions and finger-tapping speed. As expected, individuals with
schizotypy had higher levels of negative symptoms and amotivation, and
poorer psychosocial functioning than controls. Self-reported anhedonia
levels did not differ between the two groups.

Effort expenditure for reward task
performance in schizotypy and control
groups

There were no significant differences between schizotypy and control
groups in terms of the number of trials attempted, the number of
completed trials, the proportion of hard choices selected and the reaction
time (Table 2). The percentage of hard choices for the 2 groups for each
task condition is presented in Figure 1. A mixed ANOVA revealed
significant main effects of reward magnitude (F, ;1519 =135.00, p <0.001)
and probability (F, 6,137, =135.03, p<0.001), and a significant reward x
probability interaction (F;ga50=19.25, p<0.001). There was no
significant main effect of group (F, ;5=0.01, p=0.983), interaction effect
of reward x group (F g 12619=0.05, p=0.988), probabilityx group
(Fi7613728=1.14, p=0.319) or reward x probability x group (F; ¢ 28201 =0.02,
p=0.732). Independent ¢-tests showed no significant group differences
in any of the EEfRT performance indices (Table 2).
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TABLE 1 Demographics, symptoms severity, functioning and cognitive performances of schizotypy and control groups.

Variables of Schizotypy Controls 2t High-AMO  Low-AMO

Interest® ((YEX)) (N=40) (N=20) (N=20)

Demographics
Age in years 20.83 (2.81) 21.03 (3.15) -0.30 0.765 21.50 (2.54) 20.15 (2.96) 1.08 0.344
Female gender, N 19 (48%) 22 (55%) 0.45 0.502 9 (45%) 10 (50%) 0.55 0.759
(%)
Years of education 13.88 (1.77) 14.05 (1.89) —0.43 0.671 14.35 (1.57) 13.40 (1.88) 1.47 0.237

Symptoms severity and functioning
BNSS total 15.48 (9.27) 6.73 (7.16) 4.72 <0.001 20.00 (8.52) 10.95 (7.80) 19.96 <0.001°
BNSS-AMO® 10.30 (6.40) 4.03 (4.25) 5.17 <0.001 15.10 (5.20) 5.50 (2.91) 47.69 <0.001¢
C-SHAPS 24.33 (6.43) 21.65 (5.82) 1.95 0.055 24.95 (8.17) 23.70 (4.16) 2.09 0.130
SOFAS 68.15 (11.54) 75.25 (8.58) -3.12 0.003 63.25 (7.98) 73.05 (12.61) 10.67 <0.001°

Cognitive performance
Logical memory 12.38 (4.23) 12.79 (3.31) -0.48 0.632 12.22 (4.40) 12.53 (4.18) 0.14 0.867
Digit symbol 13.15 (3.68) 14.48 (2.99) -1.77 0.081 13.15 (4.30) 13.15 (3.05) 1.55 0.220
Letter number 14.83 (2.93) 14.95 (3.43) -0.18 0.861 15.05 (1.88) 14.60 (3.73) 0.11 0.893
span
Trail making A 27.68 (10.69) 25.10 (8.29) 121 0.230 26.11 (9.41) 29.25 (11.87) 127 0.286
Trail making B 55.20 (22.88) 48.73 (18.80) 1.38 0.171 51.03 (20.26) 59.37 (25.05) 1.76 0.179
Letter cancelation 101.88 (3.24) 101.75 (3.67) 0.16 0.872 102.00 (3.28) 101.75 (3.27) 0.04 0.962
Finger tapping 6.01 (0.83) 6.41 (0.99) -1.95 0.055 5.94 (0.72) 6.08 (0.94) 1.9 0.143
(taps/s)

AMO, Amotivation; BNSS, Brief Negative Symptom Scale; C-SHAPS, Snaith-Hamilton Pleasure Scale-Chinese version; SOFAS, Social and Occupational. Functioning Assessment Scale. ‘Data of all
variables are presented in mean and SD except gender (number and percentages). "BNSS-AMO score was derived according to the method adopted in Strauss et al. (12) and Chang et al. (22).
Post-hoc contrast tests showed that High-AMO group had significantly higher BNSS total score than Low-AMO (p=0.001) and control (p<0.001) groups, while the latter two groups did not differ
from each other. ‘Post-hoc contrast tests showed that High AMO group had significantly higher BNSS-AMO score than Low-AMO (p <0.001) and control (p<0.001) groups, while the latter two
groups did not differ from each other. “Post-hoc contrast tests showed that High-AMO group had significantly higher SOFAS score than Low-AMO (p=0.005) and control (p <0.001) groups, while

the latter two groups did not differ from each other.

Effort expenditure for reward task
performance in high- and low-amotivation
schizotypy subgroups

As shown in Table 1, there were no significant differences in
demographics, self-reported anhedonia and cognitive performance
between High-AMO schizotypy, Low-AMO schizotypy and control
groups. As expected, High-AMO group had significantly higher BNSS
total and BNSS-AMO scores than Low-AMO and control groups.
High-AMO group also displayed significantly higher SOFAS score than
the two groups. Otherwise, the three groups did not differ from each
other in the number of trials attempted, the number of completed trials,
the proportion of hard choice selected, and the reaction time (Table 2).

The percentage of hard choices for each group for each task
condition is presented in Figure 2. A 3x3x3 mixed ANOVA
demonstrated significant main effects of reward (F, 1240, = 127.76,
p<0.001) and probability (F, ;53441 = 118.48, p <0.001), significant
reward X probability (Fs 7740 =17.51, p <0.001) and reward x group
(Fs.5, 12490 =2.62, p=0.049) interactions. There was no significant
main effect of group (F,;;=0.11, p=0.897), interaction effect of
probability x group (Fsu3441=2.34, p=0.070) or reward x
probability x group (F;,,77.42=0.59, p=0.766). Post-hoc contrast
tests on reward x group interaction were all non-significant (all
p>0.05). Three-group comparisons on EEfRT performance indices
found significant difference in reward difference score (F,,;=3.29,
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p=0.042) and probability/reward difference score (F,,,=4.09,
p=0.020) (Table 2). Post-hoc contrast tests demonstrated that
High-AMO group had significantly lower reward difference scores
than Low-AMO group (p=0.032), and lower probability/reward
difference scores than both Low-AMO group (p =0.040) and controls
(p=0.030).

Correlations of effort expenditure for reward
task measures with amotivation,
psychosocial functioning, and cognition

As shown in Table 3, EEfRT performance indices were not
significantly correlated with negative symptoms in individuals with
schizotypy. Nonetheless, several correlations between negative
symptoms and EEfRT performance indices approached significance,
including BNSS-AMO score and reward difference score (p=0.062),
BNSS-AMO score and probability/reward difference score
(p=0.070), and BNSS total score and reward difference score
(p=0.053). Additionally, BNSS total was inversely correlated with the
proportion of hard choice in the 88% probability with large reward
condition when the analysis was conducted for the entire study
sample (also including low-schizotypy, i.e., control group), albeit
marginally failed to survive after Benjamini-Hochberg correction
(p=0.029 > critical value of 0.021; Supplementary Table SI).
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TABLE 2 EEfRT task performances of schizotypy and control groups.

Controls
(N=40)

Variables of
Interest

Pt

Schizotypy
(N=40)

10.3389/fpsyt.2023.1123046

Basic EEfRT performance
Trials 63.95 (10.20) 63.80 (9.47) 0.02 0.982 64.45 (9.84) 63.25 (10.78) 0.07 0.929
Hard trial (%) 40.69 (20.56) 40.59 (20.57) 0.02 0.984 38.27 (22.17) 43.10 (19.08) 0.27 0.761
Reaction time 1.27 (0.41) 1.43 (0.44) -1.65 0.103 1.18 (0.37) 1.37 (0.43) 2.35 0.102
Completed trial 62.00 (10.35) 61.58 (9.61) 0.19 0.850 61.60 (9.56) 62.40 (11.32) 0.50 0.952
Selected EEfRT performance indices
88% probability 0.61 (0.26) 0.66 (0.26) —0.84 0.401 0.57 (0.27) 0.65 (0.25) 091 0.405
Large reward 0.55 (0.25) 0.56 (0.26) ~0.20 0.984 0.49 (0.27) 0.62 (0.23) 1.51 0.227
88% probability 0.78 (0.30) 0.85 (0.27) ~1.08 0.283 0.68 (0.32) 0.87 (0.25) 2.88 0.062
with large reward
Probability 0.42 (0.28) 0.49 (0.27) -1.20 0.233 0.34 (0.30) 0.49 (0.24) 2.29 0.108
difference score
Reward difference 0.36 (0.25) 0.36 (0.21) —0.04 0.972 0.26 (0.24) 0.45 (0.23) 3.29 0.042*
score
Probability/ 0.67 (0.39) 0.76 (0.32) ~1.16 0.249 0.53 (0.43) 0.81 (0.29) 4.09 0.020°
reward difference
score

AMO, Amotivation; EEfRT, Effort Expenditure for Reward Task. *Post-hoc contrast tests showed that High-AMO group had significantly lower reward difference score than Low-AMO group
(p=0.032) only. "Post-hoc contrast tests showed that High-AMO group had significantly lower probability/reward difference score than Low-AMO (p =0.040) and control. (p=0.030) groups. The

latter two groups did not significantly differ from each other on probability/reward difference score.

Concerning the relationship between EEfRT measures and
psychosocial functioning, correlation between SOFAS and

probability/reward difference score approached statistical
significance (p=0.058) in schizotypy group (Table 3). In the entire
sample, SOFAS was positively correlated with the proportion of hard
choice in the 88% probability with large reward condition (p=0.012),
the proportion of hard choices in large reward condition (p =0.048)
and probability/reward difference score (p=0.040), though all
marginally failed to survive after Benjamini-Hochberg correction
(Supplementary Table S1). Several significant correlations were
observed between EEfRT performance indices and several cognitive
test scores in schizotypy group (Supplementary Table 52) and in the
entire sample (Supplementary Table S3), but none survived

Bonferroni correction for multiple comparisons.

Discussion

The current study aimed to investigate effort-based decision-making
and its relationship with amotivation and psychosocial functioning in
individuals with schizotypy, using a physical effort allocation paradigm.
Our analyses revealed three major findings. First, individuals with
schizotypy (i.e., high-schizotypy) demonstrated comparable effort
allocation performance with healthy controls (i.e., low-schizotypy).
Second, schizotypy individuals with high levels of amotivation exhibited
subtle alteration in effort allocation relative to schizotypy individuals
with low levels of amotivation and controls. Correlation analyses also
suggested that higher amotivational levels were negatively associated
with worse effort-based decision-making performance. Third, our
results suggested that diminished effort exertion was related to poorer
psychosocial functioning.

Frontiers in Psychiatry

To our knowledge, this is among the few studies to examine
effort allocation in schizotypy. Our results were consistent with a
previous study which failed to demonstrate significant difference
between schizotypy individuals and controls in effort allocation for
reward (36). This is also largely in line with the findings of another
study which specifically examined effort-based decision-making,
using the EEfRT task, among individuals with elevated positive
schizotypy who were categorized according to the scores on the
Perceptual Aberration and Magical Ideation scales (37). This study
showed no main effect of group on effort allocation, though further
analyses found that positive schizotypy group exerted less effortful
choices than controls when the probability of reward was the lowest
and the reward magnitude was the smallest (37). Of note, difference
in defining schizotypy precludes direct comparison between this
study and the current report. Taken together, contrary to our
hypothesis and the respective literature on schizophrenia (20), the
existing data (including our study results) generally indicated no
reduced willingness of individuals with schizotypy to expend effort
for high-value/high-probability reward relative to controls. Further
research is also needed to clarify any potential differential
relationships of effort-based decision-making with positive and
negative schizotypy (53).

We adopted both categorical and dimensional approaches in
quantifying severity of amotivation (52) in an attempt to
comprehensively evaluate its relationship with effort allocation in
schizotypy. We first subdivided individuals with schizotypy into those
with high versus low levels of amotivation for comparison. Although our
ANOVA revealed no group difference, we observed subtle abnormalities
in effort-based decision-making in schizotypy individuals with high-
amotivation relative to the counterparts with low-amotivation and
healthy controls, with the former group showing significantly smaller
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Percentage of hard choices selected by schizotypy group and controls
as a function of reward magnitude. (A—C) Percentage of hard choices
in 12, 50, and 88% probability conditions, respectively.
However, such discrepant findings might be attributable to cross-study

difference in effort expenditure between small and large reward
conditions as well as between low-probability/small-reward and high-
probability/large-reward conditions than the latter two groups.
Correlation analyses also revealed consistent findings with trend-level
significance in the associations between amotivation levels and several
EEfRT performance indices (i.e., reward difference score and
probability/reward difference score) in schizotypy group. Hence, our
results are generally in keeping with several previous studies on
schizophrenia and first-episode psychosis, albeit in a subtler magnitude,
which found that decreased willingness to expend effort for high-value/
high-probability reward was most pronounced in patients with high
levels of amotivation (21, 22, 26, 28). Conversely, one earlier study found
that effort task performance was not related to self-reported state
motivation in schizotypy individuals (36). Another study indicated that
individuals with elevated social anhedonia, classified according to the
scores on the Social Anhedonia Scale-Brief, displayed inefficient effort
allocation rather than generalized or selected reduced effort expenditure
(i.e., for high-value/high-probability reward), and made more effortful
choices for reward than controls in trials with the lowest probability of
reward and small reward magnitude, as well as under the condition of
the greatest uncertainty for reward (i.e., 50% probability) in EEfRT (37).
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variations in the choice of assessments for amotivation/negative
symptoms (self-rated motivation scale was applied in McGovern (36);
observer-rating scale BNSS was used in the current study; “social
anhedonia” rather than a broader construct of amotivation was
examined in McCarthy et al. (37)), and methods to classify individuals
with (high) schizotypy [median split on the schizotypy assessment score
in McGovern (36); extreme-group design based on SPQ-B scores in the
current study; and “social anhedonia” rather than “schizotypy” construct
studied in McCarthy et al. (37)]. Alternatively, emerging evidence has
suggested that an experience-sampling method (ESM) involving
multiple momentary symptom assessments in daily life might represent
a more sensitive measurement of amotivation than conventional
clinician- and self-rated symptom scales. In fact, recent data have
demonstrated that amotivation assessed via ESM but not by clinician-
administered symptom scale was correlated with EEfRT performance in
schizophrenia patients (54, 55). Hence, future studies on effort allocation
should consider to apply ESM for more refined assessment of
amotivation in schizotypy individuals. In addition, recent research has
proposed the need to take into consideration participants’ perception of
task difficulty and effort in evaluating effort-based decision-making, and
revealed that schizophrenia patients might be able to mobilize more
effort to maintain performance despite their higher perceived task
demands relative to controls (56). Further research is required to explore
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TABLE 3 Correlations between selected EEfRT performance indices with symptoms and functioning in schizotypy group?.

Variables 88% Probability = Largereward  88% Probability Probability Reward Probability/
with large difference difference Reward
reward score score difference score
r p rs rs p
BNSS total ~0.120 0.459 ~0.220 0.172 —0.274 0.087 —0.164 0.312 ~0.308 0.053 —0.267 0.095
BNSS-AMO ~0.120 0.460 —0.134 0.410 ~0.229 0.155 —0.256 0.110 ~0.298 0.062 —0.289 0.070
C-SHAPS —0.037 0.819 0.102 0.531 0.087 0.595 —0.053 0.747 0.134 0.409 0.048 0.769
SOFAS ~0.001 0.994 —0.129 0.428 0.189 0.243 0.245 0.128 0.119 0.463 0.303 0.058

AMO, Amotivation; BNSS, Brief Negative Symptom Scale; EEfRT, Effort Expenditure for Reward Task; C-SHAPS, Snaith-Hamilton Pleasure. Scale-Chinese version; SOFAS, Social and Occupational

Functioning Assessment Scale. *Spearman-rank correlation analyses were conducted.

the relationships between effort allocation, perceived difficulty and
effort, and amotivation in schizotypy individuals.

Our results that greater increase in effortful options from
low-probability/small-reward to high-probability/large-reward conditions
(i.e., probability/reward difference score) was marginally significantly
correlated with better psychosocial functioning in schizotypy individuals
accord with the findings of prior studies on effort task which showed that
suboptimal effort allocation was related to greater functional impairment
in schizophrenia patients (21, 24, 27, 33). Our additional analyses on the
entire study sample even noted significant associations of SOFAS scores
with several EEfRT performance indices, albeit marginally failed to
survive after Benjamini-Hochberg correction. This thus provides
supportive evidence suggesting the link between effort-based decision-
making and real-world functional outcome in schizotypy individuals.
There is some evidence indicating that cognitive deficits might be related
to impaired effort-based decision-making in schizophrenia (23, 28, 32,
33), with worse cognitive performance being associated with decreased
willingness to exert effort for reward. Overall, our analysis revealed a few
significant correlations between cognitive variables and effort task
performance indices in schizotypy group (and a few more in the entire
sample), but none survived correction for multiple comparisons. Our
findings may therefore suggest that cognitive functions might unlikely
be specifically related to effort allocation performance in schizotypy
individuals. Owing to the scarcity of existing data, more studies are
needed to verify our findings on the relationships of effort-based decision-
making with psychosocial functioning and cognitive performance
in schizotypy.

Several limitations should be acknowledged in the current study.
First, as longer duration is required to complete hard trials relative to
easy trials, effort allocation performance might be confounded by
temporal discounting (38). Second, we had modest sample size. The
limited number of participants in each amotivation subgroup for
comparison might hinder us from detecting other subtle yet significant
differences. Third, our sample consisted of young people with narrow
age range, and the study findings might therefore not be generalizable
to people age older age. Fourth, although SPQ-B is a widely used and
well-validated measurement for schizotypy, its relative brevity may
render it less optimal to adequately capture schizotypical personality
traits. Adoption of a more comprehensive assessment enabling
delineation of various discrete schizotypy dimensions [e.g., (57)] may
facilitate clarification of subtle association between schizotypy and
deviated effect-allocation performance. Fifth, we did not have a measure
of depressive symptoms, which have been found to be related to
impaired effort-based decision-making (20, 58) and may confound the
results on the association between amotivation and effort allocation.

Frontiers in Psychiatry

Sixth, it is acknowledged that effort-based decision-making can
be classified on the basis of effort modalities, i.e., physical and cognitive
effort, and accumulating data have indicated that these two effort
modalities are mediated by related but distinct neural systems (59, 60).
Until now, no study has been conducted to specifically examine
cognitive effort-based decision-making in schizotypy individuals, and
further investigation is warranted to clarify whether there are potential
differential relationships between schizotypy and cognitive and physical
allocation performance.
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