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Background and hypothesis:  Affective forecasting (AF), 
the ability to forecast emotional responses for future 
events, is critical for optimal decision-making and mental 
health. Most previous AF studies were conducted using 
laboratory-based tasks but overlooked the impacts of 
real-life situations and social interactions. This study used 
the experience sampling method to examine real-life AF 
in young healthy adults and individuals with high social 
anhedonia.Study design:  In Study 1, 109 young healthy 
adults reported anticipated and experienced emotions of 
personal events for 30 days on mobile phones. In Study 2, 
we examined real-life AF in 28 individuals with high social 
anhedonia (HSA) and 32 individuals with low social an-
hedonia (LSA).Study results:  In Study 1 (totaling 8031 
real-life events), participants anticipated and experienced 
social events as more positive and more arousing than non-
social events, but also with larger AF discrepancy. In Study 
2 (totaling 2066 real-life events), compared with the LSA 
group, the HSA group anticipated less pleasure and dis-
played a larger valence discrepancy especially for social 
but not for non-social events. However, the HSA group re-
ported less experienced pleasure for both social and non-
social events.Conclusions:  Using an ecological method for 
assessing real-life AF, we extended the previous laboratory-
based findings to real-life situations. These findings dem-
onstrate the effects of sociality on real-life AF and 
elucidate the deficit in anticipating social pleasure among 

HSA individuals, which reflects liability to schizophrenia-
spectrum disorders. Altered AF may be a potential interven-
tion target in people with schizophrenia spectrum disorder.

Key words: affective forecasting; experience sampling; 
anticipated emotion; experienced emotion; social 
anhedonia.

Introduction

Affective forecasting (AF) refers to the ability to predict 
emotional consequences for future events.1 AF is essen-
tial for optimizing decision-making and planning and is 
involved in motivation and anticipatory pleasure.2–5 In 
patients with psychosis, impaired AF contributes to neg-
ative symptoms and diminished functioning.6

AF can be measured using laboratory-based tasks, 
which require participants to report anticipated emotions 
for different experimental conditions or report their 
anticipated emotions for hypothetical future events.5,7–12 
However, given that both the content factor (ie, mental 
simulation of future scenarios) and the contextual factor 
(ie, an individual’s emotional state and the environmental 
factors) could influence AF,13–16 it is necessary to investi-
gate AF in real-life situations.

Moreover, the majority of AF research focused on 
the emotional valence of future events,17,18 but seldom 
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studied in effects of “sociality” on AF. Sociality refers to 
whether an anticipated event involves social interactions, 
and prospected events could be broadly categorized into 
social vs non-social events.10 Previous studies suggested 
that sociality influences emotional experience and epi-
sodic memory, both are fundamental to AF processing. 
Many studies found that people tend to find experiences 
more pleasurable in the company of others than in being 
alone.19–23 Moreover, recognition accuracy (ie, episodic 
memory) was found to be higher for images with social 
content than for those without, suggesting that memories 
involving social information would have higher accessi-
bility.24 Based on these findings,19–24 we speculated that 
the sociality of prospected events would influence AF. 
Specifically, people would anticipate more pleasure for 
future events involving social interactions than those 
without.

The effects of sociality on AF may also depend on 
an individual’s ability to experience pleasure from so-
cial interactions. Anhedonia, the diminished capacity 
to experience pleasant emotions, is a cardinal feature 
of schizophrenia.25 The majority of previous studies 
found schizophrenia patients having anticipated pleasure 
deficits,26–32 while some studies suggested intact anticipated 
pleasure,33–37 or higher anticipated pleasure.38,39 Social an-
hedonia, a core feature of negative schizotypy, refers to 
the inability to experience social pleasure,40 and reflects 
liability to schizophrenia-spectrum disorders.41,42 Two 
previous studies showed that individuals with high 
levels of social anhedonia (HSA) exhibited anticipated 
pleasure deficits,10,43 while 2 other studies reported intact 
anticipated pleasure in HSA individuals.17,44

Empirical findings demonstrated that both patients 
with schizophrenia31 and individuals with HSA10 exhibited 
social-related impairments in AF. Specifically, they 
anticipated reduced pleasure especially for social events 
than controls, but not for non-social events. Since so-
cial anhedonia is regarded as a risk factor for developing 
schizophrenia, investigating individuals with HSA is im-
portant for clarifying the early pathological mechanisms 
of anhedonia before psychosis onset. Nevertheless, no 
study has investigated real-life AF in individuals with 
HSA.

Taken together, the extant literature had 2 unresolved 
issues, ie, it remained unclear whether (1) sociality would 
influence AF in the real-life setting and (2) the effects 
of sociality on AF would be absent in individuals with 
HSA in real-life settings. We aimed to examine the pat-
tern of real-life AF and the effects of social interactions 
in a non-clinical sample of young adults (Study 1), as well 
as to compare the real-life AF in individuals with high 
vs low levels of social anhedonia (Study 2). The ESM is 
a well-recognized method to measure everyday emotion 
experience,45,46 and has unique advantages such as timely 
measurements of emotional responses and higher eco-
logical validity. We therefore applied the ESM method 

to measure both anticipated and experienced emotions 
and treated anticipated emotion as the primary variable 
of interest. In Study 1, we hypothesized that participants 
would anticipate a higher level of pleasure for future 
events with social interactions than those without social 
interactions. In Study 2, we hypothesized that the effects 
of sociality would be absent in individuals with HSA, 
and individuals with HSA would display social-related 
impairment in real-life AF.

Study 1: Real-life AF in Young Adults

Methods

Participants.  Using the Monte Carlo simulation 
method,47 the sample size required was estimated to be 
>30, for an alpha level of 0.05, and a power of 0.8 (as 
detailed in Supplementary Section 1.1). We recruited 173 
adults aged 18-30 years via online advertisements from 
January 2018 to July 2019 among college students in 
Beijing, China. The inclusion criteria included using a 
cellphone with an Android system. The exclusion criteria 
were detailed in the data analysis section. The final dataset 
comprised 109 participants. Study 1 was approved by the 
Ethics Committee of the Institute of Psychology, the 
Chinese Academy of Sciences (H15031). We complied 
with the ethical standards of the institutional committees 
on human studies and the revised Helsinki Declaration 
of 2008. All participants provided written informed 
consent.

Measures.    The Time Master application was developed 
to measure future-oriented cognition in everyday life, and 
is applicable to the Android system of mobile phones. For 
each day, participants created personal events and rated 
their emotions for these events. First, they input the ex-
pected events that would happen on that day, and entered 
basic information about the expected events, including 
(1) content, (2) expected start and end time, (3) expected 
locations, and (4) expected participants (eg, self, family, 
friends, and non-acquaintance). Then, participants rated 
their anticipated emotions for the events, including the 
anticipated valence (“Please anticipate how happy/un-
happy you would feel when the event happens to you?” 
1 = very unhappy; 5 = very happy), anticipated arousal 
(1 = very peaceful; 5 = very excited), anticipated emotion 
type (eg, happy, sad, etc.), anticipated intensity (1 = very 
weak; 5 = very strong), anticipatory valence (“As you 
are anticipating the event to come, please indicate how 
happy/unhappy you feel.” 1 = very unhappy; 5 = very 
happy), and the importance of the upcoming events 
(1 = not at all important; 5 = extremely important). In 
the AF literature, anticipated emotion refers to the emo-
tion expected to be experienced for future events, while 
anticipatory affect refers to the current emotion during 
the AF process. Immediately after the occurrence of the 
events, participants self-initiated an evaluation of the 
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experienced emotions, including the experienced valence, 
experienced arousal, experienced emotion type, and ex-
perienced intensity. All ratings were made on a 5-point 
Likert scale.

Procedure.  First, participants installed the Time Master 
application on their personal mobile phones with the as-
sistance of the experimenters. Practice trials of the appli-
cation were conducted to ensure proper data collection. 
In the formal assessments, participants created events 
and rated their emotions for 30 consecutive days. During 
each day, they were required to create at least 3 events 
that would happen within that day (preferably including 
both positive and negative events). During the first 3 days, 
the experimenters constantly monitored the participants’ 
compliance and sent reminders in order to minimize data 
loss. Technical support was available throughout the 
period.

Data Analysis.  All participants (n = 173) completed 
the 30-day real-life AF assessments, with 13389 events 
recorded. Three types of time points were extracted, 
namely (1) the anticipation time, ie, the time point when 
participants made the prediction of anticipated emotions 
for a future event; (2) the expected start time, ie, the esti-
mation of the time when a future event would happen; 
and (3) the evaluation time, ie, the time when participants 
evaluated the experienced emotions of a finished event. 
Events were deemed invalid if  the anticipation time was 
later than the expected start time. Events would also be 
excluded if  the experienced emotion was not reported by 
the participants. Moreover, based on the criteria in pre-
vious ESM studies,29,48 participants were excluded if  they 
completed less than 33% of the required events (30 events).

The final dataset comprised 109 participants and 8013 
events. The events were further categorized as non-social 
(in which the participant had involved him/herself  in 
the events) and social events (in which the participant 
involved other people). The AF discrepancy was calcu-
lated as the absolute difference between the anticipated 
emotions and experienced emotions,18 generating the va-
lence discrepancy (eg, valence discrepancy = |anticipated 
valence—experienced valence|) and the arousal discrep-
ancy (eg, arousal discrepancy = |anticipated arousal—
experienced arousal|). A larger discrepancy indicated a 
larger deviation between the anticipated emotion and the 
experienced emotion.

We fitted the linear mixed-effects models using the 
lme4 package (version 1.1–31) and R studio (version 
4.2.2).49 Details are shown in Supplementary Materials 
(Section 1.2). The sociality (social vs non-social events) 
had fixed effects in the model. The outcome variables in-
cluded anticipated valence, anticipated arousal, experi-
enced valence, experienced arousal, valence discrepancy, 
and arousal discrepancy. We reported the standard re-
gression coefficient (β) and its 95% confidence intervals 

(CI), as well as effect size (Cohen’s d) and its 95% CI. To 
test the robustness of our findings, repeated analyses for 
anticipated emotions including all the valid events (with 
and without experienced emotions) were conducted. 
Sensitivity analyses were conducted to clarify the 
covariate effects of sex, age, length of education, time 
intervals (For anticipated emotions: hours between the 
anticipation time and the expected start time. For experi-
enced emotions, valence discrepancy and arousal discrep-
ancy: hours between anticipation time and evaluation 
time), and importance of expected events.

Results

In the final dataset (109 participants, 8031 events), the 
average number of events per participant was 73.51 
(SD = 21.80, range = 30-115). Participants’ character-
istics and the real-life AF indices are shown in Table 1. 
Participants created different events, such as playing, 
chatting, meeting, working, studying, and going to a hos-
pital. Moreover, 42.58% of the events were anticipated as 
social events (see Figure 1).

Table 1.  Descriptive Results of Demographic Information and 
Real-life Affective Forecasting Indices in Study 1 and Study 2

Study 1 Study 2

Participants 
(n = 109)

HSA 
(n = 28)

LSA 
(n = 32)

Mean (SD)
Mean 
(SD)

Mean 
(SD)

Demographic information
 � Sex (male:female) 28:81 7:21 11:21
 � Age (years) 21.25 

(2.15)
20.00 
(2.13)

19.69 
(1.67)

 � Length of education (years) 15.03 
(2.02)

13.71 
(1.58)

14.13 
(1.68)

 � Estimated IQ – 126.11 
(7.00)

122.13 
(7.58)

 � Number of events 73.51 
(21.80)

36.96 
(8.98)

32.22 
(7.08)

Real-life affective forecasting
 � Anticipated valence 3.46  

(0.32)
5.43 
(0.35)

5.84 
(0.50)

 � Anticipated arousal 2.69  
(0.47)

4.17 
(1.16)

4.79 
(1.12)

 � Heart rate – 76.51 
(9.46)

77.28 
(11.70)

 � Experienced valence 3.43 
(0.34)

5.59 
(0.46)

6.00 
(0.53)

 � Experienced arousal 2.75 
(0.47)

4.18 
(1.11)

4.88 
(1.17)

 � Valence discrepancy 0.40 
(0.20)

0.89 
(0.33)

0.77 
(0.29)

 � Arousal discrepancy 0.44 
(0.21)

0.97 
(0.36)

0.80 
(0.34)

Abbreviations: HSA = individuals with high social anhedonia; 
LSA = individuals with low social anhedonia.
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As shown in Figure 2 and Supplementary Table S1 
(109 participants, 8031 events), sociality was a sig-
nificant predictor for all outcomes. Compared with 
non-social events, social events were rated as more pos-
itive (anticipated valence: β (95% CI) = 0.30 [0.23, 0.36], 
Cohen’s d (95% CI) = 0.34 [0.26, 0.41], P < 0.001; expe-
rienced valence: P < 0.001), more arousing (anticipated 
arousal: P < 0.001; experienced arousal: P < 0.001), 
and had larger AF discrepancy (valence discrepancy: 
P = 0.022; arousal discrepancy: P = 0.041). Further 
analysis of the direction of AF discrepancy showed that 
participants tended to underestimate the actual level of 
arousal for non-social events, but not for social events 
(see Supplementary Section 1.3 and Figure S1).

Moreover, we repeated the same analyses on anticipated 
emotions including those without experienced ratings, 
and the significant results for anticipated emotions (9544 
events) remained similar (see Supplementary Table S2). 
After controlling for the covariates, the significant results 
in Supplementary Table S1 remained similar. Moreover, 
social events were also rated as more positive for anticipa-
tory valence (see Supplementary Section 1.4).

Discussion

Study 1 examined the real-life AF performance and the 
influence of social interactions in a non-clinical youth 
sample. Overall, participants anticipated and experienced 
emotions as more pleasurable and arousing for social 
events than for non-social events, and the AF discrep-
ancy for social events was larger than that for non-social 
events.

When predicting emotions for their own personal 
events in the real-life context, participants would expect 

more happiness and excitement, if  social interactions 
were involved in the prospected events. This finding ex-
tended the previous results of experienced pleasure19–23 to 
real-life AF context. How participants forecasted future 
emotions would largely depend on how they experienced 
and remembered similar events.1 Our findings supported 
the notion that sociality could influence anticipated and 
experienced emotions.

We also examined the difference between predicted 
and experienced emotions. Participants had larger AF 
discrepancies in estimating the valence and arousal 
of future social events than the non-social events. To 
our knowledge, no previous research has compared 
AF discrepancy in social vs non-social events, and our 
findings revealed that participants were less accurate in 
predicting emotions for future events that involved so-
cial interactions than those not. The larger discrepancy 
observed for future social events may be attributable to 
the “focalism errors” during AF. When people evaluate 
their emotions, they often ignore other important events/
factors which may influence their future emotions,50 a 
phenomenon called “focalism errors.” Moreover, so-
cial events are usually associated with a higher chance 
of co-occurring events/factors than non-social events. 
Therefore, participants might have overlooked more un-
expected events/factors that could happen during future 
social rather than non-social events and thus might ex-
hibit higher discrepancy in predicting their emotions for 
social than non-social events. Moreover, social events are 
more prone to emotional contagion, which might fur-
ther exacerbate AF discrepancy. Emotional contagion 
refers to the phenomenon where emotion can spread 
rapidly among individuals in a group setting.51,52 While 
the impact of emotional contagion would be minimal 

Figure 1.  The research framework of Study 1 and Study 2. HSA = individuals with high social anhedonia; LSA = individuals with low 
social anhedonia.
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during affective forecasting, it could largely influence an 
individual’s actual emotional experience of social events 
(but not non-social events), thus exacerbating the larger 
AF discrepancy in social events compared to non-social 
events.

Study 2: Real-life AF in Individuals With High Social 
Anhedonia

Methods

Participants.  We recruited 1322 students online from 
a local university from November 2021 to January 
2022 in Shanghai, China. They completed 2 screening 
questionnaires online, ie, the Chinese version of the 
Chapman social anhedonia scale53,54 and the Chapman 
infrequency scale.55 We selected the participants based 
on the criteria in a large-sample study.56 Specifically, 
participants who scored ≥ 20 on the CSAS were deemed 
the high social anhedonia (HSA) group; and those who 
scored ≤ 11 were deemed the low social anhedonia (LSA) 
group. Detailed information on CSAS and other ex-
clusion criteria are shown in Supplementary Materials 
(Section 2.1).

The Monte Carlo simulation47 estimated the re-
quired sample size to be >49, for an alpha of 0.05 and a 

power of 0.8 (Supplementary Section 2.2). A total of 70 
participants (32 HSA and 38 LSA) completed the real-
life AF task. The final dataset comprised 60 participants 
(28 HSA and 32 LSA) and 2066 events. Exclusion criteria 
were detailed in the data analysis section. Study 2 was 
approved by the Ethics Committee of the Institute of 
Psychology, the Chinese Academy of Sciences (H21043). 
We complied with the ethical standards of the institu-
tional committees on human studies, and the revised 
Helsinki Declaration of 2008. All participants provided 
written informed consent.

Measures.    Similar to Study 1, participants in Study 
2 anticipated emotions using the Samply applica-
tion before the event and evaluated their experienced 
emotions after the event happened (see Supplementary 
Section 2.3). However, Study 2 participants rated their 
emotions on a 9-point Likert scale, for enhancing the 
sensitivity of measurements. Moreover, recent research 
showed that heart rate varied with emotion,57 and em-
ployed smartwatches58 or smartphones59 to measure 
heart rate in AF research, we followed this method to 
additionally measure participants’ heart rate, which pro-
vided an objective index other than self-report formats 
for anticipated emotions.17,44,60 We asked participants to 

Figure 2.  Estimated marginal means of outcomes when comparing social and non-social events (Study 1). Estimated marginal means ± 
95% CI derived from linear mixed-effects models.

http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
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measure their heart rates using their own smartwatches 
or other applications on their mobiles, immediately after 
they reported the anticipated emotions. Additionally, 
participants in Study 2 were required to report the cur-
rent emotions, importance, anticipated effort level, fa-
miliarity, probability of expected events, anticipatory 
emotions, and the imaginary details of future events.

Procedure.  Participants installed the Samply application 
and completed the practice trials with the assistance of 
the experimenters. In the formal assessments, participants 
created events and rated their emotions using the Samply 
software for 14 consecutive days. Similar to Study 1, 
participants were required to create at least 3 events that 
would happen within that day. Likewise, during the first 
3 days, participants’ compliance was monitored, and 
experimenters would send reminders. Technical support 
was available throughout the period.

Data analysis.  In total, 70 participants completed the 
real-life AF task and created 2839 events. Similar to Study 
1, events were excluded if  the anticipation time was later 
than the expected start time and lacked the experienced 
emotions. According to the criteria in previous ESM 
studies,29,48 participants were excluded if  they completed 
less than 33% of the required events (14 events). After 
data cleaning, the final dataset comprised 60 participants 
(28 HSA; 32 LSA) and 2066 valid events.

Data analyses were conducted using the SPSS 22. 
Group differences in demographics, number of valid 
events and the ratio of social events were examined using 
the independent sample t-test and χ2 test. The definition 
of social events and AF discrepancy were the same as in 
Study 1. For the data on heart rate, we deleted the event if  
this data is missing or value > 3SD of the mean.

Similar to Study 1, linear mixed-effect models were 
used to estimate the predictive effect of factors on real-life 
outcomes (Supplementary Section 2.4). The interaction 
between sociality and group was defined as fixed effects. 
The outcomes included anticipated valence, anticipated 
arousal, heart rate, experienced valence, experienced 
arousal, valence discrepancy, and arousal discrepancy. 
We reported the standard regression coefficient and its 
95% CI, as well as the effect size (Cohen’s f2) and its 95% 
CI. In addition, we conducted Spearman correlations to 
examine the relationship between anticipated emotions 
and heart rates.

To test the robustness of  the findings, we repeated 
the analyses for anticipated emotions and heart rate by 
including all the valid events (with and without experi-
enced emotions). Sensitivity analyses were conducted to 
clarify the covariate effects of  current emotions, ie, sex, 
age, length of  education, estimated IQ, time intervals, 
importance, familiarity, and probability of  expected 
events.

Results

In the final dataset (60 participants; 2066 events), the av-
erage number of events per participant was 34.43 (SD 
= 8.30, range = 14-61). Participants’ characteristics and 
real-life AF indices are shown in Table 1. The HSA and 
LSA groups did not differ in sex ratio, age, length of ed-
ucation (Ps > 0.05), but the HSA group had a higher 
estimated IQ (t(58) = 2.10, P = 0.040) and created a greater 
number of events (t(58) = 2.29, P = 0.026) than the LSA 
group. We explored the responding activity and found a 
downward tendency in the number of events throughout 
the study (see Supplementary Section 2.5 and Figure S2).

Among all the events (28 HSA participants and 32 LSA 
participants; 2066 events), 32.14% were anticipated as so-
cial events. The ratio of social events was significantly 
lower in the HSA group than in the LSA group (HSA: 
26.57%; LSA: 37.73%, χ2 = 29.50, P < 0.001, see Figure 
1). For anticipated and experienced emotions, the 3 most 
frequent types of emotion were calm, happy, and upset 
(see Figure 3A and Supplementary Table S3). Compared 
with the LSA group, the HSA group anticipated less fre-
quently happy emotion (t(58) = –2.64, P = 0.011) and more 
frequently upset emotion (t(58) = 2.14, P = 0.036), and 
they experienced less frequently happy emotion (t(58) = 
–3.31, P = 0.002).

Anticipated Emotions and Heart Rates.  Among 60 
participants and 2066 events, Figure 4 shows the descrip-
tive results of outcomes; Supplementary Table S4 shows 
the results of linear mixed-effects models. For anticipated 
valence, the LSA group (with reference to the HSA 
group, β = 0.20 [0.01, 0.38], P = 0.032, f2 = 0.26 [0.05, 
0.60]) significantly predicted higher anticipated valence. 
Sociality is not a significant predictor (β = 0.13 [–0.14, 
0.21], P = 0.772, f2 = 0.22 [0.03, 0.59]). The interaction 
between sociality and group was a significant predictor 
for anticipated valence (β = 0.32 [0.09, 0.56], P = 0.009, f2 
= 0.15 [0.01, 0.47]). Specifically, compared with the LSA 
group, the HSA group anticipated lower levels of pleasure, 
and this reduction was larger for social events (t(55) = 
–4.12, P < 0.001, Cohen’s d = 0.56 [0.29, 0.84]) than non-
social events (t(57) = –2.20, P = 0.032, Cohen’s d = 0.21 
[0.02, 0.41]). The LSA group reported higher anticipated 
valence for the social events than the non-social events 
(t(54) = –4.45, P < 0.001, Cohen’s d = 0.38 [0.21, 0.56]), 
while the HSA group reported similar anticipated va-
lence for the social and non-social events (t(52) = –0.36, 
P = 0.723, Cohen’s d = 0.03 [–0.16, 0.23]). For anticipated 
arousal, the social events received higher ratings than the 
non-social events (P < 0.001), but the main effect of the 
group (P = 0.051) and the interaction between the group 
and sociality (P = 0.760) were not significant.

For 1782 events with valid data of heart rate, the main 
effect of sociality was significant, with the social events 
having a faster heart rate (P = 0.001). The main effect of 

http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
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the Group was not significant (P = 0.438). The group-by-
sociality interaction effect was significant (P = 0.018, see 
Figure 3B), showing that the HSA group had higher heart 
rates for the social events than the non-social events (t(44) 
= –3.42, P = 0.001, Cohen’s d = 0.35 [0.14, 0.56]), while 
the LSA group reported similar heart rate for the social 
and non-social events (t(48) = –0.07, P = 0.946, Cohen’s 
d = 0.01 [–0.19, 0.20]). As shown in Figure 3C, the heart 
rate was positively correlated with anticipated arousal in 
the HSA group (r = 0.15, P < 0.001) but not in the LSA 
group (r = 0.03, P = 0.321). The heart rate was not sig-
nificantly correlated with anticipated valence in either 
the HSA group (r = –0.02, P = 0.514) or the LSA group 
(r = –0.04, P = 0.211). No significant difference was found 
between the measurement methods of smartphones and 
smartwatches (Supplementary Section 2.6).

Experienced Emotions and AF Discrepancy.  For experi-
enced emotions (60 participants and 2066 events), the social 
events (vs non-social events) and the LSA group (vs HSA 
group) predicted higher experienced valence and arousal 
(Ps < 0.043), but the interaction between sociality and group 
was nonsignificant (Ps > 0.841). Specifically, compared with 
the LSA group, the HSA group reported lower experienced 
pleasure both in social (t(55) = –2.31, P = 0.025, Cohen’s 

d = 0.30 [0.04, 0.57]) and non-social events (t(57) = –2.69, 
P = 0.009, Cohen’s d = 0.28 [0.07, 0.49]). The LSA group 
(t(49) = –3.75, P = 0.001, Cohen’s d = 0.32 [0.15, 0.48]) and 
the HSA group (t(53) = –4.51, P < 0.001, Cohen’s d = 0.34 
[0.19, 0.49]) both reported higher experienced pleasure for 
social than non-social events.

For AF valence discrepancy (60 participants and 2066 
events), the effect of sociality (P = 0.107) and group 
(P = 0.511) was not significant, but the interaction between 
sociality and group was a significant predictor (P = 0.049). 
Compared with the LSA group, the HSA group reported 
a larger valence discrepancy for social events (t(51) = 2.92, 
P = 0.005, Cohen’s d = 0.30 [0.09, 0.51]), but not for non-
social events (t(57) = 0.66, P = 0.511, Cohen’s d = 0.07 
[–0.14, 0.28]). Further analysis indicated that, for inaccu-
rate estimated events, the HSA group tended to underes-
timate the valence and arousal for social events, but not 
for non-social events (see Supplementary Section 2.7 and 
Figure S3). For AF arousal discrepancy, no significant 
predictors were found (Ps > 0.093).

Sensitivity Analysis.  We conducted repeated analyses 
on anticipated emotions and heart rate, by including 
those events without experienced ratings. We found that 
the significant results for anticipated emotions (2153 

Figure 3.  Results for Study 2. (A) anticipated and experienced emotion category; (B) estimated marginal means of heart rate when 
comparing social and non-social events between high vs low social anhedonia individuals; (C) correlation between anticipated arousal 
and heart rate. Estimated marginal means ± 95% CI derived from linear mixed-effects models. HSA = individuals with high social 
anhedonia; LSA = individuals with low social anhedonia.

http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
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events) and heart rate (1859 events) remained similar 
(see Supplementary Table S5). After controlling for 
the covariates, the results (see Supplementary Section 
2.8) remained largely similar to the results reported in 
Supplementary Table S4. The linear mixed-effects models 
of other outcomes can be found in Supplementary 
Materials (Supplementary Section 2.9, Tables S6 and S7).

Discussion

Study 2 examined the real-life AF in individuals with 
HSA, who demonstrated social-related impairments in 
AF, which reflected in several aspects. First, compared 
to people with LSA, individuals with HSA anticipated 
less pleasure for future events, but the reduction of 
anticipated pleasure was larger for social than non-social 
events. This finding was consistent with previous research 
using laboratory-based AF task,10 thus extending the 
social-related AF deficit of HSA to real-life situations. 
Second, individuals with HSA displayed a larger valence 
discrepancy for upcoming social events than the LSA 
group, but not for non-social events. Further analysis 
of the direction of discrepancy revealed that individuals 
with HSA underestimated the level of pleasure they 
would obtain from future social but not non-social 
events. Lastly, compared to the LSA group, the HSA 
group showed reduced willingness to engage in similar 
future events involving social interactions, but not for 

non-social future events (see Supplementary Section 2.9). 
Together, these findings revealed that, in real-life settings, 
individuals with HSA had social-related impairments in 
multiple processes relating to AF. Moreover, individuals 
with HSA created a lower ratio of social events compared 
to those with LSA. This finding aligned with previous 
results that individuals with HSA61,62 and negative schiz-
otypy63 tended to spend more time alone and had a 
stronger preference for solitude.

Relative to the LSA group, the HSA group anticipated 
and experienced reduced pleasure in social events. 
However, the reduction was larger for anticipated 
pleasure but smaller for experienced pleasure. This 
finding was consistent with previous results in schizo-
phrenia patients64 who showed a larger impairment of 
non-current social pleasure25,65 than consummatory so-
cial pleasure.64,66 Our findings revealed for the first time 
that individuals with HSA also displayed such a phenom-
enon in real-life situations.

The LSA group reported higher levels of social pleasure 
than non-social pleasure, both for anticipated and ex-
perienced emotions. However, the HSA group reported 
higher levels of social pleasure for experienced emotions, 
but not for anticipated emotions. Previous ESM studies 
on schizophrenia patients also found that patients expe-
rienced higher positive affect in social events compared 
with non-social events.67,68 An ESM study revealed a more 
marked increase in positive affect in controls when the level 

Figure 4.  Estimated marginal means of outcomes when comparing social and non-social events between high vs low social anhedonia 
individuals (Study 2). Estimated marginal means ± 95% CI derived from linear mixed-effects models. HSA = individuals with high social 
anhedonia; LSA = individuals with low social anhedonia.

http://academic.oup.com/schizbullopen/article-lookup/doi/10.1093/schizbullopen/sgaf003#supplementary-data
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of pleasantness of having company was high, compared 
with that in patients with early psychosis.69 Similarly, our 
findings showed that, while individuals with HSA were 
able to experience more pleasure from social than non-
social events, they did not anticipate social events as more 
pleasurable than non-social events. Our findings may be 
related to the presence of “low-pleasure beliefs”70 for so-
cial events, ie, individuals with HSA underestimated the 
value of pleasure or even expected negative outcomes of 
pleasure for social events. The thinking schemata of “low 
pleasure beliefs” may contribute to diminished anticipated 
emotions in the HSA group.

General Discussion

Our 2 inter-related ESM studies investigated real-life 
AF in young adults (Study 1) and individuals with HSA 
(Study 2) and yielded 2 novel findings. First, sociality 
influenced both anticipated and experienced emotions, ie, 
people anticipated and experienced more pleasure in so-
cial than in non-social events. Second, while individuals 
with HSA exhibited social-related deficits in multiple 
processes of real-life AF, they reported less experienced 
pleasure for both social and non-social events.

The effects of sociality on AF have significant 
implications. Humans are social beings, and the ability 
to process social information is essential for survival 
and reproduction. However, few studies examined the 
role of sociality in AF in real-life settings. Our research 
highlighted the role of sociality in the process of AF and 
extended effects of sociality from experienced emotions to 
anticipated emotions. Moreover, our findings on the effects 
of sociality can advance our understanding of psychopa-
thology. Study 2 further elucidated that sociality did not 
exert effects on AF in individuals with HSA. Individuals 
with HSA are at a higher risk of developing psychosis than 
the general population.41 Patients of schizophrenia also ex-
hibit a social-related deficit of anticipated pleasure in daily 
life.31 The reduced anticipation of pleasure from daily so-
cial events, a common deficit observed in both clinical and 
subclinical samples of the schizophrenia spectrum, could 
potentially play a crucial role in the early identification 
and intervention of psychosis. Indeed, it has been argued 
that AF discrepancy, a component of dysfunctional ex-
pectations and an intermediate process between situa-
tional cues and consequences, maybe the core element for 
the maintenance of psychopathology.71,72 Future studies 
could further investigate how to restore the effects of so-
ciality in individuals with HSA, as altering dysfunctional 
expectancies is an important target of psychotherapies.

In Study 2, our findings that individuals with HSA show 
larger deficits in anticipated than experienced pleasure of 
social events have significant implications. Such deficits 
may be related to low-pleasure beliefs for social events and 
may serve as a potential target for early identification and 
intervention. For instance, individuals with HSA could be 

trained to develop higher levels of awareness regarding the 
deficits of anticipated social pleasure, so that they may self-
regulate the inherent tendency of underestimating social 
pleasure, and in turn, may improve motivation and social-
ization. Recent advances in mobile technology may offer 
promising interventions for daily experiences. For instance, 
audio recordings73 and smartphone reminders74 of prior en-
joyable social experiences may enhance awareness of daily 
social pleasure and increase motivation for socialization.

Nevertheless, our investigations have several limita-
tions. First, our research focused on individuals with 
negative schizotypy. Future studies could explore the 
characteristics of AF in people with positive schizotypy 
or patients with schizophrenia. Second, our ESM tasks 
only invited participants to predict emotions and events 
prospectively for 24 h, thus limiting the timeframe of AF. 
Studies on real-life AF for future events with longer tem-
poral distances are needed. Third, our ESM tasks mainly 
measured self-report emotions, although heart rate was 
used as a more objective measure of emotional response 
(Study 2). Future research on real-life AF should include 
more objective measures of emotional response such as 
audio recording and GPS-based mobility.75–77

Notwithstanding these limitations, the present work is 
one of the pioneer studies on AF in real-life situations. 
Together, our findings emphasized the importance of 
sociality in AF and suggested that the larger deficit of 
anticipating social pleasure may serve as a target for 
interventions of social anhedonia. Future studies should 
further investigate real-life AF in clinical populations and 
its relationship with anhedonia.
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