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Abstract

A recent environmental theory of negative symptoms posits that environmental contexts (e.g., 

location, social partner) play a significant—yet often unaccounted for—role in negative symptoms 

of schizophrenia (SZ). “Gold-standard” clinical rating scales offer limited precision for evaluating 

how contexts impact symptoms. To overcome some of these limitations, Ecological Momentary 

Assessment (EMA) was used to determine whether there were state fluctuations in experiential 

negative symptoms (anhedonia, avolition, and asociality) in SZ across contexts (locations, 

activities, social interaction partner, social interaction method). Outpatients with SZ (n = 52) and 

healthy controls (CN: n = 55) completed 8 daily EMA surveys for 6 days assessing negative 

symptom domains (anhedonia, avolition, and asociality) and contexts. Multilevel modeling 

demonstrated that negative symptoms varied across location, activity, social interaction partner, 

and social interaction method. For the majority of contexts, SZ and CN did not report significantly 

different levels of negative symptoms, with SZ only reporting higher negative symptoms than 

CN while eating, resting, interacting with a significant other, or being at home. Further, there 

were several contexts where negative symptoms were similarly reduced (e.g., recreation, most 

social interactions) or elevated (e.g., using the computer, working, running errands) in each group. 

Results demonstrate that experiential negative symptoms dynamically change across contexts in 

SZ. Some contexts may “normalize” experiential negative symptoms in SZ, while other contexts, 

notably some used to promote functional recovery, may increase experiential negative symptoms.
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Introduction

Many with schizophrenia (SZ) experience significant occupational and social functioning 

impairments (Pinkham et al., 2012). Negative symptoms such as avolition and anhedonia 

are critical contributors to these functional impairments (Luther et al., 2020b; Strauss et al., 

2021). However, extant psychosocial and pharmacological interventions have largely failed 

to produce clinically significant negative symptom improvements (Fusar-Poli et al., 2015), 

creating a critical yet unmet need in SZ therapeutics.

One reason for the lack of progress in treating negative symptoms is a limited understanding 

of the environmental or contextual factors that may influence these symptoms. The 

recent Bioecosystem Theory of Negative Symptoms (Strauss, 2021) posits that interactive 

environmental systems of varying proximity to an individual may influence the emergence 

and maintenance of negative symptoms. The most immediate environmental contexts, 

known as the microsystem, include factors that a person has direct contact with, such as 

activities (e.g., work, recreation), locations (e.g., home, work), and social partners (e.g., 

family, friends). These immediate environmental contexts and their interactions are thought 

to directly influence negative symptoms. For example, locations such as work or school may 

lead to greater avolition reductions, while a friend’s house may lead to asociality reductions. 

Similarly, social partner type (e.g., friend versus a stranger) may differentially influence 

one’s social drive and pleasure. However, little empirical work has examined the influence 

of context on negative symptoms in daily life.

Early descriptions of negative symptoms noted a progressive worsening over the course of 

illness (Bleuler, 1950; Kraepelin et al., 1919). However, these observations were primarily 

made in psychiatric hospitals where environmental resources and social stimulation were 

limited, potentially exacerbating symptom decline. More recent longitudinal studies using 

clinical rating scales with outpatients have shown that negative symptoms are largely stable 

across weeks to even years during non-acute illness phases and when treatment is relatively 

constant (Harvey et al., 1990; Kirkpatrick et al., 2011; Kring et al., 2013; Pogue-Geile and 

Harrow, 1985). This work has resulted in a long-standing belief that negative symptoms are 

highly stable trait-like features that are contextually invariant. However, it is unclear whether 

this holds when negative symptoms are assessed across dynamic contexts. Identifying 

whether certain contexts exacerbate or reduce negative symptoms may inform interventions 

such as activity scheduling and ecological momentary interventions delivered using context-

based just-in-time adaptive approaches (Nahum-Shani et al., 2018).

Extant negative symptom research primarily utilizes interviewer-rated assessments, which 

do not adequately assess the impact of dynamic environmental contexts. Although 

“second-generation” interviewer-based scales such as the Clinical Assessment Interview 

for Negative Symptoms (CAINS; (Kring et al., 2013) and Brief Negative Symptom Scale 

(BNSS; (Kirkpatrick et al., 2011) provide a more nuanced assessment grounded in recent 
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conceptualizations, the limitations inherent to interviewer-rated scales diminish our ability to 

capture context-dependent symptom changes. For example, these scales require interviewers 

to derive a global negative symptom rating across time (e.g., past week) and changing 

contexts (e.g., activities, locations) (Cohen et al., 2019b). These low-resolution ratings 

represent a broad temporal range that cannot be used to infer how symptoms vary as a 

function of environmental context (Cohen et al., 2020b, 2021), making it challenging to 

precisely quantify which contexts exacerbate or reduce symptoms. Further, interviewer-rated 

scales have high participant recall demands, requiring retrospective reports of higher-order 

states like motivation and pleasure over extended timeframes (e.g., past week). This, along 

with work showing that the working memory impairments commonly seen in SZ may 

impact participants’ ability to effectively recall symptoms during clinical interviews (Moran 

et al., 2017), suggest that interviewer-rated rates scales do not allow for a precise assessment 

of how negative symptoms vary across contexts.

One method that allows for a higher resolution negative symptom assessment, especially 

experiential negative symptoms (i.e., anhedonia, avolition, and asociality), across contexts 

is Ecological Momentary Assessment (EMA). EMA involves the repeated administration of 

surveys while participants are engaged in daily life outside of the laboratory, providing 

greater ecological validity and temporal specificity. Studies have found that assessing 

negative symptoms in SZ via EMA is feasible, valid, and could overcome retrospective 

recall demands of interviewer-rated scales (Badal et al., 2021; Moran et al., 2017; Parrish 

et al., 2022). In addition, researchers have begun to use EMA to better isolate the effects 

of dynamic environmental contexts on emotional experience and symptoms in SZ. Research 

suggests that SZ report greater positive affect when they are with others compared to 

being alone (Depp et al., 2016; Edwards et al., 2018; Mote et al., 2019; Oorschot et 

al., 2013). Initial work deconstructing this finding based on social partner (e.g., friend, 

family) suggested that when SZ and controls were with family and friends, they reported 

greater positive affect and social motivation (Badal et al., 2021). When with “others” 

(e.g., strangers), SZ instead reported greater anxiety, while controls reported greater social 

motivation. However, these findings offer limited insight into the role that different social 

partners have on other negative symptom domains (e.g., anhedonia) as well as how 

interaction modality (i.e., in person, phone call) influences negative symptoms. Similarly, 

few studies have examined the effect activity or location may have on negative symptoms in 

SZ. Extant studies have demonstrated that being out of the home (versus home) is associated 

with greater negative affect (e.g., anxiety, sadness) (Badal et al., 2021; Parrish et al., 2020). 

Although these findings indicate that EMA can help elucidate the impact of context on 

emotional experience in daily life in SZ, they also point to a gap in our understanding about 

the role of context (e.g., method of interacting, location, activity) on state fluctuations in 

negative symptoms.

The present study used EMA to address this gap and more comprehensively assess 

experiential negative symptom levels across contexts. Specifically, we examined the role 

that activity (e.g., resting, recreation), location (e.g., home, public), social partner (e.g., 

alone, with strangers), and social modality (e.g., electronically, in person) had on concurrent 

negative symptoms of avolition, anhedonia, and asociality measured via EMA. SZ and 

healthy controls (CN) completed six days of EMA where eight daily surveys assessing 
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negative symptoms and context were delivered. We hypothesized that avolition, anhedonia, 

and asociality would significantly vary across contexts in both SZ and CN. We anticipated 

that asociality would show the greatest fluctuations between social and non-social contexts, 

while the remaining analyses were exploratory given that little work has been done in this 

area.

Method

Participants

Participants included 52 SZ outpatients (1444 EMA samples) and 55 CN (1786 EMA 

samples). Groups did not differ on age, sex, parental education, or race; however, SZ had 

lower personal education than CN (see Table 1). There was a trend toward SZ completing 

fewer EMA surveys than CN; however, completion rates were in line with prior SZ EMA 

studies (Mote and Fulford, 2020).

Participants were recruited from the local community via online or printed advertisements; 

SZ participants were also recruited from outpatient mental health centers. SZ diagnoses were 

made using the Structured Clinical Interview for DSM5 (SCID-5; First et al., 2015). CN 

had no current major psychiatric diagnoses based on the SCID-5, no current schizophrenia-

spectrum personality disorders (via the SCID-PD; First et al., 2016), no lifetime psychotic 

or bipolar disorders, no psychosis family history, and no current psychotropic medication 

prescription. All participants denied lifetime neurological disorders and past six month 

substance abuse. Following prior methods (Granholm et al., 2020; Strassnig et al., 2021), 

participants were compensated $20 per hour of assessments and $1 per EMA survey 

completed. An $80 bonus was provided for returning the study phone. All participants 

provided written informed consent for a protocol approved by the University of Georgia 

Institutional Review Board.

Procedures

Study procedures occurred in three phases over a one-week period (see Narkhede et al., 

2022; Raugh et al., 2021) for additional details).

Phase 1: Initial Laboratory Visit.—Participants provided informed consent, 

completed diagnostic/symptom interviews, and received training for the mEMA app 

(www.ilumivu.com) and smartphone used for EMA. Participants completed a practice 

survey to ensure they understood the response formats. SZ completed the SCID-5 and BNSS 

(BNSS; Kirkpatrick et al., 2011). CN completed the SCID-5 and SCID-PD.

Phase 2: EMA.—Data were collected over six days; 8 daily surveys were delivered 

randomly within 90-minute epochs from 9AM to 9PM. Both SZ and CN completed the 

EMA procedures to allow for group comparisons and since negative symptoms have been 

found at subclinical levels in healthy controls and the general population (Kaiser et al., 2011; 

Stefanis et al., 2002; Strauss et al., 2016; Werbeloff et al., 2015).

EMA surveys included items assessing context and negative symptoms1 of anhedonia, 

avolition, and asociality (see supplement for items). Following BNSS procedures, negative 
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symptom items were created to assess internal experience components of anhedonia, 

avolition, and asociality via questions about enjoyment (current/consummatory and 

anticipatory) and interest; participants completed these items for their concurrently endorsed 

contexts (e.g., “How interested are you in the activity?”). Context items assessed current 

activity (“What are you doing?”), location (“Where are you?”), social partner (“Who are you 

interacting with?”), and social modality (“How are you interacting with them?”). Contexts 

were not mutually exclusive; participants could select as many as applied up to 15 minutes 

before the survey.

Phase 3: Final Laboratory Visit.—Following EMA, participants returned the study 

phone and received monetary compensation.

Data Analysis

To account for nesting and repeated measures in the data, all models presented used 

multilevel modeling with random intercepts within person and day. As all effects evaluated 

were among categorical variables, no random slopes were used. Models were conducted 

separately for each negative symptom domain (anhedonia (anticipatory and consummatory 

combined), avolition, asociality) and context domain (activity, location, social partner, social 

modality). Only contexts observed 200 times or more (out of 3212 surveys) were included 

to ensure adequate observations for stable estimates and statistical inference. Seven activity 

contexts were evaluated: resting, working, watching TV, eating, computer use, errands, 

and recreation/hobbies. Four location contexts were evaluated: home, work, public, and 

friend/family residence. Six social partner contexts were evaluated: no one/alone, family, 

significant other, coworkers, friends, and strangers. Four social modality contexts were 

evaluated: no one/alone, in-person, electronic, and phone. Resting, being at home, and being 

alone were selected as “baseline” or reference contexts against which others were compared.

Primary models for each negative symptom domain evaluated the effect of Group (CN, 

SZ), Context (see above), and Group X Context interaction. A main effect of Group would 

indicate a difference between CN and SZ regardless of context (i.e., between-group), while 

a main effect of Context would indicate differences between contexts in both groups (i.e., 

within-group). An interaction can be interpreted as reflecting both how the difference in 

negative symptoms by groups varies by context (between-group) and how the differences 

between contexts vary for each group (within-group). Only instances where contexts were 

endorsed were included in models to isolate the relative effects of each context (i.e., does 

context B reduce symptoms compared to context A). Context was treated as a repeated-

measures variable within each survey instance. Model omnibus effects were evaluated 

using Wald χ2 tests. Significant omnibus effects were evaluated for within-group and 

between-group differences, and significant Group X Context interactions were plotted to 

help interpret effects. The false discovery correction was applied to correct for multiple 

comparisons.

1We use the term symptoms throughout the manuscript given that negative symptom-like experiences at subclinical levels have been 
found in non-clinical groups, including the general population and healthy controls (Kaiser et al., 2011; Stefanis et al., 2002; Strauss 
et al., 2016; Werbeloff et al., 2015). However, in both groups, these items are assessing reductions in pleasure, motivation, and social 
motivation and interaction.
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To contextualize results, several exploratory models were planned and are presented in the 

supplemental materials. Group differences in Context endorsement (i.e., the probability of 

each group endorsing a Context) were evaluated. Second, we evaluated the context effects 

outlined above on overall negative symptoms (mean of anhedonia, avolition, and asociality). 

Additional models evaluated differences in anticipatory and consummatory anhedonia based 

on Group, Context, and their interaction. Given that mood symptoms are often linked to 

negative symptoms (Krynicki et al., 2018), we also conducted analyses to examine the utility 

of controlling for these symptoms.

Results

Table 2 presents omnibus effects for models evaluating the context effects on anhedonia, 

avolition, and asociality. Two-way interactions are displayed in Figures 1–3. Means for each 

symptom domain, including by context and group are in the supplement (See Supplemental 

Table 1 and 2). As correlations of mood with contexts and negative symptoms were largely 

minimal (see Supplemental Table 3), mood was not used as a covariate in any analyses.

Anhedonia

Activity—For activity, the Group, Context, and Group X Context effects were all 

significant (see Table 2); thus, the effect of activity context on anhedonia levels varied 

by group. Follow-up comparisons found that SZ showed higher anhedonia than CN when 

resting and eating, but groups did not differ in anhedonia levels while completing work, TV, 

computer, errands, or recreational activities (see Figure 1). In SZ, compared to when resting, 

anhedonia was elevated when running errands but reduced when in recreational activities. 

In CN, compared to resting, anhedonia was higher when working, using the computer, and 

running errands, while it was lower during recreation. In both groups, anhedonia was lower 

during recreation relative to every other activity.

Location—For location, the Group, Context, and Group X Context effects were all 

significant, indicating the effect of location context on anhedonia levels also varied by 

group. SZ had higher anhedonia when at home compared to CN, while anhedonia did 

not differ across groups in any other locations. Within SZ, compared to being at home, 

anhedonia was lower when in public and with family. For CN, compared to being at home, 

anhedonia was higher when at work.

Social partner—For social partner, Context and Group x Context effects were significant, 

while Group was nonsignificant. However, no group differences in anhedonia reached 

statistical significance for any of the social partners. Compared to being alone, SZ reported 

lower anhedonia for all social partners except strangers. In CN, compared to being alone, 

CN showed lower anhedonia with family, significant others, and friends but similar levels 

when with coworkers and strangers.

Social modality—For social modality, the effect of Context was significant, while the 

Group and Group X Context effects were nonsignificant. In the combined sample, compared 

to being alone, anhedonia was lower for all interaction modalities: in person, electronic, 
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and phone interactions (ps < .003). Anhedonia also did not differ during in-person versus 

electronic and phone interactions (ps > .29).

Avolition

Activity—For activity, the Group, Context, and Group X Context effects were all 

significant (Table 2). SZ showed higher avolition than CN when resting and eating but 

similar levels in other activities (Figure 2). In SZ, compared to resting, avolition was 

elevated when running errands but reduced during recreational activities and watching TV. 

In CN, compared to resting, avolition was higher when working, using the computer, and 

running errands, while it was lower during recreation. In both groups, avolition was lower 

during recreation compared to all other contexts (ps < .03, ds > 0.13).

Location—For location, the effect of Context was significant, while the Group and Group 

X Context effects were nonsignificant. Thus, across both groups, there was a significant 

effect of location context on avolition. In the full combined sample, relative to being at home 

or work, avolition was lower when in public (ps < .01, ds > .05) and with family (p < 0.001, 

d > 0.10).

Social partner—For social partner, the effect of Context was significant, while the Group 

and Group X Context effects were nonsignificant. Across groups, relative to being alone, 

avolition was lower when with family (p < .001, d = 0.1), significant other (p < .001, d = 

0.12), friends (p < .001, d = 0.17), and strangers (p = .017, d = 0.07).

Social modality—For social modality, the effect of Context was significant, while the 

Group and Group X Context effects were nonsignificant. Relative to being alone, avolition 

was lower during in person (p < .001= .00, d = 0.08), electronic (p = .009, d = 0.08) and 

phone (p = 0.03547, d = 0.0665) interactions across groups. Avolition also did not differ 

during in-person versus electronic and phone interactions (ps > .36).

Asociality

Activity—For activity, Context and Group X Context effects were significant, while Group 

was nonsignificant (Table 2). Asociality was greater in SZ than CN during recreational 

activities but was greater in CN than SZ when working (see Figure 3). In SZ, compared 

to resting, asociality was lower in all other contexts. Within CN, in relation to resting, 

asociality was lower while watching TV, eating, and during recreation.

Location—For location, Context and Group X Context effects were significant, while 

Group was nonsignificant. CN reported greater asociality than SZ while at work. Compared 

to being at home, asociality was lower in both groups when in public or at a family/friends 

home. Compared to being at home, SZ also reported lower asociality when at work.

Social partner—For social partner, the Group, Context, and Group X Context effects were 

all significant. Compared to SZ, CN had higher asociality while alone but lower asociality 

when interacting with a significant other. Within both groups, asociality was higher while 
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alone compared to all other contexts. Within CN, asociality was greater with coworkers or 

strangers compared to other partners, while this was only observed with strangers in SZ.

Social modality—For social modality, the Group, Context, and Group X Context effects 

were all significant. CN had higher asociality while alone compared to SZ, but groups did 

not differ on asociality for in-person, electronic, or phone interactions. Within both groups, 

asociality was higher while alone compared to all other contexts, and asociality levels did 

not differ during in-person versus electronic or phone interactions.

Discussion

This study leveraged EMA to evaluate the impact of dynamic contextual factors on the 

negative symptoms of anhedonia, avolition, and asociality in schizophrenia (SZ) and 

controls (CN). In contrast to the long-standing notion that negative symptoms are largely 

stable across time and settings (Stahl and Buckley, 2007), results indicated that in both 

SZ and CN, levels of anhedonia, avolition, and asociality largely varied across activity, 

location, social partner, and social modality contexts. Further, in contrast to past work 

with interviewer-rated scales indicating consistent elevations in negative symptoms in SZ 

compared to CN (Strauss et al., 2016; Xie et al., 2018), SZ and CN did not report 

significantly different levels of negative symptoms across the majority of individual contexts 

(e.g., activity or social partner types). In fact, SZ and CN had more similarities than 

differences in symptoms across individual contexts. Further, our results also identified 

several contexts (e.g., recreation, close social interactions) where negative symptoms were 

similarly reduced in each group.

A key finding is contexts had differential associations with negative symptom domains. 

Notably, anhedonia levels did not significantly differ between groups across social partners 

(e.g., family, significant others, co-workers, friends, strangers), suggesting in the moment 

social pleasure may largely be intact in SZ. Although this differs from studies showing 

social anhedonia deficits in SZ using interviewer-rated scales (Strauss et al., 2016; Xie 

et al., 2018), our results align with laboratory and EMA studies demonstrating that SZ 

and CN generally report similar levels of in-the-moment positive affect when exposed to 

pleasant stimuli (Cohen and Minor, 2010) as well as similar increases in positive affect when 

interacting with others (compared to alone) in daily life (Depp et al., 2016; Edwards et al., 

2018; Gard et al., 2007; Mote et al., 2019; Oorschot et al., 2013). Indeed, we found that 

groups did not differ in consummatory anhedonia when engaging with any social partner. 

However, anticipatory anhedonia across social partners also appeared intact in SZ, as no 

group differences emerged for any social partner. This contrasts some (Chan et al., 2010; 

Gard et al., 2007; Mote et al., 2014) but not all (Frost and Strauss, 2016; Strauss et al., 

2011) prior work showing that self-reported anticipatory (but not consummatory) pleasure 

is impaired in SZ. However, whereas this past work largely used self-report measures 

assessing anticipatory anhedonia for a range of imagined activities (e.g., eating, going to an 

amusement park), our assessment of anticipatory anhedonia had greater temporal precision 

for real-world activities. Thus, our method reduced participant recall demands, potentially 

creating a more intact and easily accessible value representation of the activity which could 
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then be used to generate a more specific report of future expected pleasure during social 

contexts.

However, anhedonia differed between group in some individual contexts. Resting, eating, 

and being at home were associated with greater anhedonia in SZ than CN. Although 

somewhat surprising since these contexts are generally thought to elicit pleasure, our 

findings could indicate that these contexts may fundamentally differ (i.e., involve different 

activities or food) across groups. This may be due to differences in resources (e.g., finances), 

frequency of engagement (which may result in habituation and decreased pleasure), or 

associated cognitions (e.g., defeatist beliefs) not assessed in the current study. Finally, the 

activities of running errands, using the computer, watching TV, and working as well as 

being alone resulted in similarly higher levels of anhedonia in both groups (i.e., no group 

differences). This suggests that similar levels of lower pleasure were reported across groups 

for these activities. Taken together, these findings provide further support for no longer 

viewing anhedonia in SZ as a diminished hedonic capacity (Strauss and Gold, 2012); the 

experience of pleasure was largely normative, with anhedonia group differences present in 

only a minority of contexts.

Additionally, we identified key contexts where avolition varied in SZ. Similar to anhedonia, 

recreational activities led to similar reductions in avolition for both SZ and CN. Although 

it is not surprising that groups reported the greatest interest and enjoyment when engaged 

in recreation, it is striking that avolition and anhedonia largely appeared to be “normalized” 

in SZ during recreational activities. This aligns with prior work indicating recreation and 

greater community participation are associated with enhanced self-efficacy and recovery 

(Fenton et al., 2017; Pegg and Patterson, 2002; Snethen et al., 2012) and provides support 

for recreation being a critical intervention target for avolition and anhedonia. Further, the 

activities of running errands, working, or using the computer resulted in similarly high 

reports of avolition in both groups, largely in line with what we observed in anhedonia. 

These largely “productive” activities could lead to increases in these symptom domains. This 

is particularly surprising as many strategies to promote functional recovery involve going to 

work or engaging in more goal-directed activities such as using the computer. Future work 

is needed to identify moderators of this relationship (e.g., job type, congruence between job 

and interests, computer activity type) and how best to align SZ with meaningful jobs and 

“productive” activities that truly facilitate symptomatic improvement. Alternatively, greater 

focus on activities enhancing hedonic and eudaimonic well-being over productivity may 

provide a useful avenue for intervention.

In line with our hypotheses, the largest fluctuations in asociality were between social versus 

non-social contexts in both groups. However, there was also variability in asociality among 

social, activity, and location contexts. Replicating prior EMA work showing that closer 

social relationships were associated with higher social motivation in SZ (Badal et al., 

2021), location contexts (i.e., friend/family member’s home) and social partners involving 

relatively close relationships (family, friends), also generally led to similarly lower levels of 

asociality in both groups. However, there were some notable exceptions, with SZ reporting 

greater asociality or less interest in interactions when with significant others or engaging 

in recreational activities compared to CN. This may reflect differences in conversation 
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type (i.e., more conflict, less interactive, or more likely to activate negative cognitions in 

SZ) or recreational activity (i.e., more pleasure-based, solo activities). Indeed, our finding 

aligns with a prior study showing that more intimate relationships were linked with greater 

happiness in CN but not SZ (Mote et al., 2019). On the other hand, we observed that being 

at work—a place where fewer intimate conversations are typically held—was associated 

with greater social interest in SZ than CN, suggesting that workplace interactions provide a 

meaningful opportunity for socialization in SZ. Along these lines, SZ reported greater social 

interest when alone than CN. This may be due to CN having greater social resources (e.g., 

larger social networks (Gayer-Anderson and Morgan, 2013)) and more social skills, enabling 

them to meet their social needs. Finally, social interest levels were similarly high (compared 

to being alone) in both groups across different social modality interaction methods of 

in-person, electronic, or phone; this pattern was also observed for avolition and anhedonia. 

This affirms that electronic communication may be an equally meaningful and impactful 

way for SZ to connect with others, supporting the utility of mobile health and socially 

interactive online interventions (e.g., Alvarez-Jimenez et al., 2021; Luther et al., 2020a). 

Future work is needed to identify the engagement level and frequency needed to sustain 

asociality reductions.

Together these findings align with the increasing focus on the role that context and 

environment have on negative symptoms. This study supports a key hypothesis of the 

Bioecosystem Theory of Negative Symptoms (Strauss, 2021) by showing that immediate 

contexts (i.e., the microsystem) influence experiential negative symptom levels in SZ. 

Further, these findings provide additional support against historical descriptions suggesting 

that SZ show continuous negative symptom declines (Bleuler, 1950; Kraepelin et al., 1919) 

as well as more recent findings that these symptoms are invariant across time (Kirkpatrick 

et al., 2011; Kring et al., 2013). Our findings instead suggest that negative symptoms can 

significantly vary across different contexts even in the chronic phase of SZ.

Although the number of contexts examined is a strength of this study, additional contexts 

(e.g., spiritual activities), possible moderating factors (e.g., context quality) as well as their 

interactions could be assessed in future, larger and longer EMA studies. This study also 

focused on experiential negative symptoms and did not examine contextual influences on 

alogia or blunted affect; however ambulatory videos (Cohen et al., 2020a; Cowan et al., 

2022) and passive vocal recording (Cohen et al., 2019a) could assess how contexts influence 

these symptoms. Similarly, although anhedonia, avolition, and asociality are inherently 

experiential, making self-reports a critical facet of these symptom assessments, future 

work is needed to evaluate how context impacts behavioral components of these domains 

(e.g., using passive digital phenotyping measures). Supplemental analyses examining the 

associations between negative affect and context and negative symptoms suggested generally 

minimal associations; however, additional studies are needed that are designed to expressly 

disentangle the complex role of mood on context and negative symptoms. Finally, we 

examined SZ in the chronic illness phase, and future work is needed to examine the 

contextual effects on negative symptoms in earlier illness stages.

Despite these limitations, findings suggest that experiential negative symptoms vary notably 

across the contexts of activities, locations, social partner, and social modality. Results may 
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guide behavioral activation or other approaches aimed at improving negative symptoms by 

encouraging SZ to reduce time in certain contexts (e.g., resting, being at home, eating, 

errands, general computer activities) or increase time in others (e.g., recreation, most social 

interactions). These results may also inform just-in-time adaptative (Nahum-Shani et al., 

2018) mobile interventions where intervention content could be delivered to a person’s 

phone when they enter a context where their negative symptoms are prone to increase. 

Finally, our results bolster support for prior negative symptom interventions that involve 

adapting environments (Velligan et al., 2008) and suggest that modifying contexts associated 

with symptom exacerbations could also facilitate negative symptom improvement.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Anhedonia based on group and activity, location, or social partner context

Note. Black labels reflect contrast between groups within each context while colored labels 

reflect contrast within group relative to reference context (resting, being at home, or being 

alone). Figures use estimated marginal means and error bars reflect standard error.

* = p < .05, ** = p < .01, ** = p < .001
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Figure 2. 
Avolition by group based on activity context

Note. Black labels reflect contrast between groups within each context while colored labels 

reflect contrast within group relative to reference context (resting). Figures use estimated 

marginal means and error bars reflect standard error.

* = p < .05, ** = p < .01, ** = p < .001
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Figure 3. 
Asociality activity, location, partner, modality

Note. Black labels reflect contrast between groups within each context while colored labels 

reflect contrast within group relative to reference context (resting, being at home, or being 

alone). Figures use estimated marginal means and error bars reflect standard error.

* = p < .05, ** = p < .01, ** = p < .001
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Table 1.

Group Demographic and Clinical Characteristics

SZ (n = 52) CN (n = 55) Test Statistic p-value

Age, mean (SD) 38.98 (11.97) 39.07 (10.62) F = .002 .97

Parental Education, mean (SD) 13.83 (2.90) 13.63 (2.85) F = .12 .73

Participant Education, mean (SD) 13.21 (2.28) 15.40 (2.82) F = 19.32 <.001

Male; n (%) 18 (35%) 17 (31%) χ2 = .17 .68

Race (n, %) χ2 = 8.62 .13

 African American 17, 32.7% 16, 29.1% - -

 Caucasian 30, 57.7% 24, 43.6% - -

  Asian American 0, 0% 4, 7.3% - -

  Hispanic/Latino 2, 3.8% 6, 10.9% - -

  Biracial 3, 5.8% 3, 5.5% - -

  Other 0, 0% 2, 3.6% - -

EMA Survey Adherence, M (SD) .58 (.26) .67 (.24) F = 3.52 .06

BNSS Domain scores, M (SD)

BNSS – Anhedonia 4.49 (4.81) - - -

BNSS – Avolition 3.88 (3.25) - - -

BNSS – Asociality 2.73 (2.69) - - -

BNSS – Blunted Affect 2.18 (3.42) - - -

BNSS – Alogia 0.69 (1.86) - - -

Note. BNSS = Brief Negative Symptom Scale; CN = control group; EMA = ecological momentary assessment; SZ = schizophrenia group.
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Table 2.

Primary model omnibus effects

Context Total R2 Fixed-effect R2 Group Context Group × Context

Anhedonia

Activity 0.57 0.06 8.37** 283.37*** 49.89***

Location 0.47 0.02 4.66* 65.44*** 18.48***

Social partner 0.5 0.03 1.74 97.34*** 16.11**

Social modality 0.48 0.02 1.6 21.87*** 6.07

Avolition

Activity 0.53 0.04 6.17* 173.44*** 21.7**

Location 0.42 0.02 3.71 25.79*** 6.86

Social partner 0.44 0.02 2.42 35.59*** 6.82

Social modality 0.43 0.01 2.23 11.53** 4.74

Asociality

Activity 0.49 0.03 1.32 92.96*** 37.96***

Location 0.42 0.02 0.01 43.41*** 9.45*

Social partner 0.63 0.29 5.29* 1396.14*** 75.55***

Social modality 0.61 0.28 6.22* 1188.54*** 43.79***

Note. All effects in bold remained after false discovery rate correction.

*
= p < .05,

**
= p < .01,

**
= p < .001
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