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Background: Previous research employing global positioning satellite (GPS) data and ecological momentary as-
sessment (EMA) has shown a smaller life-space (distance traveled from home)was associatedwith poorer com-
munity functioning and more severe negative symptoms in people with schizophrenia. Momentary emotional
experiences may influence howmuch time is spent outside of the home.We evaluated the associations between
emotional experiences in relation to life-space among people with schizophrenia compared to healthy controls
(HCs).
Methods: 105 participants with schizophrenia and 76 HCs completed in-lab assessments of symptoms, cognition,
and functioning. Participants completed EMA assessments of location and emotions seven times daily for seven
days at stratified random intervals. GPS coordinates were collected 24 h a day over the 7-day study period. Anal-
yses were performed at the momentary, day, and full week level using mixed effects models and Spearman cor-
relations.
Results: For HCs, greater happiness was associated with greater concurrent distance traveled away from home as
measured byGPS. For participantswith schizophrenia, greater anxietywas associatedwith greater distance trav-
eled away from home and being outside of the home. Less happiness, but not anxiety, was also associated with
greater negative symptoms, especially outside the home.
Discussion: These findings suggest diminished positive emotion is associated with the experience of leaving the
home in schizophrenia, but also suggest that anxiety may contribute to avoidance of out of homemobility. Inter-
ventions targeting both positive emotions and social anxiety may improve social functioning, and life-space may
provide a useful outcome for functional rehabilitation interventions in schizophrenia.

© 2020 Published by Elsevier B.V.
1. Introduction

Ecological momentary assessment (EMA) can administer
frequently-repeated assessments of real-world experiences using mo-
bile devices, and it has been evaluated in individualswith schizophrenia
as a tool to evaluate functioning (Edwards et al., 2018; Granholm et al.,
2013; Granholm et al., 2020;Moran et al., 2018). EMA provides simulta-
neous information on behaviors (e.g., activities), their contexts
iego Department of Psychiatry,

pp, R.C. Moore, et al., Emotio
Research, https://doi.org/10.
(e.g., time spent at home) and subjective experiences (e.g., emotions).
Life-space, an established construct in the disability and aging literature,
is a construct that can be dynamically assessed with EMA location re-
ports and GPS sensors (Fillekes et al., 2019). Life-space refers to the
physical space emanating from one's home in which onemoves around
(Fillekes et al., 2019). In our recent report employing EMA and GPS
(Depp et al., 2019), people with schizophrenia spent substantially
more time at home and traveled shorter distances over a week-long pe-
riod than did people without a diagnosis of schizophrenia. Another re-
cent study provided psychometric evidence for the use of GPS as a
marker of negative symptoms and functional outcome (Raugh et al.,
2020). However, little is known about the moment-to-moment or
nal determinants of life-space through GPS and ecological momentary
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https://doi.org/10.1016/j.schres.2020.10.002
mailto:cdepp@ucsd.edu
https://doi.org/10.1016/j.schres.2020.10.002
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/schres
https://doi.org/10.1016/j.schres.2020.10.002


E.M. Parrish, C.A. Depp, R.C. Moore et al. Schizophrenia Research xxx (xxxx) xxx
day-to-day determinants of life-space in schizophrenia, including emo-
tions, which may have potential as functional rehabilitation targets.

There are a number of static andfluctuating variables that determine
life-space in the aging literature: cognition, finances, psychosocial de-
terminants, physical ability, and the built environment (Webber et al.,
2010). Studies have shown reduced life-space in older adults is related
to poorer cognition (De Silva et al., 2019; Poranen-Clark et al., 2018)
and greater severity of depressive symptoms (Jansen et al., 2017). In ad-
dition to the aging literature, GPS data such as time spent at home has
been associated with greater social anxiety in undergraduates
(Boukhechba et al., 2018). One of the few studies to examine this con-
struct in schizophrenia established the feasibility of using GPS as amea-
sure of life-space (Difrancesco et al., 2016), and its use in conjunction
with other digital markers (e.g., number of calls placed) may be used
as a behavioral marker to predict relapse in people with this disorder
(Barnett et al., 2018). More recently, the joint use of EMA and GPS dem-
onstrated that greater time at home and less distance traveled were as-
sociated with poorer clinician-rated indicators of community
functioning and with more severe negative symptoms, especially di-
minished motivation (Depp et al., 2019).

Although life-space has been evaluated as a variable in association
with in-lab measures, the dynamic influences of emotions on mobility
as a motivated behavior has yet to be explored in persons with schizo-
phrenia. Contemporarymodels of motivation in schizophrenia typically
posit that lowmotivation is linked to deficits in reward systems (Najas-
Garcia et al., 2018), in particular reward learning (Reinen et al., 2014;
Strauss et al., 2013), effort-based decision making (Barch et al., 2014;
Green et al., 2015), or diminished capacity to anticipate pleasurable ex-
periences (Gard et al., 2007; Horan et al., 2006). Anticipatory pleasure,
or the ability to look forward to pleasurable activities, is diminished in
schizophrenia, whereas consummatory pleasure, or the ability to
enjoy activities in the moment, is relatively intact (Da Silva et al.,
2017; Gard et al., 2007; Green et al., 2012; Horan et al., 2006). As leaving
the home is a potentially motivated behavior, we would assume that it
would be concurrently associated with positive emotion for healthy
controls (HCs), whereas the opposite would be true for people with
schizophrenia.

A review of social motivation by Fulford et al. (2018) also
highlighted the role of anxious avoidance as components of deficits in
motivated social behavior. For example, negative emotional experiences
associated with stigma and social rejection may lead people with
schizophrenia to distance themselves socially (Green et al., 2017).
There is evidence that levels of anxious avoidance in non-affective psy-
chosis are similar to those found in agoraphobia (Freeman et al., 2019),
and social avoidance is associated with worsened social functioning
(Harvey et al., 2019a, 2019b; Strassnig et al., 2018). Anxiety symptoms
and comorbid disorders are common in first episode psychosis and
schizophrenia (Achim et al., 2009; Wilson et al., 2019), with social anx-
iety being one of themost common (Pallanti et al., 2013). Extending this
literature of social motivation to a related concept, life-space, it may
therefore be expected that individuals with schizophrenia, but not
HCs, would experience greater negative emotions such as anxiety as a
function of greater life-space. It may also be expected that individuals
with schizophrenia, but hot HCs, would experience greater anxiety be-
fore leaving the home.

In this case-controlled study, we evaluated the associations between
dynamic positive and negative emotional experiences in daily life using
both EMA and GPS life-space measures. We hypothesized that greater
positive emotionswould be contemporaneously associatedwith greater
life-space and time spent outside the home in healthy controls and to a
greater extent than in participants with schizophrenia, and that greater
life-space and time spent outside the home would be contemporane-
ously associatedwith greater anxiety in participantswith schizophrenia
than HCs. We also examined the directionality of these associations
using laggedmodels, and hypothesized that HCs would have more pos-
itive affect when outside of the home and transitioning out of the home,
2

whereas participants with schizophrenia would have more negative af-
fect in these same transitions.

2. Method

2.1. Participants

The full study protocol has been previously described (Granholm
et al., 2020). Briefly, participants were included if they: 1) met criteria
for schizophrenia or schizoaffective disorder using the Structured Clini-
cal Interview for DSM-5 (First et al., 2015), or for healthy controls had
no current or past mood, anxiety, or psychotic disorders; 2) were aged
18 to 65; 3) were fluent in English; and 4) were able to provide in-
formed consent. Participants from both groups were excluded if they
had a history of head trauma with loss of consciousness longer than
15 min, a seizure disorder, cerebrovascular accident or dementia, or a
current diagnosis of substance dependence that met DSM-5 criteria in
the past year. Participants were also excluded if they did not complete
laboratory assessments or had vision or hearing deficits that would in-
terfere with the assessments.

2.2. Procedures

Participants first completed in-lab assessments, and were then pro-
vided a Samsung Android OS smartphone. EMA surveys on this
smartphone began the following day, administered seven times a day
for seven days using Samplex software. These surveys were given at
stratified random intervals in 1.5-hour windows from 9 am to 9 pm.
Participants were given 15 min to respond after they received an EMA
signal, and were paid $1 for every survey they completed. GPS coordi-
nates were collected every 5 min, 24 h a day, over seven days using a
GPS logger app. After a week of sampling, participants returned to the
lab, were paid, and returned the smartphone.

2.3. In-lab measures

Cognitionwas assessed using theMATRICSConsensus Cognitive Bat-
tery (MCCB; Nuechterlein et al., 2008). The positive symptom subscale
of the Expanded Brief Psychiatric Rating Scale (BPRS; Lukoff et al.,
1986) was used to measure positive symptoms. Negative symptoms
were measured by the Clinical Assessment Interview for Negative
Symptoms (CAINS; Kring et al., 2013).

2.4. EMA surveys

Time at home vs. away from homewas assessed by the question, “In
the past hour, about howmuch time did you spend at home?” and gave
participants the option to indicate 0 to 60 min (entire time away from
home to entire time at home) in 15 min intervals (Granholm et al.,
2020). For this study, we dichotomized time spent at home to indicate
whether a person was at home the entire hour prior to the survey or
not.We used EMA to determine time at home because GPS data was ag-
gregated by day, prohibitingmoment-to-moment analyses. Finally, par-
ticipants rated how happy, sad, relaxed, and nervous (anxious) they
were on Likert scales ranging from one (“not at all”) to seven (“ex-
tremely”). We calculated aggregate variables that showed on average
how happy, sad, relaxed, and anxious participants were feeling, as
well as the percent of surveys spent at home. These variables were cal-
culated both at the daily level and also for the overall week of sampling.

2.5. GPS

The full GPS protocol is detailed elsewhere (Depp et al., 2019).
Briefly, the phone produced seven GPS Exchange Format files, one for
each day of the study. Longitude, latitude, and tracking variables were
recorded every 5 min, leading to a maximum of 288 samples per day.



Table 1
Demographic and clinical characteristics.

Characteristic

HCs
(n = 76)

People with
schizophrenia
(n = 105)a

t or X2 p

Age (M (SD), range) 49.2
(11.9),
22.2–65.4

51.9 (9.2),
26.4–65.0

−1.69 0.094

Sex (% female) 36.8% 28.8% 1.29 0.257
Race/ethnicity
% Caucasian 50.0% 37.5% 9.8 0.135
% African American 22.4% 41.3%
% Hispanic/Latino 15.8% 11.5%
% Other 11.8% 9.6%

Education (M (SD), range) 14.6
(1.8),
12–18

13.0 (1.9),
8–20

5.6 <0.001*

% currently employed 56.6% 16.5% 33.3 <0.001*
% living independently 93.2% 70.9% 13.6 <0.001*

Clinical characteristics (M (SD), range)
Global MCCB T-scoreb – 38.2 (6.3),

21.8–53.9
– –

BPRS positive symptoms – 9.3 (3.8), 3–19 – –
CAINS motivation and pleasure – 15.9, 6.4, 3–32 – –
CAINS expression – 3.5, 3.3, 0–15

EMA average affect for week of sampling (M (SD), range)
Happy 5.4 (1.0),

2.6–7.0
4.7 (1.2),
1.4–7.0

4.4 <0.001*

Sad 1.6 (0.7),
1.0–4.3

2.6 (1.3),
1.0–6.3

−6.8 <0.001*

Relaxed 5.3 (1.1),
2.0–7.0

4.7 (1.1),
1.4–7.0

3.6 <0.001*

Anxious 1.6 (0.7),
1.0–4.2

2.6 (1.3),
1.0–7.0

−6.5 <0.001*

Time use
Percent EMA surveys totally at
home (M (SD), range)

45.0
(25.2),
0.0–90.9

62.7 (19.6),
13.5–100.0

−5.13 <0.001*

Average daily GPS distance away
(miles; median (SD), range)

18.9
(14.8),
0–55.9

7.6 (8.6),
0.0–35.4

5.97 <0.001*

Note. MCCB = MATRICS Cognitive Consensus Battery: BPRS = Brief Psychiatric Rating
Scale; CAINS = Clinical Assessment Interview for Negative Symptoms.

a Demographic information was missing for 1 person with schizophrenia.
b N = 91.
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In addition, the file contained a note of the estimated positional error,
which indicated the precision of the coordinates. Factors that may
have affected GPS accuracy include the positioning of the mobile
phone relative to satellites, weather, interfering structures, and the
GPS sensor. Due to non-normal distribution of the daily GPS values, me-
dian values were computed and used in the analysis. We analyzed GPS
using a variable examining daily distance traveled away from home,
which incorporated GPS distance data from all signals collected in a day.

2.6. Statistical analyses

Weperformed analyses at three different time resolutions: momen-
tary survey level, day level, and full week level. For momentary EMA
data, we used time-lagged mixed effects models, with emotion at any
given assessment as a (T0) predictor of amovement variable combining
concurrent (T0) and next survey (T1) time points to create four survey-
to-survey movement categories: stayed home, left home, went home,
stayed out. In each day and week level analysis, we focused on two pri-
mary dependent variables of movement: GPS life-space (distance trav-
eled) and separate, self-reported EMA percentage of surveys spent at
home. For day level analyses, we used linear mixed models with a ran-
dom effect for subject and fixed effects for four emotions (happy, sad,
anxious, relaxed) related to GPS distance away from home and percent-
age of surveys at home. For week-level analyses, we computed a mean
rating across the week for each emotion separately for when at home
and out of home, and computed correlations between thesemean emo-
tion ratings and symptoms. Due to the nature of the EMA data and pres-
ence of non-normal distributions for several variables, we employed
Spearman correlations for all bivariate associations. For analyses of
GPS distance traveled, three participants were excluded as outliers
due to traveling>80miles per day (N=1HCs andN=2 schizophrenia
respectively), or 4 standard deviations above the mean. In addition, 15
HCs and 12 people with schizophrenia were excluded because they ei-
ther did not have 7 days of GPS data or a minimum of 20 EMA samples.
This yielded a sample for analysis of GPS distance traveled of 60HCs and
91 people with schizophrenia. All momentary survey analyses included
76 HCs and 105 people with schizophrenia. We set the p-value at 0.05
for all analyses.

3. Results

3.1. Sample characteristics

Demographic characteristics for the overall sample of 76 HC and 105
peoplewith schizophrenia are presented in Table 1. Controls and people
with schizophrenia were well-matched on age, gender, and race. Both
samples were predominantly white and male. However, people with
schizophrenia had less years of education and were less likely to be
employed. HCs reported significantly higher ratings of happiness and
relaxation, and people with schizophrenia reported significantly higher
ratings of anxiety and sadness. Furthermore, the people with schizo-
phrenia spent a greater percentage of surveys exclusively at home,
62.7% (SD = 19.6), than HCs, 45.0% (SD = 25.2). HCs also traveled
more miles away per day (Median = 18.9, SD = 14.8) than people
with schizophrenia (Median= 7.6, SD= 8.6; t(149)= 5.97, p < .001).

The sub-sample of participants for day and week level analyses (60
HC and 91 people with schizophrenia) did not differ substantially on
most demographic variables. The full HC samplewas older than the sub-
set (mean age 51.2 (SD = 10.9) vs. 41.5 (SD = 12.8), t(74) = −3.07,
p = .003). The full HC sample was also less happy (5.5 (SD = 0.9) vs.
4.9 (SD = 1.0), t(74) = −2.06, p = .043) and less relaxed (5.5 (SD =
1.0) vs. 4.6 (SD = 1.2), t(74) = −2.87, p = .005) than the HC subset.
There were no further differences between the two HC samples. There
were no statistically significant differences between the full and subset
samples for the schizophrenia group.
3

3.2. EMA data with lagged home transitions

Fig. 1 shows movement in and out of the home for people with
schizophrenia and HCs. People with schizophrenia stayed home from
survey to survey more often than HCs (46.8% (SD = 25.2) of surveys
vs. 32.2% (SD = 24.0), respectively, t(179) = −3.93, p < .001), and
HCs stayed out more often from survey to survey than people with
schizophrenia (41.9% (SD = 28.4) of surveys vs. 21.8% (SD = 16.7) of
surveys, respectively, t(179)= 5.95, p< .001). People with schizophre-
nia also left homemore often thanHCs (16.4% (SD=11.6) of surveys vs.
13.2% (SD=7.9), respectively, t(179)=−2.06, p= .041) and returned
home more often than HCs (15.0% (SD = 7.2) of surveys vs. 12.7%
(SD = 7.1), respectively, t(179) = −2.13, p = .035). Thus, people
with schizophrenia made more brief trips to and from home, but
stayed home more and went out less than HCs. Among the partici-
pants with schizophrenia, people whowere not living independently
were more likely to spend time at home (56.5% of surveys vs. 42.9%
for those living independently; t(101) = 2.54, p = .013). However,
though participants not living independently stayed out less, left
homeless, and went home less, these differences were not signifi-
cantly different (p's > .056).
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Fig. 1. Percentage of lagged surveys transitioning in and out of the home for healthy controls and peoplewith schizophrenia.Note. Peoplewith schizophrenia stayed homemore often than
HCs (t(179)=−3.93, p< .001), and conversely, HCs stayed outmore often than peoplewith schizophrenia (t(179)=5.95, p< .001). Peoplewith schizophrenia also left homemore often
thanHCs (t(179)=−2.06, p=.041) andwenthomemoreoften thanHCs (t(179)=−2.13, p=.035). Thus, peoplewith schizophreniahadmore brief trips out and back but stayedhome
more and out less than HC's.
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Fig. 2 illustrates estimated marginal means of the four emotions
(happiness, anxious, sadness, and relaxed) preceding the fourmobil-
ity states (stayed home, stayed out, left home, and went home). Ex-
amining pairwise comparisons of the estimated marginal means of
happiness preceding the mobility states, there were no significant
differences in reported happiness related to subsequent mobility
for either group. Pairwise comparisons for anxiousness and sadness
for HCs also showed no significant differences between the four mo-
bility states. In contrast, for people with schizophrenia, “stayed
home” anxious ratings (M = 2.2, SE = 0.04) were lower than “left
home” (M = 2.7, SE = 0.07, p < .001), “stayed out” (M = 2.8,
SE = 0.06, p < .001), and “went home” (M = 2.6, SE = 0.07,
p < .001; see Fig. 2). Similarly, for people with this disorder, “stayed
home” sadness ratings (M = 2.4, SE = 0.04) were lower than “left
home” (M = 2.7, SE = 0.07, p < .001), “stayed out” (M = 2.6,
SE = 0.06, p = .002), and “went home” (M = 2.6, SE = 0.07, p =
.007) sadness ratings. Pairwise differences in reported relaxed rat-
ings were similar for HCs and people with schizophrenia. For HCs,
“stayed out” relaxed ratings (M = 5.2, SE = 0.05) were lower than
“stayed home” (M = 5.5, SE = 0.05, p < .001), “went home” (M =
5.4, SE = 0.08, p = .023), and “left home” (M = 5.4, SE = 0.08,
p= .028). For people with schizophrenia, “stayed home” relaxed rat-
ings (M = 4.8, SE = 0.04) were higher than “stayed out” (M = 4.5,
SE = 0.06, p < .001), “left home” (M = 4.7, SE = 0.07, p = .013),
and “went home” (M = 4.6, SD = 0.07, p < .001). Furthermore, for
people with schizophrenia, “stayed out” relaxed ratings (M = 4.5,
SE = 0.06) were significantly lower than “left home” ratings (M =
4.7, SE = 0.07, p = .027).

3.3. Daily GPS variables related to emotion

For HCs, greater happiness ratings were associated with more
GPS daily distance away from home, t(184) = 2.018, p = .045, and
greater relaxed ratings were associated with less distance away, t
(223) = −2.007, p = .046. For HCs, there was a trend level associa-
tion between greater anxiety and greater distance away, t(342) =
1.655, p = .099. For people with schizophrenia, the only significant
4

association was observed for anxiety, higher ratings being associated
with more distance away, t(380) = 2.373, p = .018. See Table 2.

3.4. Emotions, cognition, and symptoms

Table 3 shows correlations between emotions while at home and
away with cognition and symptoms. Global MCCB T-score was not sig-
nificantly correlated with happiness (p's > .05), but a higher global
MCCB T-score was associated with less anxiety at home (ρ = −0.259,
p = .013), while away (ρ = −0.243, p = .020), and overall (ρ =
−0.270, p = .010). BPRS positive symptoms and the CAINS expression
subscale were not correlated with happiness or anxiety at home or
out of the home (p's > .05). Greater severity of negative symptoms on
the CAINS motivation and pleasure subscale was associated with less
happiness at home (ρ = −0.387, p < .001) and while away (ρ =
−0.507, p < .001), but not anxiety. The Z transformation showed that
these correlations were statistically different (Z = 1.725, p = .042),
such that the correlation between the CAINS motivation and pleasure
subscale is stronger with less happiness while away vs. less happiness
at home. The correlation between happiness at home/out of the home
and the CAINS motivation and pleasure subscale remained significant
when controlling for BPRS depression and anxiety (at home: ρ =
−0.407, p < .001; away: ρ = −0.472, p < .001).

4. Discussion

This study evaluated the association between positive and negative
emotions and life-space mobility as measured by GPS location data
and EMA self-report of location in HCs and people with schizophrenia.
As predicted, happiness was positively associated with distance trav-
eled from the home in HCs, but not in schizophrenia. Furthermore, pos-
itive emotions in people with schizophrenia, especially outside of the
home, was related to diminished motivation and positive experiences.
In contrast, anxiety in people with schizophrenia was associated with
greater distance traveled, and negative emotions (anxiety and sadness)
were associated with moving outside the home in people with schizo-
phrenia, but not in HCs. These results are consistent with reward deficit
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There were no significant differences between the four mobility states related to happiness.

Fig. 2. Emotions when moving in and out of the home.

Table 2
Linear mixed model - daily GPS distance away predicted by same day affect.

Parameter B Std. error t p

Controls (n = 60)
Happy 5.84 2.89 2.018 0.045⁎

Sad −0.89 2.80 −0.320 0.749
Anxious 4.93 2.98 1.655 0.099†

Relaxed −4.91 2.45 −2.007 0.046⁎

People with schizophrenia (n = 91)
Happy 0.12 1.27 0.095 0.924
Sad −0.82 1.25 −0.657 0.512
Anxious 3.21 1.35 2.373 0.018⁎

Relaxed −0.64 1.34 −0.480 0.631

⁎ Indicates significant at the p < .05 level.
† Indicates trend at the p < .10 level.
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models of amotivation and social dysfunction in schizophrenia (Gard
et al., 2007; Green et al., 2015; Horan et al., 2006; Najas-Garcia et al.,
2018; Reinen et al., 2014; Strauss et al., 2013), but also point to an im-
portant role of anxious avoidance and negative emotion in life-space
(Fulford et al., 2018; Green et al., 2017).

Positive emotion differed between HCs and peoplewith schizophre-
nia. Happiness predicted a greater daily distance traveled for HCs but
this was not observed for people with schizophrenia, where higher
levels of positive emotion, particularly experienced outside of the
home, were associated with less severe motivation and pleasure defi-
cits. However, positive emotion was not related to subsequent out of
the homemobility in people with schizophrenia. A wide body of litera-
ture shows that people with this disorder experience a deficit in antici-
patory pleasure (Da Silva et al., 2017; Gard et al., 2007; Green et al.,
2012; Horan et al., 2006), which is consistent with our finding that



Table 3
Spearman correlations between affect in and out of home, cognition, and symptoms in people with schizophrenia (n = 91).

Mean happy at
home

Mean happy out of
home

Overall happy
mean

Mean anxious at
home

Mean anxious out of
home

Overall anxious
mean

Global MCCB T score 0.047
(p = .657)

0.159
(p = .155)

0.098
(p = .358)

−0.243⁎
(p = .020)

−0.259⁎
(p = .013)

−0.270⁎⁎
(p = .010)

BPRS positive symptoms −0.027
(p = .797)

−0.067
(p = .549)

−0.041
(p = .701)

0.158
(p = .136)

0.149
(p = .158)

0.163
(p = .123)

BPRS depression/anxiety −0.375⁎⁎

(p < .001)
−0.203
(p = .068)

−0.378⁎⁎

(p < .001)
0.342⁎⁎

(p = .001)
0.384⁎⁎

(p < .001)
0.377⁎⁎

(p < .001)
CAINS motivation and pleasure −0.387⁎⁎

(p < .001)
−0.507⁎⁎

(p < .001)
−0.422⁎⁎

(p < .001)
0.136
(p = .198)

0.155
(p = .141)

0.147
(p = .165)

CAINS expression −0.048
(p = .651)

−0.109
(p = .330)

−0.062
(p = .557)

0.000
(p = .998)

0.009
(p = .936)

0.025
(p = .816)

Note. MCCB = MATRICS Cognitive Consensus Battery: BPRS = Brief Psychiatric Rating Scale; CAINS = Clinical Assessment Interview for Negative Symptoms.
⁎⁎ Correlation is significant at the 0.01 level (2-tailed).
⁎ Correlation is significant at the 0.05 level (2-tailed).
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happiness did not predict in/out of home behavior in schizophrenia but
did in HCs. Another possibility is that HCs participate in more enjoyable
activities outside the home (e.g. productive activities and social interac-
tions; Granholm et al., 2020), potentially attributable to differences in
socioeconomic status among the participants with schizophrenia. How-
ever, it is important to note that HCs but not people with schizophrenia
were less relaxed the further they traveled away fromhome,whichmay
be related to stress associated with more functional activities
(e.g., employment) for HCs.

We found that anxiety was the only significant predictor of life-
space as measured by GPS for people with schizophrenia. On the other
hand, anxiety was lower when they stayed home versus transitioned
out of the home or stayed out of the home. We speculate that staying
at home may be a strategy employed by people with this disorder to
avoid anxiety (or sadness), and that less distance traveled from home
with accompanying anxiety is a reflective of this avoidance. Avoidance
may arise from fear of being stigmatized or learned behavior from neg-
ative experiences (Green et al., 2017). While a substantial focus has
been placed on reward-related motivation deficits in schizophrenia,
anxiety leading to behavioral avoidance may be an important contribu-
tor to motivated behavior (Fulford et al., 2018). Interventions that re-
duce anxious avoidance may be one means to improve life-space and
social functioning in this disorder. In addition to highlighting the role
of avoidance, this supports the potential use of GPS data as a proxy var-
iable to examine motivated behavior in schizophrenia.

With regard to clinical implications, the results suggest that inter-
ventions that target anticipation of pleasurable activities may be effec-
tive in improving life-space, as deficits in anticipatory pleasure are
often present in schizophrenia (Gard et al., 2007; Horan et al., 2006).
Furthermore, previous literature has shown that people with schizo-
phrenia want treatment for anxiety and worry (Freeman et al., 2019).
Perhaps exposure-based treatments as well as treatments targeting
worry or anxiety may help with experiential avoidance. Location-
based interventions through ecological momentary intervention (EMI)
may also be helpful. An appmight encourage an individual to savor pos-
itive experiences, challenge anxious cognitions, or use breathing exer-
cises to reduce anxiety when outside of the home, and can remind
users to anticipate pleasurable experiences and challenge threat cogni-
tions when inside the home and contemplating going out. GPS data can
be analyzed in nuanced ways in order to trigger interventions at the
right time and place (Fillekes et al., 2019). As with any digital interven-
tion ormeasurement, it is important to consider user privacy (Martinez-
Perez et al., 2015).

The present findings should be considered in light of several concep-
tual andmethodological limitations. GPS can be subject to “noise” in the
data, including variability in day-to-day traveling distances, inconsis-
tent sampling frequency, and varying accuracy of coordinate locations.
The whole sample did not contribute data to GPS analyses as some
6

participants did not have a full 7 days of GPS data or a minimum of 20
GPS samples. This study is also limited by the brief period of sampling
and therefore different patterns may emerge over longer periods. In
this study, we did not examine exactly where people were and what
they are doing at the time of the EMA survey, but rather used in- and
out of the home behavior. Furthermore, even though participants re-
ported their locations at T0 and T1, we do not know if they stayed
home or left home during the time between those intervals. More de-
tailed contextual analyses may lead to different results.

The clinical sample of this study was outpatients on medications, so
individuals who are inpatient or acute outpatients were not included.
Therefore, the results of this study may not generalize to individuals
with more severe symptoms. Additionally, as the study was funded by
the United States Department of Veterans Affairs, the sample was pri-
marily Veterans (57.5% of HCs, 64.4% of people with schizophrenia),
middle aged, andmale, so the resultsmay not apply to younger, first ep-
isode psychosis clients. Furthermore, the HCs were relatively low func-
tioning with a 43.4% unemployment rate. It is possible that this may
have attenuated someof the differences between in/out of homebehav-
ior between HCs and people with schizophrenia.

From a methodological perspective, life-space is a practical
measure related to negative symptoms and productive behavior,
and sophisticated analyses for examining activities, locations, pat-
terns of movement during the day are possible using GPS data and
Geographic Information Systems (GIS) software (Chang, 2016;
Difrancesco et al., 2016). These data could be combined with more
traditional qualitative research methods in order to more fully un-
derstand the subjective emotional correlates of motivated behavior
for people with schizophrenia. Future researchers could also incor-
porate scales of stigma and social rejection to understand the sources
and reasons for anxiety among individuals with schizophrenia. In
conclusion, we found that the people with schizophrenia have
unique emotional predictors of life-space compared to HCs. The find-
ings provide support for both diminished positive experiences asso-
ciated with leaving the home compared to HCs as well as greater
anxiety, and to some extent sadness. The findings suggest that avoid-
ance of anxiety may influence the motivated behavior of leaving the
home, which is broadly related to community function.
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