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RReal-time assessment of clinical symptoms 
and functional behaviors via mobile devices is 
becoming more widely used in research and 
clinical settings.1,2 Previous studies have used a 
variety of methods to collect this data, variously 
referred to as ecological momentary assessment 
(EMA) or experience sampling method (ESM), 
with the over-riding term “digital biomarkers” 
now in wide use.3 Previous studies have 
employed timers plus diaries, personal assistant 
devices (PDAs), and smart devices, including 
smartphones and tablets.4,5 The bene� ts of 
connected smart-device developments include 
the possibility of tailoring the survey on a 
momentary basis depending on responses or 
context (e.g., launching a special survey or 
assessment contingent on a certain response: 
“event-contingent” responding) and adding 
additional prompts if the survey is not answered. 

There are a variety of uses for EMA, including 
examination of geolocation, activities (social and 
nonsocial), and clinical symptoms.6–9 While many 
of the studies to date have been observational, 
these assessments can easily be used to deliver 
interventions and measure clinical outcomes in 
treatment studies.10–12 For their successful use 
in studies, several critical pieces of validity data 
will be required. The data points needed for 
these studies to meet regulatory approval will 
likely include adherence to sampling, validity of 
the responses, and convergence with in-person 
clinical assessment scales. A considerable 
amount of validity data has already been 
collected in diverse samples of participants with 
severe mental illness. For example, some studies 
have found that reports of psychosis, including 
hallucinations and delusions, collected via EMA, 
are convergent with the results of structured 
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A B S T R A C T

Objective: The development and deployment 
of technology-based assessments of clinical 
symptoms are increasing. This study used ecological 
momentary assessment (EMA) to examine clinical 
symptoms and relates these sampling results 
to structured clinical ratings. Methods: Three 
times a day for 30 days, participants with bipolar 
disorder (n=71; BPI) or schizophrenia (n=102; 
SCZ) completed surveys assessing � ve psychosis-
related and � ve mood symptoms, in addition to 
reporting their location and who they were with 
at the time of survey completion. Participants also 
completed Positive and Negative Syndrome Scale 
(PANSS) interviews with trained raters. Mixed-
model repeated-measures (MMRM) analyses 
examined diagnostic e� ects and the convergence 
between clinical ratings and EMA sampling. 
Results: In total, 12,406 EMA samples were 
collected, with 80-percent adherence to prompts. 
EMA-reported psychotic symptoms manifested 
substantial convergence with equivalent endpoint 
PANSS items. Patients with SCZ had more severe 
PANSS and EMA psychotic symptoms. There 
were no changes in symptom severity scores as a 
function of the number of previous assessments.  
Conclusions: EMA surveyed clinical symptoms 
converged substantially with commonly used 
clinical rating scales in a large sample, with high 
adherence. This suggested that remote assessment 
of clinical symptoms is valid and practical and was 
not associated with alterations in symptoms as a 
function of reassessment, with additional bene� ts 
of “in the moment” sampling, such as eliminating 
recall bias and the need for informant reports.
KEYWORDS: Schizophrenia, bipolar
disorder, ecological momentary assessment, 
psychosis, depression
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interviews targeting the same symptoms 
although these samples are sometimes small. 
Furthermore, geolocation information collected 
with passive assessment correlates quite suitably 
with participant-reported location, on the one 
hand, as well as with clinical ratings re� ective of 
reduced motivation and activity.13,14 Finally, data 
collected with EMA, because it is momentary, 
is not a� ected by recall bias and appears to 
be considerably more valid than retrospective 
reports of everyday functioning and mood 
experiences.15

Some methodological concerns arise in the 
use of these methods. First, adherence must 
be su�  cient to obtain a meaningful sample 
of experience during the sampling period. To 
that end, several studies have reported quite 
acceptable adherence rates for participants 
with severe mental illness, with response 
rates averaging well over 80 percent, and with 
participants who experience substantially 
greater cognitive impairment constituting the 
group providing fewer responses.7,16 Density 
of sampling seems important as well, and in a 
seeming paradox, some studies have suggested 
that more frequent daily or weekly sampling 
is associated with better adherence with some 
exceptions.17–20 It has been suggested that 
expecting prompts frequently might lead to 
greater willingness to respond. Data have 
suggested that using EMA, compared to paper 
and pencil assessments, leads to enhanced 
detection of signals and a lower number need 
to treat.21 Compensation for answering surveys 
on a survey-by-survey basis has also been 
shown to correlate with greater adherence 
than a � at rate for participation.7 It is also 
important to understand whether participation 
in EMA sampling in a treatment study has the 
potential to induce a placebo e� ect through 
an impact of self-monitoring. To date, several 
reviews have not found any potentially 
EMA-induced changes in symptoms reported 
by repeated EMA assessments across various 
follow-up periods.22–24 Finally, the duration 
of the sampling period is important. Clinical 
treatment studies will typically require at least a 
month of treatment, but sampling might need 
to be scheduled only at selected time points for 
studies of longer duration. 

This paper presents the results of a study 
of the relationship of EMA-assessed clinical 
symptoms and clinical ratings collected with a 
structured clinical rating scale. Our study has 

several advantages. The sample size is large 
(173 participants) and includes participants 
with SCZ and BPI. Clinical assessments were 
collected at both the beginning and end of the 
30-day EMA assessment period. Participants 
were sampled three times per day for 30 days 
and asked a series of questions about where 
they were, who they were with, and what they 
were doing, as well as questions targeting mood 
and psychotic symptoms. The activity-focused 
assessments are being published separately, 
and, here, we focused on the convergence 
between EMA-reported symptoms and clinically 
rated symptoms over the sampling period. 
Furthermore, we examined the convergence 
between EMA reports of being home versus 
away, alone versus with someone (where and 
who), and negative symptoms, as in our previous 
studies;7,20 we also examined the convergence 
between mood and psychosis symptoms and 
reported who and where data.25 This interest is 
based on our previous � ndings that being home 
and alone appear to correlate with increased 
suicidal ideation and decreased interest in social 
activities in a sample of 93 patients with SCZ 
sampled 10 times per day over one week.20 In 
that study, suicidal ideation, but not delusional 
thinking, was more common when participants 
reported they were alone. Among those 
participants, the adherence rate was 61 percent, 
but there was an average of 38 surveys per 
participant available for analysis.

We had several hypotheses that we tested 
in this study. First, we hypothesized that 
there would be speci� c correlations between 
EMA-assessed psychotic symptoms and their 
equivalent items on the PANSS at the endpoint 
assessment. We also hypothesized that that 
an increased proportion of surveys answered 
while home and alone would be associated 
with increased severity of negative symptoms 
of reduced emotional experience rated on the 
PANSS at the endpoint assessment. We also 
hypothesized that repeated sampling would 
not lead to changes in self-reported symptom 
severity. We also tested the idea that psychotic 
symptoms reported with EMA would be 
convergent with clinically assessed psychotic 
symptoms over the course of the assessment 
period, as it has been consistently reported 
that EMA reports of psychotic symptoms are 
associated with clinical ratings of severity across 
di� erent symptoms, including delusions and 
hallucinations.8

METHODS
Participants. Individuals aged 18 to 60 years 

who met Diagnostic and Statistical Manual of 
Mental Disorders, 5th Edition (DSM-V) criteria 
for schizophrenia (any subtype), schizoa� ective 
disorder, or bipolar I or II disorder, with or 
without current or previous psychotic symptoms, 
participated in this study. Recruitment was 
conducted at three di� erent sites: The University 
of Miami Miller School of Medicine (UM), The 
University of California, San Diego (UCSD), 
and The University of Texas at Dallas (UTD). 
UM patients were recruited from the Jackson 
Memorial Hospital-University of Miami Medical 
Center and the Miami VA Medical Center. 
UCSD patients were recruited from the UCSD 
Outpatient Psychiatric Services clinic, a large 
public mental health clinic, the San Diego VA 
Medical Center, other local community clinics, 
and via word of mouth. UTD patients were 
recruited from Metrocare Services, a nonpro� t 
mental health services organization in Dallas 
County, Texas, and from other local clinics. The 
study was approved by the institutional review 
board (IRB) at UTD and endorsed by the local IRB 
at each of the sites. Diagnostic information was 
collected by trained interviewers using the Mini 
International Neuropsychiatric Interview (MINI) 
and the psychosis module from the DSM-V 
update of the Structured Clinical Interview for 
DSM Disorders (SCID), and a local consensus 
procedure was used to generate � nal diagnoses. 
All participants provided decisional capacity 
to consent and signed informed consent after 
receiving a complete description of the study. 

Exclusion criteria. Exclusion criteria 
included: 1) history of or current medical or 
neurological disorders that might a� ect brain 
functioning (e.g., central nervous system 
[CNS] tumors, seizures, or loss of consciousness 
for over 15 minutes), 2) history of or current 
intellectual disability (intelligence quotient 
[IQ]<70, assessed via the Wide Range 
Achievement Test 3 [WRAT-3];26) or pervasive 
developmental disorder according to the 
DSM-IV criteria, 3) substance use disorder not 
in remission for at least six months, 4) visual 
or hearing impairments that interfere with 
assessment, and 5) lack of pro� ciency in English. 
Participants were also excluded if they had been 
hospitalized within the past six weeks or if they 
had any medication changes or dose changes 
greater than 20 percent within the past six 
weeks. 
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Symptoms assessment. Symptom severity 
was evaluated with the PANSS,27 which was 
administered in its entirety by trained raters. 
These raters had extensive experience working 
with patients with SCZ and BPI in previous 
studies, and all were trained to adequate 
reliability (intraclass correlations [ICCs]>0.80) by 
the study principal investigator (PI). The PANSS 
consists of 30 items with three subscales: seven 
items were the positive symptoms scale (P1–
P7), seven items were the negative symptoms 
scale (N1–N7), and 16 items were general 
psychopathology symptoms scale (G1–G16). 
Each item was scored on a seven-point Likert 
scale ranging from 1 to 7. Thus, the range of the 
positive and the negative sub-scales were 7 to 49 
while the range of the general psychopathology 
scale was 16 to 112.27 The PANSS was 
administered the day before the � rst EMA survey 
and immediately after the 30-day EMA period 
concluded. 

Negative symptom models. A two-
factor model of expression and experience 
was created and tested in several samples in 
a 2017 study by Khan et al.28 The model has 
also been examined for its link to functional 
outcomes,29–30 � nding that reduced emotional 
experience was a better predictor of social 
outcomes than reduced emotional expression or 
total negative symptoms factor scores. The items 
in the PANSS Reduced Emotional Experience 
factor are: Emotional Withdrawal (N2), Passive/
Apathetic Social Withdrawal (N4) and Active 
Social Avoidance (G16). The items in the PANSS 
Reduced Emotional Expression factor are: 
Blunted A� ect (N1), Poor Rapport (N3), Lack of 
Spontaneity and Flow of Conversation (N6), and 
Motor Retardation (G7). As reduced emotional 
experience is the domain most consistently 
related to social functioning, we used this 
domain for correlational analyses with EMA-
reported daily activities.

EMA procedures. All participants were 
provided with a Samsung Galaxy s8 smartphone 
with Android operating system (OS). Our 
software program sent weblinks of the EMA 
surveys to these phones three times per day, 
seven days per week, over a 30-day period, with 
data instantly uploaded to a Health Insurance 
Portability and Accountability Act (HIPAA)-
compliant cloud-based data capture system 
(Amazon Web Services [AWS]). No data was 
stored on the device, and data was accessible 
to study sta�  in real time. The signals occurred 

at strati� ed random intervals that varied 
from day to day within, on average, 3.0-hour 
windows (with a 2-hour minimum) starting 
at approximately 9:00 a.m. and ending at 9:00 
p.m. each day. The � rst and last daily assessment 
times were adjusted to accommodate each 
participant’s typical sleep and wake schedules. 
All responses were time-stamped, and the 
weblinks were only active within a one-hour 
period following the signal. A training session 
(typically <20 minutes) was provided on how 
to operate and charge the device and respond to 
surveys, including the meaning of all questions 
and response choices, and example surveys 
were conducted with participants to ensure 
pro� ciency with the smartphones. Participants 
were also contacted by telephone on the � rst 
and third day of EMA to troubleshoot and 
encourage adherence, and an on-call sta�  
person was available to answer questions 
throughout the 30-day period. 

EMA surveys were check-box questions asking 
about current location and behaviors. The � rst 
screen asked about the participant’s location 
(home vs. away) and the second queried about 
whether the participant was alone or with 
someone. If with someone, participants were 
next queried as to with whom. The subsequent 
screens were then customized to deliver home 
versus away and alone versus with someone 
queries tapping potential activities. These data 
are submitted in a separate report.

Questions about moods and symptoms 
since the last EMA query were also asked at 
each survey. These questions targeted mood 
characteristics as well as an occurrence and 
severity of psychotic symptoms. The psychosis 
items included hearing voices, paranoid 
ideation, mind reading (self or others), getting 
messages, and having special powers/abilities. 
Mood questions included sadness, relaxation, 
excitement, happiness, and anxiety. All symptom 
items were scaled with the same 1–7 severity 
scale as the PANSS. Symptom scores were 
reported as the severity score for each survey. 

Data analyses. To perform a sophisticated 
examination of all of the survey data and the 
clinical ratings, we used a hierarchical linear 
modeling (HLM) approach, including a mixed 
model repeated measures analysis of variance 
(MMRM) strategy. We examined the course 
of the EMA rated psychotic symptoms over 
the assessment period, entering diagnosis as 
a between groups factor and day (1–30) and 

survey (1–3) as within subjects’ factors, using 
subject as a random intercept. We then added 
the where and who data, and their two-way 
interaction, from all of the EMA samples 
collected during the sampling period to examine 
possible in� uences of location and social context 
on symptoms measured across the 30-day survey 
protocol. We used the same analysis model to 
predict clinical ratings of reduced emotional 
experience at endpoint with diagnosis, the 
where and who data, and their two-way 
interaction.

We used a similar strategy to predict endpoint 
PANSS scores from the 30 days of sampled EMA 
items, linking those scores to each of the day 
x session EMA ratings. We predicted PANSS 
endpoint scores on hallucinations with the 
EMA hearing voices item and predicted the 
PANSS delusions item with receiving messages, 
having special powers, mind reading, and 
paranoid ideas. Similarly, we predicted PANSS 
suspiciousness with these same four delusion 
items. We entered diagnosis as a between-
groups variable and day and survey as within 
subjects repeated measures. 

For all MMRM analyses we performed similar 
tests: omnibus comparison of the � tted model 
to the intercept only model and signi� cance 
tests for the factors and their interactions for 
the prediction of endpoint reduced emotional 
experience. Missing data were addressed with 
maximum likelihood methods. We created 
EM means considering the in� uences of 
the who, where, day, and survey repeated-
measures variables. Using the same strategy, 
we performed additional analyses wherein we 
related all of the individual surveys regarding 
endorsement of the presence and severity of 
the � ve psychotic symptoms and � ve mood 
symptoms as related to the who, where, day, and 
survey repeated-measures factors. 

To generate a more interpretable index of 
the correlation between EMA psychosis items 
and endpoint PANSS scores, we aggregated the 
scores on all observations for each of the items. 
We then used standard regression analyses to 
calculate a shared variance statistic, � rst entering 
the EMA items alone to predict the three critical 
PANSS items and then adding diagnosis as the 
second term in each regression analysis to look at 
total shared variance. Mean square of successive 
di� erence (MSSD), or the sum of consecutive 
observation di� erences squared, was calculated 
as a measure of within-person variability.31 This 
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index was calculated as the average di� erence 
between successive EMA responses on the 
Psychotic symptoms on EMA. An example of this 
an index score of 1 would mean that the average 
di� erence between successive responses was 1 
(12=1) and an average di� erence from item to 
item of 2 would yield a value of 4. Analyses were 
performed using IBM SPSS Statistics Version 
26 (Generalized Linear Models module), with 
the exception of calculating MSSD, which was 
performed using R version 3.6.0.

RESULTS
Table 1 present descriptive information 

on the participants in the study. There were 
no di� erences in age or maternal education 
across the groups and participants with SCZ 
had lower educational attainment and lower 
WRAT standard scores. There were more male 
individuals in the SCZ sample and more female 
individuals in the BPI sample, and there were 
some racial (but not ethnic) di� erences between 
the samples. PANSS scores were higher for all 
items in the SCZ sample than in the BPI sample.

Table 2 presents the EM means for each item 
across the two diagnostic groups and Table 3 
presents the HLM results predicting the EMA 
psychosis and mood items. There were 12,406 
surveys completed. If every patient who initiated 
participation in the study had completed every 
assessment, 15,570 surveys would have been 
completed. Using that best-case estimate, the 
observed rate of adherence was 80 percent 
after exclusion of all participants who did not 
complete the PANSS at endpoint.

Modeling of symptom and mood scores 
over the protocol. Every one of the symptom 
models was a better to � t to the data than the 
intercept only model: all X2 (32)>90.91, all 
p<0.001. As can be seen in Table 2, there were 
substantial diagnostic e� ects for all psychosis 
items, with participants with SCZ having higher 
scores similar to those seen on the endpoint 
PANSS items that correspond to these items. 

Day and session repeated-measures. Across 
all of the symptoms, the e� ects of day (1–30) 
were not signi� cant, all X2 (29)<40.51, all 
p>0.10, meaning that there were no signi� cant 
overall changes in these items over the 30-day 
assessment period. See Figure 1 for a graphical 
depiction of three of the items over the 30-day 
protocol. There were time of day e� ects only for 
relaxation, X2 (2)=16.54, p<0.001, and anxiety, 
X2 (2)=7.47, p=0.024. Relaxation was reported 

to be lower in the mornings and anxiety was 
highest at the mid-day assessment.

When we calculated the MSSD for the � ve 
psychosis items, the general level of variability 
was low. When the MSSD was compared 
across symptoms with a repeated-measures 

Analysis of variance, the overall e� ect was 
signi� cant, F(4,171)=14.84, p<0.001. Post-
hoc tests revealed that paranoia was more 
variable than hallucinations and mind reading 
(P=0.003), which in turn were more variable 
than receiving messages and having special 

TABLE 1. Descriptive and demographic information on participants
SCHIZOPHRENIA (N=102) BIPOLAR DISORDER (n=71)

M SD M SD t p
Age 41.98 10.44 39.22 11.75 1.63 0.11
Years of education 12.53 2.32 14.22 2.64 4.42 <0.001
Mother's education 13.05 3.54 13.67 3.67 1.81 0.069
WRAT-3 standard score 95.42 11.85 102.13 11.70 3.67 <0.001

X2 p
Sex (% female) 48 69 8.22 0.004
Racial status (%)
Caucasian
African American
Asian
Native American, Hawaiian, Alaskan
Other, multiple, unknown

32
54
2
1

11

53
25
3
1

12

15.27 0.009

Ethnic status
Hispanic
Non-Hispanic

24
76

29
81

0.64 0.42

Home (%) 68 64 0.36 0.55
Alone (%) 49 40 2.20 0.16
Home alone (%) 40 30 2.20 0.16

M SD M SD t p
PANSS endpoint hallucinations 3.23 1.65 1.60 1.28 6.77 <0.001
PANSS endpoint delusions 3.40 1.41 2.30 1.48 4.79 <0.001
PANSS endpoint suspiciousness 3.44 1.45 2.67 1.49 3.31 0.001
PANSS: Positive and Negative Syndrome Scale; SD: standard deviation; WRAT: Wide Range Achievement Test

TABLE 2. EM means for EMA collected variables
SCHIZOPHRENIA BIPOLAR DISORDER 

M SD 4% OR 
MORE M SE 4% OR 

MORE
MSSD

M SD
EMA PSYCHOTIC SYMPTOMS
Voices 2.02 0.044 22 1.11 .045 6 1.01 1.81
Paranoia 2.87 0.055 26 1.93 .056 10 1.68 2.71
Mind reading 1.83 0.039 15 1.09 .041 2 0.96 1.92
Messages 1.64 0.035 14 1.05 .037 2 0.63 1.12
Powers 1.66 0.039 12 1.18 .041 7 0.71 1.23
EMA MOOD SYMPTOMS
Sad 2.37 0.052 - 2.57 0.054 - -
Relaxed 4.62 0.056 - 4.27 0.058 - -
Excited 4.14 0.059 - 3.65 0.061 - -
Happy 4.53 0.057 - 4.24 0.060 - -
Nervous 2.67 0.058 - 3.05 0.060 - -
PANSS reduced emotional experience 5.75 0.76 - 4.83 0.079 - -
EMA: ecological momentary assessment; MSSD: mean sum of squared di� erences; PANSS: Positive and Negative 
Syndrome Scale; SD: standard deviation
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powers, p=0.002. Thus, average variance in the 
items was consistent with the overall severity 
of the symptoms and the number of reports of 
symptoms with severity greater than 3. 

Location and social context e� ects. There 
were no e� ects of being home or alone for 
hallucinations, and there was a signi� cant e� ect 
of being alone for all of the delusion items. Being 
home was associated with higher severity of 
paranoia and receiving messages, and being 
home alone was speci� cally associated with 
mind reading and receiving messages. In terms 

of mood symptoms, patients with BPI reported 
more sadness and nervousness, and patients 
with SCZ reported more relaxation, excitement, 
and happiness. Being away from home and with 
someone was associated with more excitement 
and happiness, while being alone was associated 
with more sadness and nervousness. The two-
way interaction for relaxation was quite unique, 
in that patients who were home alone and away 
with someone both reported the highest levels 
of relaxation. Reduced emotional experience 
was more severe in patients with SCZ and higher 

scores were associated with being alone and 
being home, but there was no interaction of 
home x alone.

Multi-level modeling predicting PANSS 
scores. Table 4 presents the results of the 
MMRM models predicting endpoint PANSS 
scores. The models are presented with and 
without diagnosis as a between group factors. 
Again, there were no signi� cant e� ects of day 
or time of day on the association between EMA 
reported symptoms and endpoint PANSS scores, 
all X2(29)<33.44, all p>0.80. For analyses 
both with and without diagnoses included, the 
EMA variables were signi� cantly related with 
endpoint PANSS scores. For the EMA 4 psychosis 
items involving delusional thinking, all four 
items were signi� cantly related to the PANSS 
endpoint items delusions and suspiciousness/
unusual thought content.

As can be seen in Table 4, we also calculated 
variance accounted for statistics using regression 
analysis relating the aggregate of all EMA 
observations over the protocol and the PANSS 
items. Hallucinations shared the most variance 
with PANSS scores and the EMA delusion and 
suspiciousness items shared considerable 
variance with PANSS ratings, despite the 
relatively low average PANSS scores for 
participants with BPI.

DISCUSSION
In this study, EMA assessments of clinical 

symptoms of psychosis manifested considerable 
convergence with in-person clinical ratings 
based on the PANSS. These results provide 
support for the validity of EMA symptom 
assessments in both SCZ and BPI illness, with 
demonstration of expected diagnostic e� ects. 
We also found variation in both mood states and 
psychotic symptoms that converge with where 
the patients were and who they were with. 
These data also suggest that repeated sampling 
of symptoms, using EMA up to 90 times in 30 
days, does not lead to any substantial alterations 
in reports of symptom severity (as evidenced 
by no signi� cant e� ects of day over up to 90 
observations). In contrast to placebo e� ects 
arising from repeated in-person assessments of 
negative symptoms in SCZ or PTSD symptoms, 
there is nothing that could be construed as a 
placebo, exposure, or treatment e� ect in this 
large sample of EMA reports.32–35 In fact, that 
day-to-day variation in mean EMA symptom 
scores was less than 0.5 points, and the endpoint 

FIGURE 1. Time course of severity scores over 30 days of ecological momentary assessment (EMA) assessments of 
psychotic symptoms
BPI: bipolar disorder; SCZ: schizophrenia

TABLE 3. Multi-level of modeling of the correlates of EMA reported symptoms and mood items
EMA PSYCHOTIC SYMPTOMS

VOICES PARANOIA MIND READING MESSAGES POWERS
X2 (1) p X2 (1) p X2 (1) p X2 (1) p X2 (1) p

Diagnosis 1134.23 <0.001 763.84 <0.001 941.53 <0.001 713.08 <0.001 380.10 <0.001
Home 1.22 0.27 5.23 0.02 0.02 0.90 4.50 0.034 2.62 0.11
Alone 0.82 0.78 32.93 <0.001 3.79 0.05 4.90 0.027 10.84 0.001
Home x Alone 2.44 0.12 0.52 >47 12.63 <0.001 8.39 0.004 0.32 0.57
MA MOOD SYMPTOMS

SAD RELAXED EXCITED HAPPY NERVOUS
X2 (1) p X2 (1) p X2 (1) p X2 (1) p X2 (1) p

Diagnosis 45.54 <0.001 92.12 <0.001 198.49 <0.001 1.51 <0.001 107.24 <0.001
Home 14.61 <0.001 0.09 0.77 33.89 <0.001 12.27 <0.001 0.70 0.41
Alone 7.22 0.007 0.73 0.39 26.07 <0.001 13.21 <0.001 4.73 0.030
Home x Alone 3.57 0.059 12.41 <0.001 2.54 0.11 8.06 0.005 0.06 0.82
REDUCED EMOTIONAL EXPERIENCE

X2 (1) p
Diagnosis 374.73 <0.001
Home 9.03 0.003
Alone 9.90 0.002
Home x Alone 0.22 >64
EMA: ecological momentary assessment
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scores for all symptoms, in both groups, were 
essentially identical to Day 1 scores. Average day- 
to-day variation was 1 point or less on average 
for 4 of the 5 items. For the item with the most 
trial-to-trial variation, suspiciousness, there were 
more cases in both samples who had scores in 
the clinically signi� cant range at one or more of 
the observations and these participants could 
have � uctuated in their severity reports.

Consistent with our previous study, with 
a SCZ-only sample and half the number of 
participants (7) being home and/or alone 
consistently across surveys was associated 
substantially with higher clinical ratings of 
reduced emotional experience. Certain psychotic 
symptoms (e.g., having paranoid thoughts, and 
feelings of being able to read others’ minds) were 
also more likely when participants were home, 
alone, or both. These data highlight the potential 
detrimental e� ects of social isolation and point 
to a potential therapeutic role of social and 
community engagement. Thus, EMA assessment 
data could be used to trigger either additional 
assessments or therapeutic interventions.

The data presented here also strongly argue 
against the idea that people with severe mental 
illness would be reluctant to report psychotic 
symptoms in a daily assessment paradigm. In 
fact, there were a large number of surveys (over 
2,200) where participants reported clinically 
signi� cant hallucinations or paranoid ideation. 
Despite diagnostic di� erences in symptom 
severity, associations between EMA reported 
symptoms and PANSS scores were considerable 
and the e� ects of being home and/or alone 
hold up even after consideration of diagnosis. 
These data suggest the feasibility of EMA 
sampling to assess both positive and negative 
psychotic symptoms, with 80 percent of all 
possible surveys answered. Furthermore, the 
convergence between EMA surveys answered by 
participants with clinical ratings suggested that 
even if the symptom severity reported via EMA 
was less than symptom severity reported via the 
PANSS, the rank order similarity was strong. One 
would expect that highly trained, and reliability 
checked PANSS raters might generate a wider 
range of scores than patients with SMI who 
are simply asked to report on their experiences 
without extensive training in severity anchor 
points. The reduced emotional experience scores 
also overlapped substantially with patients 
where and who reports elicited with EMA.

The limitations of the study include not 

selecting participants on the basis of either 
substantial psychotic or negative symptoms. 
Overall symptom severity on the psychosis items 
from the PANSS was moderate or less, as was 
severity on the reduced emotional experience 
items. Patients with BPI had considerably lower 
severity scores on all psychosis items. There 
are alternative strategies to assess negative 
symptoms more comprehensively, including 
specialized rating scales. Adherence was not 
perfect, but general levels of adherence were 
excellent, considering the SMI population,36–38

and EMA-reported clinical symptom data were 
only missing for 0.03 percent of surveys where a 
where and who response was made.

These data suggest that EMA could be 
a valuable adjunct for treatment studies, 
including psychosocial and pharmacological 
approaches. Previous studies of participants 
with SCZ have used EMA sampling to quantify 
the time course of emotional and hedonic 
responses, highlighting the usefulness of highly 
time-linked data that can be linked to ongoing 
experiences and sampled repeatedly over time.39

The tremendous � exibility of technology can be 
harnessed to allow for targeted queries based 

on geolocation and to deliver interventions 
accordingly. Future reports from these studies 
will provide information on activities engaged in 
and the impact of geolocation on cognitive test 
performance and self-assessment of cognitive 
capabilities. The data also suggest that sampling 
data from one week in a month-long follow-up 
period provide essentially identical correlations 
with endpoint PANSS scores compared with daily 
samples. Thus, longer studies with sampling 
distributed across the study period would seem 
to be feasible, with sampling assessments 
occurring only for a selected set of the study 
weeks.
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