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Objective: Auditory verbal hallucinations (AVH) are
common in multiple clinical populations but also occur in
individuals who are otherwise considered healthy. Adopting
the National Institute of Mental Health’s Research Domain
Criteria (RDoC) framework, the aim of the current study
was to integrate a variety of measures to evaluate whether
AVH experience varies across clinical and nonclinical
individuals. Methods: A total of 384 people with AVH from
41 US states participated in the study; 295 participants
(77%) who received inpatient, outpatient, or combination
treatments for AVH and 89 participants (23%) who never
received care. Participants used a multi-modal smartphone
data collection system to report on their AVH experiences
and co-occurring psychological states multiple times daily,
over 30 days. In parallel, smartphone sensors recorded their
physical activity, geolocation, and calling and texting be-
havior continuously. Results: The clinical sample experi-
enced AVH more frequently than the nonclinical group and
rated their AVH as significantly louder and more powerful.
They experienced more co-occurring negative affect and
were more socially withdrawn, spending significantly more
time at home and significantly less time near other people.
Participants with a history of inpatient care also rated their
AVH as infused with significantly more negative content.
The groups did not differ in their physical activity or use of
their smartphones for digital communication. Conclusion:
Smartphone-assisted remote data collection revealed real-
time/real-place phenomenological, affective, and behav-
ioral differences between clinical and nonclinical samples
of people who experience AVH. The study provided strong
support for the application of RDoC-informed approaches
in psychosis research.
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Introduction

Auditory verbal hallucinations (AVH) are prevalent
among people diagnosed with schizophrenia but also
occur among people with other psychiatric diagnoses
and in individuals who are otherwise labeled “healthy.”!3
Epidemiologic studies suggest AVH are not uncommon
in the general population.*> Most people who report
AVH do not meet diagnostic criteria for a psychotic dis-
order.® AVH may therefore be part of a continuum of psy-
chotic experience ranging from what would be considered
“normal” to pathological.””

The National Institute of Mental Health’s Research
Domain Criteria (RDoC'") is a research framework that
can help guide examination of AVH on a continuum.!!
RDoC-informed AVH research has primarily focused
on neurobiological, physiological, and neurocognitive
studies in people with schizophrenia-spectrum
disorders.!""* RDoC-informed research that focuses on
the phenomenology of AVH may further help reveal what
distinguishes individuals who experience these symptoms
in the context of a clinical disorder from those who ex-
perience AVH but do not require care.'*" Identifying
differentiating factors may help in the development of
prevention strategies for subclinical populations so they
do not progress in the psychotic trajectory as well as in-
form more targeted treatments for individuals with AVH
who already require treatment.
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Preliminary studies taking this approach have
suggested differences that may distinguish clinical
and nonclinical AVH, including perceived control-
lability, frequency, and valence.*'** Johns et al“
reviewed the literature and concluded that the most
significant differentiating factor was the content of
AVH, with clinical individuals reporting more nega-
tive themes. Clinical and nonclinical individuals may
also differ in their affective response to AVH; while
a majority of clinical individuals report experiencing
AVH as upsetting with moderate or severe associated
anxiety and sadness,'”? only a minority of subclinical
individuals report significant negative affect.!>!”

Measuring AVH phenomenology is challenging.!
For decades retrospective measures (ie, interviews,
questionnaires) administered in laboratory or clinic
settings were the primary method to gain insights into
the subjective experience of AVH. AVH assessments typ-
ically involved asking participants to recollect (eg, “how
many times did you hear voices last month?”), aggregate
(eg, “on average, how distressing are the voices?”), or
summarize (eg, “what do you typically do when you hear
voices?”) their experience. These methods are susceptible
to multiple potential sources of error, including inaccu-
rate estimates, interpretive errors, or assessment demand
characteristics.?!?

Mobile technology presents new opportunities
to deepen our understanding of the differences and
similarities across clinical and nonclinical AVH.
Smartphones have a host of embedded sensors (eg, light
sensors, GPS, microphone) that can be repurposed for
behavioral sensing—ie, continuous passive recording of
the smartphone users’ behavior (eg, geospatial activity,
physical activity, social interactions) as they go about
their daily lives.?*>> Smartphones can also support soft-
ware that facilitates Ecological Momentary Assessment
(EMA)—a self-report paradigm that involves in-the-
moment data capture.®® In EMA studies, participants
are prompted by a mobile device to complete brief self-
reports on their current thoughts, affect, and immediate
context repeatedly to produce multiple “snapshots™ over
a given period. Smartphones have been used success-
fully for both EM A% and behavioral sensing®* among
participants who experience AVH.

Adopting the RDoC framework’s dimensional ap-
proach to psychopathology research, the objective of
the current exploratory study was to integrate a variety
of measures to evaluate whether AVH experience and
related behaviors vary across clinical and nonclinical
individuals. To do so, we combined EMA self-reporting
methodology and behavioral sensing technology into
an integrative smartphone data collection system?! that
enabled us to remotely capture participants’ phenomeno-
logical AVH experiences and co-occurring psychological
states and behavior over 30 days.
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Methods

Participants

A total of 384 individuals with AVH completed data col-
lection. Participants were recruited remotely online or via
community-based strategies in Seattle. Participants met in-
clusion criteria if they were (1) 18 years or older; (2) an
English speaker; (3) able to use a smartphone and (4) re-
ported experiencing AVH at least once weekly. Participants
were excluded if they (1) did not live in the United States, (2)
had already participated in the study, or (3) were unavail-
able for the 30 days of data collection. To allow for remote
participation, those recruited online were also required to
own an Android smartphone with an active data plan. To
ensure representation of a broader range of individuals (ie,
people with limited resources or technology familiarity),
participants engaged through community efforts were in-
cluded if they did not own a smartphone.

Procedures

The study was approved by the Institutional Review Boards
of the University of Washington and Dartmouth College.
Online recruitment was conducted with the aid of Google
Ads. These online ads present postings to users based on
the extent to which their search terms match pre-selected
overtly clinical (eg, schizophrenia, bipolar, hearing voices),
colloquial (eg, talking to ghosts, am I crazy, stress relief),
and related (ie, generated by the Google Ads “broad match”
algorithm) keywords that may pertain to experiencing
AVH. Individuals who clicked on ads were directed to the
study website, which included an infographic and videos
explaining the project, and a link to the consent form.
Through the website, participants could verify their phone
number and email, complete a competency screening ques-
tionnaire, provide informed consent, complete baseline
assessments, and download the study application.

Community participants were recruited from the
Seattle area using flyers, practitioner referrals, and partic-
ipant snowball referrals. Research staff spoke to potential
participants by phone to ask pre-screening questions and
share additional study details. If candidates were eligible
and interested, staff scheduled an in-person study visit.
During that visit, research staff directed participants
to the study website and assisted them with the same
procedures accessed by those recruited online. After the
participant completed all assessments, staff oriented
participants to a smartphone they provided with the data
collection application installed.

All participants were instructed to carry the smart-
phone and respond to prompts for 30 days. Participants
could contact study staff directly to ask questions
or receive technical assistance. After 30 days, the ap-
plication stopped sending data to the research team.
All participants were offered $75 for participating.



Community participants were given the option to keep
the study device instead of receiving payment.

Measures

Baseline Measures. The Hamilton Program for
Schizophrenia Voices Questionnaire (HPSVQ?¥), a
13-item self-report measure was used to AVH severity.
Depressive symptoms were assessed with the Patient
Health Questionnaire (PHQ-9%) a 9-item assessment
of depressive symptoms that is summed for an overall
score. General psychopathology was assessed with the
Symptom Checklist-9 (SCL-9%), a 9-item brief ver-
sion of the 90-item Symptom Checklist, which assesses
a range of general symptoms including somatization,
worry, and anger using the average score across items.
The Sheehan Disability Scale (SDS3*) was used to

Table 1. Participant Characteristics
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assess symptom-related impairments in work/school
activities, family relationships, and social functioning.
Participants were asked to report on whether they
had ever sought treatment specifically for their AVH.
Participants could endorse multiple responses but were
classified into one of the followings of care groups for
analyses, based on their highest treatment intensity for
AVH: no treatment, outpatient treatment, or inpatient
treatment. Participant demographics are presented in
table 1.

Mobile Data Collection

The integrated smartphone data collection application is
an updated version of a system validated and deployed
in our previous research,”:!3 modified for the needs of
this study.

Inpatient Treatment (N = 147)

Other Treatment (N = 148)  No Treatment (N = 89)

Age 39.2(10.7)
Gender Female 75 (51.0%)
Male 66 (44.9%)
Transgender: MTF 1 (0.7%)
Transgender: FTM 3(2.0%)
Other 2 (1.4%)
Race White 99 (67.3%)
Black or African 22 (15.0%)
American
American Indian or 1 (0.7%)
Alaskan Native
Asian 3(2.0%)
More than one race 21 (14.3%)
Missing / Declined 1 (0.7%)
Ethnicity Hispanic / Latino 25 (17.0%)
Not Hispanic / Latino 120 (81.6%)
Missing / Declined 2 (1.4%)
Marital status Never married 66 (44.9%)
Living with someone 16 (10.9%)
Married 19 (12.9%)
Separated 14 (9.5%)
Divorced 26 (17.7%)
Widowed 6 (4.1%)
Sexual Heterosexual or straight 104 (70.7%)
orientation Gay or lesbian 14 (9.5%)
Bisexual 21 (14.3%)
Other 7 (4.8%)
Missing / Declined 1 (0.7%)
Employment Unemployed 110 (74.8%)
status Working part-time 23 (15.6%)
Working full-time 14 (9.5%)
Missing / Declined 0 (0.0%)
Living situation ~ Independent/Living on 66 (44.9%)
my own
Living with family 53 (36.1%)
Assisted/supported 14 (9.5%)
living
Substance treatment 0 (0.0%)
institution
Homeless 14 (9.5%)

40.6 (11.7) 42.4 (12.1)
72 (48.6%) 45 (50.6%)
70 (47.3%) 40 (44.9%)

4(2.7%) 2(2.2%)

2 (1.4%) 0 (0.0%)

0 (0.0%) 2 (2.2%)
82 (55.4%) 57 (64.0%)
46 (31.1%) 12 (13.5%)

2 (1.4%) 3 (3.4%)

3 (2.0%) 1(1.1%)
13 (8.8%) 15 (16.9%)

2 (1.4%) 1(1.1%)
22 (14.9%) 11 (12.4%)
126 (85.1%) 78 (87.6%)

0 (0.0%) 0 (0.0%)
74 (50.0%) 32 (36.0%)
16 (10.8%) 9 (10.1%)
18 (12.2%) 12 (13.5%)
12 (8.1%) 13 (14.6%)
22 (14.9%) 20 (22.5%)

6 (4.1%) 3 (3.4%)
118 (79.7%) 73 (82.0%)

10 (6.8%) 5 (5.6%)
14 (9.5%) 10 (11.2%)

6 (4.1%) 1(1.1%)

0 (0.0%) 0 (0.0%)
111 (75.0%) 60 (67.4%)
22 (14.9%) 15 (16.9%)
14 (9.5%) 14 (15.7%)

1(0.7%) 0 (0.0%)

76 (51.4%) 33 (37.1%)

48 (32.4%) 31 (34.8%)
8 (5.4%) 6 (6.7%)
2 (1.4%) 1(1.1%)

14 (9.5%) 18 (20.2%)
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EMA

The application prompted participants to complete a
12-item self-report assessment 4 times daily between 9
AM and 9 PM. The first item asked participants to re-
port whether they were experiencing AVH (“Are you
experiencing VOICES right now?” Yes/No) and con-
tinued to the subsequent questions if participants in-
dicated that they were experiencing AVH. If AVH was
endorsed, participants were asked additional questions
about their hallucinations using a 4-point scale (/-Not
at all; 2-A little; 3-Moderately; 4-Extremely) unless re-
sponse options were categorical in nature. Participants
had the option to skip items they did not want to re-
spond to. Questions included (1) 3 ratings of AVH expe-
rience (negativity: “How NEGATIVE is the content of
the voices?” rated 1 to 4, loudness: “How LOUD are the
voices?” rated 1 to 4, safety: “How SAFE do you feel
right now?” rated 1 to 4), (2) 3 ratings of AVH appraisals
(control: “How much CONTROL do you have over the
voices?” rated 1 to 4, power: “How much POWER do the
voices have?” rated 1 to 4, and externality: “Where are
the voices COMING FROM?” rated categorically: Inside
my head; Outside my head; Both; Not Sure), and (3) 3
ratings of affect (distress: “How DISTRESSED do you
feel right now?” rated 1 to 4, anxiety: “How ANXIOUS
do you feel right now?” rated 1 to 4, and sadness: “How
SAD do you feel right now?” rated 1 to 4). Given the
strong positive correlations among these 3 affect ratings
(average r = .68), a composite negative affect score was
calculated using the mean of these items. Higher ratings
reflected a more negative experience except for the
safety and control questions where higher values indi-
cated a greater sense of safety and control. In addition
to these ratings, participants responded to (4) 2 Yes/No
items regarding characteristics of context (alone: “Are
you ALONE right now?,” and in public, “Are you in a
PUBLIC PLACE right now?”).

Behavioral Sensing and Device Use

Geospatial Activity. Using GPS, Wi-Fi, and cellular
tower location services, time-stamped estimated locations
were sampled and recorded every 10 minutes on the de-
vice. Estimates of distance traveled were calculated along
with time at locations in which participants spent longer
periods. For the current analysis, we included the number
of unique locations visited and time spent in one’s pri-
mary location.

Physical Activity. The study application used Google
Activity Recognition API (Application Programming
Interface) in order to log physical activity. This API uses
a dynamic algorithm to determine activity using device
sensors. Activities were continuously assessed on the
device while the user remained active. If the device was
still for prolonged periods of time the sampling was only
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captured once the device shifted from “still” to “active.’
For the present analysis, we examined total physical ac-
tivity, which included 3 variables representing time spent
on foot, in a vehicle, or on a bicycle.

Speech Frequency and Duration. Using the smartphone
microphone to capture ambient sound, the study applica-
tion applied a speech detection algorithm to assess when
human speech was nearby. The microphone sampled
every 3 minutes to assess surrounding sound in prox-
imity of the device. To protect privacy, no raw audio was
captured on the device as part of the sensing system, but
instead would classify the data in the moment and would
only record the presence of speech. For the current anal-
ysis we included the total duration of speech (minutes per
day) and the count of discrete periods of speech detected.

Phone Calls and SMS Messages. The study application
logged SMS text message exchanges (sent and received),
as well as number and duration of phone calls. To protect
privacy, no written or audio content from these calls or
messages were recorded.

Data Analytic Plan

Models examining group differences among participant
levels of care for AVH (ie, no treatment, outpatient-level,
inpatient-level) were constructed with 2 contrast variables,
one which compared the inpatient group to the no treat-
ment and another that compared the outpatient treat-
ment group to the no treatment group. Baseline group
differences were examined using linear regression models
with these 2 contrast variables as predictors. EMA ratings
were analyzed using generalized mixed effects models (R
packages: Ime4®, glmmTMB?*) with the repeated EMA’s
nested within individual, the 2 group contrasts treated as
fixed effects, and the appropriate distribution family and
link function for each dependent measure. Behavioral
sensing data are reported based on measures aggregated
across each day of data collection and were also analyzed
using generalized mixed effect models. A number of
these measures (eg, number of calls and SMS messages)
exhibited overdispersion and excess zeroes. In these cases,
we used a mixed-effects negative binomial hurdle model,
which separates the analysis into 2 parts: (1) a logit model
for zero versus non-zero values, and (2) a truncated-at-
zero negative binomial for positive counts.

Results

A total of 384 individuals (305 recruited online; 79
recruited in the local community) from 41 US states
completed data collection. Online, 522 people who viewed
the study website and passed the screener to enroll in the
study never downloaded the app and did not engage in
data collection. From the community, 62 people passed



the screener to enroll in the study never downloaded the
app and did not engage in data collection. Participants
received 120 prompts to complete EMA questionnaires
and completed on average 72.2 (60% response rate) over
the data collection period. The study sample’s mean age
was 40.5 years old (SD = 11.5) and half the sample was
female. Eighty-nine participants (23.2%) reported never
receiving care for AVH. Of the 295 participants who re-
ceived treatment (76.8%), 90% reported receiving indi-
vidual therapy, 50% received inpatient care, 33% partial
hospitalization, 31% group therapy, 23% alcohol/drug
rehabilitation, 15% residential treatment services, 12%
online treatments, and 6% telepsychiatry (respondents
could endorse more than one option). Participants who
reported receiving inpatient treatment reported an av-
erage of 3.6 (SD = 1.4) different treatment types, those
with only outpatient treatments reported 1.6 (SD = 0.9).

Baseline Measures

Treatment intensity groups significantly differed on
multiple measures of psychopathology. Specifically,
participants with inpatient treatment history showed sig-
nificantly higher scores on the SCL, PHQ-9, HPSVQ,
and SDS compared to the non-clinical group. Similarly,
participants with a history of outpatient-only treatment
history also showed significantly higher scores on the
PHQ-9, HPSVQ, and SDS compared to those with no
treatment history (table 2).

EMA

Across the entire sample, a total of 27 731 EMA self-
reports were collected; an average of 72.2 (SD = 25.8)
per participant. Results indicated that both the inpatient-
level group (p = .57, SE = .26, Z = 2.19, P < .05, odds
ratio = 1.77) and outpatient-level group (p = .89,
SE =.26,7Z =3.44, P <.001, odds ratio = 2.44) were more
likely than the no treatment group (intercept = —1.38,

Table 2. Group Differences in Baseline Psychopathology Measures

Auditory Verbal Hallucinations and Need for Care

SE = 21, Z = —6.69, P < .001, odds ratio = 0.25) to re-
port AVH occurring during EMA reports. Overall, the no
treatment group endorsed AVH in 27.6% of EMAs, the
inpatient-level group in 33.8%, and the outpatient-level
group in 37.3%.

For AVH experience, appraisal, affect variables, we
used mixed-effects models with the 2 contrast variables to
compare the experience of AVH between the inpatient-
level and outpatient-level groups and the no treatment
group. The inpatient-level group rated their experience of
AVH as significantly more negative than the no-treatment
group. The inpatient-level group rated their AVH as more
negative (f = .31, Z = 2.97, P < .01), louder (p = .21,
Z =2.46, P <.05), and more powerful (§ = .32, Z=3.12,
P < .01). The inpatient group also reported higher levels
of negative affect (3 = .30, Z = 3.06, P < .0l) when
endorsing AVH. The outpatient-level group rated their
AVH aslouder (B =.17, Z=2.03, P <.05), and more pow-
erful (§ = .25, Z = 2.51, P < .05) than the no-treatment
group, but did not differ in their ratings of how negative
the voices were and their own feelings of negative affect
(table 3). There were no group differences in the ratings
of how safe participants felt, how much control they felt
they had over voices, or the likelihood of being alone or
in public.

Behavioral Sensing and Device Use

Location. There were significant differences between
the groups with regard to number of locations visited
(table 4), as both inpatient-level (M = 2.22 locations,
SD =1.50, N = 3701; p = —.16, Z = =2.77, P < .01) and
outpatient-level groups (M = 2.27 locations, SD = 1.64,
N = 3818, p = —0.14, Z = =249, P < .05) visited sig-
nificantly fewer locations than the no treatment group
(M = 2.61 locations, SD = 1.77, N = 2211).

Groups also differed in the time they spent in their
primary location, as the inpatient-level group (M = 6.29

Variable Tx Intensity M SD N R § SE t
SCL score No treatment 2.11 0.82 88 0.090 2.11 0.09
Inpatient 2.39 0.90 145 0.28 0.11 2.45%
Outpatient 2.14 0.82 146 0.02 0.11 0.20
PHQ9 total No treatment 15.78 7.06 87 0.034 15.78 0.70
Inpatient 19.00 6.48 146 3.22 0.89 3.61%*
Outpatient 17.63 6.37 145 1.85 0.89 2.08*
HPSVQ total No treatment 17.11 6.57 88 0.023 17.11 0.67
Inpatient 22.24 6.36 147 5.12 0.85 6.05%**
Outpatient 20.90 6.03 147 3.79 0.85 447
SDS total No treatment 15.33 9.76 89 0.081 15.33 0.93
Inpatient 21.86 8.69 147 6.53 1.18 5.53%*
Outpatient 20.94 8.27 148 5.61 1.18 4.76%*

Note: *P < .05; **P < .001.
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KEH hours, SD =5.72, N=3570,=—.41,Z=-4.02, P <.001)
e and outpatient-level group (M = 6.63 hours, SD = 5.96,
§ B N=3708,p =-.34, Z=-3.39, P <.001) spent less time
B o § E E L s s away from the primary location than did the no treatment
8% _ TS24 S group (M = 8.30 hours, SD = 6.52, N = 2161). There were
Zg %) E < § no group significant differences in average distance trav-
m% § 5 *g *g © eled for days in which distance traveled was greater than
selel mee Zero.
g5
o | @ Speech Duration. Groups differed in the number of
s % periods proximal to speech (table 4), as both the inpatient-
L: & § E E TS S8 S level (M = 249, SD = 18.53 N = 3727, B = _—0.46,
T SSsSwma = Z =-2.25, P <.05) and outpatient-level group (M = 23.5,
: ; 3 SD = 17.7, N = 3860, p = —0.62, Z = —3.03, P < .01) had
?% £ XL significantly fewer periods near speech than the no treat-
2ela| 2EE ment group (M = 29.8, SD = 20.6, N = 2237). For the du-
ration of speech (minutes/day) the outpatient-level group
% E F;r g (M = 249.7, SD = 223.6) showed fewer minutes than the
S g . no treatment group (M = 299.1, SD = 244.9), but this fell
e s:) w o o B a just short of significance, § = —1.42, Z=—1.88, P = .061.
S5 |8 353 8g3g=Es
55 ceTmeg Phone Calls and SMS Messages.  Groups did not signif-
2 ¥ = icantly differ in the likelihood of making and receiving
g E *3 g8 any calls or texts (zero-inflation portion of the models),
Tolel mee nor in the number of calls and texts made (continuous
T8 portion of the models).
sl -] &T° o .
3 — Physical Activity.  Groups did not significantly differ in
_ clwm| 528 8 78 I i j[he likelihooq of recording any physigal activity (zero-
= o || eee SRS inflation portion of the models), nor in the amount of
EJ = % 3 time spent engaged in physical activity (continuous por-
= § %g S tion of the models).
§ Ela| ~F°
E Discussion
<
[} <t O on
E, % - ; S To our knowledge, this is the first study to use multi-
- © 0 modal smartphone data collection techniques to cap-
% = ol 8§88 o Jw 20 f ture the real-time/real-place experience and co-occurring
5 Elo| eSS Z2358s behaviors associated with hearing voices in clinical and
E % N = nonclinical samples of people with AVH. We found sev-
an B Lo r eral key differences between these groups. First, groups
Z Fle| 223 differed with regard to AVH phenomenology. The clinical
& group experienced voices that they reported to be more
g 5@ = frequent, louder, and more powerful than those experi-
£ 0 ~| =77 g enced by the nonclinical group. People who required in-
S B S i patient treatment rated their AVH as having significantly
S E = : E E 8% o 8 g 4 more negative content. Second, level of clinical care was
2 £ ceTmeg . associated with affective response to AVH. The clinical
% 2. I = < group had more negative affect when hearing voices than
3 Z % *!: =e Qﬁ the nonclinical group. Finally, history of clinical care was
& Frlel —es b associated with current behavior in the context of AVH.
E 8 % 8 The clinical group was more socially withdrawn tha_n _the
= L % g% 3|V nonclinical samplp; individuals with hlstpry of clinical
o S ? g &g ERERS by care spent more time at home (as determlned by smart-
= S| 55 &% o 2BE| & phone geolocation) and spent less time near other people
= S| 2588+ 2C=858]| = (as determined by speech detection software). The groups
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Table 4. Behavioral Sensing Data by Treatment Intensity: Location and Speech Measures

Number of Locations

Hours Spent Away From

Duration of Speech Number of Periods

Visited* Primary Location® (Min/Day) ® of Speech®
Predictors IRR SE Z 6 SE Z p SE Z 6 SE Z
(Intercept) 2.40*** 0.04 19.98 2.84%*%* (0.08 3556 16.14%¥** 0.60 27.06 S.21%%*% 0.16  32.23
Inpatient 0.86%*  0.06 -2.77 -0.41*** 0.10 -4.02 -1.06 0.76 -1.39 -046* 021 -2.25
Outpatient 0.87* 0.06 -2.46 -—0.34*** 0.10 -3.39 -1.42 0.75 -1.88 —0.62** 0.20 -3.03
Random effects
o? 0.38 22.43 21198.56 150.53
Ty 0.15, 0.52,, 29.87, 221,
ICC 0.28 0.02 0.00 0.01
N 376, 376, 376, 376,
Observations 9824 9439 9824 9824
Marginal R* Conditional R? 0.007/0.284 0.001/0.024 0.000/ 0.001 0.000/0.015

Note: IRR, Incidence rate ratio.
aFamily = Poisson.

"Family = Gaussian, link = square root.
*P <.05; %P < .01; ***P < .001.

did not differ in their ratings of how safe participants felt,
how much control they felt they had over voices, or the
likelihood of being alone or in public. The differences we
found between clinical and nonclinical groups of people
who experience AVH provide further support for the
utility of applying dimensional approaches to psychopa-
thology, and the RDoC framework to hallucinations re-
search specifically.!*

Our results provide preliminary evidence for a
number of characteristics that may determine need
for care. The findings suggesting that clinical AVH are
more frequent and more negatively themed are con-
sistent with prior studies (see Baumeister et al*’ for a
review) comparing clinical and nonclinical AVH on
laboratory-based measures. One differing finding con-
cerned the result that individuals with clinical AVH
perceived their voices to be louder than those with non-
clinical AVH. Most studies utilizing laboratory-based
measures have suggested that clinical and nonclinical
AVH do not differ in this regard.? It is possible that
the real-time, real-place approach was granular enough
to capture differences that are missed in retrospective
recall. From a causal perspective, it is possible that
louder AVH are particularly distracting, making it dif-
ficult to attend to other important internal processes
(eg, planning one’s day, recalling verbal information)
or to focus on external stimuli (ie, conversations with
others). These difficulties may lead to greater distress
or dysfunction, motivating people to seek care.

The study findings also support differences between
clinical and nonclinical groups’ appraisal and responses
to AVH. The cognitive model of psychosis®*®*° suggests
that appraisals determine the impact of AVH on
emotions and behavior; individuals who appraise their
voices as more important, powerful, and difficult-to-
control are thus more susceptible to negative affect and

dysfunction. Our results demonstrated that individuals
with clinical AVH appraised their symptoms as more
powerful than those with nonclinical AVH. These
findings may be consistent with Birchwood and
colleagues’ application of social rank theory to psy-
chosis modeling and empirical findings suggesting one’s
subjective sense of subordination to voices is closely
associated with their general sense of social powerless-
ness and marginalization more broadly.**! Those with
inpatient treatment history also experienced higher
distress, and those in both clinical groups reported be-
havioral disruption as evidenced by greater isolation,
more time spent at home, and fewer locations visited.
While this appears to support individual components
of the cognitive model of psychosis, questions remain
about causal relationships. On one hand, louder and
more distressing voices may cause those with clinical
AVH to isolate; on the other hand, individuals who are
more socially isolated may be more likely to attend to
their voices and over-emphasize their importance, thus
increasing their AVH-related distress.

The factors that distinguished clinical and non-
clinical samples suggest potential targets for in-
tervention. Several interventions—eg, social skills
training,* behavioral activation®—are designed to
increase social interaction for individuals with se-
rious mental illnesses; these results suggest that
aspects of these strategies could be particularly apt
for transdiagnostic AVH. Further, our results sug-
gest that cognitive interventions could specifically
target appraisals of AVH as powerful. Given the fact
that participants in the present study carried and
responded to a digital assessment tool for 1 month,
it is possible that an intervention could be delivered
via the same modality, particularly given high rates
of smartphone ownership and interest in mHealth*
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among individuals with psychosis or at risk for it (eg,
refs.284),

This exploratory study has several strengths. Our use
of mobile data collection techniques enabled us to record
dimensions of AVH in a manner less susceptible to re-
call biases or reporting inaccuracies. Additionally, our
study’s remote recruitment and assessment procedures
may have allowed for greater representation of the het-
erogeneity of this population in research. These on-
line recruitment, screening, enrollment, and assessment
methods allowed us to engage a varied and geographi-
cally dispersed sample, efficiently reaching 41 US states.
Technology-assisted remote techniques have been used
successfully with other clinical populations* and this
study demonstrated their feasibility with people who ex-
perience psychotic symptoms.

The study has limitations. First, our study was obser-
vational in nature. It cannot be known whether group
differences in AVH experience are the cause of need
for treatment, the result of it, or whether a third factor
accounts for both. Second, mobile sensing captures
digital traces that we interpreted as representative of
behavior but such inferences should be made with
caution. For example, automated detection of human
speech typically suggests that the individual carrying
the device was in a social environment. However, they
might have also been in close proximity to a televi-
sion set depicting people speaking, an event that may
be classified erroneously by our study software. Third,
mobile prompts to complete EMA measures could
have impacted respondents’ thoughts, feelings, and be-
havior during the data collection period. This could
be attributable to a Hawthorne Effect or to the poten-
tial benefits of ongoing tracking of one’s own clinical
symptoms (eg, more frequent self-reflection, increased
insight into factors affecting change). Fourth, our
EMA item assessing AVH valence focused solely on
the intensity of AVH negativity. While negative con-
tent has been identified as one of the most significant
differentiating factors between clinical and nonclin-
ical groups in past research, including an EMA item
evaluating positivity would have allowed us to examine
the balance between these 2 forms of AVH content,
as they pertain to need for care.!'* Finally, in the study
“need for care” was operationalized as self-reported
history of receiving care. While the 2 are certainly
closely related, it possible that some individuals who
required care never sought it, or that some of those
that sought care were unsuccessful in receiving it (eg,
being waitlisted for treatment at the clinic).

Conclusion

A growing body of literature suggests AVH experiences
are diverse. A continuum may separate forms of AVH that
lead to distress, impairment, and need for treatment from
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perceptual experiences that do not require care. The present
study helped identify several phenomenological and behav-
ioral variables that may determine where one falls on this
continuum. Continued research is needed to translate these
findings into clinically useful interventions that may make
the difference between episodes that are experienced as de-
bilitating and more successful coping and resilience.
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