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Recent research has shown that negative emotional states
of increased anxiety and sadness prospectively predict the
occurrence of persecutory ideation, but it is not known
whether these findings extend to other subtypes of delu-
sions. The current study explored whether these negative
emotional states, as well as hallucinations, biased reasoning
style (ie, jumping to conclusions), and negative self-esteem
prospectively predict the occurrence and various dimen-
sions of delusions of control, reference, and grandiosity
in real time, as they occur in daily life. One hundred and
thirty community-dwelling participants with schizophrenia
or schizoaffective disorder completed laboratory measures
and momentary self-reports generated by a personal digital
assistant multiple times per day, over 7 consecutive days.
Analyses were time lagged allowing simultaneous examina-
tion of person-level and within-person time-varying rela-
tionships among the variables. Approximately, half of
the participants reported having at least one delusional ex-
perience during the week, and approximately, a quarter of
those individuals reported experiencing all 3 delusion sub-
types. Hallucinations were a significant predictor of the oc-
currence of delusions of control and reference over the
subsequent hours of the same day, but negative emotional
states of anxiety and sadness were not. Negative self-
esteem predicted the frequency of all 3 delusion subtypes
during the week, and a reasoning style characterized by re-
duced information gathering was a significant predictor of
the frequency of delusions of control. Delusional dimen-
sions of conviction, distress, and disruption had different
associations with the variables tested for each delusion
subtype.
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Introduction

Delusions are considered to be among the core symptoms
of severe psychiatric illnesses, such as schizophrenia
and schizoaffective disorder. Traditionally, delusions
were conceptualized as persistent, incorrigible, irratio-
nal beliefs, held with absolute conviction. For example,
Jaspers1 characterized delusions as being ‘‘held with an
extraordinary conviction, with an incomparable, subjec-
tive certainty,’’ in addition to having ‘‘an imperviousness
to other experiences and to compelling counter-argument’’
(pp 95–96). Similarly, the American Psychiatric Associa-
tion’s Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition2 characterizes delusions as false beliefs
that are ‘‘firmly sustained . despite what constitutes in-
controvertible and obvious proof or evidence of the con-
trary’’ (p. 765). However, empirical studies over the last
decades suggest that even within the context of chronic
schizophrenia, the experiences that are typically classified
as delusions appear to be much more dynamic and poten-
tially malleable than previously believed.
Findings from longitudinal research suggest that delu-

sional beliefs are more likely to wax and wane over time,
instead of being omni-present.3–6 In addition, it has been
increasingly recognized that the occurrence of a belief
characterized by irrational content is only one compo-
nent of what are broader multidimensional delusional
experiences.7–9 Factor analytic studies have identified
a number of important delusional dimensions, including
conviction (ie, the strength with which the belief is held),
subjective distress, and associated disruption in function-
ing.10–12 Dimensions of delusional experiences are rela-
tively independent of each other and may vary in
intensity within individuals across months, weeks, and
even days.13–15 Research furthering our understanding
of the factors that influence delusional dimensions
can play a crucial role informing emerging treatments
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designed to target delusions and in improving existing
cognitive-behavioral and other psychosocial interven-
tions so that they can better focus on the aspects of de-
lusional experiences that are the most troubling to
individuals seeking care.9,16–18

A research paradigm that is ideally suited to capture
the natural ebb-and-flow of delusions is the Experi-
ence Sampling Method (ESM).19,20 ESM (alternatively
referred to as Ecological Momentary Assessment) is
an intensive repeated measures strategy that utilizes an
electronic device to prompt participants to complete
self-report questionnaires in real time, multiple times
a day, within the context of their own environment.21

Computerized ESM uses handheld computers such as
personal digital assistants (PDAs), which provide signal-
ing, responding, and data storage through a single device.
Studies have recently shown that computerized ESM is
a feasible and valid approach to data collection in
both hospitalized22 and community-dwelling23,24 people
with schizophrenia. A major advantage of computerized
ESM is that all self-reports are time stamped, enabling
researchers to accurately map the sequence of events
over a given period of data collection and examine pro-
spective relationships between variables over time within
individuals.25

Recently, we completed the largest computerized ESM
study to datewith peoplewith psychosis and examined pro-
spective predictors of persecutory ideation in 145 commu-
nity-dwelling people with schizophrenia or schizoaffective
disorder.25 Participants completed self-report assessments
generated by a PDA multiple times a day for 1 week.
Time-lagged analyses of their responses revealed that neg-
ative emotional states of increased anxiety and sadness
were significant in vivo predictors of the occurrence of per-
secutory thoughts in the subsequent hours of the same day.
The findings were consistent with cognitive models of the
positive symptoms of psychosis17,26,27 that propose a role
for the cognitive content of negative emotional states in the
formation and maintenance/recurrence of positive symp-
toms, adding to a growing literature that suggests specific
psychotic symptomsmay bewell addressedwith treatments
targeting emotional dysfunction.9,16,18,28

Persecutory delusions have, by far, received the most
attention by clinical researchers, but the phenomenology,
clinical dimensions, and risk factors for other common
delusion subtypes (eg, control, reference, and grandiosity)
have gone largely underexplored. In addition, paranoia
involves a strong element of fear and subjective dis-
tress.17,27 Therefore, our finding of a prospective relation-
ship between states of increased anxiety and sadness and
subsequent experiences of persecutory ideation was infor-
mative but not entirely surprising. Whether these findings
extend to other subtypes of delusions that do not have such
a clear and intuitive relationship to negative emotional pro-
cesses, or may even be subjectively experienced as empow-
ering (eg, grandiosity), requires further investigation.

Even within populations that are at increased risk for
developing delusions, not everyone experiences the same
delusional themes or reports equal associated levels of
distress or disruption to functioning. Because psychoso-
cial treatments for schizophrenia grow increasingly more
refined,18 it would be advantageous to conduct research
that helps identify variables that can serve as the most
relevant targets for delusion-specific treatments. Building
upon our previous findings showing prospective relation-
ships between negative emotional states and paranoia,
the purpose of the present study was to examine whether
the same negative emotional states prospectively predict
other delusion subtypes as they occur in the daily life of
people with schizophrenia or schizoaffective disorder.
Specifically, we explore whether increased state anxiety
and sadness, as well as a number of other factors pro-
posed by a comprehensive cognitive model of the positive
symptoms of psychosis26 (ie, hallucinations, reasoning
style, and negative self-esteem) are prospectively associ-
ated with the occurrence, conviction, distress, and disrup-
tion to activities of delusions of control, reference, and
grandiosity. To do so, we collected laboratory measures
and computerized ESM self-reports over 7 consecutive
days from 130 community-dwelling participants with
schizophrenia or schizoaffective disorder.

Methods

Participants

This study was approved by the Institutional Review
Board for the University of California, San Diego.
Participants were recruited from a larger psychosocial
treatment outcome study requiring patients with schizo-
phrenia or schizoaffective disorder to be physically and
clinically stable enough to participate in outpatient group
therapy and to not have received cognitive-behavioral
therapy in the past 5 years. One hundred and ninety-
nine community-dwelling people with schizophrenia
(n = 144) or schizoaffective disorder (n = 55) were invited
to participate. Individuals who refused participation (n =
16) did not differ from those who enrolled in the study
concerning age, t197 = 0.854, P > .05, sex, X2(1) =
0.262, P > .05, or Positive and Negative Syndrome Scale
(PANSS) positive symptoms, t197 = 1.002, P > .05, but
they had higher scores for PANSS negative symptoms
t196 = 2.299, P < .05 as well as total PANSS severity,
t196 = 2.354, P < .05. Thirteen individuals who agreed
to participate did not complete the study due to technical
problems, 25 participants were excluded for not achiev-
ingminimum compliance (defined as providing the equiv-
alent of at least 2 full days of ambulatory monitoring),
and an additional 15 participants were dropped from
themultilevel analyses due tomissing laboratory assessment
data. The final participating sample included 130 individ-
uals with a mean age of 46.2 (SD = 11.24) and 12.42 years
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of education (SD = 2.15). These participants were 59%
male, 59% white, 15% African–American, 14% Hispanic,
and 12% other ethnicities. The mean length of illness
reported by participants was 25.37 years (SD = 13.39;
range = 2–59 years). At baseline, the final sample expe-
rienced moderate psychotic symptom severity (PANSS
total M = 66.69, SD = 17.51; Positive symptom score,
M = 18.15, SD = 5.99; Negative symptom score, M =
15.33, SD = 5.74), mild depression symptom severity
(Beck Depression Inventory II [BDI-2] M = 15.56, SD =
10.86), mild anxiety symptom severity (Beck Anxiety In-
ventory [BAI] M = 14.33, SD = 11.61), and 50% of partic-
ipants resided in assisted living facilities (‘‘board and care’’).

Procedures

After providing written informed consent, patients were
administered a structured diagnostic interview (Structured
Clinical Interview for DSM-IV Axis I Disorders-Patient
Edition29) in order to verify diagnoses of schizophrenia
and to assess additional lifetime and current mental dis-
orders. Patients then completed an extensive battery of
laboratory-based self-report and interview measures that
included demographic information, measures of symp-
toms of schizophrenia (PANSS30), symptoms of anxiety
(BAI31), symptoms of depression (BDI-232), probabilistic
reasoning (Beads Task33), and self-esteem (Self-Esteem
Rating Scale-Short Form [SERS-SF]34). Following assess-
ment, a 45-min training session was provided concerning
the meaning of all computerized ESM questions and re-
sponse choices, as well as training in how to operate
a PDA programmed using a modified version of the Pur-
due Momentary Assessment Tool version 2.1.2.35 ESM
sampling schedules, electronic interview content and ques-
tion format were previously validated in a subsample (n =
56) of current participants (Granholm et al23). In sum-
mary, participants were given PDAs to carry with them
for 7 days, and each PDA was programmed to administer
4 electronic interviews per day. The PDAprogram permit-
ted responses to be provided only within a 15-min period
following the signal, and all data entries were time
stamped. The assessment times were fixed for each partic-
ipant but randomized across participants. Investigation of
fatigue effects and reactivity to the ambulatory methodol-
ogy using this specific protocol revealed no correlation of
time in the study with missing data or with the frequency
or intensity of variables,24 and no participant indicated
that they changed their usual activities due to PDA use.
The signals occurred within each of the following time
periods: 9:00 AM to 12:00 noon; 12:00 noon to 3:00 PM;
3:00 PM to 6:00 PM; and 6:00 PM to 9:00 PM. Sampling win-
dows were also adjusted to accommodate each partici-
pant’s typical sleep and wake schedules. Participants
were given the capacity to temporarily silence alarms as
a function of social or personal constraints (eg, during
church, driving, naps). Two practice ESM questionnaires

were completed in the laboratory under the supervision of
the research staff in order to resolve eventual difficulties or
address questions. Individuals demonstrating greater dif-
ficulty in understanding questions or operating the device
were provided additional training. Information about
sampling procedures, battery charging, and a pager num-
ber to call in case of questionswere provided to participants
in writing along with a carrying pack. All participants were
then contacted once by telephone on the third day of sam-
pling to resolve any question or difficulties and to remind
participants to charge the PDA. Participants received $35
for completing the weeklong ESM assessments.

Measures

Reasoning/Information Gathering Style: Beads Task. The
bead task was designed to assess probabilistic reasoning/
data gathering style.33 We used the draws to decision
(DTD) variant of the paradigm, which has repeatedly
been shown to differentiate between deluded and nonde-
luded participants.36 The task included 2 conditions. In
each condition, participants were shown 2 jars each con-
taining 100 beads of 2 different colors. In the first condi-
tion, the 2 jars contained green and red beads in equal
and opposite ratio of 85:15 and 15:85, respectively; in
the second condition, the jars contained green and red
beads in a ratio of 60:40 and 40:60, respectively. In each
condition, participants were shown beads one at a time
and asked to decide which jar they came from. Participants
were free tomake the determinationwhen theywished: they
could eithermake a decision after seeing the bead or request
to gather additional information (ie, have another bead
drawn) with the trial terminating only after they affirm
they are certain about their choice. The variable used
here was a composite score combining the number of beads
requested in both conditions before making a decision.

Negative Self-esteem: SERS-SF. The 20-item SERS-SF
is a more parsimonious version of the original 40 item
SERS36 measure of self-esteem.34 The SERS-SF has
been shown to have superior construct validity relative
to the longer SERS in individuals with schizophrenia
and schizoaffective disorder.34 The SERS-SF has two
10-item subscales consisting of positive and negative eval-
uations of social competence, problem solving ability, in-
tellectual ability, and self-worth compared with others.
Each item is scored on a 7-point scale, ranging from 1
(never) to 7 (always). Negative evaluative beliefs about
the self have been found to be independently associated
with symptoms of psychosis28,37; therefore, we used the
negative subscale score as the variable for our analyses.

ComputerizedESMMeasures. Fifteen items froma larger
questionnaire23 were selected to examine participants’
levels of anxiety, sadness, hallucinations, occurrence of
delusions of reference, grandiosity, and control, as well
as dimensions of individual belief conviction, distress,
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and disruption (table 1). Items focusing on psychotic
symptoms were modeled after the Psychotic Symptom
Rating Scales38 and have previously been shown to
have convergent validity with the PANSS positive symp-
tom subscale.23 The dimensional items were administered
by the PDA as follow-up questions only if the participant
endorsed having delusions of control, reference, or gran-
diosity. Data were time lagged so that the occurrence of
irrational thoughts, as well as belief conviction, distress,
and disruption could be regressed on participant ratings
of sadness, anxiety, and hallucinations measured at the
previous assessment point, and reasoning style and neg-
ative self-esteem measured in the laboratory.

Overview of Analyses

Multilevel analyses were conducted to simultaneously
model person-level and within-person time-varying rela-
tionships, using the program HLM 6.08.39 Separate
analyses were conducted predicting the occurrence of
each delusion subtype. Because these outcomes were
binary, a multilevel logistic regression model was used
for these analyses. Model coefficients were estimated us-
ing a unit-specific model with penalized quasi-likelihood
estimation.40

Supplemental analyses were conducted predicting de-
lusional conviction, distress, and disruption, using a hier-
archical linear model. Because the dimensional ratings
were collected only when the participant indicated the oc-
currence of a delusional belief, the sample sizes for the
supplemental analyses were considerably smaller.
The same model specification was used in each of the

analyses. A lagged regression approach was used to pre-
dict the delusional belief at time t from time-varying pre-
dictors (sadness, anxiety, and hallucinations) measured
at time t � 1, while controlling for the delusional belief
at time t� 1. The time lag was defined as the immediately
preceding measurement period, regardless of whether
data were available. Thus, cases with missing data on
the relevant variables at either time t or time t � 1
were excluded from each analysis. Furthermore, time-
lagged predictors were included only within the same
day (ie, overnight time lags were excluded). Use of the
lagged predictors permits examination of whether the
predictors account for subsequent changes in delusional
beliefs, which permits stronger inferences than simply
modeling correlations in cross-sectional data. The within-
person relationships were estimated with fixed slopes
(ie, only the intercept had a random effect in the
between-person model).
In addition to the time-varying predictors, 2 person-

level variables (negative self-esteem and reasoning style)
were included as predictors of the intercept of the within-
person model. Because all predictors were centered
around the grand mean, the coefficients for these varia-
bles represent the relationship between each predictor
and the persons average response on the outcome vari-
able. In the case of belief occurrence, these results reflect
the prediction of the proportion of timemeasurements on
which a delusional belief occurred.
For significant predictors, follow-up descriptive anal-

yses were conducted to probe the pattern of results. For
these analyses, the regression model was used to compute
predicted values of the outcome variable at high and low
values of each significant predictor, while controlling for
all other predictors by setting them at their means. For
continuous predictors, high and low values were set at
1 SD above and below the mean, except for reasoning
style. Due to the positively skewed distribution of reason-
ing style, the lowest value in the data was 0.75 SD below
the mean. Therefore, this minimum value was used to
represent a low value of reasoning style. For the logistic
regression analyses, predicted values were translated into
predicted probabilities for ease of interpretation.

Results

All ESM and laboratory variables are described in table
2. Overall, 52 % of the sample reported experiencing at
least one delusion during the week of data collection,
with 36.9% experiencing delusions of control, 30.8%

Table 1. Description of the Computerized ESM Question Items

Negative emotional states
Anxious (L) ‘‘How anxious do you feel right

now?’’
Sad (L) ‘‘How sad do you feel right now?’’

Hallucinations (D) ‘‘Since the last questionnaire, have
you heard things (such as voices),
had visions, or seen things that
others could not see or hear?’’

Occurrence of delusions ‘‘Since the last questionnaire, have
you felt . ’’

Control (D) ‘‘you were possessed or that
someone or something was
putting thoughts into your
mind?’’

Reference (D) ‘‘that someone could communicate
with you through the television
or radio?’’

Grandiosity (D) ‘‘you had special powers to do
something nobody else can do?’’

Delusional dimensions
Conviction (L) ‘‘How strongly do you believe (X)?’’
Distress (L) ‘‘How much did your thoughts about

(X) cause you distress?’’
Disruption (L) ‘‘How much did your thoughts about

(X) interfere with what you were
doing?’’

Note: ESM, experience sampling method. (L) participant rated on
a 7-point visual analog scale (1-‘‘not at all’’ to 7-‘‘extremely’’), (D)
dichotomous variable (1-‘‘no,’’ 2-‘‘yes’’), (X) content for each
question matched the content of the preceding ‘‘irrational belief’’
question.
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experiencing delusions of reference, and 27.7% experienc-
ing delusions of grandiosity. A minority of the partici-
pants reported experiencing multiple subtypes of
delusions (16.2% experienced 2 types, 13.8% experienced
all 3 types). The frequency with which delusions occurred
for a single person ranged from 0% to 100% of the meas-
ures taken. On average, delusions of some kind were ex-
perienced on 24% (SD = 43) of the measurements, with
average rates of 18% (SD = 33) for delusions of control,
16% (SD = 30) for delusions of reference, and 14% (SD =
30) for delusions of grandiosity (The percentages reported
in the text represent the average rate of occurrence of delu-
sions within individuals and are slightly different from the
percentages reported in table 2 which represent the total
percentage of observations on which delusions occurred.
The numbers differ because each individual contributed
a different number of observations to the total.).

Delusion Occurrence

An initial multilevel analysis was conducted on the pre-
dictors of any type of delusion. For this analysis, a delu-
sion was coded as occurring at a particular time period if
the person indicated experiencing a delusion of control,
reference, or grandiosity. Table 3 summarizes the results

of this analysis. Of the within-person predictors, only hal-
lucinations were significantly related to delusion occur-
rence, with a regression coefficient (c) of 1.23, P < .01.
This corresponds to an OR of 3.43, indicating a strong
relationship. After controlling for all other predictors
by setting them at their means, the predicted probability
of a delusion was .27 for persons who had experienced
a hallucination on the previous data collection point,
whereas the predicted probability was only .10 when
no prior hallucination had been reported.
Among the person-level variables, negative self-esteem

was significantly related to the experience of a delusion,
c = 0.05, P < .01, while reasoning style was not a signif-
icant predictor. It is important to note that the OR
reported for negative self-esteem in table 3 reflect the rel-
ative odds associated with the 1-point change in the pre-
dictor and therefore underestimate the magnitude of the
relationship, which was quite strong. A 1 SD change in
negative self-esteem was associated with an OR of 2.05.
For persons with more negative self-esteem (1 SD above
themean), the predicted probability of a delusionwas .24,
while for persons with less negative self-esteem, the pre-
dicted probability of delusion was .07.

Delusions of Control

Table 4 summarizes the multilevel analysis of the occur-
rence of delusions of control, as well as analyses of the
conviction, distress, and disruption to activity ratings
for instances when these delusions occurred. Of the mo-
mentary/state predictors, only hallucinations were a sig-
nificant predictor of the occurrence of delusions of
control, c = 1.53, P < .01. Experiencing hallucinations
at the prior data collection point had a strong effect,
as indicated by the OR of 4.63. When not preceded by
hallucinations, the predicted probability of delusions of
control was only .03, but this probability increased
to .14 when preceded by hallucinations. Although hallu-
cinations were positively related to the occurrence of

Table 3. Multilevel Logistic Regression of Delusion Occurrence
(Any Type)

Predictor Coefficient SE OR OR CI

Intercept �1.85

Person-level predictors
Negative self-esteem .05** 0.01 1.05 1.03, 1.08
Reasoning style �.03 0.02 0.97 0.93, 1.01

Within-person predictors
Previous delusiona 1.60** 0.35 4.95 2.51, 9.75
Sadness �.05 0.09 0.95 0.80, 1.12
Anxiety .09 0.06 1.09 0.97, 1.23
Hallucinations 1.23** 0.27 3.43 2.02, 5.84

Note: Person-level df = 127, within-person df = 1421.
aOutcome variable measured at previous time period.
*P < .05; **P < .01.

Table 2. Descriptive Statistics

Variable N Symptom M SD

ESM measures
Sadness 1428 2.37 1.56
Anxiety 1428 2.63 1.69
Hallucinations occurrence 1428 32%

Delusions of control
Occurrence 1428 16%
Conviction 224 5.57 1.5
Distress 224 4.25 1.8
Disruption 224 3.93 1.72

Delusions of reference
Occurrence 1428 13%
Conviction 182 5.24 1.67
Distress 182 4.34 1.8
Disruption 181 4.01 1.75

Delusions of grandiosity
Occurrence 1428 11%
Conviction 160 5.31 1.61
Distress 161 3.19 1.95
Disruption 161 3.15 1.95

Baseline measures
Negative self-esteem 130 32.72 13.72
Reasoning style (DTD) 130 8.98 11.92

Note: N represents the number of observations used for
analyses, which includes multiple responses over time from each
participant. ‘‘Symptom’’ indicates the percentage of
observations on which symptoms were endorsed. Delusional
dimensions of conviction, distress, and disruption were only
measured in participants that endorsed delusion occurrence.
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delusions of control, they were negatively related to as-
sociated levels of belief conviction, c = �0.44, P < .05,
and disruption to activities, c = �0.64, P < .05, reported
by those who were experienced a delusion.

Sadness and anxiety were not significantly related to
the occurrence of delusions of control, but they were
both related to delusional dimension ratings. Specifically,
sadness was positively related to ratings of distress, c =
0.30, P < .01, and disruption, c = 0.14, P < .01. Anxiety
was positively related to conviction, c = 0.11,P< .01, and
disruption, c = 0.15, P < .05. All these relationships
reflected small effect sizes, with standardized coeffi-
cients ranging from 0.12 to 0.26. Taken together, the
time-varying predictors accounted for 7% of the within-
person variance in conviction and disruption (after con-
trolling for prior delusional beliefs) but only 1% of the
variance in distress.

At the person level, both negative self-esteem and rea-
soning style were significantly related to the frequency of
delusions of control. Negative self-esteem was positively
related to the frequency of delusions of control, c = 0.06,
P< .01. On average, participants withmore negative self-
esteem (1 SD above the mean) experienced delusions on
about 11% of the time periods measured, whereas those
with less negative self-esteem (1 SD below the mean)
experienced these delusions on only 3% of the measure-
ments. Negative self-esteem was not significantly related
to any of the delusion dimension ratings.

Reasoning style was negatively related to the frequency
of delusions of control, c = �0.07, P < .01. On average,
participants with DTD scores 1 SD above the mean on
the ‘‘beads task’’ experienced delusions of control on
2% of the momentary measurements, in comparison to
the those with the lowest DTD scores (due to the posi-
tively skewed distribution of the beads task, low DTD

was defined as the lowest observed score, which was
0.75 SD below the mean), who experienced these delu-
sions on 12% of the measurements. DTD scores were
also negatively related to ratings of belief conviction,
c = �0.12, P < .05. Taken together, the person-level pre-
dictors accounted for 25% of the between-person vari-
ance in belief conviction.

Delusions of Reference

Table 5 summarizes the multilevel analyses for delusions
of reference. Hallucinations were the only momentary/
state predictor that was significantly related to the occur-
rence of delusions of reference, c = 0.78,P< .05. This was
a strong effect, as indicated by the OR of 2.18. Individ-
uals who had experienced a hallucination during the pre-
vious measurement were more likely to experience
a delusion of reference (probability = .07) than those
who had not previously experienced a hallucination
(probability = .03). Hallucinations were negatively
related to ratings of delusion conviction, c = �0.82,
P < .01.
Although anxiety did not significantly predict the oc-

currence of delusions of reference, it was positively re-
lated to levels of associated belief conviction, c = 0.15,
P < .01, and disruption, c = 0.15, P < .01. As indicated
by the standardized coefficients of .14 to .15, these were
fairly weak relationships. Taken together, the within-
person predictors accounted for 5% of the variance in
belief conviction (controlling for prior delusional belief)
but less then 1% of the variance in disruption.
At the person level, delusions of reference were sig-

nificantly predicted by negative self-esteem, c = 0.07,
P < .01. On average, participants with more negative
self-esteem (scores 1 SD above the mean) experienced

Table 4. Multilevel Analysis of Delusions of Control

Occurrence Conviction Distress Disruption

Predictor
Coefficienta

(SE) OR (CI)
Coefficientb

(SE) Beta
Coefficientb

(SE) Beta
Coefficientb

(SE) Beta

Intercept �2.85 5.22 3.77 3.68 .38

Person-level predictors

Negative self-esteem .06** (0.02) 1.06 (1.03, 1.09) �.01 (0.01) �.13 .00 (0.01) .04 .00 (0.01) .03
Reasoning style �.07** (0.02) 0.93 (0.89, 0.98) �.12* (0.05) �.47 �.06 (0.03) �.18 �.08 (0.05) �.28

Within-person predictors
Previous delusionc 1.21** (0.34) 3.34 (1.72, 6.50) .14 (0.09) .15 .11 (0.13) .11 .19** (0.06) .19
Sadness .05 (0.08) 1.05 (0.89, 1.24) .09 (0.05) .09 .30** (0.07) .26 .14** (0.05) .12
Anxiety .07 (0.07) 1.08 (0.94, 1.23) .11** (0.03) .13 .03 (0.07) .11 .15* (0.06) .15
Hallucinations 1.53** (0.30) 4.63 (2.55, 8.41) �.44* (0.19) .47 .35 (0.65) .09 �.64* (0.29) �.17

Note: CI = 95% confidence interval on the OR.
aResults for occurrence are logistic regression coefficients. Person-level df = 127, within-person df = 1421.
bPerson-level df = 28, within-person df = 160.
cOutcome variable measured at previous time period.
*P < .05; **P < .01.
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these delusions on 11% of the time measurements, in
comparison to those with less negative self-esteem (1
SD below the mean), who experienced delusions of ref-
erence on 2% of the measurements.
Reasoning style did not significantly predict the occur-

rence of delusions of reference. However, it was nega-
tively related to the conviction, c = �0.08, P < .01,
and disruption, c = �0.04, P < .05, associated with delu-
sions. In sum, the person-level predictors accounted for
47% of the between-person variance in conviction and
24% of the variance in disruption.

Delusions of Grandiosity

Results for delusions of grandiosity are summarized in
table 6. None of the time-varying predictors were signif-
icantly related to the occurrence of delusions of grandi-
osity or to the ratings of belief conviction, distress, and
disruption. At the person level, negative self-esteem was
positively related to the occurrence of delusions, c =0.04,
P < .05. For those with more negative self-esteem (1 SD
above the mean), the chance of experiencing a delusion of
grandiosity during the week was 0.07, while for those
with less negative self-esteem (1 SD below the mean),

Table 5. Multilevel Analysis of Delusions of Reference

Occurrence Conviction Distress Disruption

Predictor
Coefficienta

(SE) OR (CI)
Coefficientb

(SE) Beta
Coefficientb

(SE) Beta
Coefficientc

(SE) Beta

Intercept �3.08 5.18 4.05 3.74

Person-level predictors

Negative self-esteem .07** (0.02) 1.07 (1.04, 1.11) .01 (0.01) .08 .01 (0.01) .06 �.01 (0.02) �.06
Reasoning style �.02 (0.02) 0.98 (0.93, 1.02) �.08** (0.02) �.50 �.02 (0.02) �.09 �.04* (0.02) .31

Within-person predictors

Previous delusiond 2.21** (0.44) 9.15 (3.83, 21.86) .18 (0.09) .19 .59** (0.12) .57 .28* (0.13) .28
Sadness �.05 (0.11) 0.95 (0.77, 1.17) .00 (0.07) .00 .09 (0.10) .08 �.06 (0.07) .05
Anxiety .03 (0.08) 1.03 (0.89, 1.20) .15** (0.05) .12 .01 (0.08) .01 .15** (0.04) .14
Hallucinations .78* (0.33) 2.18 (1.15, 4.12) �.82** (0.26) �.23 .15 (0.30) .04 .61 (0.59) .16

Note: CI = 95% confidence interval on the OR.
aResults for occurrence are logistic regression coefficients. Person-level df = 127, within-person df = 1421.
bPerson-level df = 23, within-Person df = 129.
cPerson-level df = 23, within-person df = 128.
dOutcome variable measured at previous time period.
*P < .05; **P < .01.

Table 6. Multilevel Analysis of Delusions of Grandiosity

Occurrence Conviction Distress Disruption

Predictor
Coefficienta

(SE) OR (CI)
Coefficient

(SE)b Beta
Coefficient

(SE)c Beta
Coefficient

(SE)c Beta

Intercept �3.21 5.34 3.12 3.05

Person-level predictors

Negative self-esteem .04* (0.02) 1.04 (1.01, 1.08) �.05* (0.02) �.40 .02 (0.04) .11 .05 (0.04) .32
Reasoning style �.04 (0.03) 0.96 (0.92, 1.01) �.03 (0.04) �.21 �.02 (0.03) �.10 �.03 (0.03) �.15

Within-person predictors

Previous delusiond 1.93** (0.47) 6.90 (2.76, 17.30) .02 (0.10) .02 .27** (0.13) .22 .26 (0.15) .21
Sadness �.14 (0.09) 0.87 (0.73, 1.04) .10 (0.11) .10 .00 (0.07) .00 �.04 (0.07) �.03
Anxiety .09 (0.08) 1.09 (0.93, 1.28) .05 (0.05) .05 .09 (0.07) .08 .03 (0.05) .03
Hallucinations .72 (0.39) 2.06 (0.96, 4.43) .81 (0.68) .24 .52 (0.55) .13 .37 (0.61) .09

Note: CI = 95% confidence interval on the OR.
aResults for occurrence are logistic regression coefficients. Person-level df = 127, within-person df = 1421.
bPerson-level df = 17, within-person df = 117.
cPerson-level df = 17, within-person df = 118.
dOutcome variable measured at previous time period.
*P < .05; **P < .01.
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the probability of a delusion of grandiosity was .02. Al-
though persons withmore negative self-esteemweremore
likely to experience a delusion, they actually reported
lower conviction in these delusions when they occurred,
as indicted by the negative relationship between negative
self-esteem and conviction ratings, c = �0.05, P < .05.
The standardized coefficient of�.40 indicates amoderate
relationship. However, ANOVA accounted for suggests
a weaker relationship, with the person-level predictors ac-
counting for only 2% of the between-person variance in
conviction.

Discussion

Although delusions have been historically viewed as persis-
tent, unwavering false beliefs, there is a growing body
of clinical and research evidence that suggests delusional
experiences are far more fluid than previously be-
lieved.14,15,41 To gain better insight into the daily experi-
ence of delusions, the current study utilized a paradigm
that can effectively capture the ebb-and-flow of symp-
toms and emotions as they naturally occur in one’s
own environment.

Our previous computerized ESM investigation showed
that negative emotional states of increased anxiety and
sadness predicted the subsequent occurrence of persecu-
tory ideation but experiencing hallucinations did not.25

In the current study focusing on delusions of control, ref-
erence, and grandiosity, the reverse was true; negative
emotional states did not prove to be significant pro-
spective predictors of the occurrence of any form of
delusional ideation, while experiencing hallucinations
proved to be the most important predictor of subsequent
delusions of control and reference. This would suggest
that while the negative cognitive content activated in
states of increased anxiety and sadness may feed into
the formation/activation of persecutory beliefs,17,25,27 it
may not play quite such a salient role in the formation
of other delusion subtypes.

Experiencing hallucinations was the strongest indepen-
dent predictor of having delusions of control and refer-
ence over the subsequent hours of the same day. This
finding lends support to theories of psychosis, which sug-
gest that delusions are, in part, the cognitive outcomes of
individuals’ attempts to explain various anomalous expe-
riences.26,41,42

Areasoningstylecharacterizedbyreducedevidencegath-
ering (ie, lessDTDonthebead task)wasassociatedwith the
real-timeoccurrenceofdelusionsofcontrolduringtheweek.
These findings add to previous empirical studies that
showed associations between a tendency tomake decisions
about unknown situations using insufficient information
(ie, jumpingtoconclusions)andclinic/laboratory-basedret-
rospective reports of delusions.33,41,43

Negative self-esteem measured at the beginning of the
week was associated with the occurrence of all 3 delusion

subtypes in the subsequent days. Negative beliefs about
self-worth have been shown to be associated with a num-
ber of psychiatric conditions.44 The role of self-esteem as
a possible causal factor in the formation of delusions has
been the topic of much debate and the focus of 2 theo-
retical approaches. Building upon Neale’s earlier formu-
lation of the role of grandiosity in manic episodes,45

Bentall and colleagues46–48 have proposed that paranoid
delusions specifically are the unintended product of
attempts to defend against loss of self-worth in individu-
als with underlying poor self-esteem. In contrast, Garety
and colleagues26 suggest that negative beliefs about the
self contribute content directly to the formation and
maintenance of delusions. Our findings may be explained
by both of these models; in line with the notion of a de-
fensive role for delusions, the associations we found be-
tween increased negative self-esteem and the occurrence
of delusions of grandiosity could suggest that the forma-
tion of exaggerated beliefs about one’s powers and abil-
ities is a form of protective self-enhancement through
which individuals attempt to bolster amore fragile under-
lying sense of self.49 In accordance with the second ap-
proach, it is conceivable that individuals’ who have
negative core beliefs about their abilities and personal
strengths50 (eg, ‘‘I am worthless,’’ ‘‘I am weak’’) will de-
velop delusions whose contents reflect a sense of vulner-
ability and susceptibility to the control and influence of
others through ‘‘possession/thought insertion,’’ or direc-
tive messages via the television or radio. Importantly, re-
cent ESM research has shown that fluctuations in self-
esteem are prospectively associated with the onset, sever-
ity, and duration of subsequent paranoia,51,52 and it
would be of great interest to examine whether variability
of self-esteem (as opposed to baseline level) is also linked
to the delusional subtypes examined in the current study.
It is important to consider that what we defined as the

occurrence of short-lived delusional experiences may ac-
tually be instances of increased awareness of an underly-
ing belief system. In this scenario, negative emotional
states, hallucinations, reasoning, and negative self-esteem
may be factors that contribute to determining the fluctu-
ating threshold of awareness of a sustained internal state
or vulnerability. Perhaps the thresholds for delusions of
control and reference are more situation or stimulus-
driven, impacted by interactions with others or exposure
to triggers such as TV programming that individuals mis-
interpret or respond to. Delusions of grandiosity, on the
other hand, may represent a more stable state of mind
with a particular narrative organization that is influenced
by past life experiences or bizarre ideas and thus less as-
sociated with contextual triggers. This might explain why
delusions of grandiosity were not associated with any of
our time-varying variables.
We also examined a number of delusional dimensions in

subsamples of individuals who experienced delusions dur-
ing the week; hallucinations, anxiety, and reasoning style
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were prospectively associated with the level of belief con-
viction in delusions of reference and control. Interestingly,
a lack of hallucinations predicted increased belief convic-
tion for these delusions. Future research could examine
whether hallucinations play a dual role here; initially ac-
tivating cognitive mechanisms that attempt to make sense
of the anomalous experience, but when ongoing, serve as
a ‘‘red flag’’ for individuals to realize that illness-related
processes are taking place, thus preventing them from
strongly sustaining these beliefs over time.
The levels of distress from delusions of control were

associated with levels of sadness experienced in the prior
hours. This finding highlights the interplay between neg-
ative affect and the subjective experience of delusions and
is very consistent with a growing literature that proposes
reexamination of the conceptual separation between
emotional and psychotic processes.16,28,53–55 None of
the risk factors examined were significant predictors
for levels of distress associated with delusions of reference
and grandiosity. However, this finding was not a statisti-
cal artifact due to reduced variance associated with par-
ticipants not experiencing much associated distress, as
ratings across participants were quiet variable. Addi-
tional research into these delusional dimensions is neces-
sary to identify other possible predictors of distress.
Similar to our findings regarding delusional conviction,

a lack of hallucinations in the previous hours was associ-
ated with greater disruption to activities by delusions of
control and reference. Sadness and anxiety were also as-
sociated with the level of disruption associated with delu-
sions of control, while only anxiety was associated with
the disruption of delusions of reference. Reasoning style
also predicted the levels of disruption to activities by delu-
sions of reference. Perhaps people who tend to ‘‘jump to
conclusions’’ hastilymake decisions that delusional symp-
toms will invariably prevent them from resuming their ac-
tivities. Conversely, it is possible that both a less thorough
reasoning style and a tendency to allow delusions of ref-
erence to disrupt activities are actually proxies of another
underlying factor—low tolerance for frustration; when
faced with a difficult assignment or a symptomatic chal-
lenge, some people may find it hard to stay on task, re-
gardless of whether this takes the form of probabilistic
calculations and sustained attention in a laboratory test
or daily activities in one’s naturalistic settings.

Implications

The occurrence of each delusion subtype was associated
with a different combination of factors. These data sup-
port the notion that different mechanismsmay be involved
in the formation/activation of different delusional beliefs.45

Consequently, clustering all delusion subtypes into broad
‘‘positive symptom’’ composite outcome scores as is often
done in clinical studies may lack the specificity needed to
best inform targeted research and treatment development.

The findings of the present study may contribute to
emerging interventions by identifying variables that
may prove to be important targets in individualized treat-
ments of psychosis. For example, our data suggest that
although anxiety might not play a role in the prevention
of the occurrence of delusions of control altogether, it may
prove to be relevant for reducing these delusions’ level of
conviction and disruption to daily activities. Inclusion of
functional dimensions such as ‘‘disruption to activities’’ is
meant to help inform treatmentmodels that emphasize not
only ‘‘curative’’ approaches and symptom reduction but
also facilitation of ‘‘recovery’’—aprocess inwhich individ-
uals work to manage their illness and lead rewarding lives,
even in the context of ongoing symptoms.56–60

Delusional experiences in our study were dynamic.
Even participants who reported higher frequency of delu-
sions did not usually experience them consistently
throughout the week and typically provided different
conviction, distress, and disruption ratings at each mea-
surement. Momentary experiences of hallucinations and
negative emotional states measured in vivo proved to be
significant predictors of dimensions of delusions of con-
trol and reference. Therefore, interventions that can
enhance patients’ ability to identify and respond to
real-time contextual risk factors may be warranted for
these delusion subtypes. Our investigative team is cur-
rently working on the development of a Mobile Assess-
ment and Therapy for Schizophrenia (MATS) platform
that has produced some promising preliminary results61;
using cellular phone technologies, individuals engaged in
MATS are trained via personalized text messages to uti-
lize cognitive-behavioral strategies to reduce the negative
impact of symptoms, as well as challenge dysfunctional
automatic thoughts about socialization and antipsy-
chotic medication adherence when they occur in daily life.

Limitations

Results of the analyses examining delusional conviction,
distress, and disruption were based on the smaller sub-
samples of individuals who endorsed experiencing delu-
sions and should therefore be interpreted with caution.
Future studies should attempt to replicate these findings
with larger samples, in addition to investigating other fac-
tors suggested by psychosocial theories of psychosis that
were not examined in this study: attributional biases,
Theory of Mind dysfunction, belief flexibility, interper-
sonal functioning, trauma, negative life events, and in-
sight into symptoms and illness.17,26,46 In addition, our
data collection depended on participants’ introspection
and self-report which may be inaccurate or biased. More-
over, our ESM question items were relatively narrow and
did not cover the full range of possible themes for delu-
sions of control reference and grandiosity. Unlike hallu-
cinations where individuals are often aware of the fact
that anomalous sensory experiences are taking place,62,63
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we did not expect individuals to always have insight into
the occurrence of irrational beliefs. Therefore, we de-
cided to query about specific subject matter common
to delusions in schizophrenia. ESM research requires
participants to complete questionnaires in their own en-
vironment, while they may be engaged in other activi-
ties. Therefore, the trade-off between the breadth of
information collected and study burden is compounded.
In order to cover multiple domains without excessively
taxing our participants at each assessment point with
more follow-up questions (likely resulting in lower study
compliance rates later in the week), we opted to devote
less items to each delusional subtype. Consequently, it is
likely that the actual number of people who experienced
delusions of control, reference, and grandiosity, more
broadly defined was higher than reported.

It is important to note that our research strategy was
somewhat of a departure from typical ESM designs
which usually incorporate more frequent and random
signaling. To date, only few studies have used computer-
ized ESM measures in individuals with schizophrenia,
and we were uncertain whether our participants would
have difficulty complying with a more labor-intensive
protocol. Concerning random vs fixed assessments, either
may be justified depending on the goals of a given study.
We chose to use fixed assessments because we wanted
participants to summarize their symptomatic experiences
over approximately equal intervals. Although our ap-
proach is undoubtedly not without its limitations, we be-
lieve that it provides an important window into dynamic,
real-world phenomena that has great utility in supple-
menting traditional cross-sectional or other laboratory-
based psychopathology research methods.21

Finally, our methodological control for concurrent
delusions in the examination of future delusions enabled
an exploratory test for prospective relationships in the
study, but the associations found should not conclusively
be interpreted to be causal. However, the findings of this
naturalistic study can serve as the basis for future exper-
imental (eg, assessment of delusional dimensions follow-
ing laboratory mood induction) and intervention (eg,
cognitive restructuring and relaxation training to help re-
duce delusional disruption to daily activities) research to
crystallize these relationships even more.
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