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Background: Considering the increasing attention to the study of
failed clinical trials, the goal of this study was to identify the sources of
unreliability in a failed clinical trial by assessing scores on the Positive
and Negative Syndrome Scale (PANSS).
Methods: This study is a substudy from a failed phase 2 double-blind,
placebo-controlled trial of schizophrenia. Using the generalizability
theory, this substudy assesses reliability on 3 conditions: raters, time
points (PANSS evaluations, 1 week apart), subjects for 3 groups (pla-
cebo responders, placebo nonresponders, and treatment group).
Results: The placebo response rate was 40.07% (32/71). For all
PANSS positive symptom items, the most variability was for raters
(range, 33%Y72%) for the placebo responders, 31% to 68% for the
placebo nonresponders, and 29% to 60% for the treatment group. The
variability of the interaction of rater and time point was the second
source of unreliability, with an average of 12.28% compared to 12.00%
for the placebo nonresponders and 10.00% for the treatment group. All
items of the negative symptom subscale showed the most percent vari-
ability for raters, for all groups. For general psychopathology items
(except preoccupation), raters accounted for the most variability in the
scores for placebo responders with an average of 51.00% across items.
A similar pattern was observed for the placebo nonresponders and for
the treatment group; for the treatment group, the interaction between
rater and time point accounted for the most variability for somatic
concern and anxiety.
Conclusions: Results confirm the efficacy of applying the generaliz-
ability theory to the estimation of reliability to identify a source of un-
reliability and provide evidence for the relationship between low
reliability and failed trials. Findings can be used to guide data moni-
toring, rater training, and identification of PANSS items, which may
require supplementary training.

Key Words: generalizability theory, PANSS, reliability, rater training,
schizophrenia

(J Clin Psychopharmacol 2013;33: 109Y117)

Failed trials are a problem for the development of pharma-
cological treatments. A trial is considered failed when the ac-

tive treatment does not differentiate from placebo. Contributing

factors may include the following: escalating placebo response
rates, dosing regimens, low sensitivity in the efficacy measures,
and inconsistency in rating scores, especially in multicenter trials.
Interim monitoring of assessment tools, clinical outcomes, and
measurement errors is an important tool for early decision mak-
ing.1,2 In psychiatry, double-blind, placebo-controlled trials that
have failed to confirm the superiority of a drug over a placebo are
prevalent.3 Otto and Nierenberg4 indicate that to assume that a
trial has failed owing to unsuccessful assay sensitivity mis-
represents the scientific practice, especially when the trial is
judged solely by the results and not by the trial design, rater var-
iability, or in-study data monitoring techniques. Among the con-
tributing factors to the problem identified thus far, placebo
response is one of the most relevant.3 Placebo response is the
improvement in the clinical condition of patients who are assigned
randomly to the placebo group.5 In the development of assess-
ment instruments for psychopathology, there has been a tendency
to use standardized rating procedures using trained clinicians or
video-based administration and scoring. An integrated symptom
assessment approach, involving subject, visits, and raters, would
be of great value across the spectrum of schizophrenia.

The 30-item Positive and Negative Syndrome Scale
(PANSS)6 is rated by a clinician and is commonly used in clinical
trials to assess the severity level of psychopathology identified
with schizophrenia and related disorders. Before rating the
PANSS, a clinician participates in comprehensive training, and
clinicians’ scores are compared to a criterion standard rating.7

The psychometric properties of the PANSS have been ex-
tensively examined through classical test theory and, more re-
cently, by latent trait modeling.8,9 The most familiar methods of
examining reliability involve evaluating the consistency of
measurement over repeated assessments by the same rater (test-
retest reliability), across different raters (interrater reliability),
and across items (internal consistency). For each of these
methods, the fundamental theory is that the level of psychopa-
thology is a stable, fixed trait and any variability is as a result of
measurement error.10 The generalizability theory (G theory) is
an alternative to the standard reliability approaches, as it
accounts for the differences in measurement conditions and
increases generalizability by dividing the error variance into
separate sources.11 To classify singular sources of error, studies
may be designed purposely to examine the reliability of clini-
cian scores by various features (facets).12 A facet is a set of
conditions that, because of the differences among the condi-
tions, may contribute to the observed variability among the
scores. For example, in the assessment of psychopathology, the
person doing the assessment (rater facet), the types of symp-
toms experienced (subject facet), and the fluctuating course of
the disease process (time-points facet) could likely influence the
variability of symptom assessments. In lieu of merging numer-
ous sources of measurement variance by a common error term,
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the G theory facilitates the separating of error variance by its
source.11,13 Owing to the classification and inspection of sour-
ces of error, the accuracy of scores can be improved.14 Studies
have applied the G theory to rating scales15 and assessments16

to identify sources of variation and their impact on reliability.
Using the principles of the G theory, we assessed the extent

to which each facet (ie, raters, subjects, and time-points [visits])
contributed to the variability (and inconsistency) in scores of the
PANSS for subjects identified as placebo responders, placebo
nonresponders, and those assigned to treatment.

MATERIALS AND METHODS

Design

Data Source
This study was designed as a substudy from a failed phase

2 multicenter, randomized, double-blind, placebo-controlled,
parallel-group, flexible-dose, 10-week study into the safety and
efficacy of an oral antipsychotic (partial agonism at dopamine
D2/D3 receptors, with preferential binding to D3 receptors, and
partial agonism at serotonin 5-HT1A receptors) and placebo, for
schizophrenia, from November 2006 to August 2007 across 41
centers (United States).

The original study included male and female inpatients, 18
to 65 years of age, meeting Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision criteria for
schizophrenia and having a total PANSS score of 70 or higher
and 140 or lower, with a score of 4 or higher (moderate) on two
of the following items: delusions (P1), conceptual disorganiza-
tion (P2), hallucinatory behavior (P3), and suspiciousness/per-
secution (P6), where at least one of the items is either delusion
or hallucinatory behavior. The duration of treatment was up to a
7-day washout period followed by a 6-week double-blind
treatment and a 4-week safety follow-up period (there was a
total of 8 treatment visits). Using the principles of the G theory,16

this substudy is a 3-group design (placebo responders, placebo
nonresponders, and treatment group) to assess the reliability of
symptom ratings according to 3 facets: (1) raters (trained clin-
icians), (2) time points (8 PANSS evaluations, 1 week apart), and
(3) subjects.

Based on a priori criteria of 20% improvement in PANSS
total scores, subjects with 20% or greater improvement (at any
visit) in PANSS total scorewere defined as responders. The cutoff
of 20% improvement was based on research showing that minimal
improvement on the Clinical Global ImpressionVSeverity of
Illness17 is associated with 23% reduction in the PANSS total
score at 2 weeks18 and is consistent with studies assessing the
relationship between early response and nonresponse.19

Sample
Of the 392 subjects, 262 subjects were assigned to treat-

ment and 130 subjects were assigned to placebo. For the treat-
ment group, 141 subjects completed all visits; and for the
placebo group, 71 subjects completed all visits (8 visits). The
mean T SD age of subjects was 41.15 T 9.90 years. Most of the pla-
cebo and treatment group subjects were African American,
76.16% (n = 49) and 61.10% (n = 160), respectively. For the
placebo group, 84.51% (n = 60) were men; whereas for the
treatment group, 79.40% (n = 208) were men. The PANSS
scores ranged from 75 to 117 and 73 to 134 at baseline for the
placebo and treatment groups, respectively. There were 59 raters
used in the entire study. The placebo response rate observed in
this study was 40.07% (32/71). For the treatment group, 60.28%
(85/141) were treatment responders. For this substudy, only
patients who completed all 8 visits were included in the

G theory analysis. Because this study does not aim to test a
hypothesis about treatment effects, conventional sample size
calculations are not relevant. Additionally, the G theory can use
small sample sizes for reliability estimates.20

Measure and Rater Training
The PANSS is a 30-item rating scale to assess the severity

schizophrenic psychopathology. All items are rated on a 7-point
scale (1, absent; 7, extreme) and include 7 positive subscale
items (P1-P7), 7 negative subscale items (N1-N7), and 16
general psychopathology subscale items (G1-G16). A semi-
structured clinical interview, the SCI-PANSS,21 was used to
guide raters through specific questions to rate symptom sever-
ity. Items are summed for the 3 subscales and total score.

Each PANSS rater obtained rater training and certification.
Rater certification included achieving an interrater reliability
(Cronbach >, 0.80) with ‘‘Expert Consensus Gold Standard
PANSS’’scores, derived from one rating by qualified psychiatrists/
psychologists who completed adequate rater training. Rater train-
ing was completed before the initiation of the study and was not
repeated throughout the course of the study.

Statistical Analysis
The numbers of placebo and treatment subjects random-

ized in the study who completed the study and those who dis-
continued the study were tabulated by counts and proportions
overall. Interrater reliability was tested based on intraclass cor-
relation coefficient (ICC) for all patients (n = 392), for the
placebo group (n = 130), and for active treatment group (n = 262).
We classified ICC greater than 0.75 as excellent agreement and
less than 0.4 as poor agreement.22

The G theory was used to assess multiple sources of error
variation among groups.12 For the PANSS ratings, raters, visits,
and subjects are 3 error sources. As in analysis of variance, the
observed score (rating given to the subject) is divided up into
the grand mean and components of the main and interaction
effects in addition to random error. Each of these components
(apart from the grand mean) has a variance component. There-
fore, the variance of each PANSS score is equal to the sum of
the variance components. Using these variance components at-
tributable to each independent source of error variance (or facet)
and interactions among the facets allows clinicians to make
decisions about how to minimize the effect of error variance.
Thus, the G theory leads into decision (D) studies. In a partic-
ular, PANSS subscale, a D study, can help the researcher and
clinician in making decisions about the optional number of
visits that give dependable ratings. Decision studies allow the
researcher to estimate how reliability coefficients improve if
different aspects of measurements are altered. For this study, the
G coefficients used are Ep2 and E. Ep2 is the equivalent of a
reliability coefficient (such as, Cronbach >) and denotes the
consistency in the relative scores of the subjects and is used for
relative reliability, which is only concerned with ranking indi-
viduals and not with item difficulty.12 The E is the index of
dependability and is used for absolute reliability (important
when making criterion-referenced decisions) and includes all
variance components except the object of measurement.12

Similar to conventional reliability, the values of Ep2 and E

range from 0 to 1, with higher values reflecting more depend-
able measurements.

For this G theory analysis, only subjects who completed all
visits were used for the analysis (N = 212: placebo responders,
32; placebo nonresponders, 39; and treatment group, 141).
Brennan11 and Cronbach et al12 recommend calculating the
mean square for each effect through analysis of variance and

Khan et al Journal of Clinical Psychopharmacology & Volume 33, Number 1, February 2013

110 www.psychopharmacology.com * 2013 Lippincott Williams & Wilkins

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



then equating each source to its expectation (expected mean
square). All analyses were performed in SPSS for Windows,
Version 17.0.

In the interest of confidentiality, no treatment code infor-
mation was included in the data, nor was there any exchange of
information that might identify the subjects. The study was
approved by the institutional review board at participating sites
for efficacy analysis and for secondary analysis of existing data.

RESULTS

Interrater Reliability
At baseline, ICC was 0.70 (95% CI, 0.65Y0.74) for the en-

tire sample. The interrater reliability for the placebo sample was
ICC = 0.68 (95% CI, 0.60Y0.76), with the ICC for the placebo
responders being 0.66 (95% CI, 0.58Y0.74) and the ICC for
the placebo nonresponders being 0.70 (95% CI, 0.64Y0.78).
The ICC at baseline was 0.71 (95% CI%, 0.65Y0.75) for the
treatment group. At end point, interrater reliability was ICC =
0.77 (95% CI, 0.70Y0.81) for the entire sample. The ICC for
the placebo sample at end point was 0.75 (95% CI, 0.69Y0.80),
with the ICC for the placebo responders being 0.71 (95% CI,
0.63Y0.75) and that of the placebo nonresponders being 0.72
(95% CI, 0.66Y0.80). The ICC at end point was 0.79 (95% CI,
0.70Y0.82) for the treatment group.

Source of Measurement Error

Positive Symptoms
The sources of variance attributed for each of the 7 items

of the PANSS positive subscale for the placebo responder,
placebo nonresponders, and treatment groups are presented
in Table 1. For every positive subscale item, raters accounted for
the most variability in the given scores, ranging from 33.00%
(P7, hostility) to 72.00% (P1, delusions; and P4, excitement),
with a mean of 60.71% across the 7 positive symptom items in
the placebo responder group; 31.00% (P7) to 68.00% (P3,
hallucinatory behavior), with a mean of 57.00% for the placebo
nonresponder group; and 29.00% (P7) to 60.00% (P1 and P3
each) with a mean of 51.00% for the treatment group. The next
largest source of variance for the placebo responder group was
attributed to the interaction between the rater and visit, with a
mean of 12.28%, compared to 12.00% for the placebo non-
responders, and 10.00% for the treatment group.

The EQ2 ranges from poor (P1) to excellent (P7) for all 3
groups, with a mean of 0.727 across items for the placebo
responders, 0.662 for the placebo nonresponders, and 0.680 for
the treatment group (Table 1). The , ranges from poor (P1) to
very good (P7), with a mean of 0.637 across items for the pla-
cebo responders, 0.615 for the placebo nonresponders, and
0.647 for the treatment group. For all 3 groups, EQ2 and , in-
dicate that the PANSS positive subscale item scores of hostility
and excitement show good to excellent reliability, whereas
grandiosity, hallucinatory behavior, conceptual disorganization,
and suspiciousness/persecution are fair; and the ratings of de-
lusions is poor.

Negative Symptoms
For the placebo responder group, rater variability ranged

from 54.00% (N6, lack of spontaneity/flow of conversation) to
69.00% (N1, blunted affect; N5, difficulty in abstract thinking).
For the placebo nonresponder group, rater variability ranged
from 49.00% (N6) to 64.00% (N1). For the treatment group,
rater variability ranged from 45.00% (N6) to 56.00% (N1)
(Table 2). The next largest source of variance was the interac-
tion between rater and visit, with a mean of 11.00% for the

placebo responders, whereas the placebo nonresponder group
and the treatment group both had a mean of 9.00%.

The EQ2 ranges from poor (N4, passive apathetic social
withdrawal; N2, emotional withdrawal; N6; N3, poor rapport) to
excellent (N5; N1; N7, stereotyped thinking), with a mean of
0.647 across items for the placebo responders, 0.667 for the
placebo nonresponders, and 0.675 for the treatment group. The
, ranges from poor (N6, N4, N2, and N3) to good (N5 and N1),
with a mean of 0.599 across items for the placebo responders,
0.632 for the placebo nonresponders, and 0.635 for the treat-
ment group.

General Psychopathology
For all general psychopathology items (except G15, pre-

occupation), raters accounted for the most variability in the
scores for the placebo responders, ranging from 33.00% (G1,
somatic concerns) to 70.00% (G6, depression), with a mean of
51.00% across the 16 items (Table 3). For G15, the interaction
between raters and visit accounted for the most variability
(49.00%). A similar pattern was observed for the placebo
nonresponders and for the treatment group; however, for the
treatment group, the interaction between rater and visit also
accounted for the most variability for G1; and G2, Anxiety. The
EQ2 averages 0.711 for the placebo responders, 0.740 for the
placebo nonresponders, and 0.769 for the treatment group.
The , averaged 0.646 for the placebo responders, 0.669 for
the placebo nonresponders, and 0.691 for the treatment group.
EQ2 and , indicate that the PANSS general psychopathology
symptom items scores of disorientation, depression, motor re-
tardation, mannerisms and posturing, and guilt feelings show
good to excellent reliability across all 3 groups.

PANSS Total
The EQ2 for all 30 items averages 0.687, 0.705, and 0.727

for the placebo responders, placebo nonresponders, and treat-
ment groups, respectively, denoting moderate consistency in the
PANSS scores. The treatment group showed higher consistency
in relative scores of subjects than the placebo responder group.
The , for all 30 items averages 0.649, 0.656, and 0.667, re-
spectively, also denoting moderate reliability across items.

DISCUSSION
This study uniquely applied the G theory to assess the

extent to which each facet (ie, raters, subjects, and visits) con-
tributed to the variability and inconsistency in subscale item
scores of the PANSS for subjects who participated in a failed
clinical trial. The study estimated how consistent ratings by
different raters are, across visits when averaged across the items
of the PANSS. Whereas a substantial finding is that of rater
variability, the most salient factor contributing to error variance
in the efficacy outcome, the G theory identified 3 other distinct
substantial findings from our research using this data set.

First, the placebo response rate observed was 45.07% (32/
71 subjects), and the treatment response rate was 60.28% (85/
141 subjects). Placebo response is recognized to be markedly
elevated in psychiatric clinical trials.23 A review of placebo re-
sponse of clinical trials in schizophrenia was performed by
Kemp et al24 and noted that the nature of the problem may be
related to unreliable assessments conducted by site raters, as
well as a range of other potential sources including poor trial
design and poor adherence to medication. Kinon et al23 report
that among recent clinical trials in schizophrenia, the mean
percentage of placebo responders was 25.0%, with a range of
0.00% to 41.0%. Whereas this was only a brief review, the
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placebo response rates for the present study are greater than the
range in the review by Kinon et al.23 Moreover, Quitkin et al25

stated that sudden fleeting responses observed during pharma-
cological treatment are in all likelihood the result of placebo
effects. Although some response in placebo-treated patients
might be expected in a clinical trial owing to the natural course

of the illness, it is important to be able to identify when an
uncharacteristic placebo response could influence the results.
Defining the root causes of failure of treatment interventions is
a necessary first step in an attempt to remediate the problem.

Second, for a scientific investigation of trial failure to ad-
vance, it is important to establish whether a placebo response in

TABLE 1. Three-Facet Subject � Rater � Visit: Component Variance and Percentage of Variance for PANSS Positive
Subscale Scores

P1
Delusions

P2 Conceptual
Disorganization

P3
Hallucinatory

Behavior
P4

Excitement
P5

Grandiosity
P6 Suspiciousness/

Persecution
P7

Hostility

Placebo responders, source of variation
Subject 0.029 0.031 0.030 0.109 0.000 0.079 0.199

2% 3% 3% 3% 0% 6% 16%
Rater 0.119 0.116 0.190 0.214 0.099 0.021 0.014

72% 69% 70% 72% 59% 50% 33%
Visit 0.102 0.011 0.030 0.002 0.095 0.099 0.096

3% 4% 6% 3% 10% 11% 11%
Subject � rater 0.051 0.010 0.059 0.032 0.064 0.064 0.069

8% 4% 10% 6% 11% 11% 14%
Subject � visit 0.000 0.035 0.021 0.025 0.029 0.035 0.039

0% 8% 5% 5% 7% 8% 11%
Rater � visit 0.100 0.059 0.040 0.051 0.061 0.065 0.069

15% 12% 6% 11% 13% 14% 15%
Ep2 0.453 0.610 0.612 0.910 0.529 0.631 0.961
E 0.451 0.559 0.542 0.689 0.501 0.542 0.873
Placebo nonresponders, source of variation
Subject 0.030 0.035 0.033 0.112 0.010 0.081 0.186

3% 4% 4% 5% 1% 7% 18%
Rater 0.120 0.119 0.201 0.200 0.099 0.024 0.024

65% 64% 68% 65% 55% 48% 31%
Visit 0.105 0.100 0.046 0.102 0.102 0.101 0.099

5% 8% 10% 9% 11% 13% 14%
Subject � rater 0.054 0.019 0.061 0.089 0.076 0.069 0.039

10% 5% 10% 8% 13% 12% 15%
Subject � visit 0.000 0.045 0.035 0.026 0.060 0.043 0.042

1% 7% 4% 4% 5% 6% 9%
Rater � visit 0.109 0.067 0.042 0.054 0.075 0.071 0.059

16% 12% 4% 9% 15% 14% 13%
Ep2 0.479 0.612 0.633 0.846 0.504 0.623 0.935
E 0.462 0.605 0.601 0.687 0.501 0.551 0.901
Treatment group, source of variation
Subject 0.050 0.046 0.040 0.136 0.011 0.097 0.187

6% 6% 7% 7% 3% 11% 18%
Rater 00.130 0.136 0.199 0.210 0.097 0.036 0.035

60% 59% 60% 59% 49% 44% 29%
Visit 0.099 0.114 0.069 0.112 0.103 0.112 0.100

6% 10% 12% 10% 18% 15% 16%
Subject � rater 0.056 0.026 0.064 0.098 0.102 0.079 0.038

10% 7% 7% 6% 13% 12% 16%
Subject � visit 0.060 0.051 0.053 0.035 0.069 0.054 0.051

4% 9% 9% 8% 8% 9% 10%
Rater � visit 0.106 0.079 0.049 0.067 0.073 0.082 0.062

14% 9% 5% 10% 9% 9% 11%
Ep2 0.500 0.600 0.612 0.900 0.596 0.652 0.900
E 0.496 0.611 0.611 0.856 0.512 0.543 0.899

Ep2 indicates generalizability coefficient; E, index of dependability.
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psychopathologic ratings is reliable or if there is a response to a
single placebo administration. There may also be a placebo re-
sponse to the repeated administration of a similar placebo in
similar conditions,26 for example, inconsistencies in ratings,
symptoms, or visits. Correll et al27 observed that early non-
response to treatment, as measured by a 20% reduction in a
Brief Psychiatric Rating Scale (BPRS) total score at week 1,

predicted nonresponse at 4 weeks for 100% of patients. Other
studies have suggested that early nonresponse to treatment
within the first 2 weeks of treatment initiation is a good indi-
cator of treatment refractoriness.27Y29 However, these studies
failed to consider the source for placebo response. Moreover,
early improvements to placebo treatment in psychiatric clinical
trials have also been related to sustained clinical response at

TABLE 2. Three-Facet Subject � Rater � Visit: Component Variance and Percentage of Variance for PANSS Negative
Subscale Scores

N1
Blunted
Affect

N2
Emotional
Withdrawal

N3 Poor
Rapport

N4 Passive
Apathetic Social
Withdrawal

N5 Difficulty
in Abstract
Thinking

N6 Lack of
Spontaneity and

Flow of Conversation

N7
Stereotyped
Thinking

Placebo responders, source of variation
Subject 0.156 0.097 0.100 0.009 0.187 0.198 0.185

7% 4% 5% 2% 10% 14% 10%
Rater 0.120 0.109 0.118 0.097 0.123 0.090 0.106

69% 61% 65% 58% 69% 54% 60%
Visit 0.041 0.062 0.002 0.097 0.098 0.074 0.088

2% 5% 1% 8% 10% 6% 7%
Subject � rater 0.060 0.054 0.089 0.081 0.009 0.067 0.071

6% 5% 12% 12% 4% 8% 11%
Subject � visit 0.052 0.087 0.000 0.081 0.065 0.076 0.071

4% 10% 0% 7% 5% 6% 6%
Rater � visit 0.067 0.091 0.099 0.061 0.002 0.061 0.009

12% 15% 17% 13% 2% 12% 6%
Ep2 0.911 0.452 0.497 0.421 0.941 0.496 0.813
E 0.803 0.449 0.491 0.413 0.879 0.419 0.742
Placebo nonresponders, source of variation
Subject 0.164 0.101 0.102 0.010 0.199 0.201 0.197

9% 8% 7% 9% 15% 13% 12%
Rater 0.134 0.116 0.119 0.099 0.169 0.101 0.112

64% 59% 60% 50% 59% 49% 54%
Visit 0.059 0.087 0.024 0.101 0.101 0.100 0.097

5% 7% 3% 11% 8% 10% 10%
Subject � rater 0.068 0.064 0.097 0.100 0.012 0.068 0.075

8% 7% 12% 11% 6% 10% 10%
Subject � visit 0.062 0.091 0.010 0.098 0.087 0.097 0.089

5% 9% 4% 10% 6% 10% 7%
Rater � visit 0.079 0.099 0.100 0.079 0.046 0.076 0.012

9% 10% 14% 9% 6% 8% 7%
Ep2 0.912 0.512 0.500 0.511 0.915 0.501 0.815
E 0.816 0.511 0.486 0.468 0.901 0.459 0.785
Treatment group, source of variation
Subject 0.168 0.106 0.113 0.014 0.201 0.212 0.194

10% 9% 9% 12% 17% 15% 14%
Rater 0.138 0.118 0.124 0.102 0.178 0.106 0.113

56% 55% 55% 48% 55% 45% 52%
Visit 0.066 0.092 0.025 0.109 0.115 0.101 0.101

8% 8% 5% 10% 9% 11% 9%
Subject � rater 0.069 0.068 0.098 0.112 0.019 0.064 0.086

10% 9% 8% 10% 7% 10% 9%
Subject � visit 0.071 0.094 0.101 0.099 0.089 0.092 0.099

8% 10% 8% 10% 6% 11% 8%
Rater � visit 0.080 0.101 0.102 0.087 0.059 0.073 0.026

8% 9% 13% 10% 6% 8% 8%
Ep2 0.900 0.513 0.511 0.516 0.909 0.526 0.856
E 0.811 0.506 0.467 0.497 0.897 0.469 0.795
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study end point,30 whereas our data show a graduated increase
until visit 5 or visit 6. Pattern analysis of an initial clinical re-
sponse to placebo has been used to differentiate between phar-
macological drug treatment and placebo responders at study end
points.31,32 The errors in ratings are only one aspect of trial
failure; other possible factors are implicated for failure of anti-
psychotic trials.

Third, we provide a practical example of how the G theory
can be used to estimate the various sources of measurement
error in psychopathology assessment using the PANSS. Our
results demonstrates how these variances can then be used to
enhance a data monitoring mechanism that minimizes error for
a particular purpose, in this case, rater scores or ratings required
for a generalizable result. Although the percent variability over
time was good for most PANSS items, our findings indicated
that for all PANSS positive items, the most variability was ob-
served for raters (33%Y72% for placebo responders, 21%Y68%
for placebo nonresponders, and 29%Y60% for the treatment
group), followed by variability of the interaction between rater
and time point where 5 items (P1; P2; P4; P5, grandiosity; P6)
showed variability ranging from 5% to 16%. Similarly, all items
of the negative subscale showed the most percent variability for
raters, followed by 4 items (N1, N2, N3, and N4) with percent
variability for interaction between raters and visit. Fifteen of the
16 items of the general psychopathology subscale also showed
the highest percent variability for raters. These results indicate
that the source of unreliability are primarily found with raters,
followed by the interaction between raters and visits, across all
treatment groups with higher error variances noted for the pla-
cebo responder groups, suggesting that rater variability in
scoring the PANSS is key to obtaining reliable efficacy
measures.

Most typically, measurement has been considered from the
perspective of classical test theory (using interrater reliability
and internal consistency). Although these methods are useful in
identifying the degree of precision with which we are able to
administer and score the PANSS, the information provided by
classical test theory estimates does not allow researchers and
clinicians to propose ways in which errors may be reduced and
PANSS scoring improved. One of the benefits of the G theory
used in this study is that it guides the researcher and clinician
regarding how to improve an efficacy measure through identi-
fication of error sources, rather than simply indicating overall
weakness. A primary requirement of response to data monitor-
ing intervention using the G theory is that problem sources of
ratings on the PANSS (eg, raters, number of visits, and subjects)
can be effectively and proactively identified and then assessed
throughout the trial to determine whether intervention efforts
are successful or alternative approaches are necessary. There-
fore, using the G theory during the course of a clinical trial can
assist ongoing data monitoring by examining the magnitude of
variance components at precise visits throughout a study and
take action to control for the raters’ effect if variance compo-
nents are noted (eg, through retraining). For example, items
which show high rater variability (Q50%), for example, P1; P2;
P3; P4; N1; N2; N3; N5; N7; G3, guilt feelings; G5, manner-
isms and posturing; G6; and G7, motor retardation, would be
expected to warrant additional review of scoring, administra-
tion, in-study data monitoring, and supplemental training
throughout the study. Some items are consistent with findings
of Santor et al8 whose item response analysis of the PANSS
found N5, N7, and G5 to function poorly.

For a clinician who wants to evaluate a patient’s progress,
the index of dependability can be informative, especially the
smallest detectable difference. From the smallest detectableV
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difference, a clinician will know what differences need to be
measured to conclude that real change has occurred rather than
measurement error.

Our study presents several methodological limitations.
First, a possible limitation may be sample bias, as we selected
the placebo responders, the placebo nonresponders, and the
treatment group from one study sample. This selection bias may
limit the generalization of the conclusions of this study; how-
ever, the PANSS scores for this study are across the psychopa-
thology spectrum, with a PANSS total score ranging from 70 or
higher to 140 or lower. Similar samples of PANSS ratings from
larger multicenter trials with different study drugs would be
recommended. Second, the use of the G theory for estimating
reliability of observational data has been disputed because of
theoretical and practical problems. One of the main areas of
interest is that observational data are usually gathered over the
dimension of time. It should be noted that the data presented in
this study was obtained 1 week apart and would not likely be
affected by changes in true score, but data obtained from
occasions that were more than 1 week apart might confound
random error with changes in true scores.11 A third limitation
lies in the method of the G theory. Despite its advantages, be-
cause of the sampling variability inherent in sample data, the
estimation method may give estimates for variance components
that are negative, which is theoretically impossible. The likeli-
hood of this happening increases when the design is unbal-
anced, and there are small frequencies in some cells, which was
the case in the present study. There were instances when the
estimated variance component was negative. When this oc-
curred, it was set equal to zero, which is the recommended ap-
proach.12 However, the few occasions of negative variances
resulted in very small absolute values, which did not substan-
tially affect the generalizations made. A fourth limitation lies in
the assumptions of the G theory, which is that of stationarity,
which is violated here because we know a priori that the scores
are changing (eg, subjects are responders in both the placebo
responder group and the treatment group); and thus, measure-
ments over time are problematic in this study. The G theory
offers a useful tool for operationalizing the efficiency of the
PANSS. In particular, a researcher can select a suitable criterion
for dependability a priori and then perform D studies to exam-
ine various combinations of error that can be formed to reach
the criterion threshold. Creating several methods with accept-
able levels of dependability has many benefits; researchers can
quantify the cost of each source of error, raters can be retrained
during the study if the source of error is identified as raters, and
the results of intermittent G theory analysis can be used to in-
form selection. Further studies should be used to collect rating
scale data across a greater number of time points to improve
reliability of variance estimation. Finally, the lack of the de-
mographic characteristics (level of training, professional degree,
experience with rating the PANSS), although subject’s age,
ethnicity, and sex did not have an initial effect on the PANSS
subscales and total scores.

Conclusions and Future Implications
The results presented here are indicative of a relationship

between rater reliability and subsequent response the PANSS
efficacy measure using clinical trial data. Concerns over the
reliability of change scores have been the subject of discussion
in psychology,33 and several researchers have raised important
questions about the applicability of reliability estimation to the
study of change.34 Our results confirm the efficacy of applying
the G theory to the estimation of reliability of change over time
as a supplement to other reliability approaches.

Numerous randomized clinical trials in schizophrenia have
failed to separate active pharmacological treatment from pla-
cebo. A number of reasons have been presented, including rater
training, interaction between subjects and raters, interaction
between the study sponsor and sites, trial design, and poorly
designed measurement instruments. Key among the reasons
cited for failure is the adequacy of rater training. Minimizing the
effect of placebo response in clinical trials compares to in-
creasing the signal-to-noise ratio in the data.23 Following prin-
ciples of good research design (use of blinded raters, monitoring
ratings throughout a study, and retraining raters during longi-
tudinal studies) can make differences in active treatment and
placebo more prevalent. The significance of rater training for
reliability and validity in clinical trials is recognized as vital.35

Training conducted at initial investigator’s meetings may not be
effective enough for longitudinal clinical trials and assessment
of the level of psychopathology over time. Findings can be used
to guide data monitoring, rater training, and identification of
PANSS items, which may require supplementary training.
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