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A neuropsychological paradigm is introduced that provides a measure of a bias
against disconfirmatory evidence (BADE), and its correspondence with delusions in
people with schizophrenia and schizoaffective disorder was investigated. Fifty-two
patients diagnosed with schizophrenia or schizoaffective disorder (36 were acutely
delusional) and 24 healthy control participants were presented with delusion-neutral
pictures in each trial, and were asked to rate the plausibility of four written interpreta-
tions of the scenario depicted by that picture. Subsequently, new pictures that provided
background information about the depicted scenario were successively presented, and
participants were requested to adjust their ratings, taking into account this new infor-
mation. Two of the interpretations appeared tenable initially but ultimately proved to be
implausible, one appeared untenable initially but eventually proved to be plausible,
and one appeared untenable at all stages. A BADE was observed for delusional com-
pared to non-delusional patients, as well as for all patients compared to controls. In
addition, regardless of symptom profile, patients were more accepting of implausible
interpretations than controls. The present work suggests that deficits in reasoning may
contribute to the maintenance of delusions via an impairment in the processing of dis-
confirmatory evidence.

Delusions are defined as fixed false beliefs not amenable to contrary evidence, and are
hallmark symptoms of schizophrenia spectrum disorders. Although it was initially proposed
that delusional thought cannot be explained by a pathology of reasoning (Maher, 1988, p. 22),
recent work has revealed a number of aberrations in logical thinking that are presumably
relevant to our understanding of delusions (for a review see Garety & Freeman, 1999).
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In the present work we consider deficits in reasoning that may contribute to the
maintenance of delusions by focusing on processing of disconfirmatory evidence.

According to Freeman, Garety and colleagues (Freeman, Garety, Kuipers, Fowler, &
Bebbington, 2002; Garety, Kuipers, Fowler, Freeman, & Bebbington, 2001), the cognitive
operations underlying delusion maintenance can be divided into two mechanisms: obtain-
ing confirmatory evidence (e.g., delusion congruent attentional and memory biases) and
discarding disconfirmatory evidence. These authors list a number of cognitive biases have
been put forward that are particularly informative with respect to obtaining confirmatory
evidence. For example, a jumping to conclusions bias may limit the amount of data
gathered (e.g., Garety, Hemsley, & Wessely, 1991), an attributional bias may lead to
externalization of negative events (e.g., Bentall, Kinderman, & Kaney, 1994), a theory of
mind dysfunction may lead to errors in reading the intentions of other people (e.g., Frith,
1994); in addition, evidence has been presented that continual expectance of threat could
lead to the misperception of social threat, the confirmation of delusional ideas, and clini-
cal states of paranoia (Green & Phillips, 2004).

All of the cognitive biases suggested for obtaining confirmatory evidence have been
demonstrated on delusion-neutral material, and are therefore clearly separable from
the symptoms themselves. In contrast, the mechanisms that have been put forward for
disregarding disconfirmatory evidence involve explaining away disconfirming evidence
by integrating it into the delusional framework. As such, they are not clearly distinct from
the symptom. Freeman and colleagues (Freeman et al., 2002; Garety et al., 2001)
suggested two such strategies: safety behaviors (e.g., the only reason they did not shoot
me yesterday was because I avoided watching television) and incorporation (e.g., the
only reason they did not shoot me yesterday was because they want me to suffer another
day). These authors suggest that all classes of delusions (e.g., paranoid, reference, guilt,
grandiose), by definition, share the quality of being maintained in the face of disconfirming
evidence. The motivation for the present study was to explore whether a cognitive bias
exists against disconfirmatory evidence (BADE) that extends beyond the delusion itself,
and is also detectable on delusion-neutral material.

To ensure that a BADE effect (a failure integrating disconfirmatory evidence) could
not be attributed to a more generalized “integration” deficit, or to mere perseveration
of responses, we designed a control condition requiring the integration of confirmatory
evidence. Thus, we compared delusional and non-delusional schizophrenic patients on
their ability to integrate confirmatory and disconfirmatory evidence when interpreting
neutral scenes. We expected a difference between the two groups when processing
disconfirmatory evidence, but not for the control condition involving confirmatory
evidence. In addition, we expected to replicate our previous observation (Moritz &
Woodward, 2004) of liberal acceptance of implausible interpretations, regardless of
the presence of delusions. The signature of a liberal acceptance bias is that all patients
with schizophrenia, regardless of symptom profile, overrate the plausibility of absurd
hypotheses, because less evidence is deemed necessary to accept a response option.

Methods

Participants

Fifty-two patients diagnosed with schizophrenia or schizoaffective disorder, according to
DSM-IV criteria, were recruited from Riverview Hospital and the Forensic Psychiatric
Services Commission, Port Coquitlam, BC, Canada. Thirty-six of these patients were
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considered actively delusional, and 16 were not currently experiencing delusions (determined
by the symptom ratings methodology described below). The actively delusional group
contained the following diagnoses: paranoid (n = 19), undifferentiated (n = 11), and
schizoaffective (n = 6), and were actively experiencing the following delusions: paranoid
(n = 26), grandiose (n = 19), Schneiderian (n = 18), and guilt (n = 3). The currently
non-delusional group contained the following diagnoses: paranoid (n = 10), undifferentiated
(n = 4), and schizoaffective (n = 2). Of the 16 non-delusional patients, 14 displayed
delusions in the past, as determined by a comprehensive chart review. Twenty-four
healthy control participants, consisting of Riverview Hospital staff were also recruited for
the study, and were comparable to the patient groups on age and social status (determined
using a modified version of the Hollingshead Index of Social Position; Hollingshead &
Redlich, 1958).

The Hollingshead measure of social status is based on the highest parental occupation
and education level. We elected to match patients to controls on this variable, as opposed
to current IQ, because matching on current IQ is likely to lead to a failure in matching on
a host of other variables related to social experiences during development. In addition,
compromised intellectual abilities are an important aspect of schizophrenia, and if this
illness is to be fully understood, matching for IQ may be counterproductive.

A comparison of demographic information is presented in Table 1. Participants were
excluded if their IQ was less than 70, if they had a history of primary or acquired brain
damage (e.g., stroke, encephalitis) or traumatic head injury (e.g., with a loss of conscious-
ness for more than 10 minutes), or if they were HIV positive. For all but four of the
participants their primary language was English. Eyesight for all participants (assessed
corrected and bilaterally) was 20/40 or better. One-way analyses of variance (ANOVAs) and
follow-up t-tests demonstrated no difference between the delusional and non-delusional
groups on age, education, gender, IQ (as assessed by the QUICK test; Ammons & Ammons,
1962), or social status. In addition, no differences between the patient groups and the
healthy control group were present for age or social status. However, as expected, matching
by social status led to significant differences between the patient and healthy control
groups in IQ, F(2,70) = 11.71, p < 0.001, and education F(2,70) = 10.80, p < 0.001. The
patient and healthy control groups also differed in gender makeup, χ2(2) = 14.82, p < .001
(see Table 1). In the results we include a section devoted to studying the impact of these
potential confounds. At the time of testing, all patients but one were receiving atypical
neuroleptic medication (chlorpromazine equivalent dosage in mg: M = 658.43, SD =
488.94) (Bezchlibnyk-Butler & Jeffries, 2000).

Materials

BADE Task. Initially ten scenarios were used in this study, based on the following WAIS-
III (Wechsler, 1997) picture arrangement stories: CAP, BAKE, OPENS, CHASE,
CLEAN, HUNT, SAMUEL, LUNCH, CHOIR and SHARK. From each WAIS-III story,
only three pictures were presented (not necessarily in the order specified in the WAIS-III
manual), and some pictures were edited in order to optimize the fit of the interpretations to
the scenarios (see Table 2 for a full description of modifications and presentation order).

For each scenario, four possible interpretations were created: one true interpretation (a
tenable interpretation of the overall sequence), two lure interpretations, designed to appear
reasonable at first, but to become increasingly untenable as more evidence regarding
the true content of the scenario was presented, and one absurd interpretation that was
obviously implausible at any point in the trial sequence. For example, the CHASE
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scenario was designed as follows: first, a picture of a man with a small dog at his feet,
looking over a fence at a large barking dog was presented along with the following
interpretations (presented without the “lure”, “true”, and “absurd” text given here in
brackets): (1) “The man has just escaped from the barking dog” (true); (2) “The man is
looking at his neighbour’s barking dog” (lure); (3) “The man has just built a fence for
his dog” (lure); and (4) “The man is shopping for guard dogs” (absurd). At this point,

Table 1  
Sociodemographic characteristics of the samples

Delusional 
Patients (D)

Non-delusional 
Patients (ND)

Healthy 
controls (C)

ANOVA; 
Chi-square

Group 
comparisons

Age 38.08 (9.89) 38.06 (9.11) 39.46 (11.50) NS
Sex 8 F, 28 M 5 F, 11 M 17 F, 7 M p. < .001 D,ND ≠ C
Social status 34.16 (16.54) 38.50 (11.89) 37.38 (16.17) NS
Education 11.86 (2.47) 11.50 (1.21) 15.13 (3.12) p. < .001 D,ND < C
IQ estimate1 98.53 (8.61) 99.44 (9.25) 109.62 (8.28) p. < .001 D,ND < C
Length of illness 17.75 (9.72) 15.69 (8.40) n/a n/a p = .47
Delusions 3.47 (.50) 0.69 (0.79) n/a n/a p < .001
Hallucinations 1.81 (1.81) 0.25 (0.68) n/a n/a p < .01
Formal thought 

disorder
1.39 (1.17) 0.38 (0.61) n/a n/a p < .01

Flat affect 0.72 (1.00) 1.25 (1.52) n/a n/a p = .15
Poverty of speech 0.22 (0.72) 1.00 (1.36) n/a n/a p < .01
Underactivity 0.53 (0.94) 0.69 (0.70) n/a n/a p = .55

Note. 1Quick Test (Ammons & Ammons, 1962).

Table 2  
Table of modifications to WAIS-III pictures, intended to increase the 

ambiguity of the scenarios

WAIS-III 
Picture set name

Order of 
presentation Modifications

The true interpretation 
revealed on 

(1st, 2nd or 3rd picture)

CAP 3,2,1 None 2nd

BAKE 3,4,1 None 1st

OPENS 5,3,1 None 3rd

CHASE 4,1,2 None 2nd

CLEAN 1,2,5 None 1st

HUNT 1,3,4 Prisoner number erased on 
pictures 1 and 3

3rd

SAMUEL 2,1,4 None 3rd

LUNCH 1,5,4 Apple erased on all pictures 1st

CHOIR 2,1,3 None 2nd

SHARKa 4,2,5 Real shark erased on picture 4 2nd

Notes. aUsed for practice trial only.
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participants typically endorse interpretations 2 (looking at neighbor’s dog) and/or 3 (built
a fence), that is to say, they endorse the lures. Following this, a picture of the same man
jumping over the fence, with the dog barking close to the man’s heels and pawing the
fence was presented, and the participants were told that this is the situation that immedi-
ately preceded the scenario depicted in the picture that they just interpreted, and were
asked if they would like to revise their original ratings. At this point, the lures are typically
down-rated, and the true interpretation is up-rated. Following this, a third picture was
presented depicting a barking dog chasing the running man towards the fence. The
participants were told that this situation immediately preceded the scenario depicted in the
two pictures that they just interpreted, and were asked if they would like to revise their
original ratings a final time. At this point, the lures are typically down-rated even further,
and the true interpretation up-rated even further. Ratings for the absurd interpretations are
not typically affected by the presentation of the second and third pictures. This procedure
is described in more detail below.

The SHARK scenario was designated as a practice trial. Of the nine remaining
scenarios, three were designed as revealed-on-first, three as revealed-on-second, and three
as revealed-on-third. For revealed-on-first scenarios, the true interpretation was obvious
when the first picture was presented, and the next two pictures reinforced this interpreta-
tion. For revealed-on-second scenarios, the true interpretation was obvious when two
pictures were visible. For revealed-on-third trials, the true interpretation was obvious only
when all three pictures were visible. Revealed-on-second and revealed-on-third trials were
designed to elicit a measurement of integration of confirmatory and disconfirmatory
evidence. These latter two trial types differed qualitatively in the sense that the to-be-changed
ratings were maintained for two pictures on revealed-on-third trials, but for only one picture
on revealed-on-second trials. Revealed-on-first trials did not include lure interpretations,
so did not require further information to reveal the correct interpretation; therefore they
were considered filler items, and were included to avoid predictability of when the true
interpretation became obvious.

For revealed-on-second and revealed-on-third scenarios, true interpretations were
designed such that they would appear less plausible than lure interpretations prior to
presentation of the true-interpretation-revealing picture. This aspect of the task design was
central to the task validity; if lure interpretations were considered less plausible than true
interpretations on presentation of the first picture, a substantial reduction in power for
detecting the integration of disconfirmatory evidence would result, and these lures should
be considered invalid.

The presentation order and classification is listed in Table 2. Prior to the main analyses,
the distinction between the true, lure and absurd interpretations was confirmed using the
observed ratings for all subjects. For all scenarios, once all three scenario cards were
displayed, the superiority of the true rating was clearly indicated for all scenarios, and
for no trials was a mean rating for a true or lure interpretation lower than an absurd inter-
pretation. As a more thorough validity check, ratings for the revealed-on-second and
revealed-on-third trials were inspected to ensure that the lure interpretations were rated
higher than the true interpretations initially, but lower once the true interpretation was
revealed. This criterion was met for all groups and all interpretations with the exception
of the CAP scenario, for which the plausibility of true and lure interpretations were
reversed for all three groups on the first scenario card (i.e., the participants were not
misled by the lure for this scenario). Therefore, CAP trials were excluded from further
data analyses. The full set of final scenarios and interpretations is available by request
from the first author.
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Each interpretation was printed in 20 point Times New Roman font onto 13 × 8 cm
cards, and arrows were situated on the bottom center of each card to facilitate precise
placement on the rating strip. Plausibility ratings were made by placing these cards on one
of four rating strips which were attached to a 71 cm × 55 cm rating board in evenly spaced
horizontal rows. Directly below each rating strip was a measuring tape (71 cm long), with
the labels “poor”, “possible”, “good”, and “excellent” at 9 cm, 27 cm, 42 cm, and 60 cm,
respectively. In addition, full descriptions of the rating options were placed at the top of
the rating board, and were also centered at 9 cm, 27 cm, 42 cm, and 60 cm; these read
“does not fit/poor interpretation”, “possible but unlikely”, “good interpretation”, and
“excellent”, respectively. The use of four rating strips ensured that the plausibility rating
for any given interpretation was not physically constrained by the placement of any other
interpretation. In other words, because interpretation cards were placed on separate rating
strips, participants had the option of giving any number of interpretations exactly the same
plausibility rating.

The purpose of using this rating method, as opposed to the traditional Likert-type
scales, was (1) to add a simplifying spatial dimension to the ratings, such that patients
could view a left-to-right observable scale for all ratings at all times, thereby facilitating
comparison of ratings across interpretations; and (2) to allow minute adjustments to be
detected by using a continuous as opposed to a categorical scale. In order to ensure that
participants understood that left-to-right corresponded to low-to-high plausibility, the
rating scales were clearly labelled at the top and bottom of the rating board, as well as
under each rating strip, and this was clearly explained to all participants. Feedback from
the participants indicated that this methodology was straightforward and well understood,
and our experience suggests that the physical dimension introduced by this method is
preferred to the verbal single-number response typically employed by Likert-type scales.

Neuropsychological/Cognitive Measures

Measures indexing integration of confirmatory and disconfirmatory evidence were com-
puted using change scores. More specifically, the disconfirmatory measure was computed
as the decrease in plausibility ratings from picture #1 to picture #3 for lure interpretations,
and the confirmatory measure was computed as the increase in plausibility ratings from
picture #1 to picture #3 for true interpretations. These confirmatory and disconfirmatory
change scores were computed separately for revealed-on-second and revealed-on-third
trials. A separate measure, designed to index liberal acceptance, was computed as the
mean plausibility rating for absurd interpretations, averaged over all trial types (i.e.,
averaged over revealed-on-first, revealed-on-second, and revealed-on-third trials).

Symptom Measures

Psychopathology was assessed using the SSPI (Liddle, Ngan, Duffield, Kho, & Warren,
2002). The SSPI is a 20 item scale, which can be completed after a 25 – 30 minute semi-
structured interview with 15 direct questions about symptoms. The severity of each item is
rated on a scale ranging from 0 to 4. The SSPI is criterion referenced, providing specific
examples of behavior which correspond to severity levels for each item. Item 7 from
the SSPI was used to quantify the presence/absence of delusions. A rating of 3 (definite
delusions, but the delusional beliefs do not have a pervasive influence on thinking or
behavior) or 4 (definite delusions which have pervasive influence on thinking and/or
influence observable behavior) warranted classification into the delusional group.
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Although the SSPI was typically carried out on the day of cognitive testing, the maximum
allowable time gap was two weeks.

Procedure

For each trial, patients were presented with a series of three pictures that described a
scenario. After the presentation of the first picture (picture #1), participants were read four
possible interpretations of the depicted scenario. The interpretations and trials were
presented in a random order that differed for each participant. After each interpretation
was read, that interpretation card was placed in front of the participant. Once all four cards
were placed in front of the participant, they were asked to place them on the rating board,
starting with the first interpretation card on the top-most rating strip, and working their
way down to the fourth interpretation card on the bottom-most rating strip. An arrow
pointer positioned on the bottom of each card determined the plausibility rating, and this
position was recorded to the nearest 0.5 cm by the experimenter.

The second picture (picture #2) was then placed to the left of picture #1, and partici-
pants were told: “Now to give you more information about what’s going on in this picture
(experimenter points to picture #1) I am going to show you another picture (experimenter
points to picture #2) that shows you what happened just before this (experimenter points
to picture #1).” Participants were then required to describe the depicted events, and were
corrected as required until it was clear that the sequence of events was fully understood
by the participant. The participant was then told: “Now given this new information
(experimenter points to picture #2) about what happened just before this (experimenter
points to picture #1) adjust your previous ratings of this picture (experimenter points to
picture #1) if you wish. Just to be clear: the interpretations you are rating are still of
this picture (experimenter points to picture #1). The other picture just gives you more
background about what’s going on.” After recording any adjustments in plausibility
ratings, the experimenter placed down the third and final picture (picture #3) to the left of
the picture #2. At this point, the experimenter said “So it makes a story. This happened
first (experimenter points to picture #3) then this happened (experimenter points to picture
#2) then this happened (experimenter points to picture #1). Do you understand? Now
briefly tell me the events from beginning to end.” The participant was corrected if they
misunderstood the chronological order or the story. Once the experimenter was satisfied
that the participants understood the chronological order and the story, the participants’
summary was recorded, and the participants were asked to make any final adjustments in
their plausibility ratings. In total, each of the four interpretations was rated three times,
once after each picture was presented. The total duration of the test session was approxi-
mately 45 minutes.

Results

The plausibility ratings were analyzed by one-way Analyses of Variance and Analysis of
Covariance (ANOVAs and ANCOVAs). Group differences were analyzed with either
“reverse Helmert” contrasts, or “repeated” contrasts, with the groups ordered as follows:
delusional patients, non-delusional patients, and healthy controls. With this group ordering,
reverse Helmert contrasts provide one-degree-of-freedom tests for a difference between
the two patient groups (contrast: −1 1 0), and for the difference between all patients
(averaging the two patient groups) and healthy controls (−.5–.5 1). If no difference
between the patient groups was observed, reverse Helmert contrasts were reported.
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However, if a difference between the two patient groups was observed, repeated contrasts
were used. Repeated contrasts allowed one-degree-of-freedom tests of the difference between
delusional and non-delusional patient groups (1 −1 0), and the difference between the non-
delusional patient group and the healthy control group (0 1 −1). These a priori contrasts were
used in an attempt to constrain reports of statistical significance to the theoretically most
important effects. All group differences were assessed using two-tailed significance tests.

A reluctance to integrate disconfirmatory evidence, and an enhanced willingness to
integrate confirmatory evidence, may be natural consequences of holding a strong belief
(Hemsley, 1988, p. 118; Jonas, Schulz-Hardt, Frey, & Thelen, 2001; Nickerson, 1998).
In order or control for the potential impact of the initial belief on changes in that belief,
plausibility ratings prior to exposure of the true interpretation (i.e., prior to exposure to the
picture that made the correct interpretation of the depicted scenario obvious) were used as
covariates for all analyses of rating changes in lure and true interpretations. Thus, true and
lure interpretation rating changes were analyzed by way of one-way ANCOVAs with
Group as a between subjects factor, and initial plausibility ratings as a covariate. However,
it should be noted that no significant group differences were observed on the covariate
(viz., initial plausibility ratings for true or lure interpretations; p > .1 for all). Covariate-
adjusted mean decreases and increases for lure and true interpretations, respectively, are
presented in Table 3. Absurd interpretation ratings were analyzed by way of a one-way
ANOVA with Group as a between subjects factor, collapsed over all trial types.

Due to qualitative differences between revealed-on-second and revealed-on-third
trials (viz., to-be-changed ratings were maintained for two pictures on revealed-on-third
trials, but for only one picture on revealed-on-second trials), revealed-on-second and
revealed-on-third trials were analyzed separately for lure and true interpretations.

Integration of Disconfirmatory Evidence (Lure Interpretations)

For revealed-on-second trials, a significant effect of Group was observed, F(2, 72) = 7.93,
p < .001. Although the direction of the means corresponded to our predictions, reverse

Table 3
Covariate-adjusted mean decreases (for Lure Interpretations; BADE) and increases 
(for True Interpretations), in cm, presented as a function of group (standard errors 

in brackets). Superscripts indicate significant mean differences assessed using 
post-hoc t-tests (least significant difference, two tailed)

Group

Effect Delusional Non-delusional Healthy controls

Disconfirmatory evidence (Lure)
Revealed-on-second 9.96 (2.15)§§ 14.49 (3.19)† 23.68 (2.64)†§§

Revealed-on-third 15.37 (1.73)*§§§ 21.78 (2.59)* 27.26 (2.13)§§§

Confirmatory evidence (True)
Revealed-on-second 26.53 (1.86) 23.79 (2.78) 29.58 (2.26)
Revealed-on-third 26.63 (1.91)§§ 28.56 (2.84) 34.15 (2.33)§§

Note. Means are adjusted for the plausibility ratings prior to exposure to the true interpretation.
*p < .05, delusional patients vs. non-delusional patients; †p < .05, non-delusional patients vs.
controls; §§p < .01, delusional patients vs. controls; §§§p < .001, delusional patients vs. controls.
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Helmert contrasts on the change score for lure interpretations from picture #1 to picture #3
failed to reach significance for the comparison of patient groups, t(72) = 1.17, p = .25. This
analysis was significant when comparing all patients to the healthy controls, t(72) = 3.49,
p < .001, suggesting that healthy controls decreased their ratings for lures more than
patients for revealed-on-second trials.

As for revealed-on-second trials, for revealed-on-third trials, a significant effect of
Group was observed, F(2, 72) = 7.67, p < .001. In contrast to revealed-on-second trials,
and in correspondence with our predictions, repeated contrasts on the change score for
lure interpretations from picture #1 to picture #3 reached significance for the comparison
of patient groups, t(72) = −2.05, p < .05, but not for the comparison of the nondelusional
patients with the healthy controls, t(72) = −1.63, p = .11. This suggests that, compared
to nondelusional patients, delusional patients adhere to their initial judgments in face of
disconfirmatory evidence for revealed-on-third trials.

Integration of Confirmatory Evidence (True Interpretations)

For revealed-on-second trials, the effect of Group was not significant, F(2, 72) = 1.37, p = .26.
For revealed-on-third trials, a significant effect of Group was observed, F(2, 72) = 3.11,
p = .05. Repeated contrasts on the change score did not reach significance for the comparison
of patient groups, t(72) = 0.56, p = .58, but did reach significance when comparing all
patients with the healthy controls, t(72) = 2.26, p < .05.

Liberal Acceptance of Implausible Information (Absurd Interpretations)

Plausibility ratings for absurd interpretations, averaged over all trials (i.e., revealed-on-first,
revealed-on-second, and revealed-on-third), revealed a significant effect of Group, F(2, 73) =
9.28, p < .001. Healthy controls, at each stage of the experiment, rated absurd interpretations
lower (M = 10.03 cm) than either delusional (M = 19.19 cm) or nondelusional (M = 16.09
cm) participants. In agreement with our previous study (Moritz & Woodward, 2004), reverse
Helmert contrasts demonstrated that plausibility ratings averaged over trials did not differ
significantly between delusional and nondelusional patients, t(73) = −1.23, p = .21, but
differed significantly between all patients and healthy controls, t(73) = −3.71, p < .001.

Specificity of BADE

To determine that the cognitive variables of interest are specifically related to delusions and
not the other positive symptoms that differed across groups (see Table 1), three ordinary
least squares (OLS) regression analyses were performed. The criterion variables were the
average change score for integration of disconfirmatory evidence (lure interpretations), the
average change score for integration of confirmatory evidence (true interpretations), and
liberal acceptance of implausible information rating score (absurd interpretations). For all
three analyses, the predictor variables were delusions (SSPI item 7), hallucinations
(SSPI item 8) and formal thought disorder (SSPI item 17). Due to the expected inverse
relationship between symptoms and normal cognitive responding, one-tailed significance
tests were used. The betas that results from OLS regression reflect only variance that is
unique to each predictor (Pedhazur, 1982), simplifying interpretational difficulties that
arise due to overlapping positive symptoms. The analysis of lure interpretations resulted in
significance for delusions, t(47) = −1.70, p < .05, but not for hallucinations, t(47) = −0.52,
p = .30, or thought disorder, t(47) = 1.24, p = .89, supporting the specificity of the BADE
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effect. The analysis of true interpretations resulted in marginal significance for thought
disorder, t(47) = −1.68, p = .05, but nonsignificance for hallucinations, t(47) = −0.71, p = .24,
and delusions, t(47) = 0.08, p = .53. Finally, the analysis of absurd interpretations resulted
in nonsignificance for delusions, t(47) = 0.00, p = .50, hallucinations, t(47) = −0.02, p = .49,
and thought disorder, t(47) = −1.03, p = .16.

To ensure that the BADE effect was not redundant with IQ, we computed correlations
between IQ and all effects of interest (i.e., Integration of Disconfirmatory Evidence,
Integration of Confirmatory Evidence, and Liberal Acceptance of Implausible Information).
None of these correlations reached significance with one-tailed tests (all p > .5) for the
patient or control groups.

Discussion

Although disregarding disconfirmatory evidence is an important aspect of delusion
maintenance in schizophrenia, it has never been firmly established whether patients
display a generalized bias against disconfirmatory evidence (BADE); that is whether a
BADE is restricted to specific delusions, or whether such a bias extends to other interactions
with the environment. In the present study, participants were presented with delusion-
neutral pictured scenes, and were asked to rate the plausibility of each of four written
interpretations. For each critical scene, two of these interpretations appeared tenable ini-
tially, but eventually proved to be inaccurate once clarifying background information was
presented. Our hypothesis that relative to nondelusional patients, delusional patients
would show a decreased change in plausibility ratings was supported for revealed-on-third
scenarios. Interpretation of the BADE finding was strengthened by the observation that on
these same scenarios, relative to non-delusional patients, delusional patients were not
impaired in their ability to integrate confirmatory evidence into their plausibility ratings.
This combination of results suggests that a BADE may contribute to delusion maintenance
in schizophrenia, and that differences between delusional and nondelusional patients on
BADE are unlikely to reflect a more generalized deficit in integration of information.

The failure of the BADE effect to differentiate significantly between delusional
and nondelusional patients on the revealed-on-second trials may be due to qualitative
differences between revealed-on-second and revealed-on-third trials. For example, on
revealed-on-third trials, the to-be-changed ratings were maintained for two pictures, but
were maintained for only one trial on revealed-on-second trials. This suggests that
association between BADE and delusions may be enhanced for beliefs that have been
strengthened by experience, or reinforced by additional evidence. The absence of a
patient group difference for the BADE effect on revealed-on-second trials may also be
attributable to the fact that one of the revealed-on-second trials (CAP) was excluded due to
validity concerns, possibly rendering this condition less powerful in terms of effect detection.
A related point that is reinforced by the trend towards the predicted pattern of results (see
Table 3, revealed-on-second trials for lure interpretations) is that because the nondelusional
group was relatively small (n = 16), power for finding medium sized effects was limited.

It is important to consider the nature of the cognitive deficit that may lead to a BADE.
Candidate levels for the impairment are attention, perception, recognition/attachment of
meaning to a percept (i.e., determination of disconfirmatory vs. confirmatory information),
or reasoning (i.e., integration of disconfirmatory and confirmatory information. The
first two stages (attention and perception) can be considered early information process-
ing, and the latter two stages (recognition of meaning and integration) can be considered
late information processing.
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A deficit at the perceptual level, with perception defined as construction of a
conscious percept from sense data prior to accessing meaning (Shallice, 1988, p. 188), is
unlikely, as the distinction between confirmatory and disconfirmatory evidence is not
“pre-meaning”, as are lines and curves to the perception of objects. A deficit at the level
of attention to disconfirmatory evidence does not fit the data well either, because, under
these circumstances, a reciprocal relationship between attention to confirmatory and
disconfirmatory evidence would be expected, such that reduced attention to disconfirmatory
evidence would lead to increased attention to confirmatory evidence; this reciprocity was
not observed (see Table 3, Lure vs. True interpretations). In addition, all patients were
required to demonstrate a full understanding of the presented story and its chronological
order (their spoken summary was recorded after the completion of each trial sequence)
prior to making their final ratings, thus minimizing the impact of attentional biases on
ratings.

We conceptualize BADE as occurring at the later stages of information processing,
either at the level of recognizing the disconfirmatory meaning of information, or at the
level of using this meaning to reason. Referring to the early Bayesean reasoning literature
(Fischoff & Beyth-Marom, 1983; Hemsley & Garety, 1986), the stages of information
processing that we are proposing as candidates for the BADE effect are (1) assessing
the likelihood ratio (recognition of the disconfirmatory nature of the information), or
(2) aggregation (integration of the disconfirmatory evidence for reasoning). For example,
in the CHASE scenario described previously, deluded patients may not recognize that a
man running away from a dog is disconfirmatory in relation to the “just built a fence for
his dog” interpretation (impaired recognition of meaning), or they may recognize this,
but not integrate this information in their reasoning and ratings. Our current data do not
allow us to distinguish between these two possibilities, although we can conclude that
integration of any type of information is not the impairment, due to the successful
integration of confirmatory evidence.

The higher overall plausibility ratings of absurd interpretations for all patients (regardless
of symptom profile) replicates the previously reported liberal acceptance effect (Moritz &
Woodward, 2004). The liberal acceptance account holds that a core disturbance associated
with schizophrenia is that initially more explanations are taken into consideration when
interpreting complex events, whereas healthy participants are more selective, and rule out
certain hypotheses more quickly. With respect to this finding, it is important to clarify
that patients’ ratings for True interpretations did not differ from those of controls, but
that this effect was restricted to scenarios that should be ruled out by “common sense”,
or prior knowledge. As has been presented in more detail elsewhere (Moritz & Woodward,
in press), the liberal acceptance account is a variant of the jumping to conclusions account put
forward by Garety and coworkers (e.g., Garety, Hemsley, & Wessely, 1991).

A limitation of this study was that the patient groups differed on symptomatology
other than delusions, such that the delusional group displayed more positive symptoms,
and the nondelusional group more negative symptoms (see Table 1). This raises concerns
that the group differences attributable to delusions may actually be attributable to other
symptoms (such as hallucinations), or to severity of illness. Given that performance in
crucial control conditions, general cognitive ability, and length of illness did not differ
between the delusional and nondelusional groups, it seems unlikely that the delusion-
related group difference on BADE would be attributable to differences in severity of
illness. Moreover, the regression analyses presented as evidence of specificity suggests
that BADE is associated with variance in delusions that does not overlap with variance in
hallucinations and thought disorder.
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An unexpected finding that resulted from the OLS regression suggested that increases
in thought disorder may be associated with decreased integration of confirmatory
evidence. A failure to up-rate true interpretations may suggest that the exact correct
interpretation of the scenario was not realized. Fast and far spreading semantic activation
is thought to underlie formal thought disorder (Moritz, Woodward, Küppers, Lausen &
Schickel, 2002), and this may lead to a failure in realizing and associating the semantic
concepts necessary for accurately interpreting potentially ambiguous scenarios.

The suggestion that a generalized cognitive bias may be associated with the pres-
ence of delusions contrasts with the classical perspective as represented, for example,
by Maher (1988, p. 22): “Hence the folk-clinical observation that delusional patients do
not readily abandon their theory in the face of critical contradictory evidence does not
indicate pathology of reasoning. It merely tells us that deluded patients are like normal
people — including scientists — who seem extremely resistant to giving up their pre-
ferred theories even in the face of damningly negative evidence.” More recently it was
suggested out that although cognitive biases are detectable in delusional patients, they
do not extend beyond delusional thinking (e.g., Chadwick & Lowe, 1994, p. 363). The
preliminary evidence presented here contributes to the literature suggesting that deluded
patients may demonstrate generalized cognitive biases that extend beyond delusion-rel-
evant material.
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