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Introduction

Delusions are defined as erroneous beliefs that involve a mis-
interpretation of perceptions or experiences and are held with 
high conviction despite clear contradictory evidence.1 In the 
past decades, these characteristics of delusional ideas have 
been conceptualized as resulting from disruptions in the nor-
mal cognitive processes for belief generation and evaluation.2 
Several such disruptions, or “reasoning biases,” have been 
shown to be associated with the presence of or vulnerability 
to delusions.3–8 One prominent construct refers to disturbed 
evidence gathering; patients with delusions display a 
jumping-to-conclusions thinking style (i.e., they make infer-
ences based on limited evidence).4,9 A second construct per-
tains to a certain incorrigibility, which manifests as disturbed 
integration of disambiguating or disconfirmatory evi-
dence7,10–12 and increased confidence in false judgments.13,14

Evidence gathering and incorrigibility have been shown to 
be largely independent from each other,15,16 though intercor

related to some extent.16,17 Interestingly, current work suggests 
that they respond differently to antipsychotic medication in 
clinical populations. The jumping-to-conclusions bias, for ex-
ample, does not appear to be affected by antipsychotic medi-
cation in a consistent manner,18–20 whereas overconfidence in 
errors has been suggested to improve with antipsychotic 
treatment.14,16,21 This issue is highly relevant to the treatment 
of psychotic disorders in light of the prominent account that 
delusions result from a dopaminergic dysfunction in the meso
limbic system.22 If delusion-associated reasoning biases are 
differentially affected by antipsychotic medication, it is possi-
ble that they represent different stages of delusion formation 
and/or maintenance, not all of which are dependent on the 
dopamine system. This latter point is of critical importance, 
because it suggests the possibility that there are additional loci 
of intervention in patients with delusions, different from (or 
complementary to) those targeted by antipsychotic medica-
tion. In the past years, there has been increased interest in the 
development of interventions specifically targeting cognitive 
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Background: Disturbances in evidence gathering and disconfirmatory evidence integration have been associated with the presence of or 
propensity for delusions. Previous evidence suggests that these 2 types of reasoning bias might be differentially affected by antipsychotic 
medication. We aimed to investigate the effects of a dopaminergic agonist (L-dopa) and a dopaminergic antagonist (haloperidol) on evi-
dence gathering and disconfirmatory evidence integration after single-dose administration in healthy individuals. Methods: The study used 
a randomized, double-blind, placebo-controlled, 3-way crossover design. Participants were healthy individuals aged 18–40 years. We ad-
ministered a new data-gathering task designed to increase sensitivity to change compared with traditional tasks. The Bias Against Disconfir-
matory Evidence (BADE) task was used as a measure of disconfirmatory evidence integration. Results: We included 30 individuals in our 
study. In the data-gathering task, dopaminergic modulation had no significant effect on the amount of evidence gathered before reaching a 
decision. In contrast, the ability of participants to integrate disconfirmatory evidence showed a significant linear dopaminergic modulation 
pattern (highest with haloperidol, intermediate with placebo, lowest with L-dopa), with the difference between haloperidol and L-dopa mar-
ginally reaching significance. Limitations: Although the doses used for haloperidol and L-dopa were similar to those used in previous 
studies, drug plasma level measurements would have added to the validity of findings. Conclusion: Evidence gathering and disconfirma-
tory evidence integration might be differentially influenced by dopaminergic agents. Our findings are in support of a dual-disturbance ac-
count of delusions and provide a plausible neurobiological basis for the use of interventions targeted at improving reasoning biases as an 
adjunctive treatment in patients with psychotic disorders.
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biases and, through them, positive symptoms.23,24 Research 
into the neurobiological bases of reasoning biases might help 
clarify the role of such interventions as an adjunct to medica-
tion in an integrated treatment of psychotic disorders.

Studies of antipsychotic effects on reasoning biases in pa-
tients with psychotic disorders are challenging in terms of 
implementation; the target patient population (acutely ill, 
antipsychotic-naive patients) is not always easily accessible, 
either because these patients avoid mental health services, or 
because antipsychotic drug treatment is initiated very quickly 
upon admission. Only 1 small study was able to investigate 
the jumping-to-conclusions bias in patients before and after 
treatment with antipsychotic medication.18 Additionally, neuro-
cognitive impairments that are typical for schizophrenia25 
might constitute a confounding factor, as they have been sug-
gested to contribute to reasoning biases.26,27 For these reasons, 
a previous study by our group28 used a complementary ap-
proach, investigating the effects of dopaminergic agonists 
(L-dopa) and antagonists (haloperidol) on delusion-associated 
reasoning biases in healthy individuals. We observed that, al-
though overconfidence in errors significantly decreased with 
haloperidol, dopaminergic agents had no effect on evidence 
gathering.28 However, the paradigm used to assess the latter 
was a variant of the classical beads task, a very simple task 
consisting of a single trial.29 Although the validity of this 
task has been repeatedly confirmed in patients with schizo-
phrenia,4 it is possible that its simplicity led to insufficient 
variance and/or practice effects30,31 that made it difficult to 
detect effects of single-dose medication in healthy individuals. 
Therefore, the present study investigated whether the pattern 
of differential dopaminergic modulation for data gathering 
and incorrigibility could be replicated using different assess-
ment measures: a new evidence-gathering task designed to 
maximize sensitivity to change and a disconfirmatory evidence 
integration task.

Methods

Participants and design

The present study was part of a larger project investigating 
the effects of dopaminergic agonists and antagonists on cogni-
tive functions associated with psychotic symptoms, such as 
semantic priming and reasoning biases. Participants were 
healthy individuals aged 18–40 years recruited through post-
ings on university recruitment sites. The sample size was cal-
culated based on effect sizes of a previous study by our 
group28 on dopaminergic modulation of reasoning biases, 
with which there was no participant overlap. Exclusion cri
teria were any past or current psychiatric or neurologic disor-
der, including substance use disorders; history of schizophre-
nia or bipolar disorder in a first-degree relative; history of 
craniocerebral trauma, arterial hypertension, cardiologic or 
serious medical conditions; pregnancy; or treatment with any 
psychotropic or other drugs. Eligibility for the study was con-
firmed by means of an interview. The study was approved by 
the Ethics Committee of the Medical Association Hamburg, 
and was performed in accordance with the Declaration of 

Helsinki ethical standards. All participants provided written 
informed consent before participating in the study.

To assess the effects of dopaminergic agents on reasoning 
biases, we used a randomized, double-blind, 3-way crossover 
design.28,32 In 3 successive visits, participants were adminis-
tered either 100 mg of L-dopa and 25 mg of benserazide, 2 mg 
of haloperidol, or placebo in randomized order and under 
double-blind conditions (see Andreou and colleagues28 for 
dose selection rationale). The 3 visits were separated by at least 
7 days to allow a complete wash-out of the drug with the 
longer half-time (haloperidol).33 In order to compensate for the 
different Tmax33 of haloperidol and L-dopa, we implemented a 
double-dummy design (Table 1). The testing session began at 
the time of maximal serum concentration of each drug and 
lasted 60 minutes at the maximum. Subjective psychological, 
somatic and motor (adverse) effects of the drugs were assessed 
through subjective ratings on a 42-item Likert scale at baseline, 
at the time of ingestion of the second capsule and after the end 
of the testing session; moreover, blood pressure and pulse 
were measured at 30-minute intervals. To assess the success of 
the blinding procedure, participants were asked to guess 
which substance they had received at the end of each session.

The present study did not include psychopathology assess-
ments. However, the effects of dopaminergic agents on psy-
chotic experiences were confirmed in a sample of healthy 
individuals participating in another study with the same 
design using a psychotic symptom self-rating scale (Appen-
dix 1, available at jpn.ca). 

Tasks and procedure

All tasks used were available in 3 parallel versions to minimize 
practice effects. The various versions of each task were pre-
sented in a fixed order across visits, while the order of drug 
administration was randomized. In this way, performance 
measures on each substance relied on data from all 3 parallel 
versions, thereby minimizing version-specific effects.

Evidence gathering
The Box Task is a new paradigm developed for the present 
study based on the Information Sampling Task of the 
CANTAB.34 The latter is a gambling task that assesses 
reward-related impulsivity and decision making. In the Box 
Task, elements related to the gambling dimension (feedback 
and monetary reward) have been removed to isolate the 
effects of data gathering to the best possible extent. In each 
trial, the participant is presented with a 5 × 5 array of grey 

Table 1: Double-dummy design of study drug administration. 
The 2 middle columns display the content of the 2 capsules 
ingested before the testing session.

Content of capsules

Administered 
substance t0 t1 (1.5 h after t0) t2 (2.5 h after t0)

Haloperidol Haloperidol Placebo Onset of testing session

L-dopa Placebo L-dopa Onset of testing session

Placebo Placebo Placebo Onset of testing session
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boxes on the screen that can be opened per mouse-click to 
reveal their colour (1 of 2 colors displayed on 2 large panels 
at the bottom of the screen; Fig. 1). The ratio of the 2 different 
colours (either 80:20 or 60:40) is displayed at the beginning of 
a trial and thereafter at the top of the screen throughout the 
trial. Participants are instructed to open as many boxes as 
they like before making a decision about which colour is in 
the majority in the current block and to indicate their deci-
sion by clicking on the corresponding coloured panel at the 
bottom of the screen. The task includes a total of 20 trials 
(10 per colour ratio), and the distribution of colours across 
boxes is randomized at each trial. This, in addition to the pos-
sibility of opening a total of 25 boxes, allows the Box Task 
greater flexibility than classical data-gathering paradigms re-
garding the presented sequences. The variable of interest was 
the mean number of draws to decision (i.e., mean number of 
boxes opened before choosing a colour).

To assess the validity of the new task, the Fish Task35 was 
used. The exact procedure has been described elsewhere.28 In 
summary, participants were shown 2 lakes containing red 
and blue fish: lake A with 60 red and 40 blue fish, and lake B 
with the reverse ratio. Ten fish were successively presented 
in a predetermined sequence; following each draw, partici-
pants were asked to indicate whether they had arrived at a 
decision regarding the origin of the fish (and, if so, which 
lake it came from) and to provide a probability rating as to 
the possibility that the fish originated from lake A (data not 
used in the present analysis). All drawn fish remained visible 
throughout the task to minimize working memory demands. 
The task was terminated after presentation of the final fish. 

The variable of interest was the number of draws to decision.
In view of studies showing higher probability ratings for 

fish matching the lake colour12 as well as lower probability 
thresholds to decision35 in patients with delusions, we also 
conducted subsidiary analyses on these variables. Because 
such ratings were available only for the Fish Task, the results 
of these analyses (all negative) are reported in Appendix 1.

Disconfirmatory evidence integration
The Bias Against Disconfirmatory Evidence (BADE) task8 
(adapted from Woodward and colleagues10) consists of the pre-
sentation of initially ambiguous scenarios that are gradually dis-
ambiguated. Each trial begins with an ambiguous statement, 
followed by 2 further statements that provide disambiguating 
information. Four possible interpretations are provided for the 
scenario (the true interpretation, 1 absurd interpretation and 
2 plausible lures). After each statement, the participant is re-
quired to provide probability ratings for each of the 4 interpreta-
tions on a visual analogue scale from 0 to 10 and indicate 
whether they have reached a decision regarding the true inter-
pretation. The task consists of 16 experimental trials, in which 
the initial statement favours 1 of the lure interpretations, while 
the 2 following statements gradually deliver evidence in favour 
of the true interpretation. Eight further control items, in which 
the true interpretation is from the beginning the most plausi-
ble one, are included to mask the rationale of the paradigm and 
are not considered in the analyses. In the BADE task, successful 
integration of disconfirmatory evidence is reflected by a de-
crease of plausibility ratings for lure items after each successive 
statement; greater change scores indicate better integration of 

Fig. 1: Box Task. The participant can open boxes with a mouse-click to reveal their colour (indicated by arrows with a 
mouse symbol; different black and white patterns represent different colours). When the participant selects 1 of the 2 colour 
panels at the bottom of the screen (upper bent arrow, “choose”), the trial is terminated and a new trial begins.

“choose”

...

80:20
80:20

80:20
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evidence. Therefore, similar to previous studies, the variables of 
interest were changes in probability ratings for lure items fol-
lowing the 2 disambiguating statements (second and third) 
compared with the first statement.36

The 3 tasks were always presented in the same order (Box 
Task, BADE Task, Fish Task). To rule out performance differ-
ences owing to nonspecific effects of the drugs on attention, 
the d2-test, a letter-cancelation task with well-documented 
validity and excellent test–retest reliability,37 was also admin-
istered at each session.

Participants were paid a total of 80€ (or 40€ plus course 
credit for students) for their participation in the study, or a 
proportional amount in case of drop-out before all 3 sessions 
were completed.

Statistical analysis

To assess the validity of the Box Task, we correlated partici-
pant performance (mean number of boxes opened) to the 
number of draws-to-decision in the Fish Task. Because there 
was more than 1 observation per participant, we calculated 
correlation coefficients both between-subjects (assessing 
whether individuals with high values in one variable also 
displayed high values in another), and within-subjects (as-
sessing whether increase of one variable within a participant 
was associated with increase in another variable), according 
to the procedures proposed by Bland and Altman.38,39 We as-
sessed test–retest reliability for both the Fish Task and the 
Box Task with the intraclass correlation coefficient (ICC).

Preliminary analyses (repeated-measures analyses of vari-
ance [ANOVA]) indicated practice effects in all tasks. In the 
data-gathering tasks, significant main effects of session (Fish 
Task: F2,58 = 5.018, p = 0.01; Box Task: F2,58 = 3.187, p = 0.05) indi-
cated a decrease of draws to decision from the first to the 
second session; this effect was somewhat more pronounced in 
the 60:40 condition in the Box Task [session × ratio interaction 
F2,58 = 2.566, p = 0.09). In the BADE task, there was also some 
evidence of practice effects; the session × statement interaction 
was not significant (F4,116 = 1.700, p = 0.16), but a significant 
quadratic contrast (F1,29 = 7.880, p = 0.01) indicated that in the 
third session initial ratings for lure items (i.e., following the 
first statement) were lower than for the first session. For the 
above reason, statistical analyses were conducted using linear 
mixed models, which allowed simultaneous assessment of 
both time (session) and substance effects. Linear mixed mod-
els carry additional advantages compared with traditional 
repeated-measures designs, as they can accommodate depar-
tures from the assumptions of homogeneity of regression 
slopes and independence and thus are better suited to model 
interindividual variability.40,41

For the evidence-gathering tasks, the dependent variable 
was the mean number of draws to decision. The linear mixed 
models included the predictors substance (haloperidol, L-dopa, 
or placebo), session (first, second, third) and, in the case of the 
Box Task, ratio (60:40 or 80:20); substance and ratio were mod-
elled as repeated-measures predictors. The interactions of ratio 
× session and ratio × substance were originally also included 
as predictors, but were removed again as they were nonsignifi-

cant. For the BADE task, the dependent variable was change in 
plausibility scores for lure items following the second and 
third statement of the scenario. Predictors were substance, ses-
sion and statement (second, third); substance and statement 
were modelled as repeated-measures predictors. To adjust for 
the impact of the initial belief strength on belief change, initial 
plausibility ratings (which, as detailed above, differed across 
sessions) were used as a covariate, in accordance with previ-
ous studies.11,36 Participant ID was entered as a random factor 
in all models. We determined the optimal covariance structure 
for each linear mixed model using goodness-of-fit criteria 
(Akaike’s information criterion). Significant substance effects 
were followed-up with post-hoc pairwise comparisons. We 
applied the Bonferroni correction to correct for multiple com-
parisons; adjusted p values (corresponding to observed 
p values × number of comparisons) are reported. In addition, 
polynomial contrasts were conducted to investigate the hy-
pothesis that participant performance would show a linear 
trend from haloperidol (lowest bias) to placebo to L-dopa 
(highest bias).

Results

We included 30 healthy individuals aged 18–40 years (13 men, 
mean age 25.1 ± 5.66 yr) in our analyses. All 30 participants 
completed all 3 testing sessions. There were no significant 
differences among the 3 substances in d2-scores (F2,58 = 1.534, 
p = 0.22) in a repeated-measures ANOVA with substance as the 
within-subjects factor. A 3 (substance) × 3 (time: baseline, inges-
tion of second capsule, end of testing session) analysis showed 
no significant differences regarding adverse effects (main effect 
of substance: F2,54 = 2.113, p = 0.15; time × substance interaction: 
F4,108 = 0.669, p = 0.46). There were no drop-outs and no prema-
ture session terminations owing to adverse effects. There was 
also no association between ingested and guessed substance 
(c2

6 = 5.67, p = 0.46). Performance patterns for each substance 
and task are presented in Figure 2 and Figure 3.

Box Task validity and reliability

Between-subjects analyses showed that number of draws to 
decision in the Fish Task (60:40 ratio) correlated significantly 
with the mean number of draws to decision in the 60:40 con-
dition of the Box Task (r = 0.451, p = 0.012), but not with the 
80:20 condition of the Box Task (r = 0.231, p = 0.22). Within 
participants, Fish Task performace significantly correlated 
with both the 60:40 (r = 0.296, p = 0.012) and the 80:20 (r = 0.266, 
p = 0.040) condition of the Box Task. Test–retest reliability was 
excellent for both conditions of the Box Task (60:40 condition: 
ICC 0.770, 95% confidence interval [CI] 0.626–0.873, F = 11.056, 
p < 0.001; 80:20 condition: ICC 0.786, 95% CI 0.649–0.883, F = 
12.016, p < 0.001) and adequate for the Fish Task (ICC 0.507, 
95% CI 0.291–0.701, F = 4.088, p < 0.001).

Effects of dopaminergic modulation

In the Fish Task, there was a significant effect of session 
(F2,48.62 = 3.564, p = 0.036), but no significant effect of substance 
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(F2,38.34 = 1.087, p = 0.35) (mean differences: haloperidol v. 
placebo 0.830, 95% CI –0.639 to 2.299; L-dopa v. placebo 
0.431, 95% CI –0.708 to 1.571; haloperidol v. L-dopa 0.398, 
95% CI –1.031 to 1.828).

Session was also significant in the case of the Box Task 
(F2,92.86 = 3.271, p = 0.042), as was ratio (there were significantly 
more draws to decision in the 60:40 than in the 80:20 condition 
[F1,43.96 = 223.886, p < 0.001]), but not substance (F2,67.89 = 1.877, 

p = 0.16). Mean differences for pairwise comparisons between 
substances were as follows: haloperidol versus placebo –0.055, 
95% CI –0.788 to 0.679; L-dopa versus placebo 0.660, 95% CI 
–0.270 to 1.590; haloperidol versus L-dopa –0.715, 95% CI 
–1.689 to 0.259 (all CIs based on Bonferroni correction).

In the BADE Task, there was a significant effect of sub-
stance (F2,80.87 = 3.568, p = 0.033); a significant linear effect was 
observed (t = 2.436, p = 0.017) indicating a gradual increase in 
disconfirmatory evidence integration capacity from L-dopa 
to placebo to haloperidol, while the quadratic effect was not 
significant (p = 0.34). Post hoc pairwise comparisons with 
Bonferroni correction indicated that changes in probability 
ratings for lure items were more pronounced for haloperidol 
than L-dopa at a level of marginal significance (mean differ-
ence 0.200, 95% CI –0.001 to 0.401, Bonferroni-corrected p = 
0.05). There were no significant differences between placebo 
and the other 2 substances (haloperidol v. placebo: mean dif-
ference 0.166, 95% CI –0.025 to 0.358, corrected p = 0.11; pla-
cebo v. L-dopa: mean difference 0.034, 95% CI –0.170 to 0.237, 
corrected p = 0.99). The main effect of statement (F1,94.32 = 
598.027, p < 0.001) and the initial probability rating entered as 
a covariate (F1,74.45 = 66.751, p < 0.001) were also significant.

Discussion

The present study investigated the effects of dopaminergic 
manipulation on 2 conceptually distinct delusion-associated 
reasoning biases pertaining to evidence gathering and incorri-
gibility. Single-dose haloperidol, L-dopa and placebo were 
administered to healthy participants within a randomized, 
double-blind, 3-way crossover design. In accordance with our 
previous results,28 data gathering was not affected by dopa
minergic agents. In contrast, the ability of participants to 
integrate disconfirmatory evidence showed a significant lin-
ear dopaminergic modulation pattern (highest with haloperi-
dol, intermediate with placebo, lowest with L-dopa), with the 
difference between haloperidol and L-dopa marginally reach-
ing significance. These results suggest successful modulation 
of disconfirmatory evidence integration when dopaminergic 
transmission was enhanced compared with when it was de-
creased from normal levels, consistent with our hypothesis 
and our previous results regarding overconfidence in errors.

With regard to evidence gathering, our findings corrobor
ate those of previous studies that have failed to find signifi-
cant changes following administration of psychotomimetic 
substances directly or indirectly associated with the dopa-
mine system, such as ketamine42 and methamphetamine.43 
Interestingly, another study noted more cautious behaviour 
(i.e., increased number of draws to decision) in the Informa-
tion Sampling Task in healthy participants after administra-
tion of pramipexole, a D2/D3 dopamine receptor agonist.44 
Given the well-established association between reward pro-
cessing and the dopamine system,45 the fact that the Informa-
tion Sampling Task entails an explicit reward dimension that 
is absent in the Box Task might account for the differences 
between these 2 studies.

The 2 investigated reasoning biases could not be assessed 
in the context of a single task, such that it was not possible to 

Fig. 2: Performance in the Box Task and the Fish Task (draws to 
decision) depending on substance and (for the Box Task) on colour 
ratio. Error bars represent 95% confidence intervals.

Ratio
80:20
60:40

M
ea

n 
dr

aw
s 

to
 d

ec
is

io
n

 
M

ea
n 

dr
aw

s 
to

 d
ec

is
io

n
 

20.00 

15.00 

10.00 

5.00 

0.00 

20.00 

15.00 

10.00 

5.00 

0.00 

F
ish T

ask 
B

ox T
ask 

Haloperidol L-dopa Placebo 

Fig. 3: Mean change in probability ratings for lure items following 
the second and third statements of Bias Against Disconfirmatory 
Evidence (BADE) task scenarios, for each of the 3 substances. 
Bars represent the difference from baseline (first BADE statement). 
Error bars represent 95% confidence intervals.

–4.00 

–3.00 

–2.00 

–1.00 

0.00 2 
3 

sc
or

e 
fr

om
 1

st
 B

A
D

E
 s

ta
te

m
en

t)
 

M
ea

n 
pr

ob
ab

ili
ty

 r
at

in
g 

ad
ju

st
m

en
t (

di
ffe

re
nc

e 

Substance 
Haloperidol Placebo L-dopa Scenario 

statement 



Dopamine effects on evidence gathering and integration

	 J Psychiatry Neurosci 2015;40(6)	 427

directly assess interactions between the factors substance and 
bias type (i.e., incorrigibility v. jumping-to-conclusions bias). 
Still, the present results suggest that different reasoning 
biases are differentially associated with dopaminergic pro-
cesses. This conclusion is of some consequence for the treat-
ment of patients with psychotic disorders, as it opens the 
way for research into additional treatment approaches that 
are not dependent on dopamine system modulation. For 
example, reasoning biases are amenable to specific cognitive 
interventions;23,24 hence, it is possible that such interventions 
might have an independent and/or complementary effect to 
that of antipsychotic medication when treating patients with 
psychotic disorders. Indeed, it has been shown that interven-
tions that explicitly address reasoning biases lead to signifi-
cantly greater reductions in delusional severity and/or con-
viction23 when applied as an adjunct to pharmacological 
treatment compared with antipsychotic treatment alone.

Research into the neurobiological substrates of reasoning 
biases might help refine psychopathological models of psych
osis. A considerable amount of evidence suggests that dysregu-
lated dopaminergic activity results in psychotic symptoms 
through disturbed information processing within the reward 
system, which leads to a state of aberrant allocation of salience 
to random stimuli.46 Early accounts proposed that delusion-
associated reasoning biases are simply a result of this state of 
aberrant salience.47 Our findings suggest that this might be the 
case for incorrigibility, but not for evidence gathering. Emer
ging neuroimaging evidence supports this distinction. Subjec-
tive response confidence in the context of difficult tasks48 and 
prediction errors on subjective confidence tasks49 have been as-
sociated with activations in the ventral striatum (a part of the 
reward system). It has also been suggested that the latter acti-
vations reflect self-generated dopaminergic signals that as-
sume the role of feedback in the absence of an external out-
come.49 In contrast, a core feature of the jumping-to-conclusions 
bias, the willingness to seek more information, was associated 
with activations of the inferior parietal cortex,50 a region not re-
lated to the reward/salience system. These findings are best ac-
counted for by a “dual-disturbance” theory of delusions,2 sug-
gesting that delusions result from the combined effect of 
2 distinct types of cognitive disturbance — 1 leading to the 
generation of an implausible thought and 1 contributing to the 
uncritical acceptance of this thought. These 2 cognitive distur-
bances could correspond to aberrant salience and disturbed evi-
dence gathering, respectively. Indirect evidence from studies in 
patients with schizophrenia also points to a dissociation between 
the jumping-to-conclusions bias and aberrant salience.18,51 How-
ever, the exact association between salience and reasoning 
biases remains to be assessed in future studies.

Limitations

Certain limitations of the study need to be acknowledged. 
First, drug plasma-level assessments were not possible. 
However, the drug doses used were similar to previous 
studies of dopaminergic modulation,52,53 and the same doses 
had produced the expected results in an indirect validity 
check in our previous study.28 Second, it should be pointed 

out that the psychotic state includes several changes in 
dopaminergic system function,54 which cannot be fully 
approximated by single-dose administration of dopamin
ergic substances to healthy individuals. As a related point, 
the observed changes in disconfirmatory evidence integra-
tion after administration of L-dopa in this study may have 
been in the expected direction, but it is not certain that 
their extent was similar to the impairment reported in delu-
sional patients, as the present study did not include a com-
parison to a demographically matched patient group. 
Moreover, although single-dose administration of haloper-
idol and L-dopa led to the expected changes on a self-rated 
scale of psychotic experiences in another sample of healthy 
individuals (Appendix 1), no such ratings were available for 
the present sample, making it difficult to draw any parallels 
between dopaminergic modulations of reasoning biases and 
symptoms. It should also be noted that, although compari-
sons of the 2 evidence-gathering tasks support the validity 
of the Box Task, there are as yet no data on the performance 
of patients with delusions compared with healthy controls 
on this task. Thus, although single-dose administration of 
dopaminergic substances in healthy individuals provides 
useful insights into the association of reasoning biases with 
dopaminergic activity, uncritical generalizations of findings 
to clinical populations are unwarranted.

Conclusion

The present study was able to replicate previous results, sug-
gesting that reasoning biases pertaining to evidence gathering 
and incorrigibility are differentially influenced by dopaminer-
gic modulation in healthy participants. This finding supports a 
dual-disturbance account of delusions and provides a plausi-
ble neurobiological basis for the use of interventions targeted 
at improving reasoning biases as an adjunctive treatment in 
patients with psychotic disorders.
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