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Human thinking is often biased by intuitive beliefs. Inhibition of these tempting beliefs is
considered a key component of human thinking, but the process is poorly understood. In
the present study we clarify the nature of an inhibition failure and the resulting belief bias
by probing the accessibility of cued beliefs after people reasoned. Results indicated that
even the poorest reasoners showed an impaired memory access to words that were asso-
ciated with cued beliefs after solving reasoning problems in which the beliefs conflicted
with normative considerations (Experiment 1 /a\nd 2). The study further established that
the impairment was only temporary in nature (Experiment 3) and did not occur when peo-
ple were explicitly instructed to give mere intuitive judgments (Experiment 4). Findings
present solid evidence for the postulation of an inhibition process and imply that belief bias
does not result from a failure to recognize the need to inhibit inappropriate beliefs, but
from a failure to complete the inhibition process. This indicates that people are far more

logical than hitherto believed.

© 2009 Published by Elsevier B.V.

1. Introduction

Human beings sometimes give the impression of being
irrational. Consider, for example, people’s puzzling prefer-
ence for bottled water over tap water (Standage, 2005).
Americans alone spend around $10 billion on bottled water
each year. Although people cannot tell the difference be-
tween tap and bottled water in blind tastings, most of us
nevertheless prefer to buy the bottled version. Water in a
good-looking, sealed container seems to be automatically
associated with purity and cleanliness. Although water
from municipal water supplies is actually more stringently
monitored and tightly regulated, people believe it is more
likely to be contaminated. Despite numerous municipal
projects promoting the benefits of tap water it seems hard
for people to suppress the idea that bottled water is safer.
Consequently, people keep on spending their money on the
more expensive, more environmentally wasteful bottled
alternative.

* Corresponding author. Tel.: +32 16 326143; fax: +32 16 326099.
E-mail address: Wim.Deneys@psy.kuleuven.be (W. De Neys).

0010-0277/$ - see front matter © 2009 Published by Elsevier B.V.
doi:10.1016/j.cognition.2009.07.009

Scientific studies on reasoning and decision making
confirm people’s difficulty with discarding inappropriate
beliefs. Over the last 50 years hundreds of studies have
shown that in a wide range of reasoning tasks most edu-
cated adults fail to give the answer that is correct accord-
ing to logic or probability theory. People seem to qver-
rely on intuitive gut feelings and stereotypical beliefs in-
stead of on more demanding, deliberate reasoning when
making decisions (Evans, 2003; Kahneman & Tversky,
1973; Sloman, 1996). Although this intuitive or so-called
‘heuristic’ thinking might sometimes be useful, it will often
cue responses that conflict with more normative consider-
ations. Just as in the bottled water example, it is assumed
that sound reasoning in these cases requires that people
temporarily suppress their intuitive beliefs and refrain
from taking them into account. Such a belief inhibition
plays a key role in theories of reasoning, decision-making,
and social cognition and is considered one of the most fun-
damental higher-order cognitive abilities (e.g., Evans,
2008; Houdé, 1997, 2007; Stanovich & West, 2000).

Despite the popularity of the belief inhibition cla/i\m, itis
surprising to note that the basic processing characteristics

part. Cognition (2009), doi:10.1016/j.cognition.2009.07.009

Please cite this article in press as: De Neys, W., & Franssens, S. Belief inhibition during thinking: Not always winning but at least taking

20
21
22
23
24
25
26
27
28
29
30
31
32
33

34

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75


http://dx.doi.org/10.1016/j.cognition.2009.07.009
mailto:Wim.Deneys@psy.kuleuven.be
http://www.sciencedirect.com/science/journal/00100277
http://www.elsevier.com/locate/COGNIT
http://dx.doi.org/10.1016/j.cognition.2009.07.009
Original text:
Inserted Text
& 

Original text:
Inserted Text
overrely 

Original text:
Inserted Text
)


76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

136

COGNIT 2010
6 August 2009

No. of Pages 17, Model 3G

2 W. De Neys, S. Franssens/ Cognition xxx (2009) XxX—Xxx

have hardly been examined. A crucial case in point is the
nature of an inhibition failure. At least two different views
can be contrasted. People might be biased because they are
not aware that their beliefs conflict with more normative
considerations and consequently do not even initiate an
inhibition process (e.g., Ehrlinger, Johnson, Banner, Dun-
ning, & Kruger, 2008; Kahneman, 2002). Alternatively,
one might suggest that people do detect that cued intuitive
beliefs are unwarranted and attempt to inhibit their be-
liefs, but simply fail to complete the process. The point is
whether belief bias arises because of a failure to engage
in an inhibition process or because of a failure to complete
it. The answer to this question has far stretching implica-
tions for claims about human rationality (e.g., see De Neys,
2006a). Bluntly put, the first view suggests that people do
simply not realize that their response is wrong. Reasoners
would not know that their beliefs conflict with traditional
logical or probabilistic norms or would not consider these
norms to be relevant. The second view, however, implies
that people’s errors are less ignorant. If people actively
try to block the belief-based response, this suggests that
they know that it is not fully warranted and try to do
something about it. This sketches a less bleak picture of
human rationality. Not everybody might manage to win
the inhibition struggle, but everybody would at least be
taking part and try to adhere to the norms.

Based on the available reasoning data it is hard to de-
cide between the different failure views (Evans, 2007,
2008). Much publicity has been given, for example, to re-
cent brain-imaging studies showing that successfully over-
coming belief bias during reasoning activates a specific
region of the frontal lobes (i.e., the lateral prefrontal cortex,
e.g., De Martino, Kumaran, Seymour, & Dolan, 2006; De
Neys, Vartanian, & Goel, 2008; Goel & Dolan, 2003; Houdé
et al., 2000; Prado & Noveck, 2007; Sanfey, Rilling, Aron-
son, Nystrom, & Cohen, 2003). This same region is also in-
volved in responding to basic cognitive control tasks in
which inhibition of a habituated, erroneous response is
paramount (e.g., Aron, Robbins, & Poldrack, 2004).
Although such studies are important to localize the
brain-regions that are involved in sound reasoning, they
do not help us to draw strong conclusions about the nature
of the inhibition failure. An insufficient recruitment of the
speciﬁc/lgrain-areas that mediate the inhibition process fits
both with the engagement failure and the completion fail-
ure view. In a similar vein, individual differences studies
have shown that people highest in cognitive capacity
(i.e., participants with high IQ’s or working memory spans)
manage to overcome belief bias and reason in line with
normative standards (e.g., De Neys, 2006a; De Neys & Ver-
schueren, 2006; Newstead, Handley, Harley, Wright, &
Farrelly, 2004; Stanovich & West, 2000). Although such
findings suggest that belief inhibition is a demanding pro-
cess, they do not show us why people fail to inhibit. It
might be that bad reasoners lack sufficient resources to
complete the inhibition process or it might be that people
with insufficient cognitive resources are simply not aware
that inhibition is required.

A closer look at the belief inhibition studies in the rea-
soning field points to an even deeper problem. Evidence for
the role of an inhibition process is typically quite indirect.

The brain-imaging and individual differences studies, for
example, do not show us that people actually discard their
beliefs. They indicate that the postulated belief inhibition
process is demanding and activates a brain region that is
activated when people need to withhold prepotent re-
sponses, but this does not imply that the cued erroneous
beliefs were actually blocked. This point is not trivial. In
our opinion, a lot of the explanatory power and popularity
of the belief inhibition claim rests on the analogy with clas-
sic findings in the memory field. It is well established in
memory studies that when people have to suppress un-
wanted thoughts or actively neglect information, access
to this information will be distorted (e.g., MacLeod, Dodd,
Sheard, Wilson, & Bibi, 2003; Neill, 1997; Tipper, 1985).
The inhibition concept basically refers to this temporary
inaccessibility of initially discarded information. Reasoning
theories assume that people go through a similar informa-
tion discarding process during reasoning. However, in con-
trast with the memory studies, we are lacking any direct
evidence with respect to the crucial impact of the postu-
lated inhibition process on the accessibility of the beliefs.
The present study will address this shortcoming. We adopt
a classic procedure from the memory literature to probe
the accessibility of cued beliefs after people engage in a
reasoning task. The findings will provide a more solid
ground for the postulation of a belief inhibition process
during thinking and will help us to clarify the nature of
an inhibition failure.

At this point one might note that there is some contro-
versy in the memory field with respect to the theoretical
status of the inhibition concept. It is debated whether an
observed temporary inaccessibility of a memory trace en-
tails that the information was simply tagged as inappropri-
ate or literally deactivated at the neural level (see MacLeod
et al., 2003, for a review). Some memory researchers have
suggested that the inhibition label should only be used to
refer to an actual neural deactivation. The present study
does not speak to this issue. Both views imply that people
have previously tried to disregard the impaired informa-
tion. It is precisely such a discarding process that reasoning
and decision making researchers traditionally envisage
when referring to belief inhibition. We use the traditional
label belief inhibition to refer to this postulated discarding
process during reasoning. The key question for reasoning
and decision-making theories is whether we can demon-
strate that this postulated process impairs the accessibility
of cued beliefs.

To test our hypotheses we first presented participants
with classic reasoning problems in which intuitive beliefs
and logical or probabilistic considerations conflicted or
not (i.e., conflict and no-conflict problems). In the conflict
problems sound reasoning required that people inhibited
a cued belief-based response. In the no-conflict or control
problems such inhibition was not required since beliefs
and normative considerations cued the same response.
For example, in one study we asked participants to evalu-
ate the validity of deductive syllogisms. Intuitively, people
will be tempted to base their response to these problems
on the believability of the conclusion. In the conflict ver-
sions this is problematic because the believability of the
conclusion conflicts with its logical status (e.g., an invalid
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syllogism with a believable conclusion). Consider the fol-
lowing example: “All flowers are plants. Roses are plants.
Therefore, roses are flowers”. Although the conclusion in
the example is logically invalid and should be rejected,
intuitively many people will nevertheless tend to accept
it because it fits with their prior beliefs. Sound reasoning
requires that this belief-based thinking is temporarily dis-
carded. However, on no-conflict versions the believability
of the conclusion was consistent with its logical status
(e.g., an invalid syllogism with an unbelievable conclu-
sion). Consider the following example: “All fruit can be ea-
ten. Hamburgers can be eaten. Therefore, hamburgers are
fruit”. Both a priori beliefs and logical considerations will
tell participants to reject the conclusion. In this case there
is no conflict and no need to inhibit the cued beliefs. Accu-
racy on such control problems is typically uniformly high.

In the present study we always presented participants
with a lexical decision task after they had solved a reason-
ing problem. In a lexical decision task participants have to
determine whether a string of presented letters is a word
or not (Meyer & Schvaneveldt, 1971). In our study, half of
the strings that were presented were non-words (e.g.,
“braxzl”). Half of the presented words were so-called ‘tar-
get’ words that were closely related to the beliefs that were
cued in the reasoning task (e.g., “rose” or “hamburger”).
The other half of the words were completely unrelated to
the cued beliefs (e.g., “pencil”). The time people need to de-
cide whether a string is a word or not allows us to test the
inhibition claims. The classic memory studies established
that neglecting specific thoughts or information distorts
recall of this information (e.g., MacLeod et al., 2003; Neill,
1997; Tipper, 1985). If people go through a similar infor-
mation discarding process during reasoning, putting your
beliefs aside during reasoning should also hinder subse-
quent recall of these beliefs: After belief inhibition, mem-
ory access to cued beliefs and associated knowledge
should be temporarily impaired. However, people do not
need to inhibit their beliefs on the no-conflict problems.
Consequently, if people really attempt to discard their be-
liefs when solving conflict problems, one expects to see
longer lexical decision times on the target words after con-
flict than after no-conflict problems.

The crucial question with respect to the nature of the
inhibition failure concerns the lexical decision perfor-
mance of people who typically fail to solve the conflict
problems correctly. If people err because they do not de-
tect that their beliefs are erroneous and fail to initiate an
inhibition process, then their recall should not be distorted.
However, if everybody always engages in an inhibition
process, then lexical access to target words after presenta-
tion of a conflict problem should be impaired whether or
not the participant managed to solve the reasoning prob-
lems correctly.

We tested the predictions with two infamous reasoning
tasks. In Experiment 1 participants were presented with
deductive syllogisms whereas participants in Experiment
2 reasoned about problems that were modeled after the
classic base-rate neglect problems (I(ah/ﬁeman & Tversky,
1973). In these probabilistic judgment problems a belief-
based response cued by a stereotypical personality descrip-
tion can conflict with the normative response cued by con-

sideration of the base-rates in a sample. We specifically
selected these two tasks because they instigated much of
the debate on human (ir)rationality. Consistency of the
findings across different reasoning tasks will give us an
indication of the generality of the results. In Experiment 3
and 4 the findings will be validated further. Experiment 3
examines whether the predicted impaired memory access
is temporary in nature. Experiment 4 tests whether the im-
paired access disappears when reasoning task instructions
take away the need to engage in belief inhibition.

2. Experiment 1
2.1. Method

2.1.1. Participants

A total of 96 undergraduates studying at the University
of Leuven (Belgium) participated in return for course cred-
it. All participants were native Dutch speakers.

2.1.2. Material

Reasoning task: The syllogistic reasoning task was based
on the work of Sa, West, and Stanovich (1999) and Marko-
vits and Nantel (1989). Participants evaluated eight condi-
tional syllogisms. Four of the problems had conclusions in
which logic was in conflict with believability (i.e., conflict
problems, two problems with an unbelievable-valid con-
clusion, and two problems with a believable-invalid con-
clusion). For the other four problems the believability of
the conclusion was consistent with its logical status (i.e.,
no-conflict problems, two problems with an unbelievable-
invalid conclusion, and two problems with a believable-va-
lid conclusion). The following item format was adoptedy,

All fruits can be eaten.
Hamburgers can be eaten.

Therefore, hamburgers are fruits.

1. The conclusion follows logically from the premises.
2. The conclusion does not follow logically from the
premises.

A complete overview of all eight problems can be found in
the Appendix A.

Lexical decision task: After each problem a total of 24 let-
ter strings was presented. Participants indicated whether
the string was a word or not by pressing one of two re-
sponse keys. Half of the letter strings were non-words,
the other half were Dutch words. Six of the presented
words were target words that were closely related to the
beliefs that were cued in the reasoning task. Targets were
core words from the conclusion or strongly associated
words. The other six words were completely unrelated to
the beliefs that the conclusion referred to.!

! Note that target words will always be recognized faster than unrelated
words because the mere presentation of the reasoning problem will prime
the related target words. Despite the general priming, the crucial prediction
remains that if the information in the conclusion is inhibited in case of a
conflict, accessing the target words should take longer after solving conflict
vs. no-conflict problems.
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All words were selected with the help of a Dutch word
association index (De Deyne & Storms, 2008). After we had
constructed an initial list of target and unrelated words
two raters were asked to validate the classifications. In
the few cases that judgments diverged the specific word
was replaced with an alternative that all parties could
agree on. A complete overview of the selected words can
be found in the Appendix A.

The crucial prediction concerns the lexical decision time
for target words after solving conflict versus no-conflict
problems. Clearly, different target words were used in
the lexical decision tasks for conflict and no-conflict prob-
lems. To establish that there were no a priori lexical differ-
ences between the selected target words for conflict and
no-conflict problems, these words were included as a sub-
set of the stimuli in an unrelated lexical decision study. In
this pilot study the lexical decision task was not preceded
by a reasoning task. A total of 79 participants evaluated the
words. Results showed that the lexical decision times of
the target words for conflict (M =593 ms, SE=8.61) and
no-conflict (M = 591 ms, SE = 8.69) problems did not differ,
F(1,78) < 1.

2.1.3. Procedure

Participants were tested in small groups. Participants
were first familiarized with the fask-format. They were
shown an example of a reasoning problem and practiced
the lexical decision task. It was clarified that in the actual
experiment both tasks would always alternate. Partici-
pants received standard deductive reasoning instructions
that stressed that the premises should be assumed to be
true, and that a conclusion should be accepted only if it fol-
lowed logically from the premises. The eight reasoning
problems were presented in random order. We used a se-
rial presentation format for the syllogistic reasoning task
(e.g., Goel & Dolan, 2003). First, each premise was pre-
sented for 3 s. After 6s the conclusion and response op-
tions appeared. The complete problem remained on the
screen until participants entered their response. Average
response time in the present experiment was 6.1s
(SD =2.9). Hence, each reasoning trial lasted about 12 s.

The lexical decision trials started after the response on
the reasoning problem was entered. The 24 strings that
had been selected for that problem were presented in ran-
dom order. Words were presented in the center of the
screen and participants were instructed to respond as

quickly as possible while avoiding errors. A fixation cross
was presented for 500 ms before each word was presented.
After the lexical decision trials the experiment was briefly
paused until the participant was ready to continue with
the next reasoning problem.

2.2. Results

Reasoning task: Participants’ performance on the rea-
soning task was as expected. People were typically biased
when cued beliefs and logic conflicted. Overall, correct re-
sponse rates reached 53% on the conflict problems and 87%
on the no-conflict problems, F(1, 95)=78.17, p <.0001,

2 = 45. As Table 1 shows, no-conflict problems were also
solved faster than conflict problems, F(1,95) = 9.3, p <.003,
;112, =.09. These results closely replicate the findings in pre-
vious studies with similar syllogistic reasoning problems
(e.g., De Neys, 2006a; Markovits & Nantel, 1989).

Lexical decision task: The central question concerned
participants’ lexical decision performance. Incorrect classi-
fications of the letter strings were infrequent (less than 6%
error rate across all trials) and where they did occur they
were excluded from the analysis. Our main focus was the
lexical decision time for target words that were associated
with the beliefs that had been cued in the reasoning task.
We also entered the lexical decision times for unrelated
words in the analysis. These data were submitted to a 2
(problem type: conflict or no-conflict) x 2 (word type: tar-
get or unrelated) repeated measures ANOVA.

Results showed that there was a main effect of the word
type factor, F(1, 95) = 155.7, p <.001, n; = .62. Not surpris-
ingly, lexical decisions were always faster for the target
words than for the unrelated words which had not been
primed during reasoning. More crucial was the main effect
of the problem type factor, F(1, 95) = 4, p <.05, r]f, =.04, and
its interaction with the word type factor, F(1, 95)=13.9,
p <.001, 2 = .13. Consistent with the claim that people in-
hibit their beliefs in case of a belief-logic conflict, simple
effect tests indicated that lexical decision times for be-
lief-related target words were longer after solving conflict
problems than after solving no-conflict problems, F(1,
95)=15.95, p <.001, 135 =.14. As Fig. 1 indicates, the lexical
decision times for unrelated words that had not been cued
during reasoning did not differ, F(1, 95) < 1. Hence, it is not
the case that memory access is generally impaired after
solving conflict problems. As one might expect, only the

Table 1

Reasoning accuracy (% correct) and response latencies (s) in the different experiments.
Task Accuracy Response time

Conflict No-conflict Conflict No-conflict

Syllogisms
Experiment 1 - standard 53% (3.6) 87% (1.5) 6.7 s (.53) 5.5 (.44)
Experiment 3 - delay 61% (3.8) 89% (1.6) 6.4 (.56) 5.85(.47)
Experiment 4 - instructions 9% (3.4) 97% (1.3) 4.4 s (.55) 2.85(.44)
Base-rates
Experiment 2 - standard 32%(3.5) 96% (1.4) 16.8 s (.52) 15.25 (.43)
Experiment 3 - delay 34% (3.8) 96% (1.6) 17 s (.56) 145 (.47)
Experiment 4 - instructions 23% (3.8) 96% (1.3) 15.15(.52) 13.7s (.42)

Note: Standard errors are shown in parentheses.
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Fig. 1. Average lexical decision time for words that were related (i.e.,
targets) and unrelated to cued beliefs after solving conflict and no-conflict
syllogisms. Error bars are standard errors.

access to words that were associated with conflicting be-
liefs was affected.

The above memory probing findings provide some of
the first memory-based support for the postulation of a be-
lief inhibition process during reasoning. However, they do
not yet clarify the nature of an inhibition failure. Although
average reasoning performance on the conflict problems
was low, some participants did perform well. It might be
suggested that these good reasoners are driving the ob-
served effect. The crucial question with respect to the nat-
ure of the inhibition failure concerns the lexical decision
performance of people who typically fail to solve the con-
flict problems correctly. To address this issue we compared
the lexical decision findings of the best and worst scoring
half of our participants (i.e., good and bad reasoners). If
people typically err because they do not detect that their
beliefs are erroneous and fail to initiate an inhibition pro-
cess, then bad reasoners should not show the impaired lex-
ical access after solving conflict problems. However, if
everybody always engages in an inhibition process, then
lexical access to target words after presentation of a con-
flict problem should be impaired whether or not the par-
ticipant managed to solve the reasoning problems.

Based on a median split of the reasoning performance
on the crucial conflict problems, participants who solved
more than 50% of the conflict problems correctly were
put in the good reasoners group (average score was 93%).

690

670
| Conflict

650 0O No conflict

630

610

590

Lexical decision time (ms)

570 T

bad reasoners good reasoners

Target words

Participant who scored 50% or less were put in the bad rea-
soners group (average score was 32%). This reasoning skill
factor (bad vs. good reasoners) was entered as a between-
subjects factor in the above 2 (problem type)x 2 (word
type) ANOVA on the lexical decision times. Results were
pretty straightforward. The skill factor, F(1, 94)=1.6,
p=.2, nor any of its interactions with the other factors in
the design reached significance [Word « Skill, F(1, 94) <1,
Problem yx Skill, F(1, 94)=2.4, p=.15 Word x Prob-
lem « Skill, E(1, 94) <1]. As Fig. 2 shows, both capacity
groups clearly showed the same standard pattern with
longer lexical decision times for target words after conflict
problems had been solved. As Fig. 2 suggests, if anything,
the increase even tended to be somewhat more pro-
nounced for the bad reasoners.

The median split analysis gave us a powerful test to ad-
dress the failure issue. However, in the bad reasoners
group there were still some reasoners who solved some
of the conflict problems correctly. Hence, an advocate of
the inhibition-engagement-failure view might still argue
that the engagement failure claim only concerns the very
weakest group of reasoners who fail to solve any of the
problems correctly. In this respect our “bottom half” selec-
tion criterion might have been too liberal. To eliminate
such a confound we repeated the analysis with a smaller
but more extreme capacity group. There were 18 partici-
pants in the present sample who failed to solve any of
the conflict problems correctly. Lexical decision data for
this group was compared with a group of 24 participants
who solved all conflict problems correctly. However, re-
sults were completely consistent with the first analysis.
Lexical decision times were not affected by reasoning skill
[main effect Skill, F(1, 40)=1.85, p=.18, Skill/\x Word, F(1,
40) <1, Skill x Problem, F(1, 40)=3.53, p=.07, Skill x
Problem/\x Word, f\(l, 40)<1].

Finally, a correlational analysis also indicated that the
observed impairment for the target words after solving
conflict problems (i.e., lexical decision time for target
words after conflict problems - lexical decision time for
target words after no-conflict problems) did not depend
on one’s reasoning performance on the conflict syllogisms,
r96)= —.19, p=.06. If only good reasoners were to show
the e{f\ect, the correlation should have been positive.

690
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bad reasoners good reasoners

Unrelated words

Fig. 2. Lexical decision times for the worst (bad reasoners) and best (good reasoners) scoring half of participants in Experiment 1. Error bars are standard

errors.
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2.3. Discussion

Consistent with the claim that people inhibit beliefs that
conflict with logical knowledge during reasoning we ob-
served that access to words associated with these beliefs
was distorted after reasoning. When beliefs cued a response
that was consistent with the logical status and inhibition
was not required, lexical decisions for target words were
made significantly faster than when beliefs and logic con-
flicted. All reasoners displayed this memory distortion after
solving conflict problems. This suggests that even the poor-
est reasoners were at least trying to fight the biasing beliefs.

Given that we may assume that good reasoners are
more successful at the inhibition, one might wonder why
the observed distortion was not more pronounced for good
than for bad reasoners. It is paramount to note here that
our procedure only allows us to make a categorical claim
about whether people engage in an inhibition process or
not. If people engage in a belief discarding process, we
can argue that they should show an impaired access to tar-
get words after solving conflict problems. However, the
size of the impairment cannot be taken as measure of the
extent or quality of the inhibition process. In essence, the
memory inaccessibility is a negative by-product of the be-
lief discarding process. It is possible, for example, that
more gifted people pay a less severe price for the inhibition
(e.g., accessibility is easier restored). Hence, the fact that
good and bad reasoners show similar impairment does
not necessarily imply that the inhibition was equally effi-
cient or successful. The observed impairment does allow
us to conclude that everyone at least engaged in an inhibi-
tion process. This implies that belief bias should not be
attributed to a failure to engage an inhibition process but
rather to a failure to complete it.

3. Experiment 2

In Experiment 2 we test whether our initial findings can
be replicated with a different reasoning task. Participants
in Experiment 2 were asked to solve problems that were
modeled after Kahneman and Tversky’s (1973) base-rate
neglect problems.? Consider the following example:

In a study 100 people were tested. Jo is a randomly cho-
sen participant of this study. Among the 100 partici-
pants there were 5 men and 95 ‘women,,

Jo is 23 years old and is finishing a degree in engineer-
ing. On Friday nights, Jo likes to go out cruising with
friends while listening to loud music and drinking beer,,

What is most likely?, @

a. Jo is a man,
b. Jo is a woman.
N
Given the size of the two groups in the sample, it will be
more likely that a randomly drawn individual will be a wo-
man. Normative considerations based on the group size or

2 Syllogistic reasoning and base-rate task stem from two somewhat
separated branches (i.e., the deductive reasoning branch and judgment and
decision-making branch) of the psychology of thinking field. For conve-
nience, we refer to both tasks as “reasoning” tasks.

base-rate information cue response (b). However, many
people will be tempted to respond (a) on the basis of ste-
reotypical beliefs cued by the description. Just as in the
deductive conflict problems in Experiment 1, normative
considerations will conflict with our beliefs and sound rea-
soning requires inhibition of the compelling but erroneous
belief-based response.

One can easily construct no-conflict or control versions
of the base-rate problems. In the no-conflict version the
description of the person will simply be composed of ste-
reotypes of the larger group (e.g., De Neys & Glumicic,
2008; Ferreira, Garcia-Marques, Sherman, & Garrido,
2006). Hence, contrary to the classic problems, base-rates
and description will not conflict and the response can be
rightly based on the beliefs cued by the description with-
out any need for inhibition.

3.1. Method

3.1.1. Participants

A total of 100 first-year psychology students from the
University of Leuven (Belgium) participated in return for
course credit. All participants were native Dutch speakers.

3.1.2. Material

Reasoning task: Participants solved a total of eight base-
rate problems. Four of these were conflict problems in
which the description of the person was composed of com-
mon stereotypes of the smaller population group tested
(i.e., the description and the base-rates conflicted). In the
four no-conflict problems the description and the base-
rates agreed.

Problems were based on a wide range of stereotypes (e.g.,
involving gender, age, race). Descriptions were selected on
the basis of an extensive pilot study (Franssens & De Neys,
2009). Selected descriptions for the conflict and no-conflict
problems moderately but consistently cued one of the two
groups. This point is not irrelevant. For convenience, we la-
bel responses that are in line with the base-rates as correct
answers. However, if reasoners adopt a formal Bayesian ap-
proach (e.g., Gigerenzer, Hell, & Blank, 1988) and combine
the base-rates with the diagnostic value of the description,
this can lead to complications when the description is extre-
mely diagnostic. Imagine that we have a sample of males
and females and the description would state that the ran-
domly drawn individual “is the pope of the catholic church”.
Now, by definition, no matter what the base-rates in the
sample are, one would always need to conclude that the per-
son is a man. We limited the impact of this problem by only
selecting descriptions that were judged to have a moderate
diagnostic value. By combining these with quite large base-
rates (i.e., 95/100) one may generally conclude that the re-
sponse that is cued by the base-rates should be selected if
participants mange to refrain from giving too much weight
to the intuitive beliefs cued by the description.

The order of the two response options (‘a’ and ‘b’) was
counterbalanced. For half of the problems the correct re-
sponse (i.e., the response consistent with the base-rates)
was option ‘@’ whereas for the other half the second re-
sponse option (‘b’) was the correct one. A complete over-
view of all eight problems can be found in the Appendix A.
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For the lengthy base-rate problems we used a slightly
different presentation format than for the short syllogisms
in Experiment 1. We tried to minimize the information
that was presented at one time on the screen without
altering the basic structure of the task. Hence, the general
information on the first line of the problem (e.g., ‘In a study
100 people were tested. Jo is a randomly chosen partici-
pant from this study.’) was presented separately on the
screen. When participants had read the sentences they
pressed a key, and then the remaining part of the problem
appeared. On average participants needed about 16 s
(SD =5.3) to solve the problems.

Lexical decision task: As in Experiment 1, after each
problem a total of 24 letter strings was presented. Targets
were core words that had been presented in the descrip-
tion or closely associated words. Material selection and
presentation procedure was completely similar to Experi-
ment 1. A complete overview of the selected words can
be found in the Appendix A.

Note that in Experiment 1 we presented a different set
of target words for conflict and no-conflict problems. We
therefore established in a pilot study that there were no
a priori lexical decision time differences for the two sets.
The structure of the base-rate problems in Experiment 2
allowed us to control for possible word selection con-
founds more directly. Conflicting base-rate problems can
be easily converted into no-conflict problems by switching
the base-rates around. There is no need to alter the
description and selected target words. Consequently, in
Experiment 2, problems that were used as conflict prob-
lems for one half of the participants were used as no-con-
flict problems for the other half of the participants (and
vice versa). Hence, the words in the lexical decision task
were completely crossed. The exact same words that were
used as targets for conflict problems for one half of the par-
ticipants became targets for the no-conflict problems for
the other half of the participants.

3.1.3. Procedure

As in Experiment 1, participants were tested in small
groups and were first familiarized with the /t\ask—formats.
Participants received the following instructions for the
base-rate problems:

In a big research project a number of studies were car-
ried out where short personality descriptions of the par-
ticipants were made. In every study there were
participants from two population groups (e.g., carpen-
ters and policemen). In each study one participant
was drawn at random from the sample. You'll get to
see the personality description of this randomly chosen
participant. You'll also get information about the com-
position of the population groups tested in the study
in question. You'll be asked to indicate to which popu-
lation group the participant most likely belongs.

The eight base-rate problems were presented in ran-
dom order. After each problem the corresponding lexical
decision trials were presented. The procedure for the lexi-
cal decision task was completely similar to the one
adopted in Experiment 1.

3.2. Results and discussion

Reasoning task: Reasoning performance on the base-rate
problems replicated the findings in previous studies (e.g.,
De Neys & Glumicic, 2008). Participants seemed to neglect
the base-rate information and erred on the vast majority of
the conflict problems. On average, only 32% of the prob-
lems were solved correctly. However, as expected, people
had far less difficulties when the stereotypical beliefs and
base-rates pointed towards the same conclusion. Correct
response rates on the no-conflict problems reached 96%,
F(1, 99)=323.9, p <.0001, 1, =.77. No-conflict problems
were also solved faster than conflict problems, F(1,
99)=10.55, p <.002, 13 =.10.

Lexical decision task: As in Experiment 1, lexical decision
times were first submitted to a 2 (reasoning problem: con-
flict or no-conflict) x 2 (word type: target or unrelated) re-
peated measures ANOVA. As Fig. 3 shows, results
replicated the findings of Experiment 1. Despite the quite
low number of correct reasoning responses, overall people
needed longer to identify words that were associated with
cued beliefs after they had solved conflict problems, F(1,
99)=4.1, p<.05, 1]5 =.05. Lexical decision times for unre-
lated words did not differ, F(1, 99) < 1. As in Experiment
1, the effect of problem type and word type factors inter-
acted, F(1, 99)=3.93, p<.05, I]ﬁ =.04. There was also a
main effect of the word type factor, F(1, 99)=14.93,
p<.001, n; =.13, whereas the effect of the problem type
factor itself was not significant, F(1, 99) < 1.

Next, the sample was split in two skill groups based on
a median split of people’s performance on the conflict
problems. Participants who solved 50% or more of the con-
flict problems correctly were put in the high capacity
group (average score was 74%). Participants who scored
less than 50% were put in the low capacity group (average
score was 10%). The reasoning skill factor (bad vs. good
reasoners) was entered as a between-subjects factor in
the above ANOVA. Results replicated the findings of Exper-
iment 1. The skill factor, F(1, 98) = 1.15, p =.28, nor any of
its interactions with the other factors reached significance
[Word x Skill, F(1, 98) <1, Problem x Skill, F(1, 98)<1,
Word/z< Problem/\x Skill, f\(l, 98) < 1T.\ As Fig. 4 clarifies,
the two capacity groups showed the same basic lexical
decision impairment.

m Conflict
690

O No conflict

670 +
650 f
630

610

Lexical decision time (ms)

Target word Unrelated word

Fig. 3. Average lexical decision time for words that were related (i.e.,
targets) and unrelated to cued beliefs after solving conflict and no-conflict
base-rate problems. Error bars are standard errors.
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Fig. 4. Lexical decision times for the worst (bad reasoners) and best (good reasoners) scoring half of participants in Experiment 2. Error bars are standard

errors.

We also repeated the analysis with more extreme skill
groups. Thirty-nine participants failed to solve any of the
conflict problems whereas 14 participants solved all of
them correctly. However, as in Experiment 1, results were
consistent with the median split analysis. Once again, the
main effect of reasoning skill, F(1, 51) < 1, and its interac-
tions with the other factors were not significant
[Word x Skill, F(1, 51) =1.57, p = .22, Problem x Skill, F(1,

51)= 3.09, p=.09, Word x Problem x Skill, F(l 51)<1]3

Finally, as in Experlment 1,a correlat10nal analysis also
indicated that the observed impairment for the target
words after solving conflict problems (i.e., lexical decision
time for target words after conflict problems - lexical deci-
sion time for target words after no-conflict problems) did
not depend on one’s reasoning performance on the conflict
problems,/r\(lOO) =.08, p=.44.

Lexical decisions for syllogisms vs. base-rates: The pattern
of lexical decision findings was consistent across the two
experiments. For completeness, we also examined the im-
pact of the reasoning task (syllogisms or base-rate prob-
lems) more directly by including it as a between-subjects
factor in the 2 (problem type) x 2 (word type) ANOVA. Re-
sults showed that the main e/fect of Task, F(1, 194) =5.99,
p<.025, 13 =.03, and its interaction with the Word factor,
F(1, 194) =42.87, p <.0001, n; =.18, were both significant.
Simple effect tests indicated that lexical decision times for
target words were overall faster after solving syllogisms
than after solving base-rate problems, F(1, 194)=17.06,
p<.0001, n; =.08. Lexical decision times for unrelated
words did not differ, F(1, 194) < 1. This finding makes sense
if one takes into account that a simple syllogistic conclu-
sion will prime the target words more strongly than the
lengthier description in the base-rate problems. The crucial
finding was that the type of reasoning task did not interact
with the problem type, F(1, 194) < 1, or Problem Type X -
Word Type interaction, F(1, 194)=1.92, p=.17. A planned
contrast established that the lexical decision time increase

3 Since there were only 14 participants who never erred, we also
contrasted the group who always erred with the best scoring half of
reasoners. However, results were consistent [Skill, F(1, 71) = 1.62, p=.21,
Word x Skill, F(1, 71) = 1.36, p = .25, Problem x Skill, F(1, 71) = 2.67, p = .11,
Word x Problem x Skill, F(1, 71) < 1].

on the target words after solving conflict vs. no-conflict
problems did not differ for the two types of reasoning
tasks, F(1, 194)=2.58, p=.11. Whether one solved syllo-
gisms or base-rate problems, lexical decisions for target
words took about 18 ms longer after solving the conflict
problems.

A final analysis established that the median-split Skill
factor, F(1, 192)=2.75, p=.1, and its interactions with
the other factors was also not affected by the type of rea-
soning task [Reasoning Task x Word x Skill, F(1, 192) <1,
Reasoning Task/\x Problem/\x Skill, F(1, 192)=1.68, p=.2,
Reasoning Task x Word x Problem x Skill, F(1, 192) < 114
Planned contrasts showed that even when combing the
two experiments and contrasting the performance of about
200 participants, the crucial lexical decision time increase
on the target words after solving conflict problems did not
differ for the best and worst group of reasoners [worst vs.
best scoring half, F(1, 192)=1.01, p=.31; all wrong vs. all
correct, F(1, 91) < 1]. The worst scoring half of the partici-
pants, F(1, 192) = 16.93, p <.0001, 1; = .08, and even partic-
ipants who failed to solve any syllogism or base-rate
problem correctly, F(1, 91) =/§.39, p<.025, n; =.06, still
showed significantly longer lexical decision times after solv-
ing the conflict problems.

4. Experiment 3

The observed impaired access to target words in Exper-
iment 1 and 2 supports the claim that all reasoners attempt
to inhibit cued beliefs when they conflict with logical or
probabilistic norms. However, inhibition refers to a tempo-
rary inaccessibility of stored information. When we inhibit
information it does not stay inhibited forever. After a brief
period of time the inhibition will start to fade out and the
information will become accessible again. In Experiment 3
we focussed on this temporal characteristic of the inhibi-
tion process to validate our findings. Participants were pre-

4 Results were similar with the more extreme capacity groups of
participants who failed or succeeded on all conflict problems [Reasoning
Task x Skill, F(1, 91)=1.2, p=.28, Reasoning Task x Word x Skill, F(1,
91) < 1, Reasoning Task x Problem x Skill, F(1, 91) = 1.68, p =.2, Reasoning
Task x Word x Problem x Skill, F(1, 91) < 1].

part. Cognition (2009), doi:10.1016/j.cognition.2009.07.009

Please cite this article in press as: De Neys, W., & Franssens, S. Belief inhibition during thinking: Not always winning but at least taking

716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739

740

741
742
743
744
745
746
747
748
749
750


http://dx.doi.org/10.1016/j.cognition.2009.07.009
Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
r(100) 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
x 

Original text:
Inserted Text
F (1, 

Original text:
Inserted Text
5.39, 


751

753
754
755
756
757
758
759
760
761

762

763
764
765
766
767
768
769
770

772
773
774
775
776
777
778
779
780
781
782
783

784
785
786
787
788
789
790

791

792
793
794
795
796
797
798
799
800
801
802
803
804

COGNIT 2010
6 August 2009

No. of Pages 17, Model 3G

W. De Neys, S. Franssens/ Cognition xxx (2009) XxX—Xxx 9

sented with the same reasoning problems and lexical deci-
sion task as in Experiment 1 and 2. The only difference was
that after participants had entered their response for the
reasoning problem, they did not start the lexical decision
task immediately but were presented with a one-minute
filler task (i.e., they solved easy math problems). After a
one-minute delay the initially inhibited beliefs should be-
come accessible again. If the impaired access to target
words in Experiment 1 and 2 results from an inhibition
process, the impairment should tend to disappear in
Experiment 3.

4.1. Method

4.1.1. Participants

A total of 170 first-year psychology students from the
University of Leuven (Belgium) participated in return for
course credit. None of these participated in Experiment 1
or 2. All participants were native Dutch speakers. Lexical
decision performance of participants in Experiment 1 and
2 was used as a baseline to test the impact of the delay
factor.

4.1.2. Material

Reasoning tasks: Participants solved the same reasoning
tasks as in Experiment 1 and 2. Half of the participants
were presented with the syllogistic reasoning task whereas
the other half solved the base-rate problems.

Lexical decision task: Participants were presented with
the same lexical decision task as in Experiment 1 and 2.
The only difference was that after participants had entered
their response for the reasoning problem, they did not start
the lexical decision task immediately but were presented
with a one-minute filler task. In the filler task participants
were asked to solve easy, math problems (e.g.,
(9x3)+2=7).

4.1.3. Procedure

As in Experiment 1 and 2, participants were tested in
small groups and were first familiarized with the /t\ask—for—
mats. Participants practiced the lexical decision and filler
task and were told that the tasks would alternate in the ac-
tual experiment. Remaining instructions and procedure
were completely similar to Experiment 1 and 2.

4.2. Results and /Qiscussion

Reasoning /t\asks: As Table 1 shows, reasoning perfor-
mance in Experiment 3 was in line with the previous
experiments. Accuracy on the conflict, F(1, 179)=2.1,
p=.15, and no-conflict syllogisms, F(1, 179)< 1, did not
differ from the syllogistic performance in Experiment 1.
Likewise, conflict, F(1, 183) < 1, and no-conflict base-rate
problems, F(1, 183)<1, were solved equally well with
and without delay. Response times on the conflict, F(1,
179) < 1, and no-conflict syllogisms, F(1, 179) < 1, and con-
flict F(1, 183) < 1, and no-conflict base-rate problems, F(1,
183)=2.57, p =.12, were also not affected by the delay.
This clearly eétablishes that the inclusion of the filler task
did not alter reasoning performance per se.

Lexical decision task: Lexical decision times were sub-
mitted to a 2 (problem type: conflict or no-conflict)x 2
(word type: target or unrelated) x 2 (delay: filler task or
no-filler task).x 2 (reasoning task: syllogisms or base-
rates) ANOVA. This design partially repeats the analysis
in Experiment 1 and 2. We focus here on the crucial effect
of the delay factor. We tested the key effects of interest
with planned contrasts.

As Fig. 5 shows, results supported the inhibition ac-
count. After a one-minute delay accessing belief-related
target words did no longer take more time for conflict than
for no-conflict problems, both when solving syllogisms,
F(1, 362) < 1, and base-rate problems, F(1, 362)=1.58, p .
=.21. Fig. 5 further clarifies that the delay tended to in-
crease the lexical decision time for target words of no-con-
flict problems, whereas lexical decisions for the target
words of conflict problems showed the opposite trend
and tended to speed-up after the delay. This interaction
was overall significant, F(1, 362)=7.22, p<.01, p; =.02,
and did not differ for the two types of reasoning tasks,
F(1, 362) < 1. The longer lexical decision times on the no-
conflict problems after the delay are not surprising given
that the delay will result in less efficient priming. After

-minute, lexical decisions will benefit less from the ini-
tial cueing of the beliefs. However, on the conflict problems
we predicted that the access to cued beliefs was initially
inhibited. Since the inhibition should only be temporary
in nature, access will start to be restored and lexical deci-
sions will consequently benefit from the delay.

The observed pattern helps us to discard a possible
alternative explanation for the findings in Experiment 1
and 2. One could argue that because conflict problems
are more complex than no-conflict problems, people will
always engage in some additional processing after reading
the preambles of the conflict problems. Whatever the nat-
ure of this additional processing might be, it will already
result in some delay between the initial cueing of the be-
liefs and the lexical decision task. This delay could lead
to a less efficient priming of target words for conflict prob-
lems and consequently explain the longer lexical decision
times without any need to postulate an inhibition process.
Experiment 3 discards this account. If less efficient priming
after solving conflict problems were to explain the impair-
ment findings of Experiment 1 and 2, the additional delay
in Experiment 3 should result in even more impaired lexi-
cal decision times. The inhibition account, however, specif-
ically predicts that after the delay from the filler task, the
initially blocked beliefs should become accessible again.
Therefore, accessing target words for conflict problems
should be faster and not slower after the delay. The fact
that the delay tended to speed-up the lexical decisions
for conflict problems establishes that the memory access
was initially distorted because of an inhibition process.

For completeness, we also examined the impact of the
delay on the unrelated words. Planned contrast established
that contrary to the target words, the delay impact on
unrelated words did not differ for conflict and no-conflict
problems, neither when solving base-rates, F(1, 362)<1,
nor syllogisms, F(1, 362) < 1. The only indication for an im-
pact of the delay on the unrelated words was that when
solving syllogisms, lexical decisions seemed to be overall
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Fig. 5. The impact of a one-minute delay on the average lexical decision times after solving syllogisms (top panel) and base-rate problems (bottom panel).

Error bars are standard errors. @

somewhat faster after the delay. However, this trend did
not reach significance, F(1, 362) =2.51, p =.11. Hence, as
one might expect, the delay had no impact on the accessi-
bility of information that had not been cued initially.

A final analysis established that the impact of the delay
did not differ for good and bad reasoners. Results showed
that the crucial speeding-up of the lexical decisions for
conflict problems and slowing-down for no-conflict prob-
lems after the delay did not differ for the worst and best
scoring half of the participants [Syllogisms, F(1, 358)<1;
Base-rates, F(1, 358)=2.59, p=.11; Combined, F(1,
358) < 1] or participants who solved none or all of the con-
flict problems correctly [Syllogisms, F(1, 173)<1; Base-
rates, F(1, 173) = 1.23, p =.26; Combined, F(1, 173) < 1].

5. Experiment 4

Experiment 3 established that the observed memory
impairment in Experiment 1 and 2 was only temporary
in nature. In Experiment 4 we validated the findings fur-
ther by changing the nature of the reasoning task. We tried
to eliminate the tendency to engage in an inhibition pro-
cess by explicitly instructing participants to respond rap-
idly and select the response that seemed intuitively most
plausible. Under these intuitive thinking instructions, there
is no longer any need to inhibit the cued beliefs and conse-
quently access to the target words should simply not be-
come impaired. If the longer lexical decision times after
solving conflict problems in Experiment 1 and 2 result
from the postulated inhibition process, we should no long-
er observe them under the intuitive instructions in Exper-
iment 4.

5.1. Method

5.1.1. Participants

A total of 178 first-year psychology students from the
University of Leuven (Belgium) participated in return for
course credit. None of these participated in the previous
experiments. All participants were native Dutch speakers.
Lexical decision performance of participants in Experiment
1 and 2 was used as a baseline to test the impact of the
instruction factor.

5.1.2. Material

Reasoning tasks: Participants were presented with the
same items as in Experiment 1 and 2. About half of the par-
ticipants were presented with the syllogisms Q\1 =85)
whereas the others were presented with the base-rate
problems (n = 93). Instructions and task-format were mod-
ified to cue mere belief-based thinking.

Syllogisms: The task was introduced to participants as a
pilot study in which the believability of a number of state-
ments needed to be evaluated. Any references to logical
reasoning in the task instructions were avoided. Partici-
pants were told that they would see short stories consist-
ing of three sentences and simply needed to indicate
whether they believed the final sentence or not. The two
response alternatives were rephrased as “1. The sentence
is believable” and “2. The sentence is not believable”.
Instructions stressed that we were “interested in people’s
initial response and did not want participants to think
too long about their response”. Previous studies indicated
that some participants spontaneously engage in logical
reasoning when presented with conditional syllogisms,
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even when they are not explicitly instructed to do so (e.g.,
De Neys, Schaeken, & d’Ydewalle, 2005). The present task
modifications minimized such a possible confound.
Base-rates: The task was introduced as a study on “gut
feelings”. Participants were given the general task instruc-
tions as in Experiment 2 but were asked to respond rapidly
and select the response that seemed intuitively most plau-
sible. Instructions again stated explicitly that we were
“interested in people’s initial response and did not want
participants to think too long about their response”.
Lexical decision task: Participants were presented with
the same lexical decision task as in Experiment 1 and 2.

5.1.3. Procedure
Except for the specific reasoning task instructions the
procedure was completely similar to Experiment 1 and 2.

5.2. Results and /Qiscussion

Reasoning fasks: Accuracy and response latencies estab-
lished that the instruction manipulation was successful. As
expected, participants gave overall more Relief—based re-
sponses under intuitive thinking instructions in Experi-
ment 4 than under standard instructions in Experiment
1, F(1, 179)=45.6, p <.0001, 1, =.20, and Experiment 2,
F(1,191)=3.08, p <.085, 1]12, =.02. Both for the syllogisms,
F(1, 179) = 128.51, p <.0001, I]I% = .42, and base-rate prob-
lems, F(1, 191) = 3.08, p <.085, 1]12, =.02, this tendency was
more pronounced on the conflict than on the no-conflict
problems. As Table 1 indicates, participants hardly ever
gave the original “correct™ logical or base-rate response
on the conflict problems when instructed to reason intui-
tively. Overall, responses were also given faster under intu-
itive thinking instructions in Experiment 4 than under
standard instructions in Experiment 1, F(1, 179)=34.22,
p <.0001, 1]f, =.16, and Experiment 2, F(1, 179)=4.87,
p<.03, n? =.03. These faster responses were equally clear
for conflict and no-conflict problems, both for syllogisms,
F(1, 179)<1, and base-rate problems, F(1, 191)< 1. The
trends towards faster and more frequent belief-based re-
sponses indicate that participants indeed engaged in a more
intuitive type of thinking.

Lexical /Qecision task: Lexical decision times were sub-
mitted to a 2 (problem type: conflict or no—conﬂict)/\x 2
(word type: target or unrelated) x 2 (instructions: stan-
dard or intuitive) x 2 (reasoning task: syllogisms or base-
rates) ANOVA. This design partially repeats the analysis
in Experiment 1 and 2. We focus here on the crucial effect
of the instruction factor. We tested the key effects of inter-
est with planned contrasts.

As Fig. 6 shows, results supported the inhibition ac-
count. When people were reasoning intuitively and did
not need to engage in an inhibition process, accessing be-
lief-related target words immediately after the reasoning
task did no longer take more time for conflict than for
no-conflict problems, both when solving syllogisms, F(1,
370) <1, and base-rate problems, F(1, 370)< 1. As Fig. 6

5 For consistency we keep on referring to the logical and base-rate
response in Experiment 4 as correct responses.

indicates, this effect resulted from a speeding-up of the
lexical decisions for conflict problems and a slight slow-
ing-down for no-conflict problems under intuitive thinking
instructions. This interaction effect was overall significant,
F(1,370)=5.48, p <.025, 1]12, =.02, and did not differ for the
two types of reasoning tasks, [(1, 370) < 1.

As expected, contrary to the target words, the instruc-
tion impact on unrelated words did not depend on
whether participants had solved conflict or no-conflict
problems, neither for syllogistic, F(1, 370) < 1, nor base-
rate problems, F(1, 370) < 1. The only indication for an im-
pact of the instructions on the unrelated words was a small
trend towards faster lexical decisions under intuitive
thinking instructions when solving syllogisms, but the ef-
fect was not significant, F(1, 370) < 1. As one might expect,
this indicates that taking away the need to engage in belief
inhibition when dealing with conflict problems does not
affect the accessibility of unrelated words.

Note that Experiment 4 helps us to rule out another
specific alternative account for our initial findings. One
might suggest that the observed memory impairments in
Experiment 1 and 2 did not result from an active, think-
ing-related belief inhibition process but rather from a more
basic encoding process related to the inability to form a
coherent representation when reading the problems. That
is, the observed effects might be explained by processes
that are independent of whether or not a subject uses this
information to draw a conclusion. For example, while read-
ing the base-rate information (e.g., study with 5 men and
95 women) people might start to activate stereotypes asso-
ciated with the largest group because they expect to read a
description that is consistent with it. When the description
subsequently contradicts this expectation the simulta-
neous activation of these two conflicting representations
(e.g., of a man and a woman) might result in some interfer-
ence.® Hence, the point is that it might be the presence of
such incoherent representations during encoding that drives
the observed memory impairments in our experiments and
not the type of thinking-related belief inhibition process that
reasoning theories typically envisage. Experiment 4 argues
against this alternative encoding account. Participants were
presented with the exact same base-rates and descriptions
as in our first experiments. Hence, at the more basic encod-
ing level the representation formation processes will keep
on cueing conflicting representations when reading them.
However, under intuitive instructions there was no longer
any need to prevent belief-based reasoning and engage in
the more active belief inhibition process that is postulated
by the reasoning community. Hence, if the longer lexical
decision times in Experiment 1 and 2 merely resulted from
encoding interference during reading and not from the pos-
tulated thinking-related inhibition process, we should still

6 Note that the alternative encoding account is far less appealing for the
syllogistic problems. One might argue that reading unbelievable conclu-
sions per se results in encoding of conflicting representations (i.e., the
conclusion would conflict with what is expected on the basis of semantic
knowledge). However, since conclusion believability was crossed with
problem type this factor cannot account for the observed difference
between conflict and no-conflict problems.
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Fig. 6. The impact of the explicit instruction to think intuitively on lexical decision times after solving syllogisms (top panel) and base-rate problems

(bottom panel). Error bars are standard errors.

have observed the effect under the intuitive instructions in
Experiment 4.

6. General discussion

Probing people’s memory for beliefs that were cued
during reasoning provided direct evidence for the postula-
tion of a belief inhibition process during thinking. Consis-
tent with the claim that people discard beliefs that
conflict with more normative considerations during rea-
soning, we observed that access to words associated with
these beliefs was distorted after reasoning: When beliefs
cued a response that conflicted with the appropriate logi-
cal or probabilistic response, lexical decisions for target
words associated with the cued beliefs took significantly
more time than when beliefs and normative considerations
did not conflict and inhibition was not required. The study
further established that the impairment was only tempo-
rary in nature and did not occur when people were explic-
itly instructed to give mere intuitive judgments.

All reasoners displayed the crucial memory distortion.
Even the poorest reasoners in our sample needed more
time to access the belief-related target words after solving
conflict problems. This clarifies that the widespread belief
bias we observed does not result from a failure to initiate
an inhibition process but rather from a failure to complete
it. As noted, these results help to sketch a less bleak picture
of human rationality. If people were biased because they
did not detect that their beliefs were not warranted and
failed to initiate an inhibition process, memory access to
the cued beliefs should not have been distorted. Hence,

the present accessibility findings establish that people
are far more logical than their answers suggest. Although
people’s judgments are often biased they are no mere intu-
itive, illogical thinkers who disregard normative consider-
ations. All reasoners try to discard beliefs that conflict with
normative considerations. The problem is simply that not
everyone manages to complete the process.

The inhibition findings have important implications for
the status of logic and probability theory as normative
standards. Faced with the omnipresence of belief bias
some authors have questioned the validity of these norms
(e.g., Oaksford & Chater, 2007; Todd & Gigerenzer, 2000).
Bluntly put, it was argued that if the vast majority of
well-educated, young adults fail to solve a simple reason-
ing task, this might indicate that there is something wrong
with the task scoring norm rather than with the partici-
pants. The basic point of these authors was that people
might interpret the tasks differently and adhere to other
norms than the classic ones. This debate has raged through
the field for decades without clear solution (e.g., Stein,
1996). Clarifying the nature of an inhibition failure helps
to break the stalemate. The fact that people tried to block
the intuitive beliefs when they conflicted with the tradi-
tional norms not only implies that people know the norms
but also that they judge them to be relevant. If people did
not believe that base-rates or logical validity mattered,
they would not waste time trying to block the conflicting
response. People might not always manage to adhere to
the norm but they are at least trying to and are clearly
not simply discarding it or treating it as irrelevant. This
should at least give pause for thought before rejecting
the validity of the traditional norms.
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The present memory-based behavioural findings allow
us to complement the growing number of brain-imaging
studies on the neural substrate of belief bias. As we noted,
overcoming belief bias has been shown to result in an in-
creased activation of the lateral prefrontal brain-areas
(e.g., De Martino et al., 2006; Goel & Dolan, 2003; Prado
& Noveck, 2007; Sanfey et al., 2003). The memory-accessi-
bility data lend credence to the idea that the recruitment of
these areas actually reflects the operation of a belief inhibi-
tion process. In addition, our data imply that the less clear
activation of these lateral prefrontal areas when people are
biased needs to be attributed to the incomplete nature of
this inhibition process.

Our findings also validate a recent imaging study that
monitored the activation of a more medial frontal brain-
area (i.e., the anterior cingulate cortex) believed to be in-
volved in conflict detection (De Neys et al., 2008). De Neys
et al. showed that this medial “conflict detection area” was
always activated when people were trying to solve reason-
ing problems, even when people were biased by their be-
liefs and failed to select the correct response in the end.
De Neys et al. argued that this finding indicated that people
always detected that their belief-based response was erro-
neous and conflicted with the normative considerations
(see also De Neys & Glumicic, 2008). The present findings
support this claim. If people were not detecting the conflict
first, they would also see no need to initiate an inhibition
process. The present findings clarify, however, that people
do not simply stop at detecting the conflict. People also try
to do something about it and start fighting the inappropri-
ate beliefs. This point is important with respect to the de-
bate on the validity of the classic norms. Successful conflict
detection per se does not suffice to establish that people
are also adhering to the norm. An advocate of the invalidity
view could rightly argue that knowing that a response con-
flicts with some norm does not imply that you also belief
that the norm is appropriate or should be respected. A psy-
chopath, for example, might also know that murder con-
flicts with moral standards. The problem is that he does
not feel any intention to adhere to these norms. The finding
that people are trying to fight the conflicting beliefs clari-
fies that people are no rational psychopaths and intend
to adhere to the logical norm.

Our lexical decision findings were consistent across the
two reasoning tasks we presented. We specifically selected
the syllogistic reasoning and base-rate task because of the
central role they play in the reasoning and decision making
field. The replication of the findings across these popular
tasks lends credence to the generality of the results. How-
ever, it should be clear that the reasoning and decision
making fields study hundreds of tasks and numerous vari-
ants of one and the same task. Hence, some caution is
needed when drawing general conclusion from the present
study. Obviously, people might face other difficulties in
other tasks (Stanovich & West, 2008). We do believe that
the study more broadly serves as a key illustration of the
importance of introducing processing measures (i.e., mea-
sure that clarify “how” people are arriving at an answer) in
the psychology of thinking. It has been argued that a gen-
eral shortcoming of classic reasoning and decision-making
research, as well as the central debate on human rational-

ity, is that scholars have almost exclusively focused on
people’s response accuracy (i.e., whether or not people
manage to give the correct response) and not on the under-
lying cognitive processes (De Neys, 2009; Hertwig & Gige-
renzer, 1999; Hoffrage, 2000; Reyna, Lloyd, & Brainerd,
2003). The present study demonstrates how this approach
is bound to bias any conclusions about human rationality
or the validity of classic logical norms. Looking at how peo-
ple are arriving at an erroneous response sketches a more
optimistic picture of the human reasoning machinery.
Our data clearly indicate that people can be far more nor-
mative than their answers suggest. Although we might not
always win the inhibition struggle and avoid belief bias, we
do seem to know that we are being biased and try to fight
the unwarranted beliefs.

It will be clear that the present findings raise some
interesting questions for further study. For example, our
key finding was that after a conflict between beliefs and
normative considerations memory access to information
associated with the cued heuristic beliefs was impaired.
However, one might also wonder what happens with the
information that is associated with the normative consid-
erations (e.g., the base-rates) in these cases. One possibility
is that this information becomes more accessible. Consis-
tent with this idea, De Neys and Glumicic (2008) already
observed that people have little difficulty in recalling the
base-rate information of conflict problems after they finish
the reasoning task. The present methodology could be used
to test this idea more directly by examining the lexical
decision times for cued normative information. Likewise,
one might wonder why people do only inhibit their beliefs
in case of a conflict. In theory, one could always block be-
lief-based reasoning and rely on mere logical reasoning.
This point underscores the fact that the human reasoning
engine respects the principle of cognitive economy (e.g.,
Evans, 2008). It is well-established that belief-based rea-
soning is much less demanding than logical thinking
(e.g., De Neys, 2006a, 2006b). Hence, simply inhibiting
one’s beliefs throughout would be quite costly and ineffi-
cient. If we are not to waste scarce cognitive resources,
overriding beliefs needs to be restricted to the conflict
cases. This does imply that it is paramount that reasoners
monitor for such a conflict. As we clarified, the fact that
people always initiate an inhibition process in case of a
conflict implies that reasoners are doing this and are
remarkably good at it too. One might remark that the quite
flawless nature of the monitoring in turn suggests that it
cannot be very demanding. We simply want to note here
that Franssens and De Neys (2009) recently presented di-
rect empirical evidence that supports this idea (a further
discussion of more theoretical implications can be found
in De Neys & Glumicic, 2008).

A last comment we want to make is related to the status
of the inhibition concept in memory research. As we
pointed out in the introduction, the ultimate origin of an
observed temporary inaccessibility of a memory trace is
still debated by memory researchers. It is not clear
whether it results from a literal deactivation of the mem-
ory trace at the neural level or from a competition between
competing responses after one of them has been flagged as
inappropriate (see MacLeod et al., 2003, for a review). In
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the present study we made no claims about this issue. As
we noted, both conceptualizations share the general idea
that at some level the information is being disregarded
(i.e., it is not having it is normal impact on our behaviour).
It is this process that reasoning and decision-making
researchers have typically subsumed under the general
header “belief inhibition”. The present study demonstrates
for the first time that we find the hallmark memory trace
of such a discarding process after solving conflict problems
(i.e., access to belief-related knowledge is distorted after
solving conflict problems). However, just as in the memory
field, the adopted methodology does not allow us to spec-
ify the exact origin of the observed memory impairment.
We cannot conclude whether belief-related target words
were flagged as inappropriate, whether their activation
threshold was literally deactivated, or whether, as one re-
viewer suggested, people undermined their beliefs after
conflict detection and attached a higher degree of uncer-
tainty to them. Note, however, that the ultimate origin of
the memory impairment is not the crucial issue here. The
different accounts would point to the exact same bold con-
clusions for the rationality debate. Let’s say that our re-
viewer is right and people undermine their beliefs and
become less certain about them after solving conflict prob-
lems. The higher associated uncertainty would then distort
subsequent memory access. The fact that people start to
question their beliefs would still be prima facie evidence
for the claim that they detect the conflict and try to do
something about it. If people were not to believe that the
classic norms were relevant, there would be no reason
whatsoever to start questioning their intuitive beliefs and
attach more uncertainty to them. Hence, the point we want
to stress is that whether people literally inhibit their be-
liefs, label them as inappropriate, or become less certain
about them does not affect the crucial conclusions for the
reasoning field. Of course, this does not imply that such a
more fine-grained future clarification of the memory
mechanism (e.g., literal neural deactivation or not) behind
the belief inhibition phenomenon is useless. What matters
at this stage, however, is that just as in the memory field,
we can provide basic evidence for the claim that informa-
tion has been disregarded during thinking in the first place.
It is this crucial evidence that the present study looked for
and found.
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Appendix A. Overview of the reasoning problems and
selected target and unrelated words (translated from

Dutch)
N

A.1. Syllogisms (Experiment 1 - 3 - 4)

Conflict problems
1.
All flowers need water

Roses need water
Roses are flowers

Target words: rose, petal, garden, flower, plant, bush
Unrelated words: wolf, competition, date, stone,
axe, cooked

2.

All things with an engine need oil
Cars need oil

Cars have engines

Target words: car, steer, drive, engine, train, fire
Unrelated words: smart, annoying, tea, slum, mint,
wheat

3.

All mammals can walk
Whales are mammals
Whales can walk

Target words: whale, dolphin, ocean, run, marathon,
walk

Unrelated words: firm, head, enough, story, flexible,
rattle

4,

All vehicles have wheels
A boat is a vehicle

A boat has wheels

Target words: boat, canal, ship, wheel, drive, tire
Unrelated words: circle, forever, curve, night, pants,
people

/I\\Io—conﬂict problems

5.

All things that are smoked are bad for your health
Cigarettes are smoked

Cigarettes are bad for your health

Target words: cigarette, smoke, cancer, health,
doctor, ill

Unrelated words: ball, optimum, monastery, tender,
difference, sketch

6.

All African countries are warm
Spain is warm

Spain is an African country

Target words: /S\pain, sea, beach, /A\frica, sun, lion
Unrelated words: telephone, shoe, hole, joke, spoon,
bed

7.

All meat products can be eaten
Apples can be eaten

Apples are meat products

Target words: apple, pear, fruit, meat, food, cow
Unrelated words: child, cloud, idol, psychologist,
elite, fashion
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8.

All birds have wings
Crows are birds
Crows have wings

Target words: crow, raven, black, wing, fly, feathers
Unrelated words: war, alphabet, calf, aniseed, room,
video

A.2. Base-rate problems (Experiment 2-4)

Conflict problems

1.
In a study 100 people were tested. Among the
icipants there were five people who drive a
d Nissan and 95 people who drive a BMW.
Etienne is a randomly chosen participant of the
study.

Etienne is 38 years old. He works in a steel plant. He
lives in a small apartment in the outskirts of
Charleroi. His wife has left him.

What is most likely?

Etienne drives a BMW.
Etienne drives a used Nissan.

Target words: factory, apartment, abandoned,
machine, alone, lonely

Unrelated words: issue, ridiculous, proposal,
welcome, speech, opt

2.

In a study 100 people were tested. Among the
participants there were /fjve sixteen-year-olds and
95 forty-year-olds. Els is a randomly chosen
participant of the study.

Els likes to listen to techno and electro music. She
often wears tight sweaters and jeans. She loves to
dance and has a small nose piercing.

What is most likely?

Els is 16 years old.
Els is 40 years old.

Target words: techno, dance, party, jeans, drugs,
feast

Unrelated words: ready, ring, humour, go, hand,
rumour

3.

In a study 100 people were tested. Among the
participants there were 95 Swedes and five
Italians. Mario is a randomly chosen paﬁicipant
of the study.

Mario is 25 years old. He is a charming young man
and is a real womanizer. His favourite dish is the
spaghetti his mother makes.

What is most likely?

Mario is a Swede.
Mario is an Italian.

Target words: charming, seduce, spaghetti,
handsome, sweet, macaroni

Unrelated words: bathroom, diagnosis, weight,
month, activity, strike

4.

In a study 100 people were tested. Among the
participants there were 95 Muslims and five
Buddhists. Sarah is a randomly chosen participant
of the study.

Sarah is 19 years old. She likes to philosophize and
she hates materialism. She wears second-hand
clothes and would love to go to India one day.

What is most likely?

Sarah is a Buddhist.
Sarah is a Muslim.

Target words: philosopher, India, wisdom, China,
second-hand, religion

Unrelated words: deviation, episode, participant,
very, parade, hear

/I\\Io—conﬂict problems

5.

In a study 100 people were tested. Among the
participants there were 95 people who like to
watch Canvas and /ﬁ\ve people who like to watch
VTM. Aline is a randomly chosen participant of
the study.

Aline is 35 years old. She writes reviews for a
magazine. Her husband works at the university.
She loves painting and photography.

What is most likely?

Aline likes to watch Canvas.
Aline likes to watch VTM.

Target words: magazine, paint, photography,
newspaper, movie, illustration

Unrelated words: goal, favourite, attainable,
attempt, medical, assignment

*Note: VIM is a popular, commercial (“Fox"-like)
Flemish TV channel. Canvas is a more educational,
publicly-funded (“PBS”-like) channel.

(continued on next page)
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6.

In a study 100 people were tested. Among the
participants there were 95 people who live in the
country and five people who live in the city.
Debby is a randomly chosen participant of the
study.

Debby is 22 years old. She rides a horse. After school
she takes care of the animals at home. In the
weekends she rises early and visits her
grandparents.

What is most likely?

Debby lives in the country.
Debby lives in the city.

Target words: horse, nurse, cattle, grandparent,
grassland, elderly

Unrelated words: jury, father, sophisticated, call,
pull, felt-tip

7.

In a study 100 people were tested. Among the
participants there were five people who vote for
the green party and 95 people who vote for the
Flemish Interest party. Jeanine is a randomly
chosen participant of the study.

Jeanine is 67 years old. She worked as an assembly
line packer. She believes that traditional values
are important and lives in an area where there’s a
lot of crime.

What is most likely?

Jeanine votes for Flemish Interest
Jeanine votes for the green party

Target words: assembly, grind, crime, register, wrap,
boring

Unrelated: intention, population, convention,
breakthrough, record, hope

*Note: Flemish Interest is a conservative, anti-
immigrant, far right party.

8.

In a study 100 people were tested. Among the
participants there were 5 women and 95 men.
Dominique is a randomly chosen participant of
the study.

Dominique is 32 years old and is a self-confident
and competitive person. Dominique’s goal is
building a career. Dominique does a lot of sport
and is well-muscled.

What is most likely?

Dominique is a woman.
Dominique is a man.

Target words: self-confident, career, muscled, job,
power, strong

Unrelated words: tempo, paste, episode, sandal,
system, corn
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