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A B S T R A C T   

Cognitive flexibility is an ability that allows individuals to integrate external evidence into previous expec-
tancies. Individual differences in this ability were examined using Event-Related Potentials (ERPs), focusing on 
the fact that new evidence can either confirm or disprove an initial impression. Written scenarios prompted to 
make a prediction while either confirmatory or disconfirmatory evidence followed. A final sentence presented 
participants with a statement congruent with the prediction likely to have been formed based on the first 
statement or a statement rather congruent with corrective new evidence. A Bias Against Disconfirmatory Evi-
dence (BADE) test rated participants in cognitive flexibility. ERPs revealed that whereas individuals overall 
typically reacted to unexpected endings (a classical N400 effect) within the confirmatory evidence condition, 
higher cognitive flexibility scores were associated with smaller N400 effects. Furthermore, individuals showed 
larger P600s for disconfirmatory than confirmatory evidence conditions, regardless of the final target ending. 
This result indexes reanalysis processes whenever disconfirmatory evidence was present. Regression analysis of 
BADE scores and ERP effects are presented and discussed. Late ERP components are sensitive enough to detect 
new evidence integration capabilities and thus provide a good implicit measure of cognitive flexibility.   

1. Introduction 

Interpretation of reality relies upon the processing of external stimuli 
combined with our stored world knowledge. This process is mediated by 
cognitive strategies that allow us to adapt our beliefs according to new 
evidence. As a result, we are more or less able to regulate and modify our 
responses to best match the situation. In this sense, cognitive flexibility 
refers to how a person reconfigures his/her mental resources by means 
of the integration of external evidence into the reasoning process (Cañas, 
Quesada, Antolí, & Fajardo, 2003). 

According to Payne, Payne, Bettman, and Johnson (1993), the defi-
nition of cognitive flexibility includes three important notions. Firstly, 
cognitive flexibility implies a process of learning. Secondly, it implicates 

the adaptation of cognitive processing strategies. Finally, this adaptation 
will occur as a response to new and unexpected changes. On the other 
hand, Friedman and Miyake (2004) suggested distinguishing between 
inhibition (e.g., to inhibit incorrect responses), updating (e.g., to keep 
the content of working memory up to date), and shifting (e.g., to switch 
between different task sets or even between different sets of mental 
representations within a particular individual). The relationship and 
balance between these processes (i.e., inhibition, updating and shifting) 
does not seem to be fixed but variable to at least some degree among 
individuals (Hommel & Colzato, 2017). This means that the control style 
of a given individual can differ from that of another. More specifically, 
the way a given individual exerts control operations can be biased either 
towards flexibility (of goals, preferences, etc.) or towards 
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rigidity/inflexibility. Cognitive rigidity or inflexibility refers to the 
failure of integrating new evidence to deal with environmental changes. 
In some cases, this cognitive rigidity has been linked to certain variants 
of psychopathology, such as rumination and worry (Nolen-Hoeksema, 
Wisco, & Lyubomirsky, 2008). 

Recent studies relate the rigidity of held beliefs with biases in evi-
dence integration (the so-called BADE, bias against disconfirmatory 
evidence) (Eifler et al., 2014; Woodward, Moritz, & Cuttler, 2006). It is 
present in non-clinical (Buchy, Woodward, & Liotti, 2007; Woodward, 
Buchy, Moritz, & Liotti, 2007) and clinical population (Moritz & 
Woodward, 2006), being the core of some psychiatric and psychological 
disorders such as depression or delusion. Led by Woodward, a specific 
paradigm to experimentally study BADE was developed (Woodward, 
Moritz, Menon, & Klinge, 2008). The paradigm comprises a fixed 
number of scenarios, each comprising of three consecutive sentences 
which provide additional information about a given situation, progres-
sively reducing the ambiguity. Below each scenario, four interpretations 
are provided (one true interpretation, two lures that seem to be plausible 
at the beginning, and an absurd interpretation). This paradigm allows 
clustering participants according to their flexibility or rigidity to adjust 
their initial thoughts. Results in the general population show that par-
ticipants with higher but sub-clinical delusional ideation are more likely 
to fail to integrate disconfirmatory evidence (Balzan, Delfabbro, Gal-
letly, & Woodward, 2013; Menon et al., 2013). 

A powerful way of measuring the difficulty of semantic integration of 
a word item into a contextual frame is the N400 component of the Event- 
Related Potential (ERP). The N400 is a negative-going deflection that 
peaks around 400 ms post-stimulus onset, and responds to the presen-
tation of potentially meaningful stimuli, such as words, faces and ob-
jects. The amplitude of the N400 indexes efforts made to process the 
meaning of a stimulus into previous context (Kutas & Federmeier, 2011; 
Lau, Phillips, & Poeppel, 2008). Van Payne et al. (1993) discovered a 
linear decline in N400 amplitudes in response to words across the course 
of an expected sentence, which seemed to reflect the incremental 
build-up of semantic constraints and the progressive easiness to inte-
grate words in their preceding context. This led to the formulation of a 
“knowledge integration effort” view (Holcomb, 1993; Payne et al., 1993; 
Rugg, 1990; Rugg, Furda, & Lorist, 1988; Stuss, Picton, & Cerri, 1988). 
According to this point of view, the N400 amplitude is assumed to be 
directly proportional to the effort required by this integration process to 
fit each item into the representation (Holcomb, 1993). Nevertheless, the 
flow of information is not merely bottom-up: the N400 reflects 
stimulus-driven activity in a multimodal long-term memory system 
based on world experience, long-standing and recent linguistic and 
nonlinguistic inputs, attentional states, etc. (Kutas & Federmeier, 2011). 
Thus, N400 amplitude appears to be an ideal tool for studying the 
amount of effort deployed by individuals to integrate incoming infor-
mation that is unexpected and contradicts their initial predictions. 

Another ERP component typically observed in language processing 
ERP studies is the P600. It was initially observed in paradigms involving 
syntactic reanalysis or repair processes after syntactic violations or 
ambiguities are processed (Hagoort, Brown, & Groothusen, 1993; 
Münte, Heinze, Matzke, Wieringa, & Johannes, 1998). According to van 
de Meerendonk, Kolk, Vissers, and Chwilla (2010) the syntactic 
reprocessing account for the P600 effect should be extended to a more 
general process of reanalysis, more specifically, a monitoring process. 
These authors showed that reanalysis reflected by P600 was triggered 
when the conflict between the expected and unexpected event was 
strong enough. According to the monitoring theory of language 
perception, a strong conflict between what is expected and what is 
observed triggers reanalysis to check for possible perceptual errors, 
which is reflected by the P600. This type of conflict arises when the 
reader is highly expecting a certain linguistic event (based on world 
knowledge) but encounters another unexpected linguistic event, based 
on the sentence parse. This conflict brings the language system into a 
state of indecision and triggers reanalysis. The function of the reanalysis 

is to check the input for possible processing errors which gives rise to the 
P600 effect. 

Previous studies have revealed that ERPs show promising properties 
as neurophysiological indicators of individual differences, since some 
ERP components are found to be modulated by some personal traits 
(Suzuki, Hill, Ait Oumeziane, Foti, & Samuel, 2019), such as mood 
(Federmeier, Kirson, Moreno, & Kutas, 2001; Rodríguez-Gómez, Pozo, 
Hinojosa, & Moreno, 2019), or clinical features like schizotypy (Kiang & 
Kutas, 2005). For example, a correlation between N400 amplitude and 
empathy was found such that empathy scores were associated with 
larger N400 effects elicited by socially relevant conceptual violations, 
this effect being stronger in individuals with higher empathizing skills 
(Van den Brink et al., 2012). In addition, some studies have reported 
ERP differences between groups of subjects scoring differently in some 
behavioral tasks such as the Iowa Gambling Task (Balconi, Finocchiaro, 
& Canavesio, 2015; Cui, Chen, Wang, Shum, & Chan, 2013). These 
findings encouraged us to examine how cognitive flexibility individual 
differences might modify the response to the integration of (un)expected 
events after confirmatory or disconfirmatory evidence. 

The main goal of this work is to study whether the N400 and P600 
ERP components are differentially related to the ability to integrate 
contradictory evidence, that is, cognitive flexibility, which can be 
indexed by a measure of BADE. For this purpose, the amplitude of the 
N400 and the P600 effects were correlated with individual scores in the 
BADE test.To the best of our knowledge, this is the first study correlating 
BADE scores in healthy individuals with their associated ERP patterns. 
Participants were presented with several scenarios followed by infor-
mation that reinforced or not the initial prediction by providing either 
confirmatory or disconfirmatory evidence. Then, a final sentence that 
either matched the potential initial prediction or delivered an alterna-
tive ending to best fit the new disconfirmatory evidence that was pre-
sented. Amplitudes of the N400 and P600 in response to these 
experimental conditions were interpreted as a measure of how new 
evidence is integrated by individuals with low and high cognitive flex-
ibility. We expect that individuals scoring high in cognitive flexibility 
will find it easier to shift their initial prediction to integrate the new 
evidence, thus, eliciting a large N400 effect to the initial targets after 
disconfirmatory evidence was presented. On the contrary, individuals 
scoring low in cognitive flexibility will be stuck on the initial prediction 
and therefore will show a small N400 effect for the target words after 
disconfirmatory evidence. In relation to the response to new targets after 
confirmatory versus disconfirmatory evidence, the N400 and/or the 
P600 ERP components are expected to be modulated, indexing inte-
gration and/or re-evaluation processes, respectively. 

2. Methods 

2.1. Participants 

Twenty-eight Spanish native speakers (19 women and 9 men) 
participated in the experiment in exchange for class credits. All partic-
ipants provided informed consent to take part in the study and reported 
normal or corrected-to-normal vision, and no history of neurological or 
psychiatric disorders. Data from three female participants were dis-
carded because they did not contribute at least 60% artifact-free trials to 
one or more of the experimental conditions. Thus, the final sample 
consisted of 25 participants (16 women and 9 men; mean age = 21.78 
years, range = 19 – 32 years, SD = 2.51). All participants reported to be 
right-handed. The average handedness score (Oldfield, 1971) was +
80.03 (range = +38.46 to +100). 

2.2. Stimuli 

An initial set of experimental stimuli was created in Spanish. It 
consisted of 201 sentences inviting to make a prediction (e. g., “A 
woman was shot. Her husband admitted to be the owner of the gun”). 
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This initial sentence was followed by another contextual sentence that 
could either reinforce the initial prediction (confirmatory evidence, e. 
g., “The police found his fingerprints on the gun”) or attempted to 
modify this first expectation as no longer being supported (dis-
confirmatory evidence, e. g., “Before the murder, the gun had been 
stolen by someone living in the building”). Finally, each scenario ended 
with a final sentence that could either match the confirmatory evidence 
or the disconfirmatory evidence (e. g., “The police arrested the husband” 
or “The police arrested the neighbor”). These final sentences were 
developed according to a cloze probability norming study (i.e., calcu-
lating the percentage of participants who did choose a particular word to 
complete each sentence). 

For the stimuli selection, 120 subjects participated in the pre-study 
(none of them participated in the following ERP study). In order to 
obtain cloze probability values, these participants completed the last 
word of the ending sentence for each scenario. For that purpose, our set 
of stimuli was randomly assigned to 3 experimental lists (40 participants 
per list): the scenario with confirmatory evidence was assigned to one of 
the lists, the same scenario with disconfirmatory evidence was assigned 
to another list, and the same scenario with no evidence was assigned to a 
third list. Thus, each version of a scenario was only present in a certain 
list. The no evidence condition was included as a control condition to 
monitor the possible increase or decrease of cloze probability when the 
confirmatory evidence was added. For the confirmatory evidence con-
dition, words with a mean cloze probability of 43.19 were selected (SD 
= 24.52). As for the disconfirmatory evidence, words with a mean cloze 
probability of 41.03 were selected (SD = 20.06). There were no differ-
ences in terms of cloze probability between these conditions (t(159) =
1.46, p = 0.15). One hundred and sixty scenarios were selected based on 
this norming study. 

For the ERP experiment, a 2 × 2 experimental design with the 
following conditions was developed: 1) scenarios with confirmatory 
evidence and an expected ending, 2) scenarios with confirmatory evi-
dence and an unexpected ending, 3) scenarios with disconfirmatory 
evidence and an alternative corrected ending and 4) scenarios with 
disconfirmatory evidence and the originally expected ending. These 
scenarios were distributed in four experimental lists such that the each 
scenario was only seen once by participants. Participants were randomly 
assigned to one of the experimental lists. Table 1 illustrates the experi-
mental conditions of our design. 

2.3. Procedure 

Participants were fitted with encephalogram (EEG) electrodes while 
they filled out handedness, vision and health questionnaires. They were 
seated approximately 100 cm in front of a 19′′ computer monitor. The 
task was presented using the Psychtoolbox software package (Brainard, 
1997; Kleiner, Brainard, & Pelli, 2007), a toolbox implemented in 
Matlab environment (The MathWorks, Natick, MA). 

The session began with a short set of practice stimuli to acclimate the 
participants to the reading task. Words were presented in the screen in a 
black 40-point lower-case Arial font on a gray background. Participants 
were instructed to read the initial sentence and press the space bar to 
initiate the next sentence. The last sentence was presented word by word 
in the center of the screen. Each word was presented for 300 ms with an 
inter-word interval of 300 ms, except for the final word, which was 
presented for a 500 ms duration to avoid overlapping of the offset of the 
word with a potential N400 ERP component. ERPs were time-locked to 
this final word. Scenarios were presented in random order and divided 
in 4 blocks, with a break between them. The duration of the break was 
self-administered by the participant. 

After the recording session, participants underwent a bias against 
disconfirmatory evidence (BADE) task. The most widely used version 
features twenty-four scenarios consisting of three statements, presented 
one by one (Woodward, Moritz, & Chen, 2006). For example: Amanda is 
very thin (statement 1); Amanda has a difficult life (statement 2); 
Amanda doesn’t even have a home (statement 3). The first statement 
expresses a fact whose interpretation can be multiple. Participants have 
the impression that relevant information is missing. Each new statement 
(second and third) brings novel information compared to the previous 
one. The last one completes the scenario and brings total sense to it. 
Participants’ task was to rate three times (one per statement) how well 
four different explanations fit each statement. One of these explanations 
is the True explanation (Amanda is homeless), whereas two of them are 
Lures: an emotional one (Amanda has an eating disorder) and a neutral 
one (Amanda is a runway model). An additional explanation is an 
Absurd one (Amanda has lost her fake teeth). When the first statement is 
the only one available, the True and Lure explanations can be plausible 
(the Absurd explanation is consistently implausible). At the end of each 
scenario, when all statements are available, participants should be able 
to choose one explanation (the True explanation) above the rest (the 
Lures and Absurd explanations) (Bronstein & Cannon, 2018). 

The whole experimental session lasted about an hour and a half. 

2.4. EEG data recording and preprocessing 

EEG data were recorded from 32 Ag/AgCl electrodes distributed 
according to the 10–20 international system (“American Electroen-
cephalographic Society guidelines for standard electrode position 
nomenclature” 1991). These electrodes were mounted in an electrode 
cap (Electro-Cap International) and their impedances were kept below 5 
kΩ. Electrodes were referenced online to the left mastoid and amplified 
with a Brain Amps amplifier at a sampling rate of 1000 Hz. The signal 
was filtered through a 0.1–100 Hz online band-pass filter. The electro-
oculographic activity was recorded using vertical and horizontal bipolar 
electrodes placed at a suprainfraorbital level of the right eye and on the 
outer canthus of both eyes, respectively. 

Data was processed using BrainVision Analyzer software (Brain 
Products, Munich) and re-referenced off-line to the mastoids average. 
Bipolar horizontal and vertical electrooculograms (EOGs) were cor-
rected using Gratton et al. method (Gratton, Coles, & Donchin, 1983). 
For artifact rejection purposes, the following thresholds were set: 
maximal allowed voltage step, 50 µV; minimal and maximal allowed 
amplitude, ± 100 µV; lowest allowed activity (max-min), 5 µV for a 
1500 ms interval length. Once any threshold was met in the continuous 
EEG file, data recorded at that point were marked and discarded, 
together with data recorded during the 200 ms before and after the 

Table 1 
Examples of the different experimental conditions of the study.    

Initial 
sentence 

Evidence Ending 

Confirmatory 
evidence 

Expected 
ending 

A woman 
was shot. 
Her husband 
admitted to 
be the owner 
of the gun. 

The police 
found his 
fingerprints on 
the gun. 

The police 
arrested 
the 
husband. 

Unexpected 
ending 

A woman 
was shot. 
Her husband 
admitted to 
be the owner 
of the gun. 

The police 
found his 
fingerprints on 
the gun. 

The police 
arrested 
the 
neighbor. 

Disconfirmatory 
evidence 

Alternative 
corrected 
ending 

A woman 
was shot. 
Her husband 
admitted to 
be the owner 
of the gun. 

Before the 
murder, the gun 
had been stolen 
by someone else 
living in the 
building. 

The police 
arrested 
the 
neighbor. 

Originally 
expected 
ending 

A woman 
was shot. 
Her husband 
admitted to 
be the owner 
of the gun. 

Before the 
murder, the gun 
had been stolen 
by someone else 
living in the 
building. 

The police 
arrested 
the 
husband.  
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detection. This was performed to avoid including any residual artifacts 
in subsequent computations of ERP averages. EGG raw data from all 
subjects were scanned and marked using the same criteria. For the 25 
participants, 5.15% trials were discarded and an average of 94.85% 
trials remained per experimental condition. A Butterworth zero phase 
filter was applied to the EEG data (low cutoff at 0.1 Hz, time constant =
1.6 s, 24 db/oct; high cutoff at 20 Hz, 24 dB/oct). The high cutoff filter at 
20 Hz was used to smooth high frequency activity present in the EEG. 
The continuous EEG was segmented into 1000 ms epochs starting 100 
ms before the onset of the target word. Artifact-free average waveforms 
were then computed for each condition separately, after subtraction of 
the pre-stimulus baseline. 

2.5. BADE calculation and clustering analysis 

BADE was calculated in accordance with previous studies (Veck-
enstedt et al., 2011; Woodward et al., 2008): subtracting the plausibility 
rating for Lure interpretations (mean of neutral and emotional lures) 
after statement three off statement one. Higher change scores indicate 
higher flexibility in new evidence integration. These BADE scores were 
used to introduce the participant́s scores as a covariate in the main 
analysis. Additionally, BADE scores were submitted to a hierarchical 
clustering analysis. This approach uses an algorithm that starts with 
each participant in a separate cluster and combines clusters until only 
one is left. This statistical approach allowed us to also classify partici-
pants in two different groups: high and low BADE scores. 

2.6. ERPs analysis 

Data from 25 participants were analyzed with SPSS v.24 and sub-
mitted to a two (evidence levels) by two (target word levels) by 5 Re-
gions of Interest (ROIs) ANOVA. Five spatial ROIs: 4 different quadrant- 
selections of 5 electrodes each (Left-Anterior: LA: F7/F3/FT7/FC3/Fp1; 
Right-Anterior: RA: F8/F4/FC4/FT8/Fp2; Left-Posterior: LP: P7/P3/ 
TP7/CP3/O1; Right-Posterior: RP: P8/P4/CP4/TP8/O2) and one 
midline selection of 6 electrodes (Fz/FCz/Cz/CPz/Pz/Oz) were defined. 
The BADE score was included as a covariate in the analysis. All p values 
are reported with the Greenhouse-Geisser correction for repeated mea-
sures with more than 1 degree of freedom. Effect sizes were computed 
using the partial eta-square (ŋp

2) method. Relevant pair-wise compari-
sons are reported using Bonferroni correction for multiple comparisons. 

Based on visual inspection of the topographic maps as well as on 
typical time-windows of analysis in previous N400 and P600 studies, 
activity per trial was averaged within a time window of 350–500 ms 
after target word onset for the N400 component (Federmeier & Kutas, 
2002; Kerkhofs, Dijkstra, Chwilla, & De Bruijn, 2006; Filik & Leuthold, 
2008), and within a time window of 500–800 ms after target word onset 
for the P600 component (Caffarra, Mendoza, & Davidson, 2019; Tanner, 
Grey, & van Hell, 2017). 

3. Results 

3.1. BADE results 

Fig. 1 illustrates changes in the mean scores in terms of plausibility 
for each explanation depending on the available statements. At first, 
both Lures and True explanations are equally plausible, although this 
effect does not occur for the Absurd explanation. The level of plausibility 
of the True explanation increases whereas the level of plausibility of the 
Lure explanations decreases as new statements are progressively added. 
As for the Absurd, its level of plausibility decreases for each subsequent 
statement, but to a lesser extent since it was unplausible from the 
beginning. 

3.2. ERPs results 

3.2.1. N400 time-window 
In the main analysis there was a marginal interaction between Evi-

dence and Target (F(1, 23) = 3.15, p = 0.08, ŋp
2 = 0.12) and a significant 

Evidence by Target by ROI (F(4, 92) = 9.40, p < 0.001, ŋp
2 = 0.29) and 

Evidence by Target by ROI by BADE (F(4, 92) = 4.17, p = 0.02, ŋp
2 

= 0.15) interaction. We thus conducted independent analyses at each 
ROI, obtaining significant N400 effects at posterior ROIs where N400 
effects typically show their maximal amplitude. In the LP ROI, there was 
a significant main Target effect (i.e., Target endings = 3.6 µV vs. No 
Target endings = 2.9 µV; F(1, 24) = 4.35, p = 0.048, ŋp

2 = 0.15) and a 
significant Evidence by Target interaction (F(1, 24) = 7.77, p = 0.01, ŋp

2 

= 0.24). The interaction indicated that the difference between target 
and no target was greater in the confirmatory (1.2 µV) than in the dis-
confirmatory (0.1 µV) evidence conditions. In the RP ROI, there was a 
significant Evidence by Target interaction (F(1, 24) = 7.16, p = 0.01, ŋp

2 

= 0.23) in the same direction than in the LP ROI (larger N400 for no 
targets than targets, 4.1 versus 2.8 µV in the confirmatory evidence 
condition and 3.8 versus 3.8 µV in the disconfirmatory condition). The 
Target main effect was marginal (F(1, 24) = 3.75, p = 0.06, ŋp

2 = 0.13). 
Finally, in the midline ROI, a similar Evidence by Target interaction was 
found (F(1, 24) = 5.57, p = 0.027, ŋp

2 = 0.19) (Fig. 2A). 
To follow up on the BADE scores covariate, we conducted Pearson 

correlations between each individuaĺs BADE score and the size of the 
N400 effect (confirmatory evidence No Target minus confirmatory evi-
dence Target condition). The Pearson correlations were not significant 
in left and right anterior ROIs. However, they were significant in the LP 
(r25 = 0.407, p = 0.043) (Fig. 2B) and the RP (r25 = 0.459, p = 0.021) 
ROIs, and marginal (r25 = 0.362, p = 0.075) in the midline ROI. 

For illustration purposes only, Figs. 3 and 4 show the data for two 
groups of participants (low and high BADE score groups), considering 
4.5 points or lower as a low score in the test (N = 9 participants) and all 
scores above that threshold high in cognitive flexibility (N = 16 par-
ticipants). The 4.5 cutting score point was obtained as a result of a blind 
clustering analysis of participant́s scores in the BADE test. Group anal-
ysis are not included here since one of the groups contains only 9 
participants. 

3.2.2. P600 time-window 
The analysis yielded a significant main effect of ROI (F(4, 92) 

Fig. 1. Bias Against Disconfirmatory Evidence (BADE) Test Results. Mean 
scores in terms of plausibility for each explanation depending on the avail-
able statements. 
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= 72.77, p = 0.01, ŋp
2 = 0.19), a significant Evidence by Target by ROI (F 

(4, 92) = 10.66, p < 0.001, ŋp
2 = 0.32) and Evidence by Target by ROI by 

BADE (F(4, 92) = 5.65, p = 0.007, ŋp
2 = 0.19) interaction. We thus 

conducted independent analyses at each ROI, finding significant effects 
only at posterior ROIs where these effects typically show their maximal 
amplitude, and no significant P600 effects at anterior ROIs. In the left 
and right posterior ROIs a main effect of Evidence emerged, with larger 
P600s in the disconfirmatory than the confirmatory evidence condition 
(4.1 vs. 3.6 µV in LP ROI: (F(1, 24) = 6.9, p = 0.015, ŋp

2 = 0.22; 4.8 vs 
4.1 µV in RP ROI (F(1, 24) = 10.12, p = 0.004, ŋp

2 = 0.30). A similar 
effect was found in the midline ROI with larger P600 in the dis-
confirmatory than the confirmatory evidence condition (5.0 vs. 4.8 µV 
in M ROI: (F(1, 24) = 4.4, p = 0.04, ŋp

2 = 0.15) (Fig. 5A). 
To follow up on the BADE scores covariate, we conducted Pearson 

correlations between each individuaĺs BADE score and the size of the 
P600 effect in the disconfirmatory minus the confirmatory evidence 
condition at all ROIs. The analysis did not reveal any significant corre-
lations of the amplitude of the P600 effect (all ps >0.05) with individual 
BADE scores (Fig. 5B). 

4. Discussion 

The goal of this study was to investigate potential differences in the 
electrophysiological patterns of response between individuals scoring 
low (i.e., low flexible) and high (i.e., high flexible) in the BADE test as 
they processed various types of scenarios in which their cognitive flex-
ibility skills were engaged. We examined their responses to expected and 
unexpected endings when either confirmatory or disconfirmatory evi-
dence was presented and correlated these effects with BADE scores. 

The comparison unexpected versus expected ending within the 
confirmatory evidence, which is a control contrast that allows us to 
check for the correct validation of the stimuli, elicited statistically sig-
nificant more negative amplitudes in the 350–500 ms time-window. 
Thus, the classical N400 (un)/expectancy response was obtained (see 
review by Kutas & Federmeier, 2011). Remarkably, regression analysis 
revealed that the N400 expectancy effect was reduced for participants 
with higher cognitive flexibility. Thus, BADE scores correlated with in-
dividual differences in terms of the integration effort for unexpected 
endings. Overall, the unexpected ending had a more negative going 

Fig. 2. A Averaged ERP responses elicited by participants to the unexpected 
(red) minus expected (black) targets (N400 effect) after confirmatory evidence 
was presented at P4 electrode (left panel). Negative voltage is plotted up. The 
head map shows the difference brainwavés distribution over the scalp. B. Plot 
showing the correlation of individual participant́s ERP measures in the Right 
Posterior ROI with their BADE test scores. A low BADE score (low cognitive 
flexibility) was associated with a larger N400 difference. 

Fig. 3. The overall result presented in Fig. 2 is now split in the two clusters of participants based on their BADE scores. ERP responses elicited by the low BADE group 
(left) and the high BADE group (right) are shown. Negative voltage is plotted up. The head map shows the difference brainwavés distribution over the scalp. 
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voltage than the expected ending in the N400 time-window. However, 
this difference was larger for individuals with lower cognitive flexibility, 
probably reflecting a greater difficulty integrating unexpected endings 
within the preceding context. By contrast, individuals with high cogni-
tive flexibility somehow found a conceivable manner to integrate un-
expected endings in their representation. Our results thus reveal a 
negative correlation between the BADE score and the N400 amplitude: 
the higher cognitive flexibility, the smaller N400 amplitudes. Thus, 
variability in cognitive flexibility is reflected in N400 amplitudes. A 
correspondence between the present results and the well-known 
reasoning style dimension of rigidity-flexibility seems to emerge. Rigid 
persons are characterized by fixed habits and principles, they want 
things to happen according to predefined plans, don’t like new strategies 
(Rubenowitz, 1963). Flexible persons on the other hand, adapt easily, 
are astute, willing to solve problems, and seek intellectual challenge. 
The BADE task results showed that low BADE scoring participants were 
less prone than high BADE scoring participants to change their initial 
beliefs (plausible Lures). The present electrophysiological data support 
this view, since ERPs patterns elicited by participants differed in the 
amplitude of the N400, reflecting qualitative differences in the way they 
process new evidence and how different mechanisms are recruited to 
deal with the integration of disconfirmatory evidence. 

In addition, for all participants the presentation of disconfirmatory 
evidence elicited larger P600 responses as compared to confirmatory 
evidence, regardless of whether the ending was linked to old or new 
evidence. This suggests that reanalysis processes were likely needed to 
integrate new evidence (Kolk & Chwilla, 2007; van de Meerendonk 
et al., 2010; Vissers, Chwilla, & Kolk, 2007; Vissers, Kolk, van de 
Meerendonk, & Chwilla, 2008). 

An additional critical comparison of our study was the reaction to the 
initial prediction (originally expected ending) when either confirmatory 
or disconfirmatory evidence was presented. This contrast suggested that 
different mechanisms were recruited by each group of participants while 
searching for a potential meaning to the ending of the final sentence. 
However, since one of the groups (low BADE group) included only 9 
participants we refrain from strongly interpreting these results. 

Finally, overall participants showed a larger P600 to any ending 
outcome after disconfirmatory versus confirmatory evidence. As we 
mentioned in the introduction, the P600 effect is considered to reflect a 

Fig. 4. Averaged ERP responses elicited by participants to the expected ending after confirmatory (black) or disconfirmatory (red) evidence at P4 electrode. Negative 
voltage is plotted up. The head map shows the difference brainwavés distribution over the scalp. 

Fig. 5. A. Averaged ERP responses elicited all participants (N = 25) by any 
type of sentence ending when there was supporting (black) or unsupporting 
(red) evidence. Negative voltage is plotted up. The head map shows the dif-
ference brainwavés distribution over the scalp. B. Plot showing the lack of 
correlation of individual participant́s BADE test scores with ERP measures in 
the right posterior ROI, in response to disconfirmatory minus confirmatory 
evidence conditions. 
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general process of reanalysis and monitoring process, and it is elicited 
when a strong conflict between expectancies triggers reanalysis to check 
for possible perceptual errors (Kolk & Chwilla, 2007; van de Meer-
endonk et al., 2010; Vissers et al., 2007, 2008). In this case, participants 
seemed to have a difficulty of integration of any type of ending when-
ever new disconfirmatory evidence was presented. This effect was 
however independent of the BADE scores since Pearson correlations 
were not significant. Thus, regardless of their cognitive flexibility all 
participants seem to reanalyze the outcoming endings whenever dis-
confirmatory evidence was presented. Thus, a dissociation of ERP in-
dexes was obtained. While N400 amplitudes were sensitive to cognitive 
flexibility, P600 effects seem to be independent of cognitive flexibility. 
Future studies with a matched number of participants per group might 
further examine whether reanalysis indexes (P600 effects) might be 
modulated for participants with high and low cognitive flexibility.,  

1. In sum, the present data allow us to interpret how different neural 
mechanisms are recruited by participants as a function of the evi-
dence integration capabilities of participants. Brain responses, which 
are not subject to conscious control, reveal a differential pattern of 
integrating new evidence. Individuals with lower cognitive flexi-
bility exhibited greater efforts to integrate endings that clashed with 
their expectancies, compared to the ones with higher cognitive 
flexibility. If this integration was successful, they suppressed their 
previous beliefs as they are not compatible. On the other hand, the 
reanalysis processes indexed by P600 effects were triggered when-
ever disconfirmatory evidence was presented regardless of the 
outcome and cognitive flexibility capabilities. To the best of our 
knowledge, the present study is the first one to use cognitive flexi-
bility measures (BADE scores) in combination with ERP measures of 
language processing. First, the classical N400 (un)expectancy effect 
clearly shows a correlation as a function of scores in a BADE test. This 
finding fits well with previous literature on how personality traits 
such as empathy are able to influence ERP patterns of response (Van 
den Brink et al., 2012). On the other hand, a P600 amplitude increase 
was found whenever disconfirmatory evidence was presented, 
regardless of the outcome and BADE scores. This result fits well the 
interpretation of P600 effects as a sign of reanalysis and monitoring 
processes being triggered (Kolk & Chwilla, 2007; van de Meerendonk 
et al., 2010; Vissers et al., 2007, 2008). Together, these findings 
reveal that ERP responses from participants in a language processing 
task are able to capture individual differences in information pro-
cessing styles, particularly in the way to integrate new dis-
confirmatory evidence. Moreover, our findings in a non-clinical 
population might serve as a starting point to examine pathologies in 
which a resistance to abandon delusional beliefs even if confronted 
to unsupporting evidence (Eisenacher & Zink, 2017). They might 
also be useful to understand how rigid pessimistic beliefs are resis-
tant to modification in other pathologies (e.g., depression). In 
conclusion, our ability or inability to change our minds can be 
examined using electrophysiological measures that are not subject to 
conscious control and thus they provide researchers with a powerful 
tool to best understand the malfunctioning and resistant use of 
inflexible ways of thinking. 
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