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Evaluative conditioning is an effect consisting of a change in the valence of a neutral 
stimulus (Conditioned Stimulus, CS) that results from pairing it with a valenced stimulus 
(Unconditioned Stimulus, US). The present contribution examined whether and how this 
effect is moderated by Neuroticism, a personality trait articulated in facets and 
characterized by a high focus on valence. For this purpose, 242 participants completed an 
EC procedure and a comprehensive survey to assess Neuroticism. Multilevel analyses 
indicated the EC effect of negative and positive USs to be stronger for people high in 
anxiety and vulnerability, two Neuroticism facets. This moderation effect was explained 
by a stronger reaction to the idiosyncratic valence of the US. This result has implications 
for both EC and personality research. The findings suggest the importance of considering 
USs’ idiosyncratic evaluation as a potential critical aspect for a significant EC effect and 
provide novel theoretical insights on how the EC effect takes place in people showing 
high levels of Neuroticism-related facets. 

There is a general agreement that attitudes are disposi
tions to evaluate psychological objects as good-bad, pleas
ant-unpleasant, or likable-dislikable (Ajzen & Fishbein, 
2000; Eagly & Chaiken, 1993; Petty et al., 1997; Tesser & 
Martin, 1996). As such, attitudes are assumed to govern 
human behavioral intentions and overt behavior largely. 
Although some of these attitudes may be genetically de
termined, most of them are acquired or modified through 
ongoing interactions in and with the environment during 
our lives (De Houwer, 2007). 

Evaluative conditioning (EC) represents an eminent 
manner of acquiring and changing attitudes (Gibson, 2008; 
Gorn, 1982; Olson & Fazio, 2001). It refers to a learning 
phenomenon in which the evaluation of a neutral stimulus 
(Conditioned Stimulus, CS) is changed through its system
atic pairing with another valenced (i.e., liked or disliked) 
stimulus (Unconditioned Stimulus, US) (De Houwer, 2007). 
EC is a robust and reliable phenomenon. Meta-analytic re
sults across 214 studies showed an overall EC effect of mod
erate size, d = .52 (Hofmann et al., 2010). One interesting 
issue concerns the potential moderators of this effect (De 
Houwer, 2011). Previous research has mostly focused on 
procedural moderators (e.g., stimulus, measurement, and 
contextual features; Hofmann et al., 2010). However, the 
EC effect involves a transfer of valence, that can have af
fective connotations, from the US to the CS (De Houwer et 

al., 2001; Hofmann et al., 2010). Differences in how people 
process emotional information might significantly impact 
the EC effect, calling for further investigations into new po
tential moderators situated at the person level, such as per
sonality traits. 

In the present contribution, we focused on Neuroticism. 
Neuroticism is one of the broad traits at the apex of per
sonality taxonomy, and it is typically conceptualized as the 
general tendency to experience negative emotions (Clark 
& Watson, 1999; Matthews et al., 2003; McCrae & Costa, 
1997; Widiger, 2009). It has also been connected to more 
negative reactions to unpleasant events and stressors and 
a poorer recovery (Costa & McCrae, 1992; DeYoung, 2015; 
Suls & Martin, 2005). Neuroticism is the most important 
factor associated with many forms of psychopathology, in
cluding anxiety and depressive disorders (Kotov et al., 
2010). Neuroticism is said to be characterized by a focus 
on negative emotions and by the intensity of and reactivity 
to negative affect, but according to some views, it reflects 
more about individuals’ emotional experiences than simply 
negative affect. For example, neurotic individuals show a 
high valence focus, a sensitivity to valenced information 
in the environment, that is, to the relevance attributed to 
the pleasantness or unpleasantness of a stimulus (Barrett, 
1998, 2006; Feldman, 1995). Neurotic individuals tend to 
emphasize pleasure and displeasure when construing their 
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experience of surroundings. In addition, valence focus was 
found to be stronger for individuals high in the neurotic 
facet of anxiety (Barrett, 1998). 

To elaborate further, there are two different theoretical 
perspectives regarding this high valence focus. The promi
nent classical view of Neuroticism is strongly inspired by 
Eysenck’s and Gray’s theories (H. J. Eysenck, 1967; Gray, 
1981). It postulates that neurotic individuals exhibit a 
heightened focus only on the negative aspects of stimuli. 
According to this view, neurotic individuals show a higher 
baseline negative affect as well as a hyper-reactivity to 
stressors, which makes them more predisposed to focus 
on negative than positive information (Chan et al., 2007; 
Gross et al., 1998; Robinson et al., 2007). These predispo
sitions, together with the tendency to use suboptimal cop
ing strategies, such as self-blame or rumination (Abram
son et al., 1989; Beck, 1987; Riskind, 1997), account for 
the maintenance and reinforcement of negative emotions 
(Beck, 1967) and thus of a negative attitude toward expe
riences. As such, neurotic individuals are not only chroni
cally high on negative valence focus but also seem to have a 
deficit in their capacity to learn from external positive sit
uations. In line with this perspective, several studies have 
linked Neuroticism to negative biases in attention and 
memory. High neuroticism participants showed heightened 
attention to negative information (M. W. Eysenck, 2000; 
Matthews, 2004; Rusting, 1998; Williams et al., 1996) and 
were more likely to recall negative or threat stimuli (Chan 
et al., 2007; Martin, 1985; Rusting, 1998). 

The alternative view states that people high in Neuroti
cism have a heightened focus on all valenced stimuli - neg
ative and positive (Bachorowski & Braaten, 1994; Larsen 
& Diener, 1987). According to this perspective, individuals 
high in Neuroticism can also focus on positive information 
and feel positive emotions, but only under pleasant cir
cumstances (Hannuschke, Gollwitzer, et al., 2018; Longua, 
DeHart, et al., 2009; Ng, 2009). Neurotic individuals, thus, 
can be perturbed by positive changes in their surroundings, 
learning from these stimuli. In other words, in pleasant sit
uations, they can feel positive emotions, which allow them 
to form or modify their baseline negative attitudes into 
positive ones. Consistently, several studies showed that bi
ases in attention might only appear under stressful condi
tions or after mood induction (M. W. Eysenck, 2000; Math
ews & MacLeod, 1994; Rusting, 1998). 

Besides the divergent theoretical positions, given its fo
cus on stimuli valence, Neuroticism is a strong candidate 
moderator of EC effects. To the best of our knowledge, only 
two studies explored the moderating role of Neuroticism on 
the EC effect. In the first contribution (Vogel et al., 2019), 
Neuroticism was a significant moderator of the EC effect. 
More specifically, neurotic individuals tended to evaluate 
CSs more negatively when paired with negative USs, and 
more positively when paired with positive USs, supporting 
that Neuroticism consists of a heightened focus on both 
negative and positive valenced stimuli (Bachorowski & 
Braaten, 1994; Hannuschke et al., 2020; Larsen & Diener, 
1987; Ng, 2009). Notably, there was a specific role of the 
anxiety facet and not depression, in explaining the mod

erating effect of Neuroticism. The authors argued that the 
stronger tendency to vigilance typical of anxious people is 
to make them more focused on stimuli valence (Vogel et 
al., 2019). A recent contribution (Bunghez et al., 2022) ex
tended Vogel et al.'s (2019) work. In the first experiment, 
the authors paired CSs with ambiguous USs (i.e., possessing 
both positive and negative features), assuming ambiguity to 
be useful for capturing Neuroticism’s negative attitude to
ward experience. In the second one, CSs were either paired 
with positive or negative USs for 100% of the presentations 
or with positive and negative USs in equal proportion. The 
results showed a consistent tendency to perceive all CSs 
as less likable, corroborating the Neuroticism classical view 
(Chan et al., 2007; Gross et al., 1998; Robinson et al., 2007). 

Taken together, these results suggest a relationship be
tween Neuroticism and the EC effect. However, despite this 
basic agreement, the other results are not unanimous. The 
two contributions are not easily comparable, given the het
erogeneity of the neuroticism measures, the EC procedure, 
and the statistical methods. Moreover, neither contribution 
deepened the issue of how Neuroticism affects EC effects. 
This calls thus for further investigation, both in terms of 
replicating and extending the main moderating results and 
starting to explore the processes underlying the relation
ship between EC and Neuroticism. 

Aims  

The aim of the present study was twofold. First, we 
sought to investigate whether Neuroticism and its relevant 
facets would moderate the effect of valence in the EC par
adigm to replicate previous results (Bunghez et al., 2022; 
Vogel et al., 2019). Second, we aimed to further our under
standing of the relationship between Neuroticism and the 
EC effect. More specifically, we investigated how Neuroti
cism would influence this effect. For this purpose, we ex
amined whether Neuroticism (and its relevant facets) could 
be related to the enhanced tendency to evaluate the US or 
whether it could be related to a stronger reaction to valence 
of the US. It is also possible that both processes are at work, 
or neither. The study presented below allowed us to test 
these hypotheses. 

Transparency, Openness, and Analytical Strategy      

The study design, materials, the main aims of the study, 
and the data analytic plan were pre-registered in AsPre
dicted (https://aspredicted.org/TD9_7QG) and the study 
was approved by the Ethics Committee of the Department 
involved. For the sake of simplicity, we name US valence 
as “US condition” (1 = positive, 0 = negative). We selected 
matched positive and negative USs at different levels of 
arousal. Unlike what we preregistered, we analyzed them 
considering their valence only, as the mixed models were 
too complex, and the stimuli within each category were in
sufficient to estimate this factor (see below). 

We also extended the preregistered analysis plan. First, 
in line with Vogel et al. (2019), we decided to consider not 
only the broad personality factor of Neuroticism but also 
its facets. Second, we tested a series of moderated media
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tion mixed-models to assess the moderating effect of Neu
roticism on the relationship between US condition and CS 
evaluation (i.e., the EC effect), on that between US con
dition and US evaluation and between US evaluation and 
CS evaluation. More specifically, to address the moderating 
role of Neuroticism on the EC effect and the relationship 
between US condition and US evaluation, we performed a 
series of mixed model analyses (Judd et al., 2012; Westfall 
et al., 2014), entering US condition, neuroticism facets (one 
at a time), and their interaction as fixed effects. Instead, to 
test the moderating role of Neuroticism and the associa
tion between US evaluation and CS evaluation, we entered 
US evaluation, the neuroticism facet (one at a time), and 
their interaction as fixed effects. We grand-mean centered 
the neuroticism facets and the US evaluation variable. Since 
all our models turned out to have singularity issues, we fol
lowed the Bates method (Bates et al., 2012) to simplify their 
random structure. Thus, as random effects, we had the in
tercept for participants and stimuli (CS) and a by-partici
pant random slope for the impact of the US condition. We 
also removed correlations between intercept and slope for 
participants. When interaction terms were significant, we 
performed simple-slope analyses to explore these interac
tions better. The analyses were performed using R version 
4.0.3 (R Core Team, 2020) in conjunction with the package 
lme4 (Bates et al., 2012; version 1.1-21) and “reghelper” 
(Hughes, 2018). 

Method  
Design and sample size     

The procedure involved a 2-levels (US condition: positive 
vs. negative) within-subjects unifactorial design. Partici
pants were first provided a general overview of the exper
iment and then asked for their informed consent. Partici
pants completed the EC procedure and then the Big Five 
Inventory-2 – Negative Emotionality items (BFI-2; Soto & 
John, 2017), HEXACO-PI - Emotionality items (Ashton & 
Lee, 2009; Lee & Ashton, 2004), HEXACO-60 (Ashton & 
Lee, 2009), and the IPIP-NEO -120 - Neuroticism items 
(Johnson, 2014). The entire session lasted approximately 20 
minutes. 

We originally planned to collect 300 participants. For 
technical reasons, we collected only two hundred and 
ninety-eight participants (117 women, Mage = 25.76, SD = 
6.23) on the Prolific Academic website (https://prolific.ac) 
in exchange for a monetary reward. Following our prereg
istered data cleaning, we excluded data from participants 
who did not rate any of the pictures of greyscale fractals as 
neutral during the pre-conditioning phase and participants 
who selected the same response 100% of the time on the 
dependent variable. Based on these criteria, we removed 6 
participants evaluating all the CSs in the same way 100% 
of the time during the pre-evaluation phase, and 50 initial 
participants who did not arrive at the EC procedure because 
did not evaluate at least 4 neutral CSs, leaving us with 242 
participants. The excluded participants did not differ from 
the final sample in Neuroticism (see Supplementary Mater
ial Table S1). 

We estimated a priori the required sample size through a 
power sensitivity analysis (Perugini, Gallucci, et al., 2018), 
showing that, given α = .05 and a power of .80 for a uni
directional hypothesis, the minimum effect size detectable 
with a sample size of 300 for a moderating effect of Neu
roticism on EC is r = .143 (equivalent to Cohen’s d = 0.289), 
which becomes r =.159 with n = 242). Concerning the medi
ated moderation multilevel model, we calculated post-hoc 
the sensitivity of the study. We used a simulation approach 
(Liu, 2014) to estimate the sensitivity to the key parameters 
given the other non-focal parameters in the model. We are 
not aware of any software or package allowing us to per
form a sensitivity analysis for a multilevel model (e.g., sen
sitivity is not implemented in the R package simr). There
fore, we had to define an ad-hoc meaningful approach and 
then run simulation models. Details of the simulation ap
proach as well as the corresponding R code are reported 
in the supplementary material. The parameters we found 
in the study were overall compatible with the sensitivity 
of the design as established by simulations. Therefore, the 
study was reasonably sensitive to detect meaningful effects, 
hence reasonably powered. We refer to the supplementary 
material for more information. 

Materials  

EC procedure   

The EC paradigm was adapted from Vogel et al. (2019; 
footnote 3). It consisted of the following sequential phases: 
CS pre-conditioning evaluation, conditioning, postcondi
tioning CS evaluation, contingency awareness assessment, 
US evaluation, and demand awareness questions. 
EC stimuli . The initial set of CSs was formed by twenty 

computer-generated grayscale pictures of fractals from 
which the CSs used in the study were selected after an eval
uation before the EC paradigm (see below). We used four 
USs, two positively (Mvalence = 7.86 and Mvalence = 6.17) and 
two negatively (Mvalence = 2.45, Mvalence = 2.87) valenced 
pictures from the international Pictures Affective System 
(IAPS; Lang, Bradley, & Cuthbert, 2005). 
CS pre-conditioning evaluation.   Participants saw a se

ries of 20 unknown computer-generated grayscale pictures 
of fractals presented in a random order one by one and 
rated their likeability from -10 (“very negative”) to +10 
(“very positive”) with the middle of the scale (0) marked as 
“neutral”. The ratings were used to select pictures for the 
conditioning phase idiosyncratically. The computer pro
gram selected the 4 pictures evaluated most neutrally by 
a participant in a stepped selection process: if more than 
four, pictures were randomly selected among the pool of 
those with ratings of 0; if not enough, pictures with ratings 
of -/+ 1 were included; if still this step was not sufficient, 
pictures with ratings of -/+ 2 were considered. Participants 
who did not rate at least 4 pictures within the targeted 
range were excluded from the study. 
Conditioning phase.  We used the four USs and the four 

individually selected CSs to construct four CS-US pairs. We 
randomly assigned two of the neutral pictures (CS) to pos
itively valenced USs. The CS–US pairs were fixed random 
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such that for each participant, a particular CS was always 
paired with the same US, and the order of CS–US pairs was 
randomized. The conditioning phase consisted of 8 cycles. 
In one conditioning cycle, all four CS-US pairs were pre
sented once, leading to a total of 32 trials. In each trial, 
the CS was presented alone for 1000 ms, then together with 
the US for 3000 ms. The CS and US occurred randomly on 
the left or right-hand sides of the screen. The inter-trial in
terval was 1000 ms. At the beginning of the conditioning 
phase, participants were instructed to form an impression 
of the upcoming picture pairs and to make a judgment on 
each pair. 
Post-conditioning phase.  Participants were asked to 

rate the valence of each CS presented individually in ran
dom order on a 7-point rating scale (-3 = “very negative”, to 
+3 = “very positive”). 
Contingency awareness measure.   Contingency aware

ness was assessed with a forced-choice procedure. Partic
ipants were asked to indicate with which US they thought 
each CS had been presented. Each CS was presented in the 
upper part of the screen and the four USs below it. The loca
tion of the correct and incorrect USs was randomized. Par
ticipants had to click on the US picture they thought had 
been paired with the CS. 
US post-conditioning evaluation.   Participants rated 

the USs in random order on valence (-3 = “very negative”, 
to +3 = “very positive”). 

Big Five Inventory-2 – Negative Emotionality items        
(BFI-2;  Soto & John, 2017   )  

The 12 Negative Emotionality items of the complete ver
sion of the BFI-2 assess general Negative Emotionality, and 
its three facets: Anxiety, Depression, and Emotional 
Volatility. The scale uses a 5-point format ranging from 1 
(strongly disagree) to 5 (strongly agree). 

HEXACO-PI - Emotionality items     (Ashton & Lee,    
2009; Lee & Ashton, 2004)      

The 32 Emotionality items of the complete version of the 
HEXACO-PI assess Emotionality, and its four facets (8 items 
for each facet): Fearfulness, Anxiety, Dependence, and Sen
timentality. Participants responded on 5-point scales rang
ing from 1 (strongly disagree) to 5 (strongly agree). 

HEXACO-60  (Ashton & Lee, 2009)     

A short version of the HEXACO-PI (Ashton & Lee, 2009; 
Lee & Ashton, 2004) assesses the other 5 personality fac
tors (Honesty-Humility, Extraversion, Agreeableness, Con
scientiousness, and Open to experience) on 5-point scales 
from 1 (strongly disagree) to 5 (strongly agree). 

IPIP-NEO -120 - Neuroticism items      (Johnson, 2014)   

The neuroticism dimension consists of 24 items assess
ing Neuroticism, and its six facets: Anxiety, Anger, Depres
sion, Self-consciousness, Immoderation, and Vulnerability. 

The scale uses a 5-point format ranging from 1 (strongly 
disagree) to 5 (strongly agree). 

Hypotheses  

The first hypothesis (H1) is that we expected to find an 
EC effect. The second hypothesis (H2) concerned the ef
fect of Neuroticism as a moderator of the EC effect. Based 
on Vogel et al. (2019), we expected that Neuroticism, and 
in particular the facet of Anxiety, moderated the EC effect, 
meaning that the EC effect should be larger for higher 
scores in Neuroticism and Anxiety. Further tests concerned 
how neuroticism moderated the EC effect. We had two main 
competing possibilities. On the one hand, one could argue 
that Neuroticism (and its relevant facets) is related to the 
tendency to evaluate stimuli as more valenced than they 
normatively are and, consequently, the USs might be eval
uated as more valenced (H3a, perception), ultimately lead
ing to a larger EC effect. Research has shown that a focus 
on valence enhances the EC effect (Gast & Rothermund, 
2011) and that changes in the valence of the USs lead to 
corresponding changes in the EC effect (US revaluation, 
Walther et al., 2009). On the other hand, one could argue 
that Neuroticism (and its relevant facets) is related to a 
stronger reaction to valenced stimuli (US) (H3b, reaction), 
consequently leading to a larger EC effect. As anticipated 
in the Analytic strategy, to examine these possibilities, we 
performed a moderated mediation mixed-model analysis 
where the US evaluation would mediate the relation be
tween the US condition and the CS evaluation, examining: 

For all these paths, we tested whether Neuroticism 
would be a significant moderator (Figure 1). A different pat
tern of results can support the two competing alternatives. 
If Neuroticism moderates indirect effect “a”, it would sup
port the first possibility (H3a, perception) whereas if it mod
erates indirect effect “b”, the second possibility would be 
supported (H3a, reaction). Note that, in the Figure, the total 
effect “c” corresponds to the main hypothesis (H1), whereas 
the moderating effect of Neuroticism and facets on “c” cor
responds to H2. 

Results  
Preliminary results   

A general Neuroticism dimension was obtained by per
forming a Principal Component Analysis on the facet level 
scales related to Neuroticism (i.e., HEXACO-PI: Fearful
ness, Anxiety, Dependence, and Sentimentality; BFI-2: De
pression, Anxiety, and Emotional Volatility; IPIP: Anxiety, 
Anger, Depression, Self-Consciousness, Immoderation, and 
Vulnerability). As expected, results support a one-factor so
lution, explaining 49.83% of the total variance. The load
ings shown by the facets on the extracted factor ranged 

• the relation between US condition and CS evaluation 
(total/simple effect effect “c”), 

• the relation between US condition and US evaluation 
(indirect effect “a”), 

• the relation between US evaluation and CS evalua
tion (indirect effect “b”). 
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Figure 1. Visual representation of the general moderated mediation model         

from .36 (HEXACO-PI: Sentimentality) to .88 (IPIP: Anxi
ety). 

Table 1 shows the sample’s mean level for Neuroticism 
and its facets. All the scales and facets showed good re
liability except for the IPIP Immoderation. Table 1 also 
shows Pearson zero-order correlations between the person
ality measures, including Neuroticism and its facets with 
CS ratings and pre-post CS ratings and the EC effect.1 The 
Neuroticism dimension did not significantly correlate with 
the EC effect, whereas the Emotionality factor of the 
HEXACO-PI did. The general Neuroticism factor consider
ing all facets related to Neuroticism and using factor scores, 
did not correlate significantly with the EC effect. However, 
Neuroticism facets, especially Vulnerability (IPIP) and Anx
iety (HEXACO-PI, BFI-2, IPIP) did correlate significantly. 
Thus, we can anticipate those facets most likely moderate 
the EC effect. Based on these preliminary results, we de
cided to run the subsequent analyses on the four significant 
neuroticism facets and the general Emotionality factor. 

The EC effect and the moderating role of         
Neuroticism on the EC effect (H1 and H2)         

Results revealed a significant main EC effect, indicating 
that people with a medium level of Neuroticism liked CSs 
paired with positive USs more relative to CSs paired with 
negative ones (H1), in all the considered models (Table 2). 
For example, results from Model 1 indicated that the lik
ing of CSs was, on average, higher when paired with pos

itive USs relative to negative ones for people with an av
erage level of anxiety. The effect of anxiety (HEXACO-PI, 
BFI-2, IPIP), vulnerability (IPIP), and the Emotionality fac
tor (HEXACO-60) was non-significant across these models, 
indicating that Neuroticism did not affect the liking of CS 
paired with negative USs. Instead, significant positive in
teractions emerged between all the Neuroticism facets and 
the Emotionality factor with positive USs, showing that the 
effect of positive US was modulated by one’s levels of anx
iety, vulnerability, and the general factor of Emotionality. 
Findings from the simple slope analysis indicated a simi
lar pattern: the effect of positive US is significant for high, 
average, and low levels of anxiety, vulnerability, and Emo
tionality, but it became stronger as the score in the trait 
increased. All models showed the same pattern: The more 
anxious, vulnerable, and emotional people are, the more 
they like CS paired with a positive US. 

How does Neuroticism moderate the EC effect?        

Hypothesis 3a (perception)    

As Table 3 illustrates, the association between US con
dition and US evaluation (indirect effect “a”) was signifi
cant in all the models considered (Model 6 to Model 10), in
dicating that normative differences in the paired US were 
reflected in their personal evaluation by participants, that 
is the positive versus negative selected USs tended to be 
judged as positive versus negative by the participants. The 
effect of Neuroticism was also significant and negative. 

The correlation matrix among all personality measures is reported in the Supplementary Material 1 
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Table 1. Descriptive statistics and Cronbach’s alpha for personality measures and Pearson’s correlations between             
personality and CS evaluations (    N  = 242)   

M SD α CSP CSN EC effect 

HEXACO-PI 

Fearfulness 3.01 .70 .72 .01 -.10 .06 

Anxiety 3.47 .78 .80 .16* -.12 .17** 

Dependence 2.91 .80 .82 .03 .12 -.05 

Sentimentality 3.41 .82 .83 .08 .02 .04 

Emotionality 3.20 .56 .88 .10 -.02 .07 

BFI-2 

Depression 3.04 1.02 .85 .07 -.08 .09 

Anxiety 3.61 .84 .78 .14* -.09 .14* 

Emotional Volatility 3.04 .93 .79 .07 .04 .02 

Negative Emotionality 3.23 .81 .90 .10 -.05 .09 

IPIP-NEO 

Anxiety 3.21 1.00 .85 .12 -.10 .13* 

Anger 2.90 1.02 .85 .04 .00 .02 

Depression 3.04 1.13 .90 .11 -.06 .10 

Self-Consciousness 3.23 .90 .69 .07 -.04 .07 

Immoderation 2.83 .76 .58 .03 .00 .01 

Vulnerability 2.95 .92 .78 .19** -.11 .19** 

Neuroticism 3.02 .71 .92 .13 -.07 .12 

HEXACO-60 

Honesty 3.49 .70 .75 .10 -.11 .13* 

Openness 3.61 .63 .69 -.01 .13* -.09 

Conscientiousness 3.61 .66 .79 -0.07 -.01 -.04 

Agreeableness 3.03 .62 .73 .14* .01 .08 

Extraversion 2.69 .76 .83 -.01 .07 -.05 

Emotionality 3.10 .69 .78 0.12 -.12 .15* 

Neuroticism factor score 0 1 - .13* -.07 .12 

Note. CSP score is the mean of CS evaluation when the CSs were paired with positive valence USs. CSN score is the mean of CS evaluation when the CSs were paired with negative va
lence USs. EC effect score is the difference between CSN and CSP. The Neuroticism factor score was obtained through a PCA on the HEXACO-PI, BFI-2, and IPIP-NEO subscales. 

Note that this effect is conditional on including the US con
dition as a predictor, in addition to the interaction effect 
that however is small and not significant. Therefore, what 
is predicted is the portion of residual variance in the US 
evaluation not predicted by the US condition. As Neuroti
cism increased, participants evaluated more negatively the 
USs compared to what normatively they have been evalu
ated. On the contrary, no significant interactions emerged 
between Neuroticism and US condition. Overall, this result 
partly disconfirmed this hypothesis. Neuroticism seems to 
affect only the perception of negative USs as more negative 
than they are for other people. Hence, there is no evidence 
that it is via this perception process that Neuroticism mod
erates the US evaluation, hence leading to larger EC effects. 

Hypothesis 3b (reaction)    

As shown in Table 4, the indirect effect (“b”) of US eval
uation on CS was significant in all the models tested (Model 
11 to Model 15), indicating that as the US evaluation be

came more positive, the CS evaluation also became more 
positive. As such, people preferred CS paired with more 
liked USs. In all the considered models, significant inter
actions also emerged between neuroticism facets and US 
evaluation, except for the Emotionality factor, which fell 
just short of statistical significance. Simple slopes analyses 
showed that as Neuroticism facets increased, the effect of 
US evaluation on CS evaluation also increased, meaning 
that the EC effect was larger. This result supported the 
possibility that facets of Neuroticism are related to an in
creased reaction to individually evaluated USs, hence lead
ing to a larger EC effect. Further, support to our hypothesis 
is that the introduction of US evaluation in the model sup
pressed the validity of the CS condition effect in all the 
models tested (except for Models 13 and 14), showing that 
the idiosyncratic US evaluation fully mediates the CS con
dition (normative US evaluation) in determining the EC ef
fect. 

To sum up the results, the effect of the experimental 
conditions on the CS evaluation appears to be mediated, 
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Table 2. Statistics from mixed-effects models assessing the relationship between US condition (1 = positive, 0 = negative), Neuroticism, their interaction for predicting CS evaluation, and                         
simple slope analysis, assessing the relationship between US condition on CS evaluation at different levels of Neuroticism (H1 and H2)                     

Model 1: Model 2: Model 3: Model 4: Model 5: 

HEXACO-PI Anxiety BFI2 Anxiety IPIP Anxiety IPIP Vulnerability HEXACO-60 Emotionality 

B SE t 95%CI B SE t 95%CI B SE t 95%CI B SE t 95%CI B SE t 95%CI 

Intercept .03 .04 . 58 [-.06, .11] .03 .05 .58 [-.06, .11] .03 .05 .58 [-.06, .11] .03 .04 .58 [-.06, .11] .03 .06 .06 [-.06, .11] 

US condition 1.40 .11 12.09 [1.17, 1.62] 1.40 .12 12.04 [1.17, 1.62] 1.40 .12 12.02 [1.17, 1.63] 1.40 .12 12.12 [1.17, 1.63] 1.40 .11 12.14 [1.17, 1.63] 

Neuroticism .04 .05 .67 [-.06, .13] .03 .05 .66 [-.06, .13] .02 .04 .37 [-.06, .09] .06 .04 1.28 [-.03, .14] .01 .06 .15 [-.10, .12] 

N*UScond .40 .15 2.68 [.11, .69] .31 .14 2.26 [.04, .06] .24 .12 2.06 [.01, .46] .37 .13 2.95 [.12, .62] .38 .17 2.27 [.05, .71] 

Simple slope analysis 

B SE t 95%CI B SE t 95%CI B SE t 95%CI B SE t 95%CI B SE t 95%CI 

Low level (- 1SD) 1.09 0.16 6.65 [1.39, .76] 1.14 0.16 6.91 [1.44, .82] 1.16 0.16 7.04 [1.47, .85] 1.06 0.16 6.48 1.37, .75] 1.13 0.16 6.90 [1.44, .82] 

Medium level 1.40 0.12 12.09 [1,32, .85] 1.40 0.12 12.04 [1.32, .85] 1.40 0.12 12.02 [1.32, .85] 1.40 0.12 12.12 [1.62,1.18] 1.40 0.12 12.13 [1.32, .85] 

High level (+1SD) 1.71 0.16 10.44 [1.39, 2.02] 1.66 0.16 10.10 [1.97, 1.34] 1.64 0.16 9.95 [1.95, 1.32] 1.74 0.16 10.65 [1.71, 1.42] 1.66 0.16 10.11 [1.97, 1.34] 

Table 3. Mixed-effects models assessing the relationship between US condition, Neuroticism, and their interaction effect for predicting US evaluation (H3a)                   

Model 6: Model 7: Model 8 Model 9: Model 10: 

HEXACO-PI Anxiety BFI2 Anxiety IPIP Anxiety IPIP Vulnerability HEXACO-60 Emotionality 

⯑ SE t 95%CI ⯑ SE t 95%CI ⯑ SE t 95%CI ⯑ SE t 95%CI ⯑ SE t 95%CI 

Intercept .25 .04 6.55 [.17, .33] .25 .04 6.56 [.17, .33] .25 .04 6.59 [.17, .33] .25 .04 6.55 [.17, .33] .25 .04 6.56 [.17, .33] 

US condition 3.43 .09 37.95 [3.25, 3.61] 3.43 .09 38.04 [3.25, 3.61] 3.43 .09 37.99 [3.25, 3.61] 3.43 .09 37.96 [3.25, 3.61] 3.43 .09 37.94 [3.25, 3.61] 

Neuroticism -.11 .05 -2.12 [-.20, -.01] -.13 .05 -2.71 [-.21, -.03] -.14 .04 -3.65 [-.21, -.06] -.10 .04 -2.31 [-.18, -.01] -.15 .06 -2.71 [-.26, -.04] 

N*UScond -.03 .12 -.26 [-.25, 19] -.12 .11 -1.11 [-.33, .09] -.07 .09 -.74 [-.24, .11] -.04 .10 -.45 [-.23, .15] -.00 .13 -.04 [-.26, .25] 
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Table 4. Mixed-effects models assessing the relationship between US Condition, US Evaluation, Neuroticism, their interaction to predict CS evaluation, and simple slope analysis, assessing                       
the relationship between US evaluation on CS evaluation at different levels of Neuroticism (H3b)               

Model 11: Model 12: Model 13: Model 14: Model 15: 

HEXACO-PI Anxiety BFI2 Anxiety IPIP Anxiety IPIP Vulnerability HEXACO-60 Emotionality 

⯑ SE t 95%CI ⯑ SE t 95%CI ⯑ SE t 95%CI ⯑ SE t 95%CI ⯑ SE t 95%CI 

Intercept .03 .05 .62 [-.07, .13] .03 .05 .69 [-.07, .13] .04 .05 .74 [-.06, .14] .03 .05 .60 [-.07, .13] .03 .05 .62 [-.07, .13] 

US condition -.28 .14 -1.94 [-.56, .00] -.27 .14 -1.87 [-.55, .02] -.29 .14 2.00 [-.57, -.00] -.29 .14 -1.99 [-.56, -.00] -.28 .14 -1.95 [-.56, .00] 

US evaluation .49 .03 15.85 [.43, .55] .49 .03 15.82 [.43, .55] .49 .03 15.97 [.43, .55] .49 .03 15.97 [.43, .55] .49 .03 15.83 [.43, .55] 

Neuroticism .08 .05 1.56 [-.02, .17] .09 .05 1.94 [-.00, .18] .08 .04 2.13 [.01, .16] .11 .04 2.50 [.02, .18] .07 .06 1.27 [-.04, .18] 

N*UScond .07 .18 .44 [-.27, .43] .01 .17 .04 [-.33, .34] -.04 .14 -.30 [-.32, .23] .12 .15 .76 [-.18, .41] .10 .20 .51 [-.30, .50] 

N*USeval .10 .04 2.68 [.03, .17] .11 .04 2.96 [.03, .17] .09 .03 3.11 [.03, .15] .08 .03 2.49 [.01, .14] .08 .04 1.91 [-.00, .16] 

Simple Slope analysis 

B SE t 95%CI B SE t 95%CI B SE t 95%CI B SE t 95%CI B SE t 95%CI 

Low level (- 1SD) .43 .04 9.64 [.35, .51] .40 .05 8.95 [.30, .50] .40 .04 9.04 [.30, .50] .42 .04 9.45 [.34, .49] .43 .04 10.11 [.35, .51] 

Medium level .52 .03 16.38 [.46, .58] .49 .03 15.81 [.43., 55] .49 .03 15.96 [.43, .55] .49 .03 15.97 [.43, .55] .49 .03 15.83 [.43, .55] 

High level (+ 1SD) .61 .04 14.20 [.53, .68] .58 .04 13.99 [.50, .66] .58 .04 13.88 [.50, .66] .56 .04 13.57 [.48, .64] .56 .04 13.07 [.48, .64] 
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hence explained, by the participants’ evaluation of the US, 
which in turn leads to larger CS effects for more anxious 
and vulnerable people. The results showed also a negative 
effect of the US condition on the CS evaluation.2 Given that 
this effect is residual to the effect of US evaluation, the 
two variables are highly correlated, and in isolation they 
have both a positive correlation with the CS evaluation, the 
suppressor effect could be due to multicollinearity. There
fore, we cannot exclude that it is a statistical artifact. How
ever, a substantive interpretation of the effect suggests that 
the larger the discrepancy between normative and idiosyn
cratic US evaluation, the smaller is the EC effect. For exam
ple, this means that if normatively positive USs were idio
syncratically judged as less positive, the EC effect becomes 
smaller. 

Contingency Awareness   

We first computed a Contingency Awareness score rang
ing from 1 to 4, summing the participants’ responses. Most 
participants were contingency aware in this study, with 
90.3% having a score of 3 or 4. None of the correlations be
tween CA score and the EC indexes was significant, indicat
ing that CA did not significantly moderate the effect, prob
ably due to a very small percentage of contingency unaware 
participants. The Neuroticism facets did not correlate sig
nificantly with the CA (all r’s smaller than |.10|). Given the 
highly skewed scores’ distribution, we divided the sample 
in high CA (score > = 3, N = 223) and low CA (score <= 2, N 
= 19). An independent-sample t-test revealed that for par
ticipants with high CA the EC effect was stronger (MHigh = 
1.45, SD = 1.86) than for participants with low CA (MLow = 
.76, SD = 1.18), t(240) = -2.32, p = .029. 

Discussion  

In the present contribution, we tried to extend the EC 
literature by examining whether and how the personality 
trait of Neuroticism would moderate the EC effect. More 
specifically, we first sought to replicate results from two 
previous studies (Bunghez et al., 2022; Vogel et al., 2019), 
investigating whether neuroticism moderates the EC effect. 
Then, we went a step further, focusing on how Neuroticism 
affects the EC effect. 

Our hypothesis about the moderating role of Neuroti
cism was partially confirmed. We did not find the general 
dimension of Neuroticism to significantly moderate the EC 
effect, but Emotionality of the HEXACO-PI moderated the 
effect. In addition, we did find some of the Neuroticism 
facets to be significant moderators, namely anxiety and 
vulnerability. This result is consistent with Vogel et al. 
(2019) and Bunghez et al. (2022). More specifically, Vogel 
and colleagues (2019) found anxiety to be the facet most re
sponsible for the relationship between Neuroticism and the 
EC effect. Bunghez and colleagues (2022) found Emotional

ity to be a significant moderator of this effect. Anxiety and 
vulnerability are the core features of Neuroticism, and de
scribe people who constantly feel in danger or threatened 
(i.e., anxiety) and who are often overwhelmed and unable 
to manage their experience (i.e., vulnerability). Emotion
ality of the HEXACO-PI is a rotational variant of Neuroti
cism: It does not contain anger-related content but instead 
includes aspects related to emotional bonds and sentimen
tality. It is remarkable that the facet of anxiety is always 
a significant moderator, regardless of whether it is mea
sured with the IPIP, with the BFI-2, or with the HEXACO-
PI, hence independently of the specific way in which the 
construct is measured. Many studies found anxiety to be 
marked by vigilance for valent external stimuli, especially 
negative ones (Barrett, 1998; Shook et al., 2007) and by a 
tendency to generalize the evaluation of an object to other 
similar objects (Fazio et al., 2004). It is thus not surprising 
that people with these personality features are more sensi
tive to the EC effect. 

Neuroticism facets amplify the EC effects of positive USs. 
Our results provided support to the more recent view on 
Neuroticism, stating that people high in Neuroticism, espe
cially those high in anxiety, have a heightened focus also 
on positive valenced stimuli (Bachorowski & Braaten, 1994; 
Hannuschke et al., 2018; Larsen & Diener, 1987; Ng, 2009). 
The result helps to shed light on neurotic anxiety func
tioning and how people high in Neuroticism, particularly 
the anxious ones, deal with the experience. More specif
ically, this finding does not deny that neurotic individu
als primarily show negative attitudes toward life and tend 
to experience negative emotions. However, it broadens this 
perspective, suggesting that those people can perceive pos
itive stimuli and learn from them, forming positive atti
tudes. Many explanations seem to be plausible. According 
to Ng (2009), for people high in Neuroticism, the formation 
of positive attitudes would happen under certain circum
stances, for example, when the stimulus is clearly positive, 
as the positive USs used in our EC procedure (i.e., images of 
happy people). Shechner et al. (2012) found that this also 
applies to anxious people. 

Focusing on exploring how Neuroticism affects the EC 
effect, we achieved interesting results. To our knowledge, 
this is the first EC study addressing this issue, and we did so 
by testing multilevel moderated mediation models. These 
models allowed us to test whether the indirect effect of 
X on Y varied as a function of neuroticism-related facets, 
our moderators. Results showed that the anxiety, vulnera
bility, and emotionality did not moderate the relationship 
between the US condition and the US evaluation (indirect 
effect “a”). Therefore, the results did not support the hy
pothesis that anxious, vulnerable, or emotional people 
evaluate stimuli as more valenced than people usually do. 
That is, despite their focus on valence, it does not seem as 
if they perceive stimuli as more valenced than other people 
would do. Instead, anxiety, vulnerability, and emotional

We thank an anonymous reviewer for raising this issue 2 
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ity moderated the relationship between US evaluation and 
CS evaluation significantly (indirect effect “b”), supporting 
the hypothesis that people high in some aspects related to 
Neuroticism tend to react more strongly to valenced stim
uli, hence leading to a larger EC effect. In other words, anx
ious, vulnerable, and emotional people, while they evaluate 
US as more negative than other people do, this perception 
does not moderate the effect of US condition on US evalua
tion. Still, they seem to react more than other people do to 
the idiosyncratically evaluated valence of the USs. In brief, 
one could say that they react more to the valence of the US. 

Taken together, these results show that people scoring 
high on the Anxiety facet of Neuroticism react more in
tensely to CSs paired with positive USs, which could be 
a coping/ reassuring way meant to decrease the level of 
threat they detect in the environment. 

Notably, when controlling for the indirect effect of US 
evaluation on CS evaluation, the total effect of US condition 
on CS evaluation became negative. This result seems to 
suggest that the pairing of USs with CSs exerts its influence 
on the subsequent evaluation of CSs as a function of the 
valenced evaluation of the USs. In other words, the more 
the USs are perceived as positive versus negative, the larger 
their influence on the evaluation of the CSs that have been 
paired with them. 

One could argue that the extent to which the results 
are due to demand effects (Corneille & Lush, 2023).3 How
ever, based on the traits we measured in this study, we have 
reasons to believe demand effects are unlikely to explain 
our results. A priori, a demand effect should be greater 
for conscientious and altruist people. One of the key fea
tures of conscientious people is that they tend to follow so
cial norms and abide by rules (Roberts et al., 2009). One 
of the key features of agreeable people is that they tend 
to be likable, collaborative, and attentive to other people’s 
needs and demands (Graziano & Tobin, 2009). Therefore, 
individual differences in these traits should be conceptually 
related to potential demand effects. Hence, to the extent 
that the results are due to demand effects, these two traits 
should positively correlate with the EC effect. We did not 
find any evidence of a correlation between these two traits 
and the EC effect (r = -.04 and r = .08, respectively). Even 
considering only the trait of Neuroticism, referred to as 
Emotionality in the HEXACO-PI, there are two facets that a 
priori could be related to demand effects, to the extent that 
this effect is larger for participants more eager to estab
lish “emotional bonds”: Dependence, which assesses one’s 
need for emotional support from others, and Sensitivity, 
which assesses a tendency to feel strong emotional bonds 
with others. Yet, neither facet correlates significantly with 
the EC effect (r = -.05 and r = .04, respectively). Therefore, 
the pattern of results is not supportive of an explanation in 
terms of a demand effect. 

The present study is not without limitations. Concerning 
the EC procedure, the US evaluation came after the condi
tioning phase. An ideal model in which the US evaluation 
predicts the CS evaluation would require that the former 
have been measured before the latter. Moreover, we cannot 
exclude the possibility that the repeated exposure to the 
US images during the conditioning phase would have im
pacted their subsequent evaluation, making the latter more 
extreme. On the other hand, presenting the US evaluation 
before the EC paradigm could have had a potential influ
ence on the EC effect because of the same reason as be
fore. Therefore, we preferred to avoid this potential influ
ence and decided to present the US evaluation after the EC 
paradigm. 

One could argue that also the USs should have been 
idiosyncratically selected like it was done for the CSs. Fu
ture studies could introduce a pre-conditioning evaluation 
of USs to allow for an individual selection of the stimuli. 
Likewise, the USs and CSs used in the experiment were not 
salient in terms of their personal relevance for the partici
pants in the study. For instance, the use of salient USs (e.g., 
personally relevant USs) could have end up with a differ
ent pattern of results, such as an asymmetric transfer of 
valence from USs to CSs in the direction of favoring neg
ative valence transfer. Such an outcome would have been 
in line with other evidence from the conditioning literature 
outside the EC framework, such as the absence of the re
lationship between Neuroticism and appetitive condition
ing (Klucken et al., 2019), and the presence of the relation
ship between Neuroticism and fear conditioning (Lonsdorf 
& Merz, 2017). 

One limitation of the study is that we used only four dif
ferent USs. Therefore, there is more likelihood of stimulus-
specific effects. Future studies should include a larger set of 
USs. Concerning Contingency Awareness, our measure and 
the analytical treatment were not ideal. However, most par
ticipants (above 90%) were contingency aware and contin
gency awareness did not have a substantial influence on the 
results. Besides, this was not the main focus of this contri
bution. 

Despite the limitations, our study represents one of the 
first forays into Neuroticism’s role for EC and, especially, 
into the processes underlying their relationship. From this 
perspective, we believe that the current research has some 
significant merits. First, it extends our knowledge of the EC, 
investigating the role that a moderator situated at a per
sonal level, Neuroticism and its related facets and alter
native conceptualizations, plays in it. Second, the present 
study sheds initial light on how specific facets and concep
tualization of Neuroticism exert their influence on EC ef
fect, suggesting that it is more at the level of the reaction 
to valenced stimuli than at the level of their perception. 
Future research should replicate and extend these results. 
Transferring our attention to the EC paradigm, the present 
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study underlined the importance of an idiosyncratic evalu
ation of USs. Based on our findings and the literature on at
titude formation (e.g. Fazio, 2001), the idiosyncratic evalu
ation of the US leads to a stronger association between the 
latter and CS, thus a stronger EC effect, than a normatively 
evaluated one. 
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