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ABSTRACT

Objective: Reversing learned associations interferes with previously acquired learning, a form of retroactive interference for 
the previous association and proactive interference on the new learning. We examined associations involving emotional 
content and how they might impact interference. The current study aims to discover the role positive, negative, and non-
emotional stimuli play during acquisition and reversal learning in a probabilistic go/no-go task.

Method: The task consisted of separate conditions of happy, sad, angry, fearful emotional stimuli and non-emotional stimuli 
during separate acquisition and reversal training periods. Ninety-seven participants aged 18-35 (49 females) took part in the 
study.

Results: The results revealed that overall, participants were more accurate during acquisition than reversal. Further, happy 
stimuli were learned with greater accuracy during acquisition but were no easier to learn in reversal, effectively accompanied 
by a greater reversal cost.

Conclusion: There is evidence that happy emotional stimuli act like stimuli with a stronger learning rate much like learning of 
other high salience stimuli. Emotion valanced stimuli like other types of stimuli and can be described mechanistically by varying 
learning rate parameters of associative models.
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INTRODUCTION

People learn the associations between events that 
result in either positive or negative outcomes (1). 
These acquired associations guide our behaviors and 
form the basis of our causal understanding (2,3). To 
maintain flexibility, changes in our environment 
require us to update or reverse learning by 
re-establishing new contingencies that sometimes 
oppose the original learning (1,4,5). There is good 
evidence that association acquisition follows the 

principles of error correction. One prediction of error 
correction mechanisms is that if learning is faster and 
achieves asymptote more quickly, then it will also be 
more difficult to change or reverse that association (6). 
Associative models capture this effect on the basis of a 
free parameter for stimulus (7). This effect contrasts 
with interpretations of learning based on rule 
acquisition which might predict that people can switch 
associations more quickly if the content is acquired 
more strongly, perhaps if the stimulus dimensions are 
more distinguishable. A body of research has examined 
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these processes suggesting that reversing learned 
associations interferes with previously acquired 
learning a form of proactive interference (4,5,8,9). We 
sought to vary the emotional salience of contingent 
outcomes to explore whether learning t emotionally 
valent associations is captured by an associative 
process, and thereby showing stimulus salience 
differences, or is captured by a faster rule-based 
system. Researches involving the role of emotional 
stimuli in contingency learning remains widely 
unexplored although some research implies emotional 
stimuli, particularly stimuli expressed by happy facial 
expressions might involve a separate learning system 
(10). Reversal learning of emotional stimuli is of 
particular importance to help us understand how 
emotional memories are created and reduce 
unnecessar y post-traumatic emotional pain, 
counterconditioning is one such example (11). This 
study aims to investigate the effects of emotions in the 
learning and reversal processes. Associative learning is 
defined as the process in which two events establish a 
predictive or informative relationship between them 
(12,13). People learn about the valence of neutral 
events, biologically relevant events, as well as events 
with emotive content (14-16). Reversal learning can be 
defined as a change in a pre-established relationship 
between events and their empowering value with 
behavioral consequences (6,17). Reversal learning 
contributes to flexibility in behavior, under both social 
and non-social circumstances (2,17). Flexibility is seen 
as a primary cognitive function, one that may involve 
brain circuits including the amygdala, anterior 
cingulate cortex (ACC), orbitofrontal cortex (OFC), 
and ventral frontostriatal (4,5,18). The amygdala and 
rostral ACC have been linked to the establishment of 
stimulus–outcome associations, whereas the OFC and 
ventral frontostriatal areas have been involved in 
behavioral adaptation and flexibility based on 
contingency changes (4,5,17).

Emotional stimuli may capture and hold attention 
more effectively because they are more salient than 
neutral stimuli and therefore attention is prioritized 
priority (10,15,16,19). The attentional priority towards 
emotional stimuli allows faster encoding and retrieval 
of emotional stimuli (images, words) than non-
emotional stimuli (e.g., objects, shapes; 19,20). This 
effect of emotional stimuli seems to be more evident 
for positive stimuli, i.e., happy facial images (21–23). 
Happy facial emotional stimuli are faster to obtain and 
responding is often more accurate compared with 
other facial emotional stimuli in emotion recognition 

tasks as well as facial detection tasks (10). Although it 
is worth cautioning that any direct comparison of the 
effectiveness of stimuli assumes that they are matched 
on emotional content levels (i.e., happiness, sadness) 
since any difference in responsivity may reflect the 
nature of the experimental stimuli rather than the 
nature of the emotion. Nevertheless, the question of 
interest is whether positive or emotionally appetitizing 
stimuli affect the process of establishing associations 
(acquisition) and re-establishing the associations 
(reversal learning) in the same way. Previous research 
on action and outcome generally supports the idea 
that happy emotional stimuli facilitate establishing 
associations compared to negative emotional or 
neutral stimuli (8,9,22,23). However, the findings 
regarding the effect of emotional stimuli in the reversal 
process are inconsistent. Some studies implies that 
happy emotional stimuli facilitate learning in 
acquisition phases leading to a decrease in reversal 
performance in typical go/no-go tasks (23) as well as 
in reward learning tasks (21) compared to negative 
facial emotional stimuli. This research indicates that 
happy emotional stimuli are intrinsically salient (21–
23). Whereas, angry facial stimuli may be aversive, 
confirming the idea that happy emotional stimuli are 
easier to learn and relatively more difficult to disengage 
from during reversal learning (21–23). In contrast, 
other studies to examine reversal learning, report that 
happy emotional stimuli result in superior task 
performance as well as reversal during acquisation 
(8,9). These studies found that when participants need 
to reverse their responses to happy facial stimuli, they 
are more accurate than negative facial stimuli (8,9).. 
This finding contradicts standard associative models 
of how learning is reversed unless the reversal is 
assumed to be a new learned relationship rather than 
an inversion of an existing relationship. This later 
research concluded that, due to the aversive nature of 
threatening stimuli, it may be more difficult to modify 
establishing associations with threatening faces than 
relationships with non-threatening emotional stimuli.
The disagreement in the literature may reflect the 
different experimental paradigms and different 
participant populations. These studies used either a 
typical go/no-go task (23), or reward-based associative 
learning tasks (21). Furthermore, some studies 
included participants from different age groups (8), 
potentially having different levels of real-world 
experience with emotive contingencies. These studies 
are informative about the influence of emotions 
regarding blocking or cue-reward learning processes 
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for certain age groups. However, they may be 
insufficient to come to a conclusion about the 
influence of emotions on non-reward-related 
associative learning in neurotypical adults.

In this study, we examined the role of positive and 
negative emotional and non-emotional stimuli during 
acquisition and reversal learning in the probabilistic go/
no-go task in neurotypical adults. The hypothesis tested 
was whether happy emotional stimuli facilitate learning 
when compared to other stimuli, but during reversal 
participants will be slower to learn the reversal 
contingency, a finding consistent with associative 
models of emotional association.

METHOD

Participants
A hundred and six healthy university students 
volunteered to participate the study. Participants read 
the online version of the participant information sheet 
and consent form and agreed to participate in the study 
by ticking the consent box. Because the scope of the 
study covered neurotypical participants, we invited 
students randomly via emails, and then participants 
with a history of psychiatric or neurological disorders 
were excluded. Thus, based on the self-report surveys, 9 
participants were excluded due to depression (5 females, 
3 males) or epilepsy (1 male). The remaining 
participants had no current or previous psychiatric or 
neurological disorders, a requirement to take part in the 
study. The final sample contained ninety-seven 
participants aged 18-35 (49 females: Mean=21.3, 
standard deviation [SD]=3.76; 57 males: Mean=23.09, 
SD=4.80). The trial lasted 45 minute and participants 
received 10 Turkish liras for their participation. The 
study was reviewed and approved by the Central 
University Ethics Committee at the University of Oxford 
and permission was granted from the Faculty of Art and 
Sciences at Mus Alpaslan University for recruiting 
participants.

Materials
Probabilistic Go/No-go Task
The Probabilistic go/no-go tasks consisted of emotional 
and non-emotional conditions controlled by the Gorilla 
Experiment Builder (www.gorilla.sc, 24) running on a 
sixteen-inch screen laptop.

This experiment consisted of an adapted version of a 
probabilistic cued go/no-go reaction time (RT) task 
(25). The task consisted of five conditions: four 
emotional (happy, sad, angry, fearful) and one non-

emotional condition. The presentation order of the 
conditions was counterbalanced.

Each condition consisted of two epochs: acquisition 
and reversal. In each epoch, the spacebar was 
designated for a ‘go’ press in relation to the target 
stimulus. Each epoch was identical regarding task 
structure, timing, parameters, trial orders as well as 
response demands, except for the stimuli used for the 
go/no-go cues. In one epoch, 50 trials were conducted 
and 50% of them were required to go press and the 
remaining 50% to stop the press. As the task design 
was based on probabilistic outcomes, 75% of the go 
stimuli (e.g., happy face) were associated with correct 
feedback (e.g., if the target was a happy face then, 75% 
of happy faces and 25% of neutral faces were linked to 
‘go’ press and received a green tick), whereas 25% of 
target stimuli were linked to ‘no-go’ (e.g., if the target 
was a happy face, then 25% of happy faces and 75% of 
neutral faces were linked to no-go and a red cross 
outcome) (See Table 1).

Emotive go/no-go conditions consisted of faces. 
Facial emotional (happy, sad, angry, fearful) and neutral 
expressions of 10 individuals (5 female, 5 male) from 
the Radboud Faces Database (RaFD; [26]) were used as 
emotional and neutral face stimuli. These stimuli were 
matched for emotions and gender. During acquisition, 
each condition involved learning how a single emotive 
contingency was followed by ‘correct’ feedback on 75% 
(a green tick) of the trials and during reversal conditions, 
the contingency was switched to be true %75 of the 
neutral expression trials (See Fig. 1, Panel A). The 
conditions were presented at random. A set of control 
conditions were included with non-emotional go/no-go 
conditions consisting of symbols (e.g., triangles and 
squares). During acquisition the target stimulus was a 
triangle, whereas in the reversal epochs the contingency 
changed so that the target stimuli became a square (See 
Fig. 1, Panel B).

Stimuli were presented the center of the screen for 
500 ms each. The inter-stimulus interval (ISI) was 1000 
ms. A fixation cross was displayed in the center of the 

Table 1: Specification of probability based on number of 
trials in the task

Trial types Number of
trials Target cue Number of

trials

Go 50 I 38

II 12

no-go 50 I 12

II 38
Table 1 presents condition specification in the probabilistic go/no-go task
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screen during the ISI. Instructions were displayed on 
the computer screen at the beginning of each block, and 
subjects were asked to press the enter key when they 
were ready to begin.

The response time for each trial and the number of 
correct responses across each condition was taken as the 
primary measures for that behavioral analysis.

Procedure
Before the experiment, all participants provided consent 
for participation and completed a self-assessment 
survey. The task was first introduced, and a short 
version was provided as to minimize sensory-motor or 
comprehension difficulties. All subjects fulfilled all 
conditions including acquisition and reversal epochs. In 
all epochs, participants were told to press the spacebar 
whenever they determined that a target go-stimulus was 
present based on their previous experience. Before each 
condition, the stimuli were introduced to the 
participants and they were informed about the target 
stimuli and the need to press go, while e the other 
stimulus was the ‘no-go’ stimulus. For the go-trials, 
participants had to to press the spacebar for the target 
stimuli and on 'no-go’ trials, they were to withhold the 
action. Feedback was given for each trial. A green tick 
for the correct response and a red cross for 1000 ms 

appeared in the centre of the screen for the wrong 
response, although this feedback was proababilistic, and 
was only accurate on 75% of trials. Participants were 
instructed that they had to learn through trial-and-
error, and as soon as they identified the target stimuli, 
they must hit the spacebar as quickly as possible, 
otherwise they would have to stop the non-target 
stimuli. The next trial started after the probabilistic 
feedback. Finally, the participants were informed upon 
the completion of the experiment.

Statistical Analysis
We performed three separate 5x2 factorial Analysis of 
Variance (ANOVA) using Jamovi 1.1.9.0 (27) with the 
first level within-subject factor stimuli manipulation 
(happy vs shapes vs. sad vs angry vs fear) and the second 
level within the subject factor group (acquisition vs 
reversal). Following this analysis, we also calculated 2X2 
factorial ANOVA to compare the happy ones with each 
of the other stimuli separately. In other words, the 
Happy was compared with each of the shape and 
negative emotional stimuli separately. This is how we 
conducted the analysis to show how the learning process 
during acquisition and reversal is affected by happy 
stimuli compared to other stimuli. The dependent 
variables were response times and error rates. Post hoc 

Figure 1. Shows examples of probabilistic go/no-go tasks. Panel A demonstrated the acquisition epoch for happy facial stimuli, as the target 
was the happy facial expression and the non-target was neutral facial expression. The reversal epoch was the reverse version of panel A, as 
the target was the neutral facial expression, and the non-target was the happy facial expression. Panel B exhibited the acquisition epoch for 
shape stimuli (non-emotional/neutral condition), as the target was a triangle and the non-target was a square. In the reversal epoch, the 
condition was just reversed.
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results reported using Tukey test and an alpha of .05 
were used unless otherwise stated.

RESULTS

Figure 2 displays the accuracy rates for acquisition and 
reversal epochs across stimulus manipulation. In 
general, the figure suggests that acquiring the response 
(go) for happy faces was achieved with greater accuracy 
than for other stimuli. During reversal learning, all 
conditions were impaired relative to the acquisition, but 
there was little evidence that the contingencies of 
initiation or reversal were learned with fearful faces. 
2X5 ANOVA (happy vs shape vs sad vs angry vs fear) X 
(acquisition vs reversal) was performed and no 
interaction effect was found (F [5, 91]=1.66; p=0.157) 
although the main effects were significant for the F-type 
stimulant (F [5, 91]=3.18; p=0.014) and reversal 
learning (F [5, 91]=26.65; p<0.001).

Happy vs Shape
To understand the nature of the stimulus effects, we 
conducted a separate 2x2 ANOVA comparing Happy 
to each other stimulus type. The results demonstrated 
that the reversal cost did not reach the significance 
threshold for happy comparing the shape stimuli 
suggesting that both were acquired equally well, with 
no interaction (F [2, 94]=3.52; p=0.064). Further, 
while the main effects regarding reversal were 
significant suggesting that the accuracy was lower 

during reversal (F [2, 94]=27.34; p=0.001], there was 
no difference in accuracy for Happy faces and Shapes 
(F [2, 94]=0.58; p=0.446).

Happy vs Sad
The comparison of happy and sad faces demonstrated 
that a similar effect was a non-significant interaction 
effect (F [2, 94]=1.74; p=0.190) but strong evidence of 
lower performance during reversal for both faces (F [2, 
94]=21.70; p=0.001) and remarkably lower overall 
accuracy for sad faces (F [2, 94]=8.42; p=0.005).

Happy vs Angry
The results for the happy comparing to angry stimuli 
found marginal significant interaction effects (F [2, 
94]=4.10; p=0.046) but strong evidence for reduced 
accuracy during reversal (F [2, 94]=22.74; p=0.001) and 
lower accuracy for angry faces compared to happy one 
(F [2, 94]=8.96; p=0.004).

Happy vs Fearful
Finally, the results for the happy comparing to fear 
suggested a lower level of accuracy for fearful faces 
during both acquisition and reversal. The overall 
interaction was significant (F [2, 94]=5.41; p=0.022). 
While the main effect was significant for reversal (F [2, 
94]=22.74; p=0.001), the main effect of stimulus type 
was not significant (F [2, 94]=3.58; p=0.060). The 
interaction was evaluated and described below as a 
series of post-hoc tests.

Figure 2. Shows the accuracy rates for each condition of emotional and non-emotional probabilistic learning tasks for participants to 
acquire and reverse. The reversal cost referring the difference between acquisition and reversal for each stimuli type: happy, shape, sad, 
angry, and fear.
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We performed a post-hoc tests for the acquisition 
and reversal epochs, comparing happy with the other 
stimuli separately, suggesting that participants in the 
acquisition epochs participants had significantly higher 
r accuracy in happy compared to sad (F [2, 94]=9.75; 
p=0.002), happy compared to angry (F [2, 94]=11.97; 
p=0.001), happy compared to fear (F [2, 94]=11.96; 
p=0.001]. Although a very similar result pattern was 
found for happy compared to shape stimuli, it did not 
reach significance threshold (F [2, 94]=3.27; p=0.074). 
On the other hand, none of these comparisons were 
significant for reversal epochs all F<1.23, all p>0.270 
(i.e., an alpha of .01 was used).

The results of the main effect for reversal from the 
omnibus ANOVA suggested that participants were less 
accurate during the reversal for each stimulus. We 
performed a post-hoc test for each pair (e.g. happy 
acquisition vs happy reversal, shape acquisition vs shape 
reversal) shown separately as paired t-tests in Table 2. 
This showed a significant drop in performance. The 
paired t-test results suggest lower and similar accuracy 
for all 5 stimulus types during reversal.

Taken together, the results suggest that the accuracy is 
different in different emotional expressions, but less 
learned during the reversal of all facial stimuli. The 
interaction effects representing the reversal cost (i.e., the 
differences between acquisition and reversal epochs) are 
significantly greater for the happy compared to shape, 
angry and fearful stimuli but not for the happy and sad 
stimuli. The significant main effects for reversal suggest 
that reversing the learning from acquisition to reversal 
epochs is a significant moderator for all comparisons 
with happy stimuli, whereas the main effects of stimuli 
were only a significant moderator for the happy compared 
to sad and angry, but not for fear and shape stimuli.

Although we found a similar result pattern with 
accuracy rates for the response times analysis, not all 
main effects and interaction effects were significant 
F<2.84, all p>0.060.

DISCUSSION

In this study, we investigated the role of emotional and 
neutral stimuli in the the emotive learning process in a 
go/no-go task. When examining acquisition and 
reversal timing, we found that participants applied the 
conditions with happy facial stimuli more accurately 
than angry or sad stimuli, but not the fearful ones 
during acquisition. For all groups, learning was more 
accurate during the acquisition than the reversal, 
suggesting some sort of interference. We demonstrated 
that participants were less accurate during reversal 
learning compared to acquisition, regardless of stimulus 
manipulation. Furthermore, in the reversal epochs the 
accuracy of happy facial stimuli decreased, suggesting 
that transforming every stimulus from a go cue to a 
no-go situation was difficult to even for a well-learned 
happy stimulus. Thus, all the reversal epochs showed 
similar accuracy rates. These results were accompanied 
by a greater reversal cost of conditions with happy facial 
stimuli compared to other stimuli except for the sad 
stimuli.

Distinctive effects of happy emotional stimuli have 
been repeatedly reported to be observed in associative 
learning tasks (8,9,22,23). It has been highlighted that 
positive emotional stimuli, particularly happy facial 
expressions are more positive so that people are more 
likely to associate with happy facial stimuli (8,9,21). The 
observation that participants acquired associations with 
happy stimuli (i.e., acquisition epochs) more accurately 

Table 2: Mean and standard deviations across the epochs

Condition Epochs Mean SD t-test (acquisition vs reversal)

Happy Acquisition 29.73 4.72 t (96)=4.52, p<0.001

Reversal 27.06 4.79

Shape Acquisition 28.37 5.74 t (96)=2.25, p=0.013

Reversal 26.99 5.03

Sad Acquisition 28.36 5.01 t (96)=2.64, p=0.005

Reversal 26.09 4.59

Angry Acquisition 27.74 5.08 t (96)=2.40, p=0.009

Reversal 26.27 4.56

Fear Acquisition 28.13 4.57 t (96)=2.06, p=0.024

Reversal 27.05 5.28
Table 2 presents the mean and standard deviation (SD) accuracy rates for epoch and paired t-tests for comparison of the acquisition and reversal epochs for each 
stimuli type
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than negative emotional (i.e., sad and angry) as well as 
neutral (i.e., shapes) stimuli might therefore be taken as 
an evidence that happy emotional stimuli improved 
establishing associations compared to other stimuli. 
Previous associative learning studies often investigated 
the effects of happy stimuli in a specific negative 
stimulus, either angry or fearful, and suggested differing 
processes depending on the stimulus type. Our findings 
are consistent with an improved processing effect for 
happy stimuli compared to well-known negative 
emotional stimuli (i.e., sad, angry fearful) as well as 
neutral stimuli.

Regarding reversal or task switching learning, 
previous research suggests that happy emotional 
stimuli somehow affect the reversal process comparing 
certain negative emotional stimuli, but differing in the 
direction of the effect (8,9,22,23). For instance, one 
study found that happy facial stimuli improve the 
establishment of associations when the target is (Go) 
and the fearful or neutral stimuli is the non-target 
(No-go), whereas when the situation was reversed and 
the happy facial stimuli became the non-target (No-go) 
and the other stimuli became the target (Go), 
participants had trouble blocking the non-target 
stimuli, as evident by a greater number of errors and 
response times (23). Although this study was 
conducted with a typical go/no-go task rather than a 
probabilistic go/no-go, it was informativeabout the 
effect of happy stimuli in reversal learning. In contrast, 
another study showed that happy emotional stimuli 
lead to better performance in acquisition as well as 
reversal learning compared to angry emotional stimuli 
(8). Our findings revealed that the accuracy rate in the 
reversal epochs with happy facial stimuli was not 
statistically different from negative emotional or non-
emotional stimuli. Any superiority for happy 
emotional stimuli in the reversal process was not 
addressed in this study. In this regard, our findings for 
reversal were not consistent with the studies suggesting 
the superiority (8) or adverse impact (23) of happy 
emotional stimuli in the reversal epochs. One possible 
reason for such a result could be that we used three 
negative emotional faces (sad, angry, fearful). This 
meant that our stimulus group was overwhelmingly 
negative, and this may have reduced the ability to 
respond to happy faces. Indeed, further experimental 
work altering the positivity of the test sample of stimuli 
would be a useful test for population value sensitivity.

One important way to capture the effects of reversal 
involved examining the reversal costs for the no go 
responses from the second epoch by calculated by 

subtracting accuracy rates of the reversal from the 
accuracy rate of acquisition epochs for each stimulus 
type. We found that generally, reversal costs were higher 
for happy stimuli compared to other stimuli other than 
the sad facial stimuli. This indicates that the difference 
between the acquisition and reversal epochs with happy 
stimuli related to performance is larger than the 
difference in epochs of most of the other stimuli in this 
study. This may be a sign that disinhibition is associated 
with happy stimuli, as suggested earlier by some authors 
(23). However, as assessed in the above paragraph when 
the reversal epochs were examined separately, the 
performance was similar but not worse than the reversal 
epochs with neutral and negative stimuli. All this 
suggests that the higher costs associated with happy 
stimuli reflect stronger accuracy in the first phase rather 
than poor performance in the second phase. The mean 
accuracy in the second phase across all stimulus 
typeswas max 60%-min 55% out of 50 trials, and this is 
consistent with above-chance performance, suggesting 
that participants learned to inhibit, but the inhibition 
was not under stimulus control.Taken together, our 
interpretation of the acquisition epochs is consistent 
with studies that found that happy emotional stimuli 
facilitate learning during acquisition (8,9). Regarding 
the reversal, we observed that the performance in happy 
stimuli epochs become similar to the epochs with other 
stimuli. Due to the appetitive aspect of happy emotional 
stimuli, participants may be able to associate more 
quickly than negative emotional images. In the reversal 
epochs, this process may be negatively affected by the 
interference of acquisition training.

In conclusion, we found that participants were more 
accurate during acquisition epochs with happy facial 
stimuli than with sad or angry faces While the accuracy 
rate with happy stimuli has decreased significantly in 
times of reversal, it has never been inferior to those 
with other stimuli. On the other hand, thecost for 
reversal was higher for happy stimuli compared to other 
stimuli, suggesting that the difference in performance 
between the acquisition and reversal epochs was 
significantly greater than the difference for other 
stimuli. We interpret the findings as evidence that 
happy emotional stimuli facilitate establishing 
associations and could enhance learning in the 
acquisition process. This might be because happy 
emotional stimuli are inherently more pleasant as an 
appetitive stimulus so that it is more rapidly encoded 
and retrieved during the task process, which is reflected 
as better performance in establishing associations 
during acquisition. In contrast, there was no advantage 
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for happy faces during reversal. It is difficult to say 
whether positive emotional stimuli inevitably facilitate 
learning in the acquisition, or it is simply task-
dependent. Although the parameters such as task 
demand, difficulty, and response mappings were 
identical for each condition in this study the emotional 
stimuli in the probabilistic go / do task consisted of only 
real face images. Taken together, further studies should 
include emoticons, drawings, and other emotional 
images using various learning paradigms to validate 
whether the current findings could be generalized to all 
positive emotional stimuli in learning.
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