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Abstract

Emotional flexibility reflects the ability to adjust the emotional response to the changing envi-

ronmental context. To understand how context can trigger a change in emotional response,

i.e., how it can upregulate the initial emotional response or trigger a shift in the valence of

emotional response, we used a task consisting of picture pairs during functional magnetic

resonance imaging sessions. In each pair, the first picture was a smaller detail (a decontex-

tualized photograph depicting emotions using primarily facial and postural expressions)

from the second (contextualized) picture, and the neural response to a decontextualized pic-

ture was compared with the same picture in a context. Thirty-one healthy participants (18

females; mean age: 24.44 ± 3.4) were involved in the study. In general, context (vs. pictures

without context) increased activation in areas involved in facial emotional processing (e.g.,

middle temporal gyrus, fusiform gyrus, and temporal pole) and affective mentalizing (e.g.,

precuneus, temporoparietal junction). After excluding the general effect of context by using

an exclusive mask with activation to context vs. no-context, the automatic shift from positive

to negative valence induced by the context was associated with increased activation in the

thalamus, caudate, medial frontal gyrus and lateral orbitofrontal cortex. When the meaning

changed from negative to positive, it resulted in a less widespread activation pattern, mainly

in the precuneus, middle temporal gyrus, and occipital lobe. Providing context cues to facial

information recruited brain areas that induced changes in the emotional responses and

interpretation of the emotional situations automatically to support emotional flexibility.

Introduction

Emotional flexibility refers to the ability to modulate one’s emotional responses to fit the

changing demands of the environmental context, and, thus, to change–generate, inhibit,

down- or upregulate–one’s initial emotional responses according to the contextual demands
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Citation: Biró B, Cserjési R, Kocsel N, Galambos A,
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[1,2]. Context can automatically direct emotional processing and can easily override facial

expressions [3]. Learned associations between emotional responses and contexts lead to the

appraisal of situations and shape the emotional responses and/or the regulatory processes

[4,5]. For illustration, crying at a funeral represents sadness, in contrast with crying when

achieving great success it represents happiness or pride. Thus, the meaning of a stimulus may

depend on the context and may change when the context changes, so one of the key elements

of emotional flexibility is shifting between meanings to adapt our behavior, e.g., our emotional

response to the context. In short, to give an appropriate emotional response after context mod-

ifications [6,7].

Decoding emotions from faces has been extensively studied, but there is now a large body

of evidence proving that the situational context (e.g., physical and social environment), along

with the emotional/social knowledge of the perceiver about the situation will automatically

guide the perception [8], causing even radical categorical changes in the perceived emotion

(e.g., pride instead of sadness) [9]. Contextual information is processed and integrated with

facial affective information in the early phase of perception [10]; thus, even the perception of a

basic facial emotion can be categorically changed automatically by the context [9].

There are many ways to test the effect of context on emotion perception experimentally.

For instance, knowledge about the situation of the observed person can be manipulated by

semantic-linguistic labels [3,11] and information given before presenting even neutral faces

[12]. Emotional faces can also be presented on different, even artificial backgrounds [13,14], or

in naturalistic scenes. Results of electrophysiological [10] and magneto-encephalographic [15]

studies suggest that facial perception is influenced by contextual cues even in the early stage of

visual processing. On the basis of the available evidence, Aviezer and colleagues [16] conclude

that context does not simply have a modulating effect on the processing and perception of

emotions, but can actually lead to a categorical shift in the perception of an emotional

expression.

Research on cognitive reappraisal can also help to understand the impact of context on

emotional information processing. In reappraisal studies [17,18], when participants are asked

to give a different meaning to a negative or positive stimulus, they are instructed to create a

new cognitive context for the stimulus. Shifting from emotional to non-emotional or from

negative to positive meaning (or vice versa) definitely alters the emotional trajectory, causing

changes in the initial emotional responses [19]. In a multi-level framework, proposed by

Braunstein, Gross, and Ochsner [20] reappraisal studies are considered to address controlled

emotion regulation with explicit regulatory goals: participants are instructed to regulate their

emotions (explicit regulatory goal) using effortful processes to change the cognitive context

(controlled processes). However, reappraisal or shift in meaning, or more generally, emotion

regulation can happen without explicit regulatory goals and/or in a more automatic manner

(see [20,21]).

To extend previous works, our aim was to investigate a shift or change in emotional percep-

tion triggered by the context that occurs automatically and without explicit instructions to

change. We used the Emotional Shifting Task (EST) [22,23], in which pairs of pictures are pre-

sented: the first one is a small detail of the second picture, as depicted in Fig 1. The presenta-

tion of the first picture, which is a decontextualized part of the whole picture, generates an

emotional response, but when this picture is put into a context, the context itself may cause a

change (and in some cases a shift) in the meaning and valence of the stimulus. For instance, a

picture of a smiling girl is generally evaluated as a positive stimulus but if it turns out that she

is smiling while bullying a peer, it will probably cause a shift in the evaluation toward a nega-

tive direction automatically and without any explicit regulatory goals. This technique was

developed first by Munn in 1940 [24], who selected 16 pictures depicting emotional
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expressions from Life and Look magazines and then prepared two sets of pictures: one set with

the full picture including the context as well, another set with only the face from the full pic-

ture. Munn found that the extra information of the context could change the judgment of an

emotional face when participants were asked to name the emotion appearing on the face. The

EST also uses naturalistic scenes as well in order to mimic real-life emotion perception and

increase the ecological validity of our task.

Our aim was to explore the neuronal responses to the previously seen decontextualized

photograph (depicting emotions using primarily facial and postural expressions) when it was

presented in a naturalistic context. We expected that areas involved in processing of facial and

contextual cues were going to be recruited by our task. For instance, studies using facial

expressions in investigating emotion perception found that facial expressions activated the so-

called face-selective regions, including the inferior occipital gyrus (occipital face area, OFA),

lateral fusiform gyrus (fusiform face area), and posterior superior temporal sulcus (pSTS) as

core regions of a widely distributed network [8]. Other brain regions such as the amygdala,

anterior inferior temporal cortex [25], insula, and inferior frontal gyrus [26] also play a role in

facial emotional processing [27]. As for the context, it is well established that complex social

situations can easily trigger mentalizing, i.e., inferring mental and affective states to others

(often called theory of mind) [28,29] and/or empathic responding, i.e., vicariously experienc-

ing the feelings and emotional states of other people [30]. Core brain regions of the neural net-

work of mentalization are the bilateral temporoparietal junction (TPJ) and medial prefrontal

cortex (mPFC) [31] whereas the core network of empathy involves the dorsal anterior cingu-

late cortex, anterior midcingulate cortex and supplementary motor area (SMA) [32].

The EST task we used allowed us to distinguish different conditions as presented in Table 1.

On the basis of two dimensions, which are (1) the valence (positive or negative) of the initial

emotional stimulus and (2) the valence (positive or negative) of its contextualized presentation,

four different types of automatic changes can be targeted in emotional response. We argue

that emotional flexibility can be investigated with this design as Coifman and Summers [2]

pointed out the initial emotional response (to the decontextualized pictures) must be modu-

lated (upregulate the emotions or shift) to fit to the context.

Fig 1. Schematic representation of a sequence of trial in the Emotional Shifting Task. An example for shifting from

positive to negative emotion.

https://doi.org/10.1371/journal.pone.0279823.g001
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By shift we refer to categorical changes where the valence of the initial emotional response is

reversed, i.e., the initial negative emotional response becomes positive and vice versa. The term

upregulation is used when the valence of the same initial emotional response is increased by the

context; thus, a negative stimulus becomes more negative, or a positive one becomes more posi-

tive. Accordingly, the EST contained two shift and two non-shift (upregulation) conditions.

On the basis of the theory by Saxe and Houlihan [33] different emotional responses could

be expected to stimuli in context vs. without context. They argue that forward inferences are

used to attribute emotions to the target when an emotional expression is processed in a con-

text; thus, we automatically infer that the cause of the emotional state of the target reflected in

their emotional expressive behavior is the context/event. On the basis of this, we expected that

context itself would recruit areas involved in emotional processing and understanding com-

plex social situations; thus, first we simply compared the neural responses to whole pictures vs.

decontextualized (cropped) pictures. We refer to this as a general context effect in our study.

Then we used this activation map as an exclusive mask to be able to explore the four different

types of automatic changes specifically in emotional responses. It allowed us to explore neural

activation to changes in the meaning triggered by the context as a passive cue independent of

the context vs. no context differences. On the basis of previous studies, we hypothesized that

prefrontal regions, especially the mPFC and dorsolateral prefrontal cortex (dlPFC) [17,34]

were going to be recruited when the context induced a shift in the emotional valence of the pic-

tures. More specifically, on the basis of a recent study on the automatic regulation of negative

emotions by Yang and coworkers [35] we expected that visual areas, striatal areas, precentral/

postcentral gyri and dlPFC would be activated when context resulted in a shift from negative

towards positive meaning.

Method

Participants

Thirty-two healthy adult volunteers recruited through social media sites and journal advertise-

ments were included in the present study; however, one participant was excluded from the

first level analysis due to excessive movement during the fMRI measure; thus, the final data of

31 participants, 18 females and 13 males (mean age: 24.44 ± 3.4), were analyzed. The partici-

pants were right-handed, as assessed by the Edinburgh Handedness Inventory [36], and had

normal or corrected-to-normal vision. All participants were examined by a senior psychiatrist

and neurologist and were excluded with any history of psychiatric or neurological disorders or

chronic medical conditions.

The present study was approved by the Scientific and Research Ethics Committee of the

Medical Research Council (Hungary), and written informed consent was received from all

subjects in accordance with the Declaration of Helsinki.

Psychological task: The Emotional Shifting Task

The EST [22] consists of 24 picture pairs. In each pair, the first picture is always a smaller detail

from the second (whole) picture. In most cases the cropped image expressed emotion

Table 1. Understanding emotional flexibility in terms of context-driven emotional response.

Second picture (with context)

Positive Negative

First picture (no context)

Positive Upregulation of positive emotions Shift from positive emotions to negative ones

Negative Shift from negative emotions to positive ones Upregulation of negative emotions

https://doi.org/10.1371/journal.pone.0279823.t001
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primarily through facial expression and/or posture. The valence of the firstly presented picture

either remains or changes when it is placed into a context, and so should change the elicited

emotion (Fig 1). For the upregulation conditions (P1P2 and N1N2), pictures were selected

from the International Affective Picture System [37]. Their identification numbers were 1340,

2091, 2141, 2205, 2216, 2340, 2530, 2700, 6242, 6838, 8497, and 9050. For the shift conditions

(P1N2 and N1P2) pictures were selected from the internet. Six criteria were used to select the

images: (1) free for non-commercial use, (2) depicting social interactions, (3) evoking an emo-

tional response without being shocking or extreme, (4) not depicting famous person(s), (5) eli-

gible for shifting conditions, i.e., the valence of facial expression and the whole picture should

be opposite, and (6) the images should represent as many different situations as possible.

After each pair, a happy and a sad smiley/emoji appeared on the screen (Fig 2), and partici-

pants had to choose one of them by pressing the corresponding button to indicate the valence

(positive or negative) of the second (whole) picture. We decided to use emojis in the scanner

to mimic the two endpoints of valence ratings in Self-Assessment Manikin [37].

Four conditions were defined in the task: two conditions, in which participants were

required to alter their emotions either from positive to negative (P1N2) or from negative to

positive (N1P2), and two conditions, where no shift (but upregulation) was expected in the

valence (i.e. both pictures presented were either positive (P1P2) or negative (N1N2)). Each

condition consisted of six pairs of pictures, presented in pseudo-random order. During func-

tional magnetic imaging, two behavioral variables were registered: the reaction times (RT) of

the selection of the emoji and the number of “correct” answers. An answer was considered cor-

rect if the valence of the secondly presented picture matched the valence of the selected smiley.

Stimulus presentations and data registrations were conducted in E-Prime 2.0 Software (Psy-

chology Software Tools, Inc., Pittsburgh, PA, USA).

Procedure

Data collection included three steps. First, participants completed a short practice session,

which was explained and presented on a laptop outside of the scanner and consisted of three

pairs of stimuli that were not used in the task and included shift and non-shift conditions as

well. In this part, participants could read the instructions and ask their questions in case of

uncertainty regarding the instructions or the operation of the task.

In the next step, participants were instructed to get as emotionally involved in the presented

situations as possible while viewing the pictures in the scanner. To measure a baseline brain

activity, a white fixation cross was presented on a black background at the beginning and at

the end of the task for 20 seconds. Each emotional stimulus was shown for 8 seconds. The tim-

ing was based on laboratory pilot studies and previous studies [11]. To avoid artifacts due to

expectations, fixation crosses were presented with altered timing (from 5 to 11 seconds, mean

presentation time: 8 seconds) before each emotional stimulus. At the end of each trial, the

answer screen was presented for 4 seconds (Fig 2).

Fig 2. The design of the Emotional Shifting Task.

https://doi.org/10.1371/journal.pone.0279823.g002
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Lastly, a post-test was filled out after the fMRI measure (outside the scanner) to examine

whether participants observed changes in the valence of the pictures. In this part, the pairs of

pictures were presented in the same order on a laptop, and participants were asked to rate

them on a 7-point Likert scale. Valence and arousal were measured from 1 to 7 (1 being very

unpleasant and 7 very pleasant; 1 being calm and 7 very excited, respectively).

FMRI acquisition

The functional MRI data collection was carried out by a SIEMENS MAGNETOM Prisma

syngo MR D13D 20 channels headcoil 3T scanner. A BOLD-sensitive T2�-weighted echo-pla-

nar imaging sequence was used (TR = 2220ms, TE = 30 ms, FOV: 222) with 3 mm × 3 mm in-

plane resolution and contiguous 3-mm slices providing whole-brain coverage. Four hundred

and nine volumes were acquired during the task. For the structural data a series of high-resolu-

tion anatomical images were acquired before the functional imaging using a T1-weighted 3D

TFE sequence with 1 × 1 × 1 mm resolution.

Statistical analysis of self-report and post-test data

To analyze demographic and behavioral data SPSS version 28.0 (IBM SPSS, IBM Corp,

Armonk, NY, USA) was used, and descriptive and non-parametric statistics were performed.

As the distribution of valence and arousal ratings was non-normal, we used Wilcoxon Signed

Rank Test to compare the valence and arousal ratings of the first and second pictures in each

condition (P1N2, N1P2, P1P2, and N1N2). However, as it was easier to interpret changes in

means than in ranks, we repeated these analyses using a series of bootstrapped paired t-tests. A

repeated measures ANOVA was performed on the reaction times collected during the fMRI

scan.

FMRI data analyses

Preprocessing. Statistical Parametrical Mapping (SPM12) analysis software package

(Wellcome Department of Imaging Neuroscience, Institute of Neurology, London, UK; http://

www.fil.ion.ucl.ac.uk/spm12/ implemented in Matlab 2016b (Math Works, Natick, MA, USA)

was used to analyze the imaging data. Preprocessing contained the following steps: realign-

ment, co-registration to the structural image, segmentation, normalization in the Montreal

Neurological Institute (MNI) space, and spatial smoothing with an 8-mm full-width half-max-

imum Gaussian kernel. These steps of preprocessing were performed on the functional images.

Finally, a visual inspection of the pictures took place to exclude the poor-quality images.

First level model. During first-level analyses, BOLD (blood oxygenation level-dependent)

hemodynamic responses were modeled in a general linear model. In the event-related single

subject analysis fixation screens, both stimuli (positive and negative), the disposition of the

shift (the valence of the first stimuli: positive/negative, and the nature of the condition: shift/

non-shift condition) and the two possible answers (happy and sad emojis) were modeled as

separate regressors of interest. High-pass temporal filtering with a cut-off of 128 s was included

in the model to remove the effects of low-frequency physiological noise, and serial correlations

in data series were estimated using an autoregressive AR (1) model. Motion outliers (threshold

of global signal > 3 SD and motion> 1 mm) were identified with the Artifact Detection Tools

(ART; www.nitrc.org/projects/artifact_detect/), and the six motion parameters were used as

regressors of no interest in the fMRI model.

Four contrasts were created to analyze whether an increased activation could be detected to

stimuli that were placed into a context (2nd picture) compared to the ones without contextual

background (1st picture), and also focusing on the valence of the stimuli (see Table 1).
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Second-level analyses. During second-level analyses (whole brain t-test) the threshold

was set to p< .05 family-wise error (FWE) corrected for multiple comparisons. The automated

anatomical labeling atlas (aal) [38] was used to anatomically identify the activated clusters,

whereas the MNI 152 template brain provided in MRIcroGL was used to visualize statistical

maps http://www.mccauslandcenter.sc.edu/mricrogl/ [39].

Results

Behavioral results

Descriptive statistics. To track the changes in valence and arousal in picture pairs, ratings

of the valence and arousal values registered in the post-task after scan were analyzed (S1

Table). Answers were compared to the post-task, and the valence ratings of all the pictures

were in the expected directions, namely positive pictures (P1; P2) were rated more pleasant

and negative pictures (N1; N2) more unpleasant. Results of the Wilcoxon Signed Rank Test

(and bootstrapped paired t-test) showed the significant differences between the mean valence

and arousal values within conditions according to which valence ratings significantly differed

in each condition (P1N2; P1P2; N1P2; N1N2), similarly, arousal ratings showed a significant

increase for the second pictures (P2, N2), compared to the first ones (P1, N1) in each condition

(see S1 Table, Figs 3 and 4).

Fig 3. Changes in valence ratings in the post-task. Note. P1: First picture of the picture pairs is positive. N1: First picture of the picture pairs is negative. P2:

Second picture of the picture pairs is positive. N2: Second picture of the picture pairs is negative. � p< .001.

https://doi.org/10.1371/journal.pone.0279823.g003
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Descriptive data, collected during the EST, provided information on the mean reaction

time values given in the different contrasts (see S2 Table) and also on the “accuracy” of the

answers of the participants (whether they picked the expected smiley/emoji showed on the

screen). This accuracy was 95.54% (range: 79–100%). A repeated measures ANOVA was per-

formed on the reaction times collected during the fMRI scan, resulting in a significant differ-

ence across the four contrasts (F3, 90 = 16.273, p< .001). Post hoc analyses showed that subjects

pressed the button more slowly in trials of shifting from positive to negative (P1N2) compared

to the other three types of trials. Reaction times in the trials when both pictures were negative

(N1N2) were longer, compared to the trials when both pictures were positive (P1P2) and to

the trials of shifting from negative to positive (N1P2) (see S2 Table and Fig 5).

Task-related activations

Main effect of context. The main effect of the context was checked by comparing the

increased brain activations of the second images (full pictures with the context) to the firstly

presented images (pictures without context) regardless of valence changes. Widespread activa-

tions were found in the brainstem, lingual and fusiform gyri, precuneus, calcarine, middle and

superior temporal gyri, middle and superior occipital gyri, inferior parietal gyrus, middle,

superior, medial, inferior frontal gyri, precentral gyrus, SMA, anterior cingulate (ACC) and

postcentral gyrus (S3 Table and S1 Fig).

Fig 4. Changes in arousal ratings in the post-task. Note. P1: First picture of the picture pairs is positive. N1: First picture of the picture pairs is negative. P2:

Second picture of the picture pairs is positive. N2: Second picture of the picture pairs is negative. � p< .001.

https://doi.org/10.1371/journal.pone.0279823.g004
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From positive to negative: Activation to positive pictures in a negative context com-

pared to positive pictures without context (P1-N2). To reveal the increased brain activation

specific to the change in the meaning from positive to negative triggered by context, the con-

text main effect regions were used as an exclusive mask on the results of the widespread

increased activations to positive pictures in a negative context compared to positive pictures

without context (Table 2 and Fig 6). Thus, the regions activated outside the mask were the

superior medial frontal gyrus, inferior orbitofrontal gyrus, superior temporal pole, middle and

superior temporal gyrus, middle occipital gyrus, SMA, anterior cingulum, thalamus, caudate

and amygdala.

From negative to positive: Brain activations to negative pictures in a positive context

compared to negative pictures without context (N1P2). In picture pairs, where the sec-

ondly presented positively valenced stimuli (P2) were compared to the firstly presented nega-

tively valenced stimuli (N1), increased activations were found in the middle temporal gyrus,

middle cingulum, middle occipital gyrus, precuneus and calcarine when we used the above

mentioned exclusive mask (Table 2 and Fig 6).

From positive to positive: Brain activations when both the first and second pictures

were positive (P1P2). Increased BOLD signals were found in the visual areas including the

Fig 5. Mean reaction times (and standard deviations in milliseconds) to the second picture of the picture pairs in the scanner by the type of picture pairs

in the Emotional Shifting Task. Note. P1: First picture of the picture pairs is positive. N1: First picture of the picture pairs is negative. P2: Second picture of the

picture pairs is positive. N2: Second picture of the picture pairs is negative. � p< .05.

https://doi.org/10.1371/journal.pone.0279823.g005
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calcarine and the lingual gyrus (Table 3) when positive pictures in a positive context were com-

pared to positive pictures without context when using the exclusive mask.

From negative to negative: Brain activations when both the first and second pictures

were negative (N1N2). The superior occipital gyrus showed an increased activation

(Table 3) to negative pictures in a negative context compared to negative pictures without con-

text, and the context main effect regions were used as an exclusive mask.

Table 2. Brain regions showing increased activation to positive pictures in a negative context compared to positive pictures without context and brain regions show-

ing significantly increased activation to negative pictures in a positive context compared to negative pictures without context.

Cluster size

(voxel)

Region Side Peak T-values MNI coordinates

Positive pictures in a negative context > Positive pictures without context x y z

228 Superior Frontal Gyrus, medial L 9.03 0 56 23

Pregenual ACC R 7.95 6 50 17

Superior Frontal Gyrus, medial R 7.94 6 47 26

40 Inferior frontal Gyrus, pars orbitalis L 7.65 -45 23 -10

Superior Temporal Pole L 7.04 -36 17 -25

Superior Temporal Pole L 6.80 -42 17 -19

14 Thalamus R 7.54 9 -25 -1

66 Caudate R 7.35 12 11 8

Caudate R 7.19 6 8 -1

Thalamus R 6.54 6 -7 8

12 Middle Occipital Gyrus L 7.24 -39 -76 11

17 Rectus L 7.10 0 50 -16

Superior Frontal Gyrus, medial orbital L 6.31 0 59 -13

26 Thalamus L 6.78 -6 -7 5

Caudate L 6.56 -9 8 5

Caudate L 6.10 -12 14 -1

2 Amygdala L 6.68 -21 -7 -16

48 Supplementary Motor Area R 6.66 6 17 68

Superior Frontal Gyrus, medial R 6.59 15 32 59

Supplementary Motor Area R 6.42 3 14 56

14 Middle Temporal Gyrus L 6.37 -60 -10 -16

12 Middle Temporal Gyrus R 6.37 57 -37 -1

Superior Temporal Gyrus R 6.18 48 -37 5

Negative pictures in a positive context > negative pictures without context

71 Middle Temporal gyrus R 9.05 51 -73 2

Middle Temporal gyrus R 8.08 39 -67 20

Middle Temporal gyrus R 7.31 42 -73 8

45 Superior Occipital Gyrus R 7.75 33 -70 41

18 Precuneus R 7.40 3 -52 56

Precuneus R 6.17 6 -64 47

25 Calcarine R 7.40 12 -91 8

Calcarine R 6.88 18 -88 -1

11 Middle Occipital Gyrus L 7.22 -39 -79 2

16 Midcingulate R 6.17 6 -52 32

Precuneus 6.06 0 -55 20

Precuneus R 5.93 3 -61 29

Note. R = right, L = left; the statistical threshold was set to p< .05, family-wise error (FWE) corrected for multiple comparison, ACC = anterior cingulate cortex.

https://doi.org/10.1371/journal.pone.0279823.t002
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Discussion

In the present study we aimed to measure emotional flexibility, defined here as a change in the

emotional response elicited by a specific context. This task is built on the notion that the con-

text may give an entirely different interpretation to the stimulus, resulting in even categorical

changes in the valence and/or arousal of the elicited emotion [2]. In our task, the context

appeared as a passive cue that induced changes in the emotional responses and interpretation

of the emotional situations automatically; thus, this task is considered to explore changes in

the spontaneous emotional output guided by the context. Thus, on the basis of the review by

Coifman and Summers [2], we argue that EST is an appropriate task to capture emotional

Fig 6. Activated regions when the context categorically changed the valence of the emotional stimuli (from

negative to positive and from positive to negative) after excluding the general effect of context. Increased

activations when a negative stimulus was put in a positive context are shown in green whereas increased activations

when a positive stimulus was put in a negative context are shown in red. Coordinates are in the Montreal Neurological

Institute (MNI) space. Statistical maps were visualized on the MNI 152 template brain provided in MRIcroGL [39].

https://doi.org/10.1371/journal.pone.0279823.g006

Table 3. Brain regions showing significantly increased activation to positive pictures in a positive context were

compared to positive pictures without context (P1P2 picture pairs), and those with significantly increased activa-

tion to negative pictures in a negative context were compared to negative pictures without context (N1N2 picture

pairs).

Cluster size (voxel) Region Side Peak T-values MNI

coordinates

Negative pictures in a negative context > negative pictures without context x y z

15 Superior Occipital Gyrus R 7.42 27 -73 44

Positive pictures in a positive context > positive pictures without context

17 Lingual Gyrus R 7.24 12 -88 -4

Calcarine R 7.23 15 -94 2

13 Calcarine L 7.18 -6 -94 2

-3 -85 -4

Note. R = right, L = left; the statistical threshold was set to p< .05, family-wise error (FWE) corrected for multiple

comparison.

https://doi.org/10.1371/journal.pone.0279823.t003
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flexibility. Post-task data on the valence, arousal and changes in BOLD responses support that

this task can induce changes in the emotional response.

Context effect on valence, arousal rating and reaction times

To understand the outcome of the fMRI results better, valence and arousal ratings of the emo-

tional stimuli were collected during the post-task (out of scanner post-task): participants were

asked to rate the pictures used in the fMRI task after the scan. Significant changes in the

valence and arousal ratings of the stimuli were observed after they were placed into a context,

indicating that participants reinterpreted the emotional stimuli. These changes in the valence

and arousal were detected in all four types of picture sets, indicating that the context itself did

not only shape the categorization of the emotional states [9], but it also might affect valence

and intensity (arousal). The context, or more precisely the appraisal of overall context (e.g. bul-

lying, being in a hospital with a sick person, or childbirth), i.e., the semantic features, might

provide extra affective information, as it gives an explanation for the emotion; thus, it guides

our interpretation [33]. For instance, seeing a crying woman in hospital compared to seeing

just a crying woman, could elicit a more intense emotional response, as it can activate addi-

tional emotional meaning or knowledge such as her relative being sick.

Reaction times in the scanner were also registered and showed that participants performed

more slowly to the second picture in trials of shifting from positive to negative compared to

the other three types of trials. Reaction times to the second picture were longer in the trials

when both pictures were negative compared to trials when both pictures were positive or when

shifting from negative to positive was required. Thus, reaction time was longer when the sec-

ond picture was negative compared to when it was positive. We did not ask our participants to

choose an emoji after the first picture in the scanner; thus, it limits our understanding.

This result is in line with the findings of Sakaki and coworkers [40] who presented negative,

neutral and positive pictures in their study and found that participants had longer reaction

times to negative pictures compared to neutral or positive pictures in their task that required

semantic processing. On the basis of the results, Sakaki et al. [40] concluded that facing pic-

tures of negative emotional events affected or interfered with the semantic processing of the

following stimuli even more than perceptual processing.

General context effect on brain activation

Overall, we found increased occipital cortex activation when emotional stimuli were put into

context, indicating heightened perception and attention [41] presumably evoked by the infor-

mation about the social and physical environment surrounding the expressor, along with exist-

ing emotional knowledge about the context. The activation of the lateral occipital cortex has

been found in studies investigating emotional scene processing [42], and the role of calcarine

in visual information processing [43,44] and in visual-imagery processes is well-documented

[45].

In our task context brought new knowledge (information) on the emotional state of the

protagonist. Indeed, many of the activated areas such as the middle temporal gyrus (MTG),

fusiform gyrus, SMA [34], temporal pole [46] caudate [47], brainstem [48] and thalamus

[49,50] suggest that the social and emotional meaning of facial/postural information, possibly

along with other faces on the picture, required an increased emotional reprocessing when the

context appeared.

The mental states we attribute to others and the extent to which we resonate with their emo-

tional states can guide our behavior in complex social situations. Accordingly, the contextual

presentation of emotional stimuli may activate brain areas involved in mentalization and/or
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empathic response. Thorough investigation of activation maps revealed that the MTG activa-

tion extended to the TPJ. Several meta-analyses suggest [31,51,52] that TPJ is one of the core

regions associated with social cognition, or more specifically mentalizing (often called theory

of mind) [28,53], and TPJ is also activated in empathy studies [51]. Furthermore, the precu-

neus was also activated, this area was previously associated with affective mentalizing [54] i.e.,

inferring affective states of others, occasionally correspondingly called cognitive empathy. The

recruitment of TPJ and the precuneus in our task might suggest that when context was added

to the first picture the observers (our participants) reflected on the emotional meaning of the

situation.

We detected increased anterior insula activation when context was added to the first pic-

ture. Its role in processing interoceptive information that is a key to representing emotional

experience [55] is well-established, and insula activation correlated with self-reported arousal

[56]. In a recent study [57] activations in other regions, such as in the superior temporal sulcus,

fusiform gyrus and lateral occipital cortex, have also been associated with arousal. Note that

our post-test after scanning revealed that the second (whole) pictures were more arousing

compared to the first one.

We also found increased activation in the right inferior frontal gyrus and lateral orbitofron-

tal regions when context was added to the first picture. According to a meta-analysis [58]

major overlaps in both regions along with the insula and temporal structures can be seen in

emotional processing, interoceptive signaling, and social cognition, supporting previous neu-

roimaging data and our previous expectations that adding a context will recruit areas involved

in emotional processing and understanding complex social situations. These results indirectly

support the theory of Saxe and Houlihan [33] proposing that information about the event in

which the target is expressing emotion is used as a cause for inferring target’s emotion(s).

Specific context effect

Placing positive stimulus in negative context. After excluding the general effect of con-

text by using a mask with activation to context vs. no-context, the automatic shift from positive

to negative valence was associated with increased BOLD response in dorsomedial PFC, SMA,

lateral orbitofrontal cortex (OFC), rectus, caudate, thalamus, amygdala, and MTG. Many of

the activated areas such as the MTG, SMA [34], orbitofrontal cortex [46] caudate [47], and

thalamus [49,50] suggest that the context required an increased emotional reprocessing

(beyond the general context effect) when it made a previously positive picture negative.

In the field of emotion, activations in the lateral OFC in our study correspond to face selec-

tive part of OFC observed in a face discrimination reversal task when a formerly correct face

was no longer the correct choice [59]. More specifically, in that study when a correct face was

chosen, its expression turned into a smile, but when the wrong face was chosen, it turned into

an angry face. In that study this part of OFC was activated when a formerly correct face was no

longer the correct choice, so instead of a smile its choice resulted in an angry face. Thus, activa-

tion in this part of OFC was proposed to be error-related, as there was a discrepancy between

the expected and perceived feedback. This area was recruited when face expression signaled a

need for behavior change (i.e., change in the choices) [60]. On the basis of this, seeing a for-

merly positive face expression in an overall negative context–e.g., a smiling girl in a bullying

context–also triggers error-related processes and might signal a need for behavior change. In

our study, the biggest change in valence according to our post-test results emerged when posi-

tive pictures were put into a negative context. This change, or more precisely the shift from a

positive to a negative meaning might require the reformulation of mental representations as

well reflected in the increased activations in the supplementary motor area [34].
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Medial PFC, especially its dorsomedial part has been activated in studies investigating

empathy with other regions such as the SMA and thalamus [51]. In addition, medial prefrontal

regions are recruited in reappraisal studies [61]. For instance, previous studies suggest that the

regulation of negative emotions needs the allocation of cognitive resources provided by the

dorsomedial prefrontal and dorsal cingulate gyrus [62]. The automatic shift from positive to

negative in the meaning of the stimulus in our study might be accompanied by the recruitment

of regions providing cognitive sources to regulate the resulting negative emotions. However,

we did not find activation in the dorsolateral prefrontal cortex commonly observed in reap-

praisal studies [17,34,63].

We detected small activation in the amygdala that is often associated with negative/fearful

emotional experiences, faces [64], emotional events and personal affective importance [65] or

motivational relevance [66]. As this was the first fMRI study using the EST, we decided to pres-

ent all significant activations. However, the cluster size was too small to interpret this result in

the context of shifting.

The above results suggest that after excluding the general effect of context, shift in the

meaning of a positive stimulus to negative induced by the context was supported in our task

by areas involved in emotional processing, reformulation of mental representations, mentaliz-

ing, empathy and, to some extent, error-related process and cognitive control.

Placing negative stimuli in positive context. Interestingly, trials where a negative facial

expression was placed into a positive context resulted in a less widespread activation pattern

compared to trials where a positive facial expression turned out to have a negative meaning.

The increased activation of MTG and fusiform gyrus suggested that this shift was also associ-

ated with increased emotional processing [67], whereas the recruitment of the precuneus also

supports that affective and cognitive processing of affective mental states was also increased in

the participants [51]. However, in this case, we did not detect activations in the medial or lat-

eral part of the frontal cortex, suggesting that this automatic shift, or the resulting positive

emotions, did not require extra cognitive resources or regulation at least in our task. Thus, the

differences and similarities between effortful and automatic regulation of negative emotions

require further studies.

Our results differ from those of Yang and colleagues [35]. Although they investigated spon-

taneous recovery from a negative emotional state as an implicit form of emotion regulation,

we used context as a passive cue to trigger a change in emotional response, suggesting that dif-

ferent forms of automatic emotion regulation need to be tested in further studies.

Placing negative stimuli in negative context and positive stimuli in positive context.

Interestingly, when a positive stimulus was placed into a positive context, or a negative stimu-

lus was placed into a negative context, increased activation primarily in the occipital regions

(calcarine, lingual gyrus and superior occipital lobule) was detected. In the literature, upregu-

lating negative [68] or positive emotions [69] are mainly examined in reappraisal studies

where participants are instructed to use certain tactics; thus, effortful and controlled processes

are targeted. In our task, upregulation of emotions–confirmed by the valence and arousal rat-

ings–was induced by the context that did not require effortful processes, which might explain

our results. However, only small clusters were found in these two conditions after masking, so

we should interpret these results with caution.

Limitations

We asked participants to rate the valence and arousal of pictures during the post-task, not dur-

ing the fMRI measure; however, results showed that the emotional valence ratings of the sec-

ond, whole pictures changed in the expected direction. In addition, we did not record the eye
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movements of the participants, so we cannot rule out the possibility that the four different con-

ditions differed in the amount of eye movements, and that this may have affected our results.

In order to better understand the impact of the complex context in an emotional situation,

adding conditions that include the context without the face might have been useful [70]. That

would have allowed us to see if adding the face to the context would modify the valence beyond

the information already evident in the context itself. However, the aim of the study was not to

study facial and contextual information processing per se, but to use the context as a passive

cue that promotes a shift in the meaning of certain set of images, therefore supporting emotion

regulation.

Participants did not have to choose from emojis after the first picture, so we could not cal-

culate reaction time differences within the pairs, but simply compared reaction times to second

pictures, which limits our understanding; however, reaction time differences were not in the

focus of our study. Additionally, it would have been ideal to put the same first picture in a neg-

ative and a positive context as well to directly compare how different contexts might influence

the emotional processing of the same emotional stimulus.

Another limitation could be that participants might have had a certain expectation regard-

ing the context that might have appeared in the activations to the second pictures. However, to

avoid this or to decrease its possibility, participants were specifically instructed to solely focus

on the stimuli on hand.

For the non-shift trials, stimuli were selected from the IAPS [37] database, whereas pictures

for the shift trials were collected from the internet, so they are not from a standardized set of

emotional stimuli; however, they went through several pilot studies [22]. Individual differences

in the emotional reactivity, empathy, or ToM might affect the perception of emotional stimuli

[71], but we did not assess these characteristics of our participants.

Conclusion

We aimed to capture emotional flexibility by a task using context as a cue to trigger (an auto-

matic) change in emotional response. The affective information and the social knowledge acti-

vated by the context had a major impact on the neural processing of the emotional visual

stimuli. Presenting previously seen decontextualized emotional stimulus in a context recruited

areas involved in emotional processing and understanding complex social situations, probably

indicating that the context itself narrows the probability of emotions previously attributed to

the decontextualized stimulus [72]. Thus, information about the context might be used as a

cause of emotions [33].

Additionally, our results highlight that sensitivity and appropriate responses to context

depend on many different processes; thus, emotional inflexibility may stem from different

underlying mechanisms. Therefore, understanding emotional inflexibility in psychopatholo-

gies requires the dissection of these underlying mechanisms first.
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