Supplementary Methods
Behavioral ratings
Participants of the behavioral pilot study and the participants of the fMRI study filled in an online
questionnaire where they rated their emotional experience during each emotional narrative. For
participants of the fMRI experiment, the instruction was to rate the emotional experience during the
fMRI scanning. In both the pilot study and the fMRI study the instruction was the following:
You will see one story at a time on the screen. After reading the story, think about the emotions that the
story elicited during the fMRI scanning. Rate the stories based on your own personal experience – there
are no right or wrong answers. Your task is to rate how much of each listed emotion the story elicited.
If the story did not elicit the emotion at all, leave the pointer to 0. If the story elicited the emotion,
move the pointer on the scale from 1 (a bit) to 9 (a lot) to rate the strength of the emotion. Second, rate
how easy it was to imagine the situation happening to you (on a scale from 0 = very difficult to 4 =
very easy). Finally, rate the feelings elicited by the narrative on these two scales: valence (on a scale
from 0 = very unpleasant to 9 = very pleasant) and arousal (on a scale from 0 = calm to 9 = very
excited).
Multivariate pattern classification across participants
To test whether representation of different emotions generalizes across participants, we ran whole-brain
across-participants MVPA. This analysis was performed with the same steps as the within-participant
classification but using the data registered to Montreal Neurological Institute (MNI) 152 standard space
template with 2-mm isotropic voxels.
The preprocessed functional data were registered to 2-mm MNI 152 standard space template
using FLIRT (Jenkinson and Smith 2001; Jenkinson et al. 2002). The brain-extracted T1-weighted
images were first normalized to the MNI space and the normalization parameters were subsequently
applied to the EPI images. All registrations were performed using 9 degrees of freedom. Since the
across-participants classification was performed in standard space unlike the within-participant
classification (performed in native space), we generated an average gray matter mask in MNI space.
The gray matter mask was generated by segmenting, using FAST, the average normalized T1-weighted

image into gray and white matter and cerebrospinal fluid. The gray matter maps were subsequently
thresholded using intensity threshold >0.5 to create an average MNI mask that included 96 075 voxels.
The feature selection preserved on average 19% of the voxels (mean 18 350 voxels, SD 1250).
A linear classifier was trained using a leave-one-participant-out procedure, where the training was
performed with n–1 participants and the testing of the classifier with the remaining one participant.
Cross-validation was then performed across all participants, and the classification accuracy was
calculated as an average percentage of correct guesses across all the cross-validation runs.
Correspondence between neural similarity matrix and valence and arousal similarity matrices
To investigate whether the similarity of neural signatures between two emotions could be explained by
dimensional model involving valence or arousal. First, mean valence and arousal values for each
emotion category was calculated by averaging valence / arousal values across corresponding narratives.
Next, we constructed valence and arousal similarity matrices based on the averaged ratings and
compared them to the neural and subjective similarity matrices by using the Spearman's rank
correlation coefficient.

Supplementary Results
Behavioral results
Ease to imagine emotions
Emotions varied in how easy they were to imagine (F(3,14)=9.8, p<.001; happiness 3.2; neutral 3.2;
love 3.1; longing 3.0; despair 3.0; sadness 2.9; pride 2.8; fear 2.7; gratitude 2.6; disgust 2.5; guilt 2.4;
shame 2.3; anger 2.1; contempt 2.0; surprise 1.8). However, there were no differences between basic
and social emotions (t(12)=-0.48, p=0.639).
There was no relationship between the within-participant classification accuracy and the
easiness to imagine the emotion (r(14)=0.20, p=0.475.).
Multivariate pattern classification within participants
Narrative length * classification accuracy correlations
Since the narrative lengths varied between categories, we investigated the relationship between
narrative length and classification accuracy. Imagery periods following longer narratives tended to have
worse classification accuracies (r(14)=-0.54, p=0.036). However, non-basic categories in general had
longer narrative durations. Also, as the classification was run on the imagery period following the
narrative, we assume that the effect of narrative length is small.
ROI * size correlations
Since our ROIs had different sizes, we investigated the relationship between ROI size and classification
accuracy by calculating the correlation between these. Larger ROIs had better classification accuracies
(r(15)=0.88, p<0.0001).
Multivariate pattern classification across participants
The across-participant classifier did not perform statistically significantly above chance level when collapsing across all emotion categories (8.3% versus 6.7%; permuted chance level at p<0.05 was 8.4%).
See Supplementary Table 2 for emotion-wise classification accuracies.
Classification accuracy was significantly better for basic than for non-basic emotions (mean accuracies

9.4% and 7.0%, respectively; t(12)=2.89, p=0.014).

Correspondence between neural similarity matrix and valence and arousal similarity matrices
To investigate whether the similarity of neural signatures between two emotions could be explained by
lower-order representation of valence or arousal dimensions only, we next constructed similarity
matrices based on participants’ self-reports of valence and arousal and correlated these with the neural
similarity matrix (see Methods). Both valence and arousal matrices separately correlated with the
neural similarity matrix (valence: r=0.69, p<0.00001; arousal: r=0.39, p=0.003) and with the behavioral
similarity matrix (valence: r=0.75, p<0.00001; arousal: r=0.46, p=0.001). Also, valence and arousal
similarity matrices were highly intercorrelated (r=0.6, p=0.0001). Finally, the model with both valence
and arousal was correlated with both neural similarity matrix (r=0.73, p<0.00001) and experiential
similarity matrix (r=0.66, p<0.00001).

Table S1
English translations of the story stimuli (original stimuli in Finnish).
Target emotion Story
Surprise

You hear your partner talking behind you, but when you turn around, you notice, that the speaker is your cousin.

Surprise

You go to bed early in the evening, and in the morning, you wake up on the couch.

Surprise

The summer day is beautiful and sunny. Suddenly it starts to snow.

Surprise

You arrive home after a work trip and notice, that your red house has turned to blue.

Happiness

It is a sunny summer day and you are driving a convertible with your best friends towards the sea shore while listening to
music.

Happiness

You are skiing down the mountain in bright sunshine, smoothly sliding down on the powder snow.

Happiness

You meet your friend after a long break and you spend a late evening in your favorite restaurant.

Happiness

You are cycling home after a working day in the pouring rain, until you notice how the sky gets brighter and turns into a
beautiful sunset behind the ocean.

Disgust

You have emptied the outhouse at your summer cabin and poured the waste in a pit. Your watch falls down in the middle of
the feces and you need dig it up.

Disgust

You work as a cleaner in an obscure nightclub. Your task is to clean the men's toilet. It is covered in vomit and urine.

Disgust

You are hungry and bite into a hamburger, when you suddenly feel the taste of rotten, greasy meet.

Disgust

The smell of death and decomposable meet fills your nose when you notice a half-eaten moose carcass lying in your cabin
terrace.

Neutral

You turn a map towards the light to see it better.

Neutral

You glimpse out of the window absent-mindedly.

Neutral

You are at home looking through the fridge shelves searching for a snack.

Neutral

The tangles in your hair straighten easily when you comb through them carefully.

Fear

You are on a rollercoaster ride and notice that the driver has forgotten to lock your safety gate. Your wagon rushes down the
steepest hill of the track.

Fear

A giant dog snarls, sneers and approaches you. You realize that it is going to attack at any moment.

Target emotion Story
Fear

You are standing on an alley in a notorious part of the town. A gang of youngsters surrounds you slowly, knives visible,
laughing threateningly.

Fear

It is a late night in a dimly lit parking lot. Your car stands alone in a distant corner. Suddenly you hear a gun shot behind you.

Sadness

You sit by your mother on her deathbed and watch life pour out of her slowly.

Sadness

You are at the funeral of your beloved relative and watch the escort carrying the coffer out of the church.

Sadness

You beloved dog has been sick for a while and one morning you find it lying lifeless in the hall.

Sadness

The father of your childhood friend calls you to tell that your friend passed away in a car accident last night.

Anger

You are at a party and overhear a discussion from the next room where your neighbour is again mocking you and your
family openly.

Anger

You ended up in a quarrel with your colleague. He is unduly accusing you for the failure of your joint project. You shout
insults to each other.

Anger

You are walking home from work and at the yard you notice that your new car has been stolen.

Anger

You are at a party when you see your best friend secretly kissing your lover.

Shame

You meet an old childhood friend on the street and notice her round baby belly. You congratulate your friend for the
pregnancy, but she is astonished and responds that she is not pregnant.

Shame

You give a presentation to a group and wonder why the others grin at you. After the presentation you notice that you forgot
to zip you trousers.

Shame

You sit at the toilet in the restroom of your working place. You realize you forgot to lock the door only when you hear
someone grabbing the handle. Your boss catches you with your pants down.

Shame

At the physiology class, the teacher uses you as an example when demonstrating the measurement technique for the fat
percentage. He loudly remarks to the other students how you should loose some weight.

Pride

You got the best grade of the class from a demanding exam. You happen to meet your teaching at the university hallway and
she praises your performance.

Pride

Everybody turns to look at you when you enter the party with a good looking date.

Pride

You are in a family reunion and overhear relatives talking about how much you have gained in your career. The discuss how
diligent and polite you have always been.

Target emotion Story
Pride

You are watching your daughter's soccer game. Your daughter scores the winning goal and gets the prize for the best player
of the game.

Longing for

You spend the last night of a long hike around a campfire with the people you only got to know during the hike but now feel
very fond of. You look recall everything that happened. You will probably never meet these people again after returning to
home.

Longing for

You are at the spring ceremony of your school. When you hear the familiar notes of the traditional spring song, you think
back of yet another eventful year.

Longing for

You recall the lovely time spent with your first love. You were so young and free to do whatever you wanted.

Longing for

Back in the days, you spent wild years of youth with your friends. Now those days are gone and the group has split to
different towns. Everyone seems to live their own life and you rarely see each other.

Guilt

As a child, you used to bully the quiet kid in your class and broke his glasses. Today, he is seriously depressed and living on
the sick fund, unable to work. You wish you could apologize.

Guilt

The working day was busy and you made up with some numbers to the report. The client is happy for the results of the
project and only you know that they are fake. Now you don't have the nerve to tell the truth.

Guilt

On a Monday morning at work you find out that there has been a fire in the coffee room. You were probably the last one
there drinking coffee at Friday night, now you wonder, whether you actually turn off the coffee machine...

Guilt

You were on a car accident with your best friend. You drove incautiously to the crossroads and another car hit your side. You
only got small scratches but your friend is lying seriously injured in the hospital.

Love

Your lover lies next to you on a bed. You look into his eyes when he strokes your hairs and bends down to kiss your lips.

Love

You walk hand in hand on a beach. You let the warm water rinse your ankles. The sunset lights your partners smiling face
when he turns to give you a kiss.

Love

You lie together, legs intertwined, embracing each other, and kiss long and softly. You focus only on each other, lying on a
blanket under a tree, on a sunny day.

Love

You watch your lover sleeping. You think how wonderful it would be to grow old together and think back of all the moments
you shared.

Contempt

You read in a magazine that a politician who always appeared faultless and moralizing others has now cheated on taxes.

Contempt

You are in a dream wedding long-awaited by your beloved aunt. Your aunt's teenage son has dressed up in ripped jeans and a
cap and seems not to pay any attention to what happens during the ceremony.

Target emotion Story
Contempt

You see how every week your colleague takes a full package of print paper home from the work storage room. When you
point this out to him, he laughs at you and claims that nobody cares about a little loss.

Contempt

A famous leader of a charity is caught stealing the money collected for the organization.

Gratitude

You are on a cycling trip in a new town. It is getting dark, you are dirty and tired, and all the hotels you find are full. You
meet a friendly person on the street that offers to call nearby hotels on behalf of you and to show you the way there.

Gratitude

To your horror, you notice on a long distance bus, that you are a few coins short on the ticket price. An old lady sitting on
the front row hands you the missing coin and says that this could happen to anyone.

Gratitude

You step on the last night bus on your way home, while in the queue you notice that you miss one euro of the ticket price.
An unknown passenger notices your anxiety and offers to lend you a coin.

Gratitude

You try to solve a difficult problem at work and feel like you cannot move forward on your own. Your colleague notices
your helplessness, leaves his own tasks and offers to help you. Together you manage to solve the problem.

Despair

You are searching for a job but all you get is yet another rejection letter. You feel like you will never find work.

Despair

You are lost in a big city in a foreign country, sun is burning hot and you feel thirsty and tired. When you try to buy a water
bottle, you notice, that your wallet and cell phone are stolen. You don't know the local language and have no idea how to
find your way back to the hotel.

Despair

You have tried to pass the same exam already two times and you feel like you cannot learn the things needed to pass. You
wonder whether passing the course will prevent your graduation.

Despair

You are going to be the master of ceremony in the wedding of your best friend tomorrow. You ordered a dress online and it
arrived only today. When you try on the dress, you notice it is too small. You only have time until tomorrow and you are
sure you cannot find another dress.

Table S2
Results of the t test comparing classification accuracies against the chance level (6.7%). T values were corrected for multiple comparisons with
Benjamini-Hochberg FDR correction.

Table S3
Classification accuracies as percentages from the region-of-interest classification for each emotion separately. Chance level was 6.7%.

Table S4
Emotion-wise classification accuracies in percentages from the inter-subject classification (chance level 6.7%).
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Figure S1
Mean confusion matrix (average over participants) from the within-participant classification. Correct stimulus categories on the rows, classifier
guesses on the columns. Chance level was 0.067.

Figure S2
Region-wise means and standard errors of classification accuracies for basic and non-basic emotions. Regions of interest are ordered according
to the mean classification accuracy over all emotion categories. Vertical dashed line represents the chance level (6.7%). Asterisks denote the
accuracies significantly above the chance level after correcting for multiple comparisons.

Figure S3
Results of the univariate GLM analysis contrasting all emotions against the neutral condition.

Figure S4.
Average effect sizes (R) across all emotions (upper rows) and the width of the confidence intervals
of R (lower rows) for activations and deactivations separately.

Figure S5
Deactivation maps showing the summed uncorrected t values for each cluster obtained from the multidimensional scaling analysis in a) cortical
regions and b) subcortical regions. Colors represent the three clusters.

Figure S6
Combined activation / deactivation map showing the uncorrected t values for the Cluster 4 containing only ‘surprise’.

