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The multiple-emotion calculator is developed to predict emotions with appraisals.
Whereas traditionally appraisal theorists have made good progress in mapping the relationship
between appraisals and singular emotions, emotions do not exist in isolation. Last year, Emotion
Review has devoted a whole issue to explore the boundary of knowledge on emotion experiences
that consist of multiple emotions. The accumulation of knowledge has been exciting, but
systematic investigation into the relationship between appraisals and multiple emotions has yet to
receive attention. Our goal is to produce a calculator based on a dataset that has innate multiple
emotion structure. Each data point contains appraisal ratings for a certain situation, and the
corresponding emotion ratings on multiple emotion dimensions. The training of the calculator
involves finding the predictive relationship between appraisals and emotions, and to our purpose,
the final product will be a calculator that can compute the intensities of multiple emotions based
on a set of appraisal inputs.

The dataset contains 3761 participant-reported emotional experience aggregated from 36
studies, with 7 appraisals and 18 emotions rated on a scale of 1 to 9 for each emotional
experience. Where the emotions should be relatively self-explanatory, the 7 appraisal dimensions
serving as the input into the emotion calculator deserve a bit more explanation. Appraisal
dimensions include those that directly inform emotions and coping actions, but not cognitive
activities such as knowledge and belief not defining the adaptive implications of the person-
environmental relationship (Smith & Lazarus, 1990). One prominent proposal for appraisal
dimensions by Smith and Lazarus organizes emotion defining events along a very succinct set of
7 appraisals. Relevance taps into whether the environmental demands at hand matter to personal
well-being, while congruence characterizes the degree to which environmental implications align
with personal goals to promote well-being. Environmental stimuli completely irrelevant to
personal well-being should not elicit emotion, nor should stimuli that carry no positive or
negative implications for well-being. These two appraisals are fundamental to the adaptive value
of emotions, without which there would be no environmental concerns to tend to. Once a
situation poses an opportunity to formulate emotions, appraisal components other than relevance
and congruence capture coping information from the environmental stimuli to differentiate
specific emotions and allow for coping behaviors that directly address the environmental
concerns. These appraisals include self-accountability, other-accountability, problem-focused
coping potential, accommodative-focused coping potential, and future expectancy. The two
accountability appraisals describe whether the self or someone else is responsible for creating the
situational concerns. They help to clarify who is to blame or worthy of praise. The source of
blame can differ from the person who carried out the action, as harm done unintentionally
lessens the blame on the person (Ames & Fiske, 2013). Problem-focused coping potential
provides a self-assessment over the person’s capability of solving environmental challenges,
while accommodative-focused coping potential taps into a given individual’s evaluation of their
own ability to adjust to the situation, no matter what happens to the situation. The two different
coping potentials provide a full coverage of the possible behavioral options that include
modifying the situation to conform to own desire, or modifying oneself to conform to the
situational development. Future expectation describes expected outlook of the situation. A
distinction between the coping potentials and future expectation lies in that future expectation
can include factors not within one’s own ability to control or modify, such as luck or a miracle.



In the event of irrecoverable illness, the patient has low perceived ability to deal with the illness,
and the patient does not truly accept the outcome of the illness. In this situation, both coping
potential appraisals are low, yet the patient may have high future expectations with a strong
belief in a miracle.

In training the calculator, we use three methods to make the prediction model based on
75% of the data points. The remaining 25% of data are used for testing the accuracy of the
prediction model and preventing over-fitting. We use a mixture model approach, a multivariate
regression, and a multilayer perceptron to train the model. For the mixture model, we first extract
different classes of commonly appearing combinations for the intensities of the 18 emotions, and
then regress the classes onto the appraisals to compute the probability of a given person being
ascribed into each of the classes. Finally, each class mean emotion intensities are weighted by
the probability of the person being ascribed into the class, to compute the final emotion
intensities across the whole range of emotions. The multivariate regression is to regress the 18
emotions directly onto the appraisals, and we allow for all 2-way interactions among appraisals.
The multilayer perceptron model, a simple type of neural network, is consisted of three different
layers: the input layer, which contains the appraisals, the hidden layer in which we define 10
neurons to combine information from the input layer, and the output layer that combines
information from the hidden layer to yield output across the 18 emotions. The activation function
between the input and the hidden layer is logistic, and the relationship between the hidden layer
and the outputs is linear. To further compare the models, we used a 10-fold cross-validation,
essentially training each model 10 times with 10 different ways to randomly divide the training
and the testing set to reduce the impact of model overfitting. The root mean squared residual
calculated based on how the model deviates in predicting the testing set emotions, averaged
across the 10 folds and 18 emotions, shows the performance of each model. For our calculator,
the best performing model is the multilayer perceptron, the model that has been built into the
interactive calculator.

We think this calculator is by itself an interesting use of raw data from various emotion
elicitation contexts, thus offering high environmental validity for making predictions in new
situations. However, the prediction itself does not carry theoretical insight. The calculator
portrays how appraisals and emotions are related, but to the extent that we understand why
certain appraisals and emotion combinations are linked, the calculator provides a place to start
looking for such links and helps to generate hypotheses that can promote future developments to
the appraisal theory.
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