IEEE TRANSACTIONS ON AFFECTIVE COMPUTING, MANUSCRIPT ID

1

Applying Probabilistic Programming
to Affective Computing
Desmond C. Ong, Member, IEEE Computer Society, Harold Soh, Member, IEEE Computer Society,
Jamil Zaki, and Noah D. Goodman
Abstract—Affective Computing is a rapidly growing field spurred by advancements in artificial intelligence, but often, held back by the
inability to translate psychological theories of emotion into tractable computational models. To address this, we propose a probabilistic
programming approach to affective computing, which models psychological-grounded theories as generative models of emotion, and
implements them as stochastic, executable computer programs. We first review probabilistic approaches that integrate reasoning about
emotions with reasoning about other latent mental states (e.g., beliefs, desires) in context. Recently-developed probabilistic
programming languages offer several key desidarata over previous approaches, such as: (i) flexibility in representing emotions and
emotional processes; (ii) modularity and compositionality; (iii) integration with deep learning libraries that facilitate efficient inference
and learning from large, naturalistic data; and (iv) ease of adoption. Furthermore, using a probabilistic programming framework allows
a standardized platform for theory-building and experimentation: Competing theories (e.g., of appraisal or other emotional processes)
can be easily compared via modular substitution of code followed by model comparison. To jumpstart adoption, we illustrate our points
with executable code that researchers can easily modify for their own models. We end with a discussion of applications and future
directions of the probabilistic programming approach
Index Terms—Affective Computing, Artificial Intelligence, Emotion Theory, Modeling Human Emotion
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I NTRODUCTION

A

CHIEVING a human-like understanding of emotions
is a holy grail of affective computing. The ideal affective computer has to correctly identity a user’s emotion
based on behavioral cues and contextual information, reason about how its actions may affect the user’s emotions,
and choose its responses accordingly. Affective agents deployed in a variety of applications, such as in tutoring [1],
social robotics [2], or other human-computer interactions [3],
are aiming to achieve this next frontier of emotional understanding. Research in recent years has made important
strides towards this goal, producing hundreds of papers
on applying machine learning techniques to recognizing
emotions (see [4], [5], [6], [7] for reviews). The success of
these efforts is due in large part to recent developments
in deep learning algorithms and computational power [8],
coupled with the availability of larger datasets [9]. However,
though these machine learning models may demonstrate
excellent performance at emotion recognition, they nevertheless fall short of being able to do true reasoning [10].
They are unable to carry out counterfactual and hypothetical
reasoning, provide causal attributions and explanations, or
incorporate contextual knowledge into their inferences. And
they usually do not generalize well outside the dataset they
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are trained on. By merely performing pattern recognition,
these machine learning models achieve perception, but fall
short of cognition about affect.
In contrast to the data-driven, machine learning approach, an alternative approach with a much older history
in affective computing favors constructing theory-based
models, such as emotion architectures (see [11], [12] for
reviews). These models are inspired by psychological theories of emotion (e.g., [13], [14]), and focus in detail on
modeling the components and the computations that go
into emotional processes. For example, many such models
focus on computationally defining the cognitive evaluations
of experienced situations—appraisals—that give rise to emotions [15], [16], [17]. Other models also focus on modelling
how emotions influence cognition and subsequent behavior
[18], [19]. However, these models tend to be hand-tuned
to specific theories and specific contexts—for example, the
model in [17] contains many rule-based appraisals that give
rise to emotions, but is not able to learn new appraisals or
modify existing appraisal rules for new contexts—and thus
they are unable to scale well to the complexity of larger,
naturalistic datasets. Another limitation is that these models
usually do not specify how one goes from naturalistic data,
such as a pixel-level representation of a smiling face, to a
representation of emotion: The exact “transformation” from
an emotion to a visually-observable muscular configuration
may be scientifically uninteresting (except perhaps for the
fact that such a reliable and valid mapping does or does not
exist), yet still important to an engineer wishing to build
applications that are sensitive to affect.
These theory-driven models differ not only in their theoretical assumptions and content, but also in the details of
their implementation, such that it is problematic to compare

