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Abstract

Empathy is a complex socio-emotional behavior that results from the interac-

tion between affective and cognitive mechanisms. Equipping embodied conver-

sational agents (ECAs) with empathic capacity can benefit from the integration

and evaluation of these low and high level capabilities in a hierarchical man-

ner. Following the theoretical background on empathic behavior in humans,

this paper presents a framework to equip ECAs with real time multi-modal

empathic interaction capabilities. We present the implementation of this frame-

work, which includes basic dialogue capabilities as well as three levels of em-

pathic behavior in a conversational scenario. Our approach is an inclusive stand

on modeling levels of empathy and provides a baseline behavior for empathic

interaction.

Keywords: Empathy, Affective Computing, Social Interaction, Virtual

Agents, Embodied Conversational Agents, Human-Computer Interaction

1. Introduction

The ability to understand and react towards the emotions of others, empa-

thy, is a crucial socio-emotional behavior for smooth interpersonal interactions.

There has been an increasing amount of contributions to model empathy in

agents with various types of behavioral capabilities[1] as an attempt to enhance5

the interaction between humans and artificial agents and understanding the
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empathy mechanism better. Embodied conversational agents (ECAs) shows

promise as an application area for artificial empathy due to their focus on the

importance of natural multi-modal interaction.

However, modeling empathic capacity on interactive agents is a challenging10

task. Empathy can be attributed to a range of behavior from mirroring, af-

fective matching to empathic concern, altruistic helping and perspective taking

[2, 3]. These low and high level behaviors result from the complex interaction

of hierarchical components which can be clustered as emotional communication

mechanisms, emotion regulation mechanisms and cognitive mechanisms [4]. It15

is beneficial to understand how much each of these components contributes to

the perception of empathy in interactive agents.

In this paper, we present a framework for creating empathy-enabled embod-

ied conversational agents, a critical problem in ECAs. The framework leverages

three hierarchical levels of capabilities to model empathy for ECAs, as suggested20

by the theoretical models [4, 5]. This framework can be used as a building block

for integrating additional empathic and behavioral capabilities while having an

efficient and responsive conversational behavior. Our system incorporates these

baseline empathic behaviors by equipping emotion communication capabilities,

which are perceiving and expressing emotions. We present an empathic dialogue25

scenario to evaluate the implementation of our framework in isolation, focusing

on the changing states of the dialogue during the conversation.

In the following sections, we examine the related work on empathy and

embodied conversational agents. Then, we provide the interaction scenario and

the proposed framework for our 3D virtual avatar system. We further explain30

how the information processing flows between different components can lead to

the levels of empathic behavior.

2. Related Work

Computational Empathy is a relatively new research area that focuses on im-

plementing empathy in virtual agents. Embodied conversational agent (ECA)35
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research as an active and successful field has been attempting to integrate em-

pathy to the existing ECA frameworks. However, while applying the know-how

of this mature area to the novel space of computational empathy, it is impor-

tant to pay attention to a possible overlap between the existing components of

these frameworks with the requirements of empathy. A close examination of the40

theories of empathy would allow us to develop a framework that can account

for this possibility.

Current research on empathy in embodied conversational agents (ECAs) fol-

lows a variety of different theoretical approaches to define and model empathic

behavior [1]. Most of the studies focus on a binary classification of empathy in45

artificial agents [6, 7]. Ochs and colleagues [8] provide a formal model of emo-

tions based on appraisals while concentrating mostly on the cognitive evaluation

of emotions by the agent. Another approach by Rodrigues and colleagues [9]

incorporates emotion regulation components such as similarity, affective link,

mood and personality that allows different intensities of emotion to be pre-50

sented. Boukricha and colleagues [10] addressed the modulation of empathy

according to the mood and familiarity of the agent and the perceived emo-

tion. A third-person evaluation of empathy included three levels of empathy

in a scale from feeling cold-towards and feeling-with in different familiarity and

liking conditions.55

An inclusive model of empathy would require the development of three hi-

erarchical levels of empathic capabilities that can be categorized as communi-

cation competence, affect regulation and cognitive mechanisms [4]. It is crucial

to develop and evaluate the system components separately while being mind-

ful about the resulting behavior that each component is responsible for, due to60

the complexity of the interaction of these components. Research on empathy

from various disciplines suggests the underlying mechanism for any empathic

behavior to be the perception, recognition and expression of affective stimuli

[2, 1]. Figure 1 shows a model of empathy by Yalcin and DiPaola [4], which

suggests a three-level hierarchy of empathic behavior inspired by the work of65

de Waal [2]. In this model, communication competence allows for mimicry and
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Figure 1: A model of empathy that involves hierarchical levels that are responsible of various

types of empathic behavior.

affect matching behaviors while forming a foundation to higher levels of empa-

thy. Emotional mimicry is considered as the congruent affective response to the

observed individual’s emotions, either by matching the motor expressions or the

emotional representation of it in the observer [11]. This capability is essential70

for any type of empathic behavior [5] as well as emotional intelligence in general

[12].

Moreover, for an ECA to be perceived as a social agent that is capable of

natural interaction, requires it to follow some basic principles of human conver-

sation [13] as well as showing emotions [14]. As a socio-emotional behavior, it is75

expected that the perception of empathy also affected by this. Natural human

interaction consists of non-verbal and verbal behavior [15] that includes multi-

modal synchronous behavior speech, intonation, gaze, head movements and ges-
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tures make meaning together using different channels at different timescales [16].

Listening behavior in humans consists of a combination of head nods, vocaliza-80

tions and facial feedback that show agreement and acknowledgment, which is

called backchannels [17]. Turn-taking and backchanneling acts [18, 19], as well

as the context of the dialogue, are what determines which of these will be used

by the conversation partners while they are in a speaker or a listener role. How-

ever, the integration of these behaviors in an empathic ECA should be carefully85

examined as the output gestures and synchronization might intersect with the

expression of empathic behaviors during an interaction.

The ECA literature provides a detailed examination of several types of

backchannel behavior during the listening act, but offer little insight on empa-

thy behavior. Sensitive Artificial Listener (SAL) [13] is a multimodal dialogue90

system that is capable of nonverbal interaction based on speech, head movement

and facial expressions of the user. This important work takes into account the

user’s emotion during listener feedback and can provide mimicry based on the

detected facial action units (AUs) of the user. The system is also tested on differ-

ent characters that had various personality factors that effect the selection and95

expression of emotional feedback. It was found that the emotionally congruent

listening feedback results in better rapport and perception of social presence.

However, empathy perception was not a part of this study and there was no

distinction between the different types of affective feedback during evaluation.

Similarly, Skowron [20] focuses on a specific type of conversational agents,100

which is called Affect Listeners that are capable of detecting affective responses,

reasoning with them and responding. However, the system and the evaluation

is based on task-specific scenarios that are aimed at increasing user satisfaction

and usability only. The Rapport Agent of Gratch and colleagues [21] found

that random feedback is worse than contingent feedback, where the frequency of105

feedback was constant. They found the mimicking of head nods according to the

prosodic features were perceived as an increased emotional rapport compared

to random feedback. This suggests that even the specific backchannel behavior

which seemingly does not have an emotional value attached to it when observed
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in isolation can have an emotional effect on the perception of the user. This110

highlights the importance of equipping the agent with backchannel feedback

while providing a comparison based on the perception of empathy. Previous

research repeatedly shown that affect sensitive feedback improves the interaction

[22, 14, 23]. However, the literature does not give us insight into how the

perception of empathy might be affected by this change.115

In this paper, we propose a framework for embodied conversational agents

(ECAs) that would allow us to implement levels of empathic capacity along with

basic conversational behaviors. We aim to provide a hierarchical implementa-

tion of each empathy level along with controlled integration of conversational

capabilities, to be able to test and compare each level and component with each120

other. This paper provides the framework with the current implementation for

an empathic listening agent and explains how levels of empathic behavior can

arise from different information processing cycles. In the following sections, we

will present an empathy framework for our ECA starting with the description

of the interaction scenario.125

3. Agent and the Context

Our framework is intended for an embodied agent capable of maintaining

conversational interaction with its human counterpart. This requires certain

behavioral capabilities, such as being able to receive conversational input, pro-

cess it and act in a social and emotionally suitable manner. In this context,130

our framework is implemented in a human-like embodied conversational agent.

Our socially-situated 3D virtual character system can perform a set of verbal

and non-verbal behavior that allows for a realistic conversation with the inter-

action partner. These behaviors include facial expressions, gaze, head and body

gestures, as well as verbal behaviors.135

The interaction scenario includes a face-to-face conversation between the

agent and a human interaction partner, similar to a video-conference. According

to the state of the dialogue, the behavior of the agent can change and adapt to
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the user. While the interaction partner is speaking, the agent enters the listening

state. Listening mode will be activated via the speech and video input from the140

agent that was described in the perceptual module section. In this state, the

agent is expected to provide proper backchanneling behavior as well as the

emotional feedback. After the speech of the interaction partner is completed,

the agent will enter the thinking state. In this state, the agent will be finished

gathering information from the perceptual model and start processing the speech145

input for generating a response. This response generation process will make use

of the context of the dialogue as well as the emotional content of the message.

Lastly, the agent will enter the speaking state, where it executes the prepared

response via its output channels including voice, facial expression and body

gestures.150

Note that, our approach includes discrete stages of the dialogue, where each

stage sequentially follows each other. Nevertheless, thinking, speaking, and

idle states of the agent can be interrupted by the user, which allows for more

complex interaction. Moreover, the same framework can be used for agents

equipped with different output channels, as long as it allows for a mapping155

between the emotion representations and the behavioral capabilities. Next, we

will go over how the agent framework incorporates levels of empathic capacity

within this conversational interaction scenario.

4. Empathy Framework

Our framework for an empathic agent is intended to implement an ECA160

that is capable of responding to an emotional conversation with the user using

verbal and non-verbal behaviors. The implementation achieves levels of em-

pathic behavior through the interaction between the components of perceptual

and behavior generation modules with the central behavior controller. The per-

ceptual module processes the visual and verbal input from the user to analyze165

the context and emotional value. This information is then sent to the behavior

controller to be reasoned with according to the selected empathy mechanisms.
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According to the level of empathic behavior and the context, an emotional re-

sponse is selected and sent to the behavior generation module to prepare the

response to be displayed with the behavior realizer. Figure 2 shows the overall170

framework of our system.

Figure 2: Our framework that includes perceptual, behavior controller and behavior manager

modules. Perceptual module includes a multi-modal emotion recognition sub-module. Empa-

thy mechanisms are selected via the controller and impact the behavior of the virtual agent

accordingly.
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Levels of empathic behavior are achieved by following various processing

pathways within this framework. Low-level empathic behavior such as mimicry

and affective matching goes through minimal processing in the behavior con-

troller, which allows for a fast response. Mid-level empathic behavior such as175

affect regulation requires handling the dynamic properties of emotions that can

change according to temporal parameters such as mood and personality. Lastly,

the higher-level empathic behavior includes reasoning with information about

the context. Due to the use of inputs from the lower processing levels, the

high-level reasoning results in a slower response.180

The following sections will provide detailed information about the modules

of the framework and its implementation. The framework is implemented using

Python 3.5 programming language, and the output of the framework is realized

using Smartbody behavior realizer in Windows platform 1. Inputs are gathered

using a standard web-cam and a microphone.185

4.1. Perceptual Module

The perceptual module manages the visual and audio inputs received from

the user and generates representations of these inputs to be used by the behav-

ior controller. These representations can be low-level such as the changes in the

energy levels from the user’s voice based audio signal. Higher-level representa-190

tions such as emotion categories from the voice and facial emotion recognition, as

well as the words and sentence-level sentiment are also gathered in this module.

Figure 3 shows a detailed graph of the processing streams within this module.

Audio input includes verbal signals from the user, where the initiation,

pauses and termination of the speech signal are gathered to inform the behavior195

controller about the state of the conversation. This information is gathered using

the energy levels from the audio signal with PyAudioAnalysis library [24], and

an active speech channel is recognized via a Push-to-Talk functionality that we

developed. Speech is recognized by using the real-time Text-to-Speech (TTS)

1The implementation code and documentation is released at https://github.com/onyalcin
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Figure 3: Perceptual module processes video and audio inputs received from the user on

separate streams. The outputs from this module are sent to the Behavior Controller according

to the state of the agent and the level of selected empathic behavior.

system by using Python’s SpeechRecognition [25] library with Google Cloud200

Speech API for Python [26]. The streaming speech signal and the pauses within

the speech signal are sent directly to the Controller during listening to be used

to create backchannel behavior, such as head nods and tilts, in real-time. The

audio and the text output are also sent to the emotion recognition sub-module

for further processing.205

Video input is used to extract facial landmark points to be used in the emo-

tion recognition system. We currently use Affdex real-time expression recogni-

tion toolkit [27] to extract facial expressions for emotion recognition. During the

interaction, the perceptual module collects information about the facial action

units (AUs) that include AU1 (inner brow raiser), AU2 (outer brow raiser), AU4210

(brow loweverer), AU5 (upper lid raiser), AU6 (cheek raiser), AU7 (lid tight-

ener), AU9 (nose wrinkler), AU10 (upper lip raiser), AU12 (lip corner puller),

AU14 (dimpler), AU15 (lip corner depressor), AU17 (chin raiser),AU18 (lip

puckerer), AU20 (lip stretcher), AU24 (lip pressor), AU26 (jaw drop), AU28 (lip
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suck), and AU43 (eyes closed). These are used both directly during the mimicry215

process and indirectly during affective matching while first passed through the

emotion recognition sub-module before being sent to the Controller.

4.1.1. Emotion Recognition

The emotion recognition module is a component of the perceptual mod-

ule that manages the recognition and fusion processes using the information220

gathered from the user inputs. Our implementation includes three types of

modalities for the purposes of emotion analysis: facial emotion recognition from

video, tone analysis from low-level audio information, speech emotion recogni-

tion from linguistic information. These sub-components are activated according

to the selected empathy mechanism as well as the state of the dialogue. During225

listening, emotion recognition is not activated if the selected empathy mecha-

nism is low-level mimicry behavior. For affective matching behavior during the

listening state, the agent uses the immediate information from the video and

audio emotion recognition sub-components. After the user is finished speaking,

the agent enters the thinking state, where the overall emotion of the interac-230

tion partner is calculated by including the emotion recognition from the speech

signal and sent to the controller for a proper response.

Video emotion recognition component uses OpenCV library [28] for face de-

tection and the CK Dataset [29] for training. The face images are categorized in

basic emotion categories (Anger, Disgust, Fear, Joy, Sadness, Surprise and Con-235

tempt) as well as Valence value in a weighted scoring system 2. Emotions are

recognized based on frames in 60 frames per second. Audio emotion recognition

component is intended to use the audio signal from the audio input stream to

detect the emotions from the speech signal. We used RAVDESS audio dataset

[30] to train our CNN-based emotion recognition model3. The speech emotion240

2The facial emotion recognition model can be found in

https://github.com/onyalcin/face emotion recognition
3The audio emotion recognition model can be found in

https://github.com/onyalcin/audio emotion recognition
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recognition component is activated after the speech recognition component fully

processes the speech signal, which explained in the previous section. The recog-

nized speech is further processed in this component using the SO-CAL sentiment

analyzer [31] and NRC-Canada System [32].

The outputs from these components are passed to the emotion fusion com-245

ponent along with the output from audio emotion recognition. We aim to use

late-fusion classifier for combining the outputs of the different modalities to de-

tect the emotion of the user during the user’s speech. This process is done by

providing a weighted scoring system for each basic emotion category: anger,

disgust, fear, joy, sadness, surprise and contempt.250

4.2. Behavior Controller

The central component of this framework is the behavior controller, which

acts as a decision-maker that provides a link between perceptions and actions.

Depending on the state of the conversation and the empathy mechanisms to be

used, the behavior controller selects the input channel to be used, processed and255

evaluated for preparing a response. The decision to react to the emotional input

from the user emphatically is made in this central module, where the emotion

of the agent itself is regulated based on the percepts. During a conversation,

the agent should be able to decide the conversational state depending on the

interaction: listening, thinking, speaking and idle. Furthermore, at each one of260

these states, the behavior of the agent should change according to the emotional

value (valence, arousal or the emotion category) as well as the empathic behavior

the agent is assigned to.

Behavior Controller includes three sub-modules: Central Controller, Empa-

thy Mechanism, and the Dialogue Manager. These sub-modules process the265

information received from the perceptual module and generate a response us-

ing different strategies according to the state of the dialogue the agent is in.

The Controller is responsible for the timing and sequence of processing for each

sub-module. It determines which channels to receive information from, how to

process them, in what order to process them, and how to generate the response.270
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Figure 4: The information flow within the Behavior Controller during the listening state. It

processes the pause signal from the speech and the emotion categories or AUs to give facial

emotional feedback.

During the listening state, the agent uses the pauses during the user’s speech

to give backchanneling behavior and the facial emotion recognition results to

provide a matching emotional gesture (see Figure 4). After the speech of the

user is over, the agent will enter the thinking state while processing the message

within the Behavior Controller according to the selected empathy mechanism275

(see Figure 5).

Language has an essential role in the perception and experience of emotions

and has been suggested to be equally important for empathy[33]. Therefore,

empathy mechanisms are highly linked with the dialogue manager in the be-

havior controller module. The Dialogue Manager is responsible for generating280

proper verbal responses according to the utterance of the interaction partner,

as well as the emotional value of the desired response that is created by the

Empathy Mechanisms sub-module. The Empathy Mechanisms sub-module em-

bodies all the necessary emotion processing functions for generating levels of

empathic behavior. The sequence of the processing steps changes according to285

the conversation state and the selected level within the empathy mechanism.
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Figure 5: The information flow withing the Behavior Controller during the thinking and

speaking cycles in low-level empathy behavior. The emotion of the user is first being processed

to get a matching emotional behavior and sent with the input sentence to the dialogue manager

to generate a response. This emotional response is then dispatched to the behavior manager

to prepare synchronized behavior for the embodied agent.

Following the theoretical background, our framework includes three levels.

4.2.1. Low-Level Empathy

Low-level empathic behavior includes mimicry and affect-matching behavior

[4], which allows for fast response mechanisms while relying on the Perception-290

Action Cycle [2]. This level of behavior requires less processing from the higher

levels of cognitive functions and is achieved by either matching the perceived

AUs or the perceived emotions with agent’s expressive repertoire. During the

listening, the Controller gathers the AU or emotion representation input from

the perceptual module and sends it to the Empathy Mechanisms sub-module295

for matching representations in real-time. This information can be used for

generating a matching speech response in the Dialogue Manager module (see

Figure5). After the response is ready, the Controller again sends the emotional

response to the Behavior Generation module for generating an output.

First evaluations of these capabilities showed that the implementation of our300
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framework was perceived significantly more empathetic than baseline backchan-

neling behavior during the listening, where the difference between mimicry and

affect matching is significant during speaking state of the agent [34].

4.2.2. Affect Regulation

Affect regulation abilities form the middle layer of the empathic behavior,305

where the agent regulates the dynamic properties of the emotions according

to self-related and relationship-related parameters [4, 35]. These can include

mood, personality, liking and similarity parameters. As a part of the hierarchi-

cal process, regulation mechanisms would share the emotional representations

generated by the lower-level functions (see Figure 6).310

In the empathy mechanisms sub-module, mood and personality parameters

changes the dynamic properties of the emotions in various time-scales. Mood

allows the emotions to be sustained and decay, allowing for consistent behavior

over time. The personality of the agent can change the frequency, amplitude

and duration of the generated gestures. The mood of the agent can change315

during an interaction, while the personality parameters are not likely to change.

Relationship-related parameters such as liking and similarity can also affect

the strength of empathic behavior expressed by the agent. For example, pre-

determined liking and familiarity values can be used to compute the similarity

of the agent is expressed emotion compared to the emotion of the user [10, 9].320

4.2.3. Cognitive Mechanisms

At the highest level of the empathy hierarchy, we have goal-oriented behavior

that takes the context information into account [4]. The Empathy Mechanism

sub-module must include information about the goals of the agent, the event

and the accompanying emotion in order to calculate the appraisal of the situ-325

ation. The low-level information about the emotions will be received from the

lower levels of the empathic mechanisms as well as emotion representations via

the perceptual system. Information about relation from affect regulation level

is also be used to compute the Information about context will be generated
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Figure 6: The process within Empathy Mechanisms sub-module allows for the generation

of levels-of empathic behavior. The red colored arrows show low-level empathy flow, and

blue arrows show the mid-level empathic behavior with affect regulation. Green arrows show

multiple ways the higher-level empathy can be processed within the sub-module. The cyclic

nature of information flow can be used for appraisal and re-appraisal of the situation with self

and other-oriented perspectives.

16



from the conversation; hence, the Dialogue Manager. This suggests that, un-330

like the lower levels of empathic processing, cognitive mechanisms require the

processing of contextual information before being processed by the empathy

mechanisms sub-component. Moreover, this cycle can be re-processed multiple

times to allow for appraisal, re-appraisal and higher level recursive reasoning.

This repetitiveness in the processing would result in a longer thinking state335

during the conversational cycle (see Figure 6).

The implementation of the appraisal processes can follow different theoretical

models [36, 37, 38, 39]. In their paper, Ochs and colleagues [8] provided a

formal model of empathy according to the appraisal of the situation. Similarly,

Broekens and colleagues [40] suggested a formal model for Scherer’s appraisal340

theory [37] to use the representations of inputs from percepts to assign appraisal

values based on some evaluation functions. However, an important distinction

in cognitive processes related to empathic behavior is to model the other-focused

appraisal of the situation, not the self-focused appraisal. A self-focused appraisal

is the evaluation of the situation according to one’s own goals and beliefs, where345

other-focused appraisal is the evaluation of the situation from the other’s point

of view. In that sense, a user model that relates to the Theory of Mind is a must.

A good example of other-focused appraisal can be seen in the work of Lisetti

and colleagues [41] that adopts user-modeling techniques for their goal-oriented

embodied conversational agent.350

4.3. Behavior Generation

The Behavior Generation module is responsible for generating the verbal

and non-verbal response with proper timing and synchronization. It receives

the emotion and proper output channels from the Behavior Controller module

and prepares it for the agent interface, which is the Smartbody behavior realizer355

[42]. Smartbody allows for transforming messages received from the module into

locomotion, object manipulation, lip syncing, gazing and nonverbal behaviors of

the 3D agent in real time. We use the Stomp library [43] to provide a two-way

communication between the framework and the behavior realizer with Behavior
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Markup Language (BML) [44]. BML is a powerful standard in ECAs that360

allows for synchronization between multiple behaviors. Using BML standard,

we can synchronize the exact timing of each gesture (body gestures, gaze, head

movements, facial gestures) in relation to the speech of the agent.

The behavior generation component allows for synchronization of reflective

behavior such as shifting body posture, breathing gaze or self-touching behav-365

ior as responses to the events happening in the environment and idle movement

patterns during the lack of external input increases the quality of the interac-

tion [45, 46, 47]. The consistency and coordination of these movements allow

generating a sense of personality in affective agents [48].

5. Conclusion and Future Work370

We have presented a framework and implementation of the levels of empathy

behavior in embodied conversational agents following the theoretical background

on empathy as well as the best practices in ECA research. We showed how each

level in the hierarchical model of empathy could be realized via the interaction

between different components of the framework in a conversational setting. This375

framework and implementation are intended to provide a blueprint for a wide

range of applications with variations in input and output channels for emotion.

Emotional representations linked to other bio-signals such as gaze behavior,

breathing and heart rate, as well as non-anthropomorphic expressive behavior

can be used following the layers of empathic processing.380
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