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ABSTRACT 

This paper presents an analysis on the role of affective 

expressions in the health care environment and particularly in the 

care of older adults, and proposes a computational model of affect 

for ECAs bases on Roseman’s emotion theory and adapted to the 

elderly care context. Further, this manuscript also describes how 

these expressions can be conveyed during spoken interaction.   

CCS Concepts 

• Human-centered computing → Collaborative and social 

computing • Applied computing → Life and medical sciences 
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1. INTRODUCTION 
This paper focuses on the design and development of ECA 

(Embodies Conversational Agents) based solution attending to the 

daily activity and safety needs of elderly users while they go 

about their normal daily life. Acting as a virtual companion, the 

ECA should provide implicit support to the elderly, based on 

behavior and emotional understanding, and should exhibit 

distinctive human-like emotions, simulating in essence the 

interaction with a real life partner. Specifically, the virtual 

companion fuses together the user’s facial expressions, voice 

intonation, gestures and other contextual information of the user’s 

environment and provides appropriate responses.  

The paper is structured as follows. Chapter 3 gives general 

recommendations for the creation of an ECA based on nursing 

science. Chapter 3 describes different models of emotion with 

respect to their applicability for an ECA in the care context and 

recommends replacements of expressions due to inapplicability in 

the given context. Chapter 4 outlines major properties of the 

combination of the visual and auditory representations of an ECA. 

 

 

 

 

 

 

 

2. RECOMMEDATIONS FROM THE 

CARE LITERATURE  
According to Orthony [1], consistency and coherence are 

essential requirements to make an emotional ECA believable. 

Importantly, believability is a context-dependent concept: “a 

character that is believable in an entertainment application might 

not be believable in an education or training application” [1]. In 

AAL (Ambient Assisted Living) systems, ECAs should not act as 

formal caregivers but rather as informal assistants characterized 

by a cheerful/friendly attitude [2]. Moreover, we believe that 

health psychology and nursing science studies should be 

considered, in addition to cognitive and affective models (see also 

chapter 3), to design a believable, caring ECA which provides 

support, assistance and safety to seniors in their daily life. 

Consisting of facial expressions, gaze contact, prosody, body 

gestures, posture, and use of space; nonverbal communication 

plays an important role in care provision since it “qualifies verbal 

messages, regulates interaction, and communicates attitudes such 

as liking, warmth, supportiveness, agreement, and interest” [3]. 

Indeed, specific nonverbal patterns have been related to patient 

satisfaction [4, 5, 6], therapeutic efficacy [7, 8], and malpractice 

claim history [9]. For instance, patients’ satisfaction is higher 

when physicians smile, nod, forward lean, have a patient-directed 

gaze, and have facial and vocal expressiveness [4, 5]. Physicians’ 

patient-directed gaze has been associated with patients’ share of 

their health problems [8]; while physicians’ distancing behaviors 

(lack of patient-directed gaze and lack of smiling) has been linked 

with decreases in patients’ cognitive and physical functioning [7]. 

Caris-Verhallen et al. [10] studied the relations between verbal 

and nonverbal communication in the nurse-senior relationship. 

They found that social communication (personal statements, 

banter, jokes and small talks) is associated with patient-directed 

gaze combined with smiling, while affective communication 

(verbal attentiveness, concern, empathy, and sympathy) is 

associated with patient-directed gaze combined with affirmative 

head nodding. According to Haskard et al. [6], affects are mostly 

communicated by nurses by vocal expressiveness, while 

instrumental content is stronger transmitted through visual 

nonverbal behavior (body movement, posture, interactional 

distance, and not-close facial expressions). 

The following paragraphs discuss general guidelines that 

should be used by designers in order to model the nonverbal 

behavior of a believable ECA in AAL solutions:  

(1) The ECA should maintain eye contact with the senior in 

order to express concern, empathy and to convey to the user the 

sense of being listened to [10, 11]. User-directed gaze can easily 

be ensured by the Mona Lisa Effect: “if the avatar is gazing 

towards the camera, the eyes seem to “follow” the beholder 

whatever vantage point he or she may assume” [12]. In wall-

 

PervasiveHealth 2016, May 16-19, Cancun, Mexico
Copyright © 2016 EAI
DOI 10.4108/eai.16-5-2016.2264514



mounted ECA solutions, vertical difference in eye level between 

the ECA and the user should be minimized in order to ensure eye 

contact between the agent and the user [see also 11]. The 

Gerontological Society of America (GSA) [13] also highlighted 

the importance of the symmetric eye contact between caregivers 

and seniors: “face older adults when you speak with them, with 

your lips at the same level as theirs”. 

(2) The ECA should appropriately display affection, 

amiability and empathy to the user. Smiling, nodding and forward 

leaning should be designed in the nonverbal behavior of the ECA 

to convey warmth, friendliness, interest and the sense of being 

cared for [10]. 

(3) Similarly to formal caregivers [14], the ECA should be 

able to self-regulate and control the expression of his negative 

emotional states like anger, frustration, irritation or disgust. 

(4) Facial events and acoustic cues should express the desire 

of the ECA to support and care. Validated tables matching facial 

events [15] and acoustic cues [16] with emotional events should 

be used to design a believable ECA emotional behavior. Note that 

combinations of action units (e.g. anger: AU4+AU5+AU7, 

disgust: AU9+AU10) and acoustic cues (e.g. irregularities in 

frequency, intensity and duration) associated to negatives 

emotions should be avoided or used sparingly. 

(5) Importantly, in AAL systems, seniors should be able to 

easily modulate the ECA speech volume and speech rate 

according to their needs [17]. 

3. BUILDING EMOTIONAL BEHAVIOUR 

3.1 Emotion Elicitation Theories 
Affective science research on the elicitation of emotions 

distinguishes between several categories of theories where each 

category describes a different type of process for processing 

external or internal stimuli and eliciting emotions as a reaction. 

The most prominent of these theories are: (1) the basic emotion 

theories, which advocate the existence of a number of universal 

and prototypical emotions that are evolutionarily hard-wired in 

humans. (e.g. Ekman’s [18], Izard’s [19]); (2) the constructivist 

theories, which see emotions as subjective evaluation of the 

physiological signals (e.g. Russell’s [20], Barrett’s [21]); and (3) 

the appraisal theories, which focus on the evaluative process of 

emotions, where stimuli are evaluated against several appraisal 

variables (e.g Scherer’s [22, 23], Roseman’s [24, 25, 26], OCC 

model [1, 27]). A more comprehensive comparison between the 

models can be found in [22] and [28]. 

For the simulation of realistic context-related affective behavior in 

ECAs, contrary to basic and constructivist theories, appraisal 

theories seem to be the most popular amount researchers and the 

most logical one as they define to a certain level the process of 

eliciting emotions based on an evaluation of the agent’s external 

and internal state against the so-called appraisal variables. For 

example, the emotion of joy would occur when a desirable event 

happens, while anger might happen when an undesirable event 

happens and someone is to blame for this event. The appraisal 

process and the employed appraisal variables may differ from one 

appraisal theory to another. Table 1 compares the five most well-

known emotion appraisal models showing the similarities between 

them and the appraisal components they rely on to describe the 

human emotion appraisal process. In this table, we categorize the 

appraisal variables into novelty, valence, goal relevance, goal 

consistency, certainty, agency, control, and value relevance. Most 

appraisal models cover these appraisal variables in one way or 

another where they might use the same variable or use more 

variables to describe the same affective component. However, the 

OCC (Ortony, Clore, & Collins) model, which is widely used in 

Computer Science, takes a different approach and does not cover 

goal relevance and consistency directly, but focuses more on 

distinguishing between event and action appraisal. An event can 

be either pleasant or unpleasant to self and deserved or 

undeserved to others. An action can be either approved or 

disapproved by the agent. 

Table 1 Comparison of the emotion models (partly based on 

[29]) 

 
Frijda Roseman Scherer Smith/Ellsworth OCC 

Novelty 
Change 

Familiarity 
Unexpectedness 

Suddenness 
Familiarity 

Predictability 
Attentional activity 

 

Valence Valence 
 

Intrinsic pleasantness Pleasantness Appealingness 
Desirability 

Praiseworthiness 
Goals Relevance Focality 

Appetitive /  
Aversive motives 

Concern relevance Importance 

Goal Consistency Open / closed Motive consistency Conduciveness 
Perceived obstacle / 

Anticipated effort 
Deservingness 

Certainty Certainty Certainty Outcome probability Certainty Likelihood 

Agency Intent / Self-other Agency 
Cause: agent 

Cause: motive 
Human agency 

Self-agent / 
Other-agent 

Control 
Modifiability 

Controllability 
Control potential 

Control 
Power 

Adjustment 
Situational Control 

 

Value relevance Value relevance  
Internal / external 

compatibility standards 
Legitimacy  

 

During the last decades, different emotion appraisal theories have 

been employed in the development of many computational models 

of emotions. Table 2 provides a comparison between a selection 

of these implementations. As can be noted, the OCC model is still 

the most popular appraisal model among computer scientists [30 – 

40]. The simplicity and the well-defined structure of this model, 

makes it accessible to computer scientists as its properties can 

easily be computationally modelled in any programming 

 

Table 2 Comparison between Computational Models of 

Emotions 

Model Appraisal 
theory 

ALMA (Gebhard 2005) OCC 

Cathexis (Velásquez 1996) Roseman 

Coppélius’ Concoction (Hoorn, Pontier, and 
Siddiqui 2012) 

Smith & 
Lazarus 

Dastani’s model (Steunebrink, Dastani, and 
Meyer 2012) 

OCC 

EMA (Marsella and Gratch 2009) Smith & 
Lazarus 

Émile (Gratch 2000) OCC 

EVA (Kasap et al. 2009) OCC 

FAtiMA (Dias, Mascarenhas, and Paiva 2011)(Dias 
and Paiva 2005) 

OCC 

FLAME (El-Nasr, Yen, and Ioerger 2000) OCC 

GALAAD (Adam 2007) OCC 

GAMYGDALA (Popescu, Broekens, and van 
Someren 2013) 

OCC 

GRACE (Dang, Letellier-Zarshenas, and Duhaut 
2008) 

Scherer 

Greta (de Rosis et al. 2003) OCC 

iGrace (Saint-Aim, Le-Pvdic, and Duhaut 2009) Scherer 

MAMID (Hudlicka 2008) Lazarus 

ParlE (Bui et al. 2002) OCC 

Soar-Emote (Marinier, Laird, and Lewis 2009) Scherer 

WASABI (Becker-Asano 2008) Scherer 



language. However, to many psychologists, the OCC model is 

considered to be outdated. This unpopularity of the OCC model in 

psychology has pressured several computer scientists to employ 

other models of emotion appraisal.  Scherer’s model has been 

used by GRACE [41], iGrace [42], Soar-Emote [43], WASABI 

[44]; Roseman’s model has been used by Cathexis [45]; and 

Lazarus’s model has been by Coppélius’ Concoction [46], EMA 

[47], MAMID [48]. 

3.2 Our Implementation 
In our approach, we employ Roseman’s model because of its 

computational simplicity and its acceptance in the affective 

science community. At each step of the interaction between the 

user and the ECA, we employ the following Roseman’s appraisal 

variables to determine the ECA’s emotional state 

 Appetitive/Aversive motives – If the goal/motive is appetitive 

or aversive 

 Motive consistency – If the event achieves or violates the 

goal/motive 

 Certainty – If an expected event is certain to happen or not  

 Agency – If the event is caused by the agent or by the user 

 Control potential – If the agent has the potential to control 

the event 

Roseman’s model defines appraisal schemes for 17 emotions. 

However, as pointed out in section 2, it is not advisable to let the 

ECA express negative emotions in the care context. Humans 

possess the ability to self-regulate their emotions based on current 

goals and context and in the care context the goal is to keep the 

elderly or patient in a positive emotional state. Emotional 

contagion should be avoided as negative emotions can easily be 

transferred unconsciously to the user [49]. We defined in  

Table 3 the Roseman appraisal schemes we use to determine the 

ECA’s internal emotion and the emotions we choose the avatar to 

express as a form of self-regulation in the care context. According 

to Roseman’s appraisal theory, a perceived event is evaluated 

based on the goal it achieves or violates, the type of the goal is 

important (Appetitive or Aversive), the certainty of the event and 

if the agent can cope with the results of the event. For events that 

violate the agent’s goals, we have chosen to express the emotion 

“compassion” instead of the negative internal emotions of 

sadness, distress, frustration and disgust. Compassion can be 

defined as “the emotion one experiences when feeling concern for 

another’s suffering and desiring to enhance that person’s welfare” 

[50]. This emotion is the nurse’s most precious asset [51] and 

research has shown that the lake of compassion in the care can 

affects the well-being and the satisfaction of the patient [52]. The 

ECA should also have this caring attitude, expressing compassion 

when the user is suffering and making the user feel ‘cared about’ 

and ‘cared for’ [53]. However, for negative events appraised as 

being ‘uncertain’ which elicit negative fear, we have chosen to 

keep the worried expression of the ECA for motivational reasons 

Table 3 Appraisal of event related emotions showing the user that 

the ECA is worried if she or he does not want to follow a healthy 

life style. Further, the emotion “hope” has been replaced by 

 

Motive 
Consistency 

Certainty Control 
Potential 

Motive Type Internal 
Emotion 

Expressed 
behaviour 

Achieves Uncertain Any Any Hope Joy 

Achieves Certain Any Appetitive Joy Joy 

Achieves Certain Any Aversive Relief Relief 

Violates Uncertain Low Any Fear Fear(Worry) 

Violates Certain Low Appetitive Sadness Compassion 

Violates Certain Low Aversive Distress Compassion 

Violates Any High Appetitive Frustration Compassion 

Violates Any High Aversive Disgust Compassion 

“happy” as “hope” does not have any prototypical facial 

expression and should cover a certain positive mood. 

In Table 4 we have defined the appraisal schemes for events 

attributed to the user together with the regulated emotional 

expression of each scheme. The negative emotions of dislike, 

anger and contempt where an agent blames the user for a certain 

event are replaced by the directive behaviour. In a normal context, 

these blame emotions mainly serve to change or stop a situation 

caused by someone. In the care context, literature has shown that 

directive behaviour has achieved better result in changing the 

elderly’s behaviour in several situations [54]. We propose to 

design a “directive attitude” in the use cases in which the ECA 

motivates the non-compliant users to adopt a healthy behaviour 

(i.e., perform physical activity, taking medications). 

Table 4 Appraisal of agency related emotions 

Motive 
Consistency 

Certainty Control 
Potential 

Motive Type Emotion Expressed 
behaviour 

Achieves Any Any Any Love Joy 

Violates Any Low Any Dislike Directive 
Behaviour 

Violates Any High Appetitive Anger Directive 
Behaviour 

Violates Any High Aversive Contempt Directive 
Behaviour 

 

4. HOW TO CONVEY EXPRESSIONS  
Spoken language is a highly developed and very efficient mean 

for the transmission of information between humans. Spoken 

language uses multiple modalities namely audition and vision to 

achieve high information density as well as robustness.  Both 

modalities carry a vast amount of information along with the 

linguistic content when humans are communicating i.e., identity 

of the speaker, emotional content, personality, regional and social 

origin, and so on. Both modalities contribute in different ways to 

these properties and the differences should be taken into account 

when designing an affective ECA. The following technological 

constraints and audio-visual interactions have to be taken into 

account to create an efficient expressive avatar and to avoid a loss 

of quality and effectiveness. 

4.1 Technology 
There are two technical principles for generating an ECA that can 

ensure audio-visual coherence. First, as spoken communication is 

a physiological process that becomes visible and audible, rebuild 

the physical processes of communication with 3-D rendering and 

acoustic simulation (known as articulatory speech synthesis [55]) 

keeps all spacio-temporal linking between audio and video intact. 

However, this method is extremely complex and does not 

guarantee high-quality ECAs as an outcome. Secondly, 

segmenting and recombining recorded videos of a person to new 

communication sequences (known as audio-visual unit-selection) 

also keeps the audio-visual coherence but requires a huge amount 

of audio-visual data and their annotation to cover comprehensive 

speech capabilities and expressivities. 

The usual way to create an expressive avatar is to generate the 

visual representation and the audible speech separately while 

using the best possible method quality-wise in each modality and 

to combine both modalities. Animated 3-D models allow for 

layering of facial animation mainly to convey emotions, body 

animation to include speech-accompanying, deictic and other 

gestures, and movements for lip-sync speech. Image-based ECAs 

are mainly used for video-realistic avatars and to represent real 

persons (see below) but require specific image databases for each 

expression. 



Although there are several different approaches (see [56] for a 

review), all current high-quality audio speech synthesis systems 

use a unit-selection [57] or similar approach where comprehensive 

speech recordings (many systems require at least 4 hours of 

speech material) are annotated and re-combined to create new 

utterances. The larger the chunks are that can be taken from the 

original recording, the better the output quality will be. If the 

domain of the application is known (e.g. health or elderly care) 

special utterances can be included in the speech database during 

recording to improve the quality. Unless for each targeted vocal 

expression a separate speech database is created [58], the overall 

variability of this technology is limited to varying the process of 

selecting the units and post-processing of the speech output as the 

speech output is generated from previous recordings. Hence, 

spectral and temporal properties can only be slightly modified and 

a specific intonation cannot be generated.  

4.2 Speech 
There is a strong link between speech production/synthesis and 

speech perception. If the audio and video representations match, 

the joint output is efficient and robust. In case of a mismatch 

between audio and video representation, a percept can be invoked 

that matches neither the audio nor the video representation (so-

called McGurk effect [59]) leading to reduced intelligibility. 

Hence, synthesized multimodal speech of a newly created ECA 

should be assessed by human perceivers. 

4.3 Age 
Human perception in communication is susceptible to different 

properties of varying degrees. A person’s age can be determined 

from speech [60] as well as from face [61]. If the age of the 

communicating party differs in audio and video representation, a 

weighted average of the ages perceived in audio and video 

separately is invoked with a higher impact of the visual modality 

[62]. Hence, the perceived age of an ECA is dominated by the 

visual representation and disturbed in case of severe mismatch 

with the audible speech. 

4.4 Identity 
The voice of a speaker can be used for identification by human 

perceivers as well as by machines [63]. The same is the case for 

the face [64] and can also be assumed for synthetically generated 

voices and faces. When combined, the face overrules the voice in 

case of limited mismatch. In a study of Morandell et al. [65] 

elderly users identified speaking photos of relatives although the 

voice was generated by a standard audio speech synthesizer 

without the impression of a mismatch between face and voice. 

Using a model of a real person as avatar in human-computer user 

interaction can lead to confusion and severe problems if the real 

person also interacts with the user without being fully aware of all 

details of the user’s conversation with his/her ECA. 

4.5 Emotion 
Like with the linguistic content in audiovisual speech, the 

emotional content is significantly affected if the expressions in the 

audio and the visual modalities differ. An experiment by Fagel 

[66] discovered that when the video of an utterance spoken in one 

emotion is dubbed with the audio of the utterance spoken in 

another emotion the perceived emotion might be a third – neither 

present in the auditory nor in the visual modality. Hence, if the 

audio information with respect to the emotional content does not 

match the emotional content of the video, the recognition of the 

expression intended by the face can fail. The aspects of 

expressions conveyed by the two modalities differ where the face 

transports the positive/negative valence of the expression to a 

great extent and the voice transports the level of arousal. 

Therefore, a 3-D animated avatar with different facial expressions 

added to the same mechanism of speech animation along with a 

unit-selection audio speech synthesis with modifications to match 

the level of arousal will be likely to convey the desired expression 

effectively. 

5. CONCLUSIONS 
In the chapters above we provided recommendations for the 

creation of an affective embodied conversational agent in a care 

context. These recommendations are grounded on accepted 

research. We proposed to use Roseman’s model of emotion 

appraisal and map its emotions to the expressions Joy, Relief, 

Worry, Compassion, and Directive Behaviour. When creating or 

selecting the ECAs face and voice, we recommended to evaluate 

the intelligibility of the speech output, to use voice and face 

modules with minor mismatch between audible and visible age, 

and to consider using a fictional person as avatar. Furthermore, we 

recommended to display appropriate facial expressions in 

combination with audio speech with an audible level of arousal 

that matches the intended expressions. 
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