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Abstract. Computer mediated interaction often lacks of expressivity, in particu-
lar for emotion communication. Therefore, we present a concept for context-
aware multimodal sharing of emotions for human-to-computer-to-human  
interaction in social networks. The multimodal inputs and outputs of this system 
are distributed in a smart environment in order to grant a more immersive and 
natural interaction experience. The context information is used to improve the 
opportuneness and the quality of feedback. We implemented an evaluation  
scenario and we conducted an observation study during some events with the 
participants. We reported our considerations at the end of this paper. 
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1 Introduction 

The communication and information technology changed the way people communi-
cate. In particular, Internet played a key role in this communication revolution that led 
to the concept of human-to-computer-to-human interaction (HCHI) as explained by 
Clubb in [1]. All the paralanguage or normal face-to-face nonverbal communication is 
missing in HCHI. In particular, the need of expressing emotions through messages 
became important. Indeed, there has been an attempt in messaging to integrate this 
kind of non-verbal communication that knew a large success: the emoticons [9]. After 
they have firstly been introduced by Scott E. Fahlman in 1982, they evolved and 
spread all over the world. In particular, some studies highlighted that people need to 
express emotions in popular communication systems as Facebook and Twitter, which 
are recently referred as “Social Awareness Streams” (SAS) [2]. In fact, shared emo-
tional states have been observed creating engagement and participation among the 
users [2]. This phenomenon is due to the natural need of the human being of social 
sharing of emotion. In fact, Rime et al. showed that most emotional experiences are 
shared with others shortly after they occurred [10]. They pointed out that social  
sharing represents an integral part of emotional experiences. Since currently the tech-
nology is ubiquitous and the access to Internet is indispensable [12], people share 
their emotions in the SAS in order to openly communicate about the emotional  
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circumstances and their feelings and reactions. In this paper, we present a multimodal 
system that allows people to socially share text, images and their emotions. This sys-
tem exploits multimodality since the use of natural means of communication facili-
tates the human interaction with the machine [3]. This statement is particularly valid 
when context information is taken into account to choose best modality in an oppor-
tune manner. The main contribution of this paper consists of introducing the concept 
of multimodal social interaction in affective computing for the HCHI. In particular, 
we wanted to explore the communication in SAS. 

The rest of this paper is structured as follows: Section 2 analyzes the literature of 
the Affective Computing domain with focus on computer mediated communication; 
Section 3 explains the concept of the proposed system whose architecture is described 
in Section 4; Section 5 shows the implemented evaluation scenario and the discus-
sion; finally, Section 6 reports the conclusion and the future work. 

2 Related Work 

Many psychologists argue that it is impossible for a person to have a thought or perform 
an action without engaging, at least unconsciously, his or her emotional systems [13]. 
This is true also for the interaction with computers. In fact, recent research in psychology 
and technology assesses that emotions play a key role also in every computer-related 
activity [14]. From these findings, a new domain emerged and is called affective compu-
ting. This name comes from Rosalind W. Picard, one of the first pioneers of this new and 
exciting domain (the fascinating story of the birth of affective computing has been  
narrated in the introduction of the first issue of the IEEE Transactions on Affective Com-
puting [34]). She defined the affective computing as the “computing that relates to, arises 
from or deliberately influences emotions” [15]. This definition gives the idea of how 
wide this domain is; in fact, affective computing “can mean recognizing user affect, 
adapting to the user’s affective state, generating ‘affective’ behavior by the machine, 
modeling user’s affective states, or generating affective states within an agent’s cognitive 
architecture” [11]. The first issue tackled by the researchers in affective computing was 
the emotion detection and recognition. Indeed, the main human communication modali-
ties have been thoroughly studied in order to extract the emotional information (e.g., 
body gestures and motion [16], facial expressions [17] and speech recognition [18]). The 
aforementioned communication means are also the most important in the human judg-
ment of behavioral cues [19]. In contrast, computers can capture other signals that the 
human sensory system completely ignores. For instance, specific sensors on the user can 
capture physiological signals that have been demonstrated being reliable for the emotion 
recognition (e.g., electromyography, electrocardiography, electrodermal activity, blood 
volume pulse, peripheral temperature and respiration as in [20], and electroencephalo-
graphy as in [21]). 

As showed, the scientific community intensively studied the techniques for the  
emotion recognition but this was only the beginning. Afterwards, the researchers in hu-
man-computer interaction broadened the spectrum of this domain exploring how the 
emotional information can be exploited to enhance the user experience. For example, the 
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user’s emotional state can be used to recommend the opportune video [22] or the best 
song [23] or for marketing purposes [29]. Another interesting application of affective 
computing can be found in [24] where the authors developed an emotion-aware game-
based system for adaptive learning; they observed an enhancement of motivation and 
satisfaction of the students. Affective computing can also help the rehabilitation process, 
as proposed in [25], or just help to make the user happier [28].  

The aforementioned applications refer to the role of emotion in the interaction be-
tween a user and the computer in order to make it more natural, but another important 
aspect of affective computing is related to HCHI. In fact, the affective interactions are 
not limited to the human-human interaction and the relation between the user and the 
system, but they refer also to computer mediated communication [26]. Nowadays, it is 
easy to find people who spend more time interacting with a computer than with other 
humans in face-to-face encounters [27] where affect not only creates richer interac-
tion, but also helps to disambiguate meaning, allowing for more effective communica-
tion [14]. Hence, a current and important trend of affective computing focused on the 
transmission of emotions in order to fill the gap due to the lack of expressivity in 
HCHI, where all the paralanguage and non-verbal communication are excluded. In 
fact, some works focused on introducing a remote system for the communication of 
touch in order to create empathy between two users who were distant; an example is 
the “Huggy Pajama”, which remotely reproduced the feeling of a hug [30]. The “keep 
in touch” project followed a similar concept, but it associated the haptic feedback to 
the voice for an enhanced experience of connectedness [31].  In particular, multi-
modal interfaces are considered suitable for the communication of emotions. A per-
fect example of this kind of application is the system for tele-home health care pre-
sented in [32]. This system sensed the user’s emotional and affective states in order to 
remotely monitor him/her and opportunely respond to this information by a multi-
modal anthropomorphic interface agent. As the above-mentioned system, our work 
takes advantage of the rich expressivity of multimodal interfaces but applied to HCHI. 
In particular, our system has been designed to provide a feedback representing the 
emotional states of other members of a social group, exactly as the Emotishare project 
[33] but with context-aware multimodal representation of emotion in the ambient.  

3 Concept 

In the previous sections we showed how the scientific community highlighted the 
importance of emotional information communication in HCHI. With this concept, we 
address the representation of the users’ emotional states in a social group. This system 
aims at allowing the users to share a message, a picture and their emotional state in an 
SAS, for instance Twitter. The SASs do not allow a variety of modalities and usually 
have also a limited number of characters for messages; therefore, the expressivity of 
emotions in SASs is limited. In order to enhance the user experience, the system pro-
vides a multimodal feedback of the shared content to all the followers. The feedback 
is displayed in the whole environment using different modalities in order to grant a 
fully immersive experience. In particular, the system should be able to handle the 
sound (i.e., the vocal synthesis of the message), to display images and to represent 
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environment for the dynamic adaptation of an application to a surface. In fact, Inter-
Face allows transforming any object into an interactive surface [4]. Moreover, it inte-
grates the drivers for the management of the Emotiv EPOC neuroheadset [5]. The 
NAIF framework aims at interconnecting heterogeneous devices in smart environ-
ments. These devices can offer resources to display information to the user and can 
contribute to the gathering of contextual information. Context information is managed 
by NAIF [6] and can be used to deliver opportune feedback to the user using the best 
available modalities. Moreover, each device can send communication intents to the 
framework, which automatically performs the context-aware multimodal fission of 
the message content. 

Our system allows the user to interact with several surfaces distributed in the envi-
ronment (e.g., tables, walls, TVs, smartphones et cetera); then, he/she can share a text, 
an image and his/her personal emotional state. In fact, the user can select the image in 
the specific application and type the text through touch interaction on the surfaces; in 
addition, he/she can decide to press the button for the emotion detection via the EPOC 
neuroheadset. The Emotiv EPOC senses the facial expression through the surface 
electromyography (sEMG) and then the recognized user’s emotional state is added to 
the message. Afterwards, the user presses the “tweet” button to share his/her message 
on Twitter. Inter-Face supplies another plugin dedicated to the reception of messages 
“tweeted” by the people “followed" by the user. These plugins are showed in Fig. 2. 

 

Fig. 2. A user wearing the EPOC neuroheadset and interacting with a touch-enabled TV with 
Inter-Face running the Twitter application 

5 Evaluation Scenario and Discussion 

The system presented in the previous section has been implemented in a smart envi-
ronment, i.e., a smart living room (as depicted in Fig. 3). The NAIF gateway runs on a 
dedicated server and interconnects all the devices present in the environment. In this 
scenario, the user can send tweets using his/her smartphone, or laptop, or interacting 
with the smart surfaces distributed in the environment as the TV and the table. 
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