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Abstract— Over the last decade, much effort has been made to 

develop robots and virtual agents acting as assistants of elderly 

people in order to support them in their daily activities. In this 

context users’ acceptance of such virtual assistants is 

fundamental for engaging them in order to maximize the 

assistance’s effectiveness and users’ comfort. Therefore, 

improving assessment techniques for elders’ acceptance of 

virtual agents is necessary for understanding the impressions 

they arouse and determining their design accordingly. This 

paper is a proposition to introduce an EEG emotion detection 

procedure to gain further insight in implementing effective 

virtual agents’ acceptance. 
 

Keywords—Assistive technologies; Human-robot interaction;  
Users’ acceptance, EEG, Affective-motivational states, 
Preference prediction 

 
I. INTRODUCTION 

 
Increasing physical limitations and age-dependent cognitive 

decline causes many barriers in the lives of older adults. In the 

last decade much effort has been made to offer solutions to 

challenges experienced by elderly populations, addressing issues 

such as independent living and rehabilitation. Mainly, two 

technologies have emerged to ease the daily life of elderly: 

material robots and virtual agent assistants. 
 

Assistive robots have been designed for supporting daily 

activities such as eating, and taking medications, and pet-like 

robots have been developed to offer social support and 

companionship [1]. In contrast, virtual agent assistants have been 

developed and popularized (e.g., Amazon Echo or Alexa), 

offering to their users the opportunity to set and manage alarms, 

schedule reminders for medications and order food [2-3]. In 

addition, medical agents (such as “Fredrick”) have been designed 

for mobile phones to assist diabetes patients to track blood sugar 

levels, set reminders and shares their data with family members 

and doctors [4], as well as fixing the agenda for doctor’s 

appointments (see also, “Billie”) [5], even though 
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seniors showed some acceptance barriers toward these 

technologies [6]. 
 

Even with some limitations on acceptance, findings show 

that virtual human assistants are considered more useful than 

robots by the elderly population. Firstly, research conducted to 

examine familiarity with technological devices among the 

elderly shows that their favorite device is the smartphone due 

to its ease of use [7]. Secondly, android robots very similar in 

appearance and behavior to humans can cause perceptual 

disruptions on the user called ‘uncanny valley effects’ [8, 9]. 

Lastly, virtual human assistants are more cost effective than 

robots and do not suffer of a negative perception [10-12]. 
 

For developing successful virtual agent assistants, it is 

essential to understand elderly people’s requirements and 

expectations to increase the level of acceptance. The technology 

acceptance concept was introduced by Davis, which also provided 

a Technology of Acceptance Model (TAM) for assessing 

perceived usefulness and ease of use [13] of interactive systems. 

TAM was further improved by the addition of two theoretical 

constructs concerning user’s work goals and user’s social 

influence [14]. To investigate intention of use, the fun and 

pleasure users derived from using a technology (hedonic 

motivations), as well as perceived benefits and costs, a further 

questionnaire was developed (UTAUT2, Unified Theory of 

Acceptance and Use of Technology systems) [15]. Finally, in the 

Almere [16] and AttrakDiff questionnaire [17, 18], variables that 

relate to social interaction with robots and virtual agents have 

been considered. 
 

However, few of the user acceptance studies focused on the 

elderly population [7, 19]. Along this line of investigation, it is 

worth mentioning the EMPATHIC project aimed at developing 

new models to boost interactional exchanges between virtual 

agents and seniors. To this aim, inside the project a new 

questionnaire (the Virtual Agent Assistant Questionnaire - 

VAAQ) has been developed accommodating of all the 
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previously mentioned concepts, as well as, including new 

theoretical considerations about needs and requirements of 

seniors [19]. 
 

The VAAQ has been developed accounting of factors of 

user acceptance suggested as in the AttakDiff questionnaire, 

such as  
 Pragmatic Qualities: Usefulness, usability, and 

accomplishment of tasks by the proposed agent.
 Hedonic Qualities-Identity: Agent’s Pleasantness

 Hedonic Qualities-Feeling: Positive and negative 

feelings aroused by the agent
 Attractiveness: Attractiveness and engagement of

the agent 
In addition, the questionnaire provides sections assessing 

seniors’ preferences regarding the social and physical 
appearance of the agent, including face, voice, age, gender, 
professions entrusted, and agent’s attractiveness. 
 

Findings from the EMPATHIC project showed that 

besides the practical utility, there are many other factors that 

should be taken into consideration to engage elders using 

virtual assistants. For instance, the agent’s gender and 

physical appearance play an important role on seniors’ 

acceptance [7, 19-21]. 
 

Developing questionnaires for measuring users’ intentions 

and preferences in order to learn how to improve the quality 

of the user-agent interaction is useful. However, it might not 

suffice to give concrete hints into the best design of such 

assistive technologies. Some relevant variables may not be 

effectively investigated using questionnaires. For example, 

rather than investigating practical use and effects of agents’ 

traits on users, it may be important to obtain a proof of the 

users’ affective and motivational states during interactions. In 

addition, assessing attitudes and affective responses towards 

virtual agents by combining multiple evaluation methods can 

enhance the understanding of users’ requests and intention to 

use. To this aim, the present work proposes the use of EEGs 

measurements, besides questionnaires, as a useful tool for 

providing additional highlights on user’s experience and 

motivations, by measuring users’ arousal of negative/positive 

affect and their motivational approaches [22, 23]. EEGs can 

also be useful to add more realistic measures of the uncanny 

valley effects [24-27]. EEG-based preference prediction is 

popular in consumer and neuromarketing research [28]. 
 

In the following section, we provide motivations that 

explain why EEG should be proposed for assessing users’ 

acceptance of virtual agents. 

 

II. EEG AS A PREDICTOR OF USER’S ACCEPTANCE 
 
A. EEG distinguishes positive-negative affect and approach-

avoidance motivation  
Frontal EEG asymmetries have frequently been associated 

with motivational and affective states. According to the 

approach/withdrawal model, relatively greater right frontal 

activation should generally result in a withdrawal-oriented 

 
 
 
 

 

action while greater left frontal activation should result in 

approach orientation [29]. This motivational model of frontal 

cortical asymmetry overlaps with the valence model stating 

that relatively greater right (left) frontal activation is linked to 

negatively (positively) valenced emotions [30]. Within both 

the valence and approach/withdrawal models, frontal EEG 

asymmetries have been associated with both trait-like (such as 

personality traits) and state-dependent processes (such as 

moods) [29-34]. 
 

Research has suggested a causal relationship between 

frontal alpha asymmetry and affective valence/motivation. 

Davidson and Fox examined frontal EEG activity of 10-

month-old infants watching video-clips of an actress 

displaying sad or happy facial expressions, and they found that 

infants had greater relative left frontal activity to the happy 

rather than sad face [35]. Similarly, Ekman and Davidson [36] 

tested undergraduate students and found that facial 

expressions of genuine smiles caused greater relative left 

frontal activity than facial expressions of non-genuine smiles. 
 

Some researchers suggest that left frontal activity is 

related to approach motivation [37, 38]. For testing this idea, 

prior to presenting pictures of desserts, participants’ self-

reported liking of those desserts and the time since they had 

last eaten them were assessed. Results indicated that 

individuals with stronger emotive tendencies (more liking of 

desserts, longer time since having eaten the desserts) had 

greater relative left frontal activity to dessert stimuli compared 

to neutral stimuli. These results suggest that relative left-

frontal activity indicate individual differences toward stimuli 

(e.g., liking desserts) even though some stimuli may be 

sufficiently strong to activate motivations in participants [37]. 

For instance, in a similar study where erotic pictures were 

used, results showed that such erotic stimuli evoked relative 

left frontal activation in all male participants [38]. 
 

There is also considerable research which has identified 

that event-related potential components (ERP) are modulated 

by the valence or/and arousal of emotional pictures [39]. One 

of these components is the late positive potential (LPP) which 

emerges approximately 300 to 1000 ms (middle LPP) and 

from 1000 to 2000 ms (late LPP) after the stimulus onset [39]. 

Importantly, LPP amplitudes have been shown to be sensitive 

to highly arousing pictures, both in an aversive and appealing 

manner [40, 41]. In many studies, LPP amplitudes were found 

to be higher for motivationally relevant pictures than neutral 

pictures [41-44] and are a reliable index for motivated 

attentional processing [39, 40, 45, 46]. Moreover, negative 

socially relevant concepts evoke higher right-frontal LPPs 

whereas positive socially relevant concepts evoke larger left-

frontal LPPs [47]. In addition, approach-motivated both 

positive and negative pictures (anger) evoke higher left-frontal 

LPP amplitudes than neutral pictures [42] 
 

Schillbach et al. [48] studied social interaction in virtual 

environment and results showed that participants’ approach 

motivations (willingness of interaction) towards other virtual 

characters were correlated with their asymmetrical activity on 
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prefrontal dorsolateral cortex (DL-PFC) [48]. Another study 

collected Functional Near-Infrared Spectroscopy (fNIRS) 

signals from DL-PFC. By applying brain-computer-interfaces 

(BCI) techniques, the study tried to match participants’ facial 

emotional expressions with virtual agent’s facial expressions. 

To this aim, participants were instructed to have positive 

thoughts and make positive facial expressions and the system 

passed the obtained participants’ fNIRS to a control network 

which using fNIRS values would generate a matching virtual 

agent’s behavior, producing the appropriate facial expressions 

[49]. 
 

B. EEG-based preference prediction 
 

EEG-based emotion classification has been used as 

preference prediction by categorizing some EEG components 

related to approach motivation/ positive affect such as ‘like’ 

versus EEG components related to negative affect /avoidance 

motivation such as ‘dislike’ [50]. 
 

In [28], participants’ EEG responses were recorded 

while watching commercials of six different products. Results 

showed that EEGs had the predictive power of marketing 

questionnaires completed by participants. Moreover, EEG 

measures were more successful than questionnaires in 

predicting commercials’ products’ success. 
 

In [51] EEGs were used to predict consumer’s future 

choices. This was done by first presenting consumer products 

during EEG recordings and then asking participants to choose 

between pairs of previously seen products. Findings showed 

that weaker theta band amplitudes in the mid-frontal electrode 

and the N200 component correlate with the individual’s more 

preferred products. Similarly, a research conducted using EEG 

for aesthetic preference recognition of 3D bracelets showed 

that EEG data allowed 80% accuracy in classifying liked and 

disliked products [52]. 
 

In [53], a neuro-marketing research was proposed to 

index impressions of video commercials by tracking cerebral 

activity related to cognitive tasks such as memorization and 

attention. Findings show that the proposed approach was 

successful in judging whether videos were impressive [53]. 
 

Ravaja et al. [54] investigated individual’s approach 

motivation as indexed by EEG asymmetry over the frontal 

cortex while participants were presented 14 different grocery 

products. First, participants were presented each product 

individually. Then participants were asked to choose between 

two different previously seen products. Results showed higher 

approach motivations (relatively greater left frontal activation) 

towards desired products during the pre-decision period (first 

phase of the experiment). Relatively greater left EEG 

asymmetry was found to be correlated with approach 

motivation of participants towards their preferred predicting 

participants affirmative purchase decisions. Moreover, the 

study reported that higher perceived quality and higher 

 
 
 
 

 

perceived need for a product evoked greater relative left 

frontal activation. 

 

III. RELATIONS  TO  OTHER  WORKS  IN  COGNITIVE  
INFOCOMMUNICATIONS 
 

Other work in the CogInfoCom sphere has also paid direct 

attention to the importance of assessing acceptance of new 

technologies within distinctive demographic groups. Tasevski, 

et al. [57], for example, address receptiveness of children with 

cerebral palsy to robots, but measures receptiveness in terms 

of interaction variables, a species of the measures of use 

within TAM models, as discussed in the introduction. This is 

similar to the approach taken by Dautenhahn and colleagues in 

approaching the development of robots for children with 

autism [58]. Both use external behavioural use measures, 

without measuring internal brain states, as proposed here. 
 

EEG signals as informative of user preferences is also 

implicit in research that incorporates EEG signal monitoring 

into brain-computer interfaces (BCI) [59]. A review of 

approaches to developing assistive technologies for people 

with non-standard cognitive characteristics been provided, and 

notes BCI within this [60]. While BCI research makes the 

shared assumption that the EEG signal is important as a proxy 

indication of user intent, it does not necessarily share the 

assumption that the signal conveys user acceptance of the 

technology. Rather, it seems necessary for BCI research to 

either assume acceptance or identify distinct components 

within the signal and different signalling regions and timings 

to separate acceptance of the technology from choices that 

need to be made while using the technology. 

 

CONCLUSION 
 

The World Health Organisation (WHO) defines 

‘Healthy Ageing’ as a process of developing and maintaining 

functional ability that enables well-being among elders [55]. 

Several technologies have been developed to assist the elderly 

population to meet their basic needs and research shows that 

virtual agent assistants are potentially beneficial for them [7-

12]. Improving the way virtual agents can provide assistance 

to elders is not an easy task, and many more research efforts 

are needed to implement engaging and trustworthy 

interactions between virtual agents and users in general, and 

seniors in particular. Seniors’ acceptance of such technologies 

is essential for successful and effective assistance. 
 

Traditional methods such as questionnaires, 

interviews and focus groups are widely used to investigate 

user’s acceptance of virtual agents. However, developing 

trustworthy and engaging virtual assistants may need more 

sophisticated user’s information to identify factors essential 

for making the user/agent interaction successful. Typical 

research on user’s acceptance of virtual agents is done by 

showing participants several differently appearing agents, with 
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different gender, different physical features, different facial 

expressions, in voice/mute conditions. Questionnaires are then 

administered to participants, after the presentation of each agent, 

to assess their interaction experience [7, 19-21]. Even though the 

administration of such questionnaires to a large number of 

participants can be considered free of desirability biases and 

practical information are gathered on user’s preferences for such 

agents, such as their practical use, attractiveness, physical and 

emotional qualities it can be important to collect other 

information during the user-agent interaction. Previous studies 

showed that approach motivation and positive affect can be 

detected with EEG. Taken singularly, both questionnaires and 

EEG measures can have some limitations. However, combining 

information from both can results in collecting more reliable 

information about user’s acceptance of virtual agents. For 

instance, several studies successfully categorized ‘like’ versus 

‘dislike’ attitudes by assessing individual’s frontal EEG 

asymmetry [50-54] showing that approach related 

motivation/positive affect is associated to relative left frontal 

activation and left-frontal LPPs. This can be a valuable 

information in user’s acceptance studies about senior’s 

preferences of virtual agents. 
 

Neuromarketing researchers attempted to gain more 

insights into users’ preferences and expectations by using the 

information derived from electrophysiological activities of 

motivation and emotion research and fuse these results by 

combining questionnaires and EEG measures [28, 56]. 
 

User acceptance research is one important aspect of 

improving technologies for assisting elderly. The main goal is 

to know whether user ‘like’ or ‘dislike’ the system and predict 

intentions to use it. Findings from EEG studies can be useful 

in users’ preference predictions, and EEG recordings can give 

additional clues about participant’s affective and motivational 

states. To summarise, by applying various techniques and 

combining different lines of research, we hope to obtain most 

effective measurements of user’s acceptance of virtual agents 

contributing to the ‘healthy ageing’ policy of WHO by 

developing more useful and effective assistive technologies 

for the elderly. 
 

In the light of previous findings, this paper proposes 

to investigate user acceptance of virtual agents among elderly. 

Participants will be right-handed Italian adults with no 

neurological and psychological disorders. Participants’ EEGs 

will be recorded during the presentation of 12 virtual agents 

(differ in age, gender, physical appearance) and the VAAQ 

questionnaire will be used to assess pragmatic, hedonic, and 

attractive qualities of the proposed agents. In addition, frontal 

participants’ EEG asymmetries during the interaction will be 

measured. Relationship between EEG-based approach 

motivation/positive affect and participants reported 

preferences will be investigated. It is hypothesized that 

participants’ relative greater left frontal activation will be 

 
 
 
 

 

positively correlated to VAAQ scores of hedonic qualities-

feeling, hedonic qualities-identity and attractiveness. 
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