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Abstract. Emotions in the context of UX are generally evaluated in regard to 
product appearance and sensorial experience. The use of virtual reality can be a 
way to study UX in consumer products. We want to evaluate if we could increase 
emotional responses using a virtual reality immersive system. For that purpose, 
we used the GAPED picture database and compared valence and arousal ratings 
of GAPED and those obtained using virtual reality. Results showed that arousal 
was higher in virtual reality for all images, and valence was negatively extreme 
for images of living creatures usually associated with phobias (spiders and 
snakes). Nonetheless being this is a pilot study, we conclude that there is a 
tendency for Virtual Reality to increase emotional responses.  
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1 Introduction 

It has become increasingly common to interact with all kinds of technologies 
grounded in user experience (UX) design, in fields ranging from education to 
industry-related areas like safety systems. Nevertheless, despite the great importance 
given to UX, the concept remains wide and all-embracing. It should then be affirmed 
that UX is linked to those aspects of human interaction with a product that focus on 
the appreciation of the expectations, needs, beliefs and preferences of the user [1], an 
indispensable contribution in the process of designing the interaction with a product. 

Besides the appraisal of the quantitative experiences, interactions should also be 
observed regarding subjective evaluations and reactions that occur during the contact 
with a product (International Organization for Standardization, 2010), having 
particular relevance aspects such as pleasure and appeal [3] the previous perceptions 
about the use of a product [4] and the ability to retrieve affective responses (human 
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factors) and emotions [6]. UX should also address the incorporation of emotional and 
behavioral reactions, which depend on the environment in which the interaction takes 
place, as well as user’s lifestyle and cultural characteristics. 

Emotions in the context of UX are generally evaluated in regard to product 
appearance and sensorial experience. They could be associated with feelings and 
facial expressions [7] according to five components: cognitive (appraisal), behavioral 
(action tendencies like approach or avoidance), expressive (facial and vocal 
expressions), physiological (autonomic activity), and subjective feelings according to 
Scherer [8] who considers emotions as episodes of coordinated change 

Physiological responses of the human body, such as heart rate variability, blood 
pressure and galvanic skin response (GSR) have also been used as parameters to 
determine the emotional response of users when interacting with a product 
[14],[15],[16]. Other evaluation methods involve observation and cataloging of 
postures, voice and facial expression changes concerning certain emotions [7] based 
on the Facial Action Coding System [10] and the Maximally Discriminative Facial 
Moving Coding System [11]. Rebelo and collaborators [5] analyzed body movements 
during the interaction with a product, by developing a video-based system where it 
was possible to define behavioral action categories and register them while observing 
a video, which revealed that full-body behavior action measurements offered insights 
on the user’s interaction with a product and therefore can help to assess UX. 

1.1 VR as a Tool to Evaluate UX 

One of the approaches to evaluate the UX is Virtual Reality (VR).  Through VR it is 
possible to gather accurate information about the needs and expectations of the user’s 
behavior through the interaction with products and their environment, with precise 
control of the context and allows an accurate assessment and ecological validity [5]. 

Virtual Reality can be defined as a multi-sensorial experience that enables the user 
to interact with objects or situations generated using a computer-generated virtual 
environment [17], creating a human-computer interface that could be used to design 
specific and individualized activities [18]. 

According to Kirner (2011), VR is a human-computer interface that allows the user 
to interact in a three-dimensional space, exploring aspects of this space through vision, 
hearing and touch in real time, through special devices.  This multisensory experience 
must have, according to Rebelo, Noriega and collaborators [5], the following elements: 

• Immersion: it refers to the sensation of ‘feeling’ within an environment, this is 
experiencing an alternate reality from inside and not just through observation 
(reading a book or watching television, for instance). A set of different intensities 
could be triggered according the type of interface used. 

• Interaction or presence: it concerns the capability of the system to effectively 
detect user input, based on the understanding and awareness concerning the virtual 
environment. 

• Imagination or involvement: it relates to the degree of communication between the 
user and the virtual reality interface during the execution of an activity in the 
virtual environment; it may be passive (observation of the environment) or active 
(interaction with the environment). 
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2 About This Pilot Study 

The use of visual stimulation for emotion elicitation has been widely adopted in 
different fields as emotion and psychological research.  As a consequence of its 
intensive use, standardized picture databases were assembled through extensive 
research efforts, to mention the International Affective Picture System (IAPS), the 
Geneva Affective Picture Database (GAPED) [21], the Nencki Affective Picture 
System (NAPS) among other specialized databases.  

For the purpose of this study, we considered that in order to study the emotional 
responses of users exposed to stimuli, highly-controlled environments are needed.  In 
this direction, we consider the use of VR as it enables the creation of such 
environments with a high level of control over the environmental variables.   

We proposed the creation of an emotional measurement instrument based on 
continuous rating scales within a VR environment, using a Head Mounted Display 
(HMD).  Consequently, this instrument allowed us to conduct a pilot study in order to 
analyze the emotional responses for valence and arousal of a group of participants that 
were confronted to images from a standardized picture database, and to compare the 
reference data with our experimental results obtained using equivalent research protocols. 

2.1 Valence and Arousal 

We are interested in capturing and analyzing participant values for Valence and 
Arousal based on a bi-dimensional categorization model of the affective space [24], 
[22], [23]. According to Watson, Wiese, Vaidya & Tellegen [25], valence plays an 
essential role when evaluating emotions as it measures the degree of attractiveness or 
repulsion of individuals towards a stimulus.  On the other hand, arousal is also 
crucial to evaluate emotions as it measures the level of responsiveness or activation of 
the reticular activating system (RAS) in the brain stem. 

Under this perspective, we decided that in order to achieve an effective emotional 
elicitation it was essential to use a strong framework providing validated ratings for 
valence and arousal.  We decided to use the Geneva affective picture database 
(GAPED), a database created by researchers at the Swiss National Center of 
Competence in Research “Affective Sciences – Emotions in Individual Behavior and 
Social Processes”, containing 730 pictures mainly with strong values for valence.  It 
divides pictures in three categories: negative, neutral and positive, and it also provides 
participant’s data concerning valence, arousal, and the congruence of a represented 
scene with internal (moral) and external (legal) norms.   

From GAPED we could infer clear numerical variations for the images regarding 
valence and arousal.  Images in the positive category have greater valence values 
compared to neutral and negative categories and lower arousal values, while images 
in the negative category have much lower valence values and higher arousal values 
compared to neutral and positive categories. 

2.2 Expectations 

We expected to observe similar pattern of results to the GAPED database, with high 
valence and low arousal values for pictures in the positive category and low valence 
and high arousal values for pictures in the negative category.  Nonetheless, we also 
expected the numerical results of this study to differ from those of GAPED, due to the 
characteristics of VR that were previously discussed in this article. 
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2.3 Method 

This pilot study benefited from a multidisciplinary team in diverse fields such as 
ergonomics, psychology, physical therapy and computer science.  Different meetings 
were held in order to discuss the research problem from different perspectives and to 
define the strategy, the requirements elicitation for the instrument, and posteriorly the 
results and conclusions. 

We decided to create a measurement instrument based on continuous rating scales, 
ranging from zero (0) to one hundred (100) within a VR setting, composed by a Head 
Mounted Display (HMD) - the Oculus Rift Development Kit version 1- running a 
virtual environment created using the Unity 3D game engine software and a regular 
computer mouse as input device.   

Every participant was instructed to observe an image during four seconds, and they 
were promptly asked to answer three questions intended to measure values for 
valence and arousal concerning that image, following a very similar research method 
as the one used in GAPED.  The questions were answered by clicking on a particular 
section of a white horizontal bar located below the question itself, which in turn 
changed its color from white to red when a value was clicked.   

The corresponding questions and method were intended to evaluate valence and 
arousal values, and were taken from the works of Scherer and collaborators (26).  
The first question was “You are judging this image as…” inviting participants to 
evaluate their valence value by clicking on a continuous scale bar that ranged from 
“Negative” to “Positive”. The clicked area corresponded to a numerical value, where 
zero means that the depicted picture is highly negative, 50 means it is neutral, and 100 
means it is a highly positive image. 

Arousal values were obtained using two questions: The first was “Confronted with 
this image you are feeling …”, presenting a continuous scale bar that ranged from 
“Calm” to “Excited”; the second one had the same introductory phrase (“Confronted 
with this image you are feeling …”), and a continuous scale bar that ranged from 
“Stimulated” to “Relaxed”. The results from previous question were inverted, and the 
mean value from the both questions was calculated and used as the value for arousal. 

At the end of the experience, participants were asked to answer a very short 
questionnaire in order to assess the sense of immersion and the usability of the 
instrument in general [29]. The questions were “How much you think the surroundings 
affected your evaluation?” and “How comfortable did you feel during this experience?” 

2.4 Stimuli Characteristics 

The stimuli was presented in form of twenty-four images taken from the GAPED 
database, following a process consisting of selecting the top twelve images within the 
negative category having the highest values for valence (mean rating = 56.79 / 100), 
and the top twelve images within the positive category having the highest values for 
valence (mean rating = 97.51 / 100). 

These pictures were taken from the GAPED database, meaning that the twelve 
negative pictures correspond to the same four negative subcategories used by GAPED: 
snakes (top three images, mean valence = 61.82 / 100, mean arousal = 39.37 / 100), 
spiders (three images, mean valence = 56.56 / 100, mean arousal = 49.80 / 100), human 
concerns (three images, mean valence = 60.35 / 100, mean arousal = 41.07 / 100) and 
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The following chart shows results for arousal levels. From the obtained results we 
can observe that all the values were significantly higher for Virtual Reality. However 
this difference is higher regarding stimulus of snakes, spiders and positive category 
(about 2 times greater values than GAPED). 

 

Fig. 2. Mean arousal ratings for picture categories in Virtual Reality and GAPED 

Results from the questionnaire proved the high immersion perception that VR 
provides, as the participants reported it with a value of 8.7 / 10.  Concerning the 
reported comfort, it was rated with a 7.1 value, as some participants rated the Head 
Mounted Display (Oculus Rift Development Kit 1) as slightly heavy and having a 
poor resolution. None of the participants reported feeling dizziness or any sickness, 
even though the duration of the experience ranged from 8 – 12 minutes. 

3.1 Limitations 

As the present pilot study was conducted with a sample of only ten participants, it 
would be useful to observe more extensive studies that could be conducted in this 
direction.  Additionally, it would also be important to have studies that include 
measurements of physiological data (heart rate variability, skin conductance, etc.) and 
body posture of participants interacting with elements within VR.  In terms of 
usability, we expect the concerns expressed by the participants regarding the Head 
Mounted Display to be addressed in the newer releases including improvements of 
this type of tool. 
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4 Discussion and conclusions 

Even though this is a pilot study with only a 10 subject sample, it is possible to draw 
some conclusions: The major one is the increasing of arousal in VR when compared 
to an approach that uses a regular computer screen.  Concerning valence, it is clear 
that for the case of snakes and spiders, valence was much more negative compared to 
GAPED.  As VR is a tool that allows a great sense of immersion as participants are 
unaware of their surroundings, this may explain the high levels of arousal and more 
extreme judgment of pictures of snakes and spiders.  Results related to the immersion 
feeling were high (mean 8.7 / 10) giving support to the previous conclusion.  

The differences in the results found using VR and GAPED methodologies for 
evaluating emotional response images, tell us that we must be cautious when 
comparing results of both kind of studies.  In our study it was clear that VR promoted 
higher arousal for all images and more extreme negative valences for images of 
snakes and spiders.  However, for UX studies this might be a positive result as it 
seems like VR can increase emotional responses.  

We also concluded also that the use of VR could generate stronger emotions and 
higher activation values compared to a regular desktop computer setting, at least in 
the negative scope of them.  These findings agree with previous studies that affirm 
the validity of VR for studying emergency situations [27], [28]  

Furthermore, the use of VR seems to have a considerable arousal increasing effect, 
which might imply that the level of attention could be much higher when using VR 
methodologies.  This might be promising for consumer products design and 
evaluation (i.e. wearable devices, mobile phones,) and learning instrument evaluation, 
for instance. 
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