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ABSTRACT 
Virtual reality is a new technology used in the treatment 

of nicotine addiction that involves immersing smokers in 

environments with specific stimuli in order to reduce the 

level of craving. The present study aims to present a new 

virtual reality technology (in this case, Oculus Rift) used 

to assess craving of Romanian smokers. Results showed 

that smokers feel a higher craving after the exposure to 

virtual reality environments with specific stimuli than 

neutral stimuli.
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INTRODUCTION 
Nowadays technology is advancing fast, and the concept 

of virtual reality is no longer unknown for the general 

public. Most people have experienced 3D cinema. Also, 

younger people are informed of all the devices which can 

be attached to smartphones or computers. Although 

initially virtual/augmented reality technology was created 

for recreation, today it is use in various fields: medicine 

(Szekely & Satava, 1999), education (Pribeanu, Balog & 

Iordache, 2016), psychology (Riva, 2003). Two important 

characteristics of virtual reality should be emphasized:

immersion and presence. The immersion consists of all 

design and technological means of surrounding an 

individual or group of users with a virtual context (a 

tridimensional computer-generated space). The presence
is a sensorial (visceral) reaction to a convincing 

immersive user experience (i.e. the human body reacts 

instinctively to the virtual environment as though it is the 

real one).  

One of the issues that come to the attention of specialists 

is tobacco consumption which is currently responsible for 

the deaths of 5 million people (Mathers & Loncar, 2006) 

worldwide each year, and many of these deaths occur 

prematurely and at a young age. In addition, passive 

smokers are affected and there are approximately 600,000 

people who die from exposure to passive smoking (Oberg 

et al., 2011). If the number of smokers continues to rise, 

at the end of this century there will be around one billion 

deaths caused by smoking, most of them in medium or 

underdeveloped countries, and half of these deaths will 

occur before the age of 70 years (www.who.int/tobacco/ 

global_report/2013/en/). Even if there are a lot of 

smokers looking to quit smoking, only a small proportion 

have come to succeed without relapses. 

In Romania, the prevalence of tobacco consumption is 

27% according to the Eurobarometer from 2014 

(ec.europa.eu/ 

public_opinion/archives/ebs/ebs_429_en.pdf), thus 

registering a decrease of 3% compared to 2012. 

The Advantage of Romania compared to other European 

countries is that here is one of the highest percentages of 

people who never smoked, 60% (compared with the 

percentage of 54% across Europe). In contrast, Romania 

has one of the lowest percentages of people who have 

managed to quit smoking and continues to be abstinent, 

compared to other countries from Europe. 

The present study aims to present a new virtual reality 

technology used to assess craving of Romanian smokers. 

In order to accomplish this goal, we designed various 3D 

environments to be explored by using Oculus Rift (Davis, 

Bryla, & Benton, 2015), a head-mounted display (HMD) 

which offers users a unique experience through the high 

level of immersion in virtual reality. 

VR Applications in Psychology 
Virtual reality (VR) is a concept that refers to artificial 

environments created by a computer system which can 

offer the user an almost real impression of physical 

presence.  

The idea of virtual reality was first presented by Ivan 

Sutherland, in 1965: “make that (virtual) world in the 

window look real, sound real, feel real, and respond 

realistically to the viewer’s actions”. It has been a long 

time since then and a lot of research has been done in 

different fields. Another definition of virtual reality is 

offered by Cruz-Neira in 1993: “Virtual reality refers to 

immersive, interactive, multi-sensory, viewer-centered, 

three-dimensional computer generated environments and 

the combination of technologies required building these 

environments.”

One of the recent promising devices in this area is Oculus 

Rift (Davis, Bryla, & Benton, 2015), a personal headset 

especially designed for people who are interested in the 

3D virtual reality, in general, and videogames, in 

particular. Oculus Rift allows its user to feel like they are 

actually in a virtual environment just by wearing it. The 
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screen displays two images adjacent to each other, one for 

the left eye and one image for the right eye. The 

combination of lenses is placed above the screen, 

enabling the zoom in-out and re-shaping the picture for 

both eyes, thereby creating a stereoscopic 3D image. 

These Rift devices monitor the wearer's head motions by 

the embedded sensor and accordingly adjust the image. 

The user’s head movement is continuously analyzed and 

it is not necessary to use a mouse to control the direction 

of the view. 

Using virtual reality in psychological studies 
Besides the entertainment role, virtual reality has begun 

to play an important role in clinical psychology and it is 

used increasingly more often in treating phobias, eating 

behavior disorders, obesity, erectile dysfunction and 

posttraumatic stress disorder. 

The main advantages of using virtual reality in clinical 

researches are: the potential of a precise control; the 

ability to adjust the virtual environments to the individual 

needs of the participants; the opportunity to expose the 

client to a particular environment that normally would not 

have access to, or would not be safe; providing increased 

confidentiality by replacing in vivo desensitization with 

virtual reality desensitization.  

Until now, some researches were conducted in order to 

test the effectiveness of using virtual reality to treat 

various conditions: fear of height – Hodges et al. (1995), 

Emmelkamp et al. (2002); fear of flight – North, North, 

& Coble (1997); Rothbaum et al. (1996); Rothbaum et al.
(2002); fear of driving – Wald, Taylor (2000); PTSD 

(Posttraumatic stress disorder) – Rothbaum, Hodges, 

Alarcon et al. (1999); eating disorders – Riva et al.
(2001); sexual dysfunctions – Optale, Nasta, Marin, & 

Ipianon (2003); ADHD (Attention deficit hyperactivity 

disorder) – Rizzo et al. (2000); pain management –

Hoffman et al. (2011); panic disorder and agoraphobia –

Vincelli et al. (2003); social anxiety – Pertaub, Slater, & 

Barker (2001). 

Virtual reality in nicotine dependence 
Regarding smokers, there are already various studies who 

started to use virtual reality in order to develop strategies 

for nicotine cessation. They use cue exposure therapy, 

which involves a repeated exposure to stimuli which were 

previously associated with an addiction in order to extinct 

the conditioned response to those stimuli.  

The argument for using exposure to stimuli to nicotine 

addiction is based on classical conditioning learning 

model. Nicotine is the unconditional stimulus and the 

effects of nicotine are the unconditioned responses. The 

conditions or contexts in which a person smokes very 

often become conditioned stimuli that determine the 

appearance of conditioned responses, and this leads to 

craving and nicotine consumption. 

Craving is a state which is felt in all addictive behaviors 

and diseases, like drug use or gambling. This state can be 

regarded as a phenomenon, especially that many of the 

addicts invoke craving as a reason for encouraging 

addiction and as an excuse for treatment failure. 

Additionally, craving can be considered as a way to 

escape from painful reality (whether internal or external), 

so that the risk of relapse to addictive behaviors increase 

(Higley, Craney, Spadoni, 2011). 

Some authors have identified a number of craving 

features (Nespor, Matanelli, Pekarkova, Gregor, 2011): 

(a) Craving is caused by specific stimuli and triggers that 

can be categorized into two main groups: internal 

(fatigue, pain, etc.) and external (for example, 

environment, straining situation, and others). Craving can 

be triggered also by negative stimuli (anger), as well as 

positive stimuli (joy). (b) Usually, craving is 

accompanied by subjective states as stress, tension and 

exhaustion. (c) When someone is experiencing craving, 

cognitive functions are altered, like the decision-making 

process. (d) When someone is experiencing craving, the 

ability of self-control is affected. 

Although most cases, craving leads to maintaining the 

addictive behavior, it can also help to identify triggers, 

environments, specific stimuli that can contribute at the 

development of intervention strategies. 

Various studies (Araujo, Oliveira, & Mansur, 2006; 

Araujo et al., 2007; Cox, Tiffany, & Christen, 2001; 

Sayette et al., 2000; Tiffany, Drobes, 1991) promotes the 

idea that the concept of craving is not just an intense 

desire to consume a substance, but it includes more 

elements like: the intention to satisfy a desire, the 

anticipation of the positive effects of substance 

consumption, avoiding negative symptoms of withdrawal. 

Given that low levels of craving are considered to be 

predictors of long-term abstinence, the main goal of cue 

exposure therapy is to determine a decrease in the level of 

craving.  

Several studies developed in this field (Baumann, 

Sayette, 2006; Bordnick, Carter, 2012; Rodrigues, 

Valverde, Maldonado, Ferrer-Garcia, Secades-Villa, 

2012) concluded that virtual reality is able to recreate 

situations and everyday environments that are associated 

with smoking. These environments can be used in 

intervention programs that are based on cue exposure 

therapy.  

Another interested direction of research is to use specific 

smoking cessation applications for mobile devices in 

order to self-track unhealthy behaviors or to unlearn 

smoking habits – for examples, see (Matei et al., 2014). 

In this case, the presented information is only bi-

dimensional, unless special devices like Google 

Cardboard are used. 

DESIGN METHOD AND EXPERIMENTATIONS 
Our project – currently available as a prototype – is using 

a truly immersive device to study the behavior of smokers 

in various 3D virtual environments.  

The actual purpose is to test if the level of craving will 

increase when smokers will be exposed to a set of virtual 

environments (genuine 3D generated scenes) with 

specific stimuli versus virtual environments with neutral 
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stimuli by using the Oculus Rift Development Kit 2 

computing device.  

To ensure that all participants in our study will have the 

same meaning of the concept of craving, we 

operationalized it using a simple item: “On a scale from 0 
to 10, where 0 is no desire and 10 strong desire, how 
strong is your desire to smoke right now?”

Technological considerations  
Obviously, having a 3D-enabled device is not enough. 

Specific software able to create various 3D interactive 

scenes – in our case, familiar controlled VR environments 

for the target users (especially smokers) such as home 

apartment, office, café, and club – was developed by 

using the Unity game engine (https://unity3d.com/).  

For user modeling, the persona method was adopted by 

following an ontological approach (Negru & Buraga, 

2012). 

To access various data regarding the user behavior (e.g., 

movements, object selected from a given environment), a 

service-oriented architecture was implemented.  

This approach is enabling the researcher to study the 

correlation between the need to smoke and the context the 

person is in. Secondly, the modular architecture is 

suitable for further processing of gathered data, including 

statistics, complex visualizations, data mining, etc. 

User testing phase 
After the prototype of the 3D environment was 

completed, we conducted a user testing controlled 

experiment on a number of 9 subjects (post-graduate 

students, age between 22 and 42 years, only two smokers) 

during the lab classes of the Human-Computer 
Interaction discipline 

(http://profs.info.uaic.ro/~busaco/teach/courses/hci/) in 

the second semester of the 2015/2016 academic year, 

Master of Software Systems Engineering, at the Faculty 

of Computer Science, Alexandru Ioan Cuza University of 

Iasi, Romania.  

The purpose of this test phase was to ensure us that the 

virtual environments are perceived to be realistic and we 

used the feedback in order to improve the technological 

aspects. Each person had to explore a set of 5 interactive 

scenes (home apartment – alone, home apartment – party, 

office, café, crowded noisy club) in 10—15 minutes, with 

external guidance at request – see Figure 1. 

All these virtual scenes contain neutral stimuli and stimuli 

associated with smoking. Depending on each virtual 

environment, specific objects were designed (TV, tables, 

couch) and some objects that are related with smoking 

such as lighters, ashtrays, and cigarette packs. Several 

scenes also include computer-animated characters (Figure 

2). 

After finishing the testing of the 5 virtual environments, 

each participant was asked to complete a questionnaire 

and answer a series of questions about this experience. 

Participants had the opportunity to explore each scene 

separately, to view those objects and even to interact with 

some of the specific stimuli. 

Figure 1. User testing session of interacting with Oculus 
Rift. 

Figure 2. Various interactions within the café 3D scene. 

The most significant results regarding the assessment 

procedure of the user experience with the VR 

environments are available in Table 1. 

Pilot study 
The actual study consisted of the main phases depicted by 

Figure 3. 

Participants 
Daily smokers were invited to attend a testing session 

with the Oculus Rift virtual reality system.  

In order to participate in this experimental session, 

smokers had to be 18 years old and had to be at least one-

year smoker. 
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Items of the 
questionnaire Result

Already 

interacted with 

Oculus Rift

Yes – 2 persons 

No – 7 persons 

Other form of VR interaction 

(Google Cardboard) – 3 

Feeling of 

presence 

(immersion, 

embodiment) 

Average score: 6.67 

(on 1—10 scale) 

Number of 

specific stimuli 

Average score: 7.44 

(on 1—10 scale) 

Physiological  

side-effects 

Vertigo – 2 persons 

Nausea – 2 persons; vomiting – 1 

Fear – 2 persons 

Post-experiment reality perception 

difficulty – 1 

Novelty-caused arousal – 1 

VR design issues 

� Difficult multimodal interaction 

(Rift + mouse) 

� Non-realistic 3D graphics, 

physical proportions and 

collisions, depicted scenery 

� Strange movements of computer-

generated characters 

� Break-in-presence  

(Steed et al., 2005) 

� Too few stimuli for the actual 

participating smokers  

(2 of 9 subjects) 

Table 1. Important user feedback concerning the VR design. 

To recruit potential participants, we posted a message on 

a social network and those who were interested in this 

subject filled out a registration form with personal data. 

A number of 48 people were scheduled for a testing 

session, but only 35 persons have successfully completed 

this task that lasted about 30 minutes. 

Both men and women attended the testing session – from 

a demographic point of view, the average age was 30.2 

years, all subjects were Romanian citizens and many of 

them were employed in a multinational IT company. 

Procedure 
The participants were informed at the beginning that they 

will test two virtual environments using Oculus Rift, 

because we want to observe differences in perceiving the 

virtual reality.  

They had to smoke 30 minutes before starting the test. In 

the first stage, they were invited to become familiar with 

the VR device and they tested a virtual environment in 

the demo. After the adjustment phase, subjects had to 

complete a questionnaire – the Fagerstrom test – which 

measured their level of nicotine dependence.  

It was found that most participants had an average level 

of nicotine addiction which means they are daily 

smokers, but the amount of nicotine consumed daily is 

not very high.

Figure 3. Main steps of the conducted pilot study. 

Subjects were randomly distributed into two experimental 

groups:  

Group I – those who started with the VR environment 

with specific stimuli (a fully 3D modeled apartment –

Figure 4) and continued with neutral stimuli environment 

(forest – Figure 5). 

Figure 4. Specific stimuli 3D environment (as seen by the 
user interacting with the Oculus Rift device – left and right 

eyes). 

Figure 5. Neutral stimuli 3D scene. 
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Group II – who started with the environment with neutral 

stimuli (forest) and continued with the environment with 

specific stimuli (apartment). 

The apartment scene contains two rooms including a 

kitchen and a living room connected by a hallway. In 

each of these rooms there are some common items that 

can be found in any home: various pieces of furniture, 

TV, refrigerator, and in addition were placed a number of 

specific items which can be related to smoking – for 

example, packs of cigarettes, lighters, and ashtrays. 

The forest scene was created exclusively with stimuli that 

are not directly related to smoking, especially to see if the 

perceived level of craving is different after the exposure 

to the apartment scene and the forest scene.  

In order to simplify the pilot study, we chose that the 

other four designed environments will be used in further 

experiments. 

The length of each exposure lasted between 5 and 7 

minutes. Before and after each exposure, the subjects had 

to rate their level of craving using a visual analogue scale.  

At the end of the exposure, the subjects had a debriefing 
phase, in which they were informed about the purpose of 
our study and had the possibility to tell how was that 
experience for them, because many of them have not 
tested Oculus Rift until then. 

Results 
We had 48 subjects that managed to complete all the 

phases from this process, but we had to exclude the data 

from  

13 subjects due to initial confinement violation or due to 

the side effects of the exposure to virtual reality (e.g., 

nausea, headache). 

Thus, results from 35 smokers entered in the statistical 

analysis. Of the subjects, 20 are men and 15 women.

To test whether there are differences between the initial 

level of craving and the level of craving after each 

exposure to virtual reality, we used ANOVA – analysis of 

variance (Bailey, 2008) method with repeated 

measurements and obtained an effect of F (2, 68) = 33.32, 

p < 0.01, which means that there are significant 

differences between the initial level of craving and the 

level of craving after exposure to the virtual apartment 

and after the virtual forest. 

The Bonferroni Post Hoc Test (Bailey, 2008) showed that 

there are significant differences (p < 0.01) between the 

initial level of craving and the level of craving felt after 

the exposure to the virtual apartment, and between the 

level of craving felt after exposure to the virtual forest, 

meaning that subjects felt a higher levels of craving after 

the exposure to the virtual apartment environment (virtual 

environment with specific stimuli). No significant 

differences were found (p = 1.00) between the initial level 

of craving and the level of craving felt after the exposure 

to virtual forest environment. 

In addition, we conducted similar analysis to capture the 

effect of gender on the level of craving felt by subjects 

from exposure to virtual environments. 

Results emphasize that there is no significant interaction 

between gender and the level of craving experienced after 

the exposure to the VR scenes: F (1, 33) = 0.04, p = 0.83.  

CONCLUSION AND FURTHER DIRECTIONS  
As we expected, smokers have felt a greater need to 

smoke when they were exposed to virtual environment 

with specific stimuli compared to the virtual environment 

with neutral stimuli. These results are congruent with 

those obtained in other studies (Baumann, Sayette, 2006; 

Bordnick, Carter, 2008; Acker, MAcKillop, 2013; 

Gamilto et al., 2011; Lee et al., 2003; Paris et al., 2011; 

Pericot—Valverde et al., 2011; Traylor et al., 2009; Steed 

et al., 2016) which showed that exposure to virtual 

environments with specific stimuli increases the level of 

craving felt by smokers. These results can confirm that a 

cue-exposure process can be a useful strategy in smoking 

cessation. 

Smokers must face every day different situations that 

either cannot or should not be avoided. The majority of 

smokers affirm that the biggest difficulty in the process of 

quitting smoking is linked to the inability to resist, even if 

they are aware of the negative effects of this behavior. 

That is why craving is an important element of quitting 

strategies. Through cue exposure therapy, smokers are 

exposed repeatedly to smoking-related cues in order to 

reduce the reactivity. 

The argument for using exposure to stimuli to treat 

nicotine dependence is based on the classical 

conditioning learning model. 

Thus, in the nicotine addiction, the nicotine is an 

unconditional stimulus and the effects of nicotine are the 

unconditioned responses. The conditions or contexts in 

which a person smokes very often become conditioned 

stimuli that determine the appearance of conditioned 

responses, and this leads to craving and nicotine 

consumption. 

Given that low levels of craving are considered to be 

predictors of long-term abstinence (Shiffma, Ferguson & 

Gwaltney, 2006; Killen & Fortmann, 1997), the main 

goal of cue exposure therapy is to determine a decrease in 

the level of craving. 

Regarding the limitations of this study, we can mention 

that we had a reduced number of participants, which does 

not allow us to extend the results obtained so far. It would 

have been useful to have participants at this study with 

different levels of nicotine addiction to see if the 

perceived level of craving after the exposure to specific 

stimuli would be different. 

From the human-computer interaction point of view, we 

used in this pilot study a novel virtual reality device –

Oculus Rift, and it has been proven that it can be used in 

our research field.  
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We aim to investigate more realistic VR interactions that 

contain specific stimuli for smokers, and then to 

implement an intervention program based on cue 

exposure therapy using virtual reality for smokers who 

want to quit. 
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