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Background and objective: Anxiety is one of the major influences on the dropout of relapse and treat-
ment of substance abuse treatment. Chemically dependent individuals need (CDI) to be aware of their
emotional state in situations of risk during their treatment. Many patients do not agree with the di-
agnosis of the therapist when considering them vulnerable to environmental stimuli related to drugs.
This research presents a cue reactivity detection tool based on a device acquiring physiological signals

Keywords: connected to personal computer. Depending on the variations of the emotional state of the drug addict,
COH}DUteF tool alteration of the physiological signals will be detected by the computer tool (CT) which will modify the
Anxiety displayed virtual sets without intervention of the therapist.

Cue reactivity

- Methods: Developed in 3ds Max® software, the CT is composed of scenarios and objects that are in the
Chemically dependent

habit of marijuana and cocaine dependent individual’s daily life. The interaction with the environment
is accomplished using a Human-Computer Interface (HCI) that converts incoming physiological signals
indicating anxiety state into commands that change the scenes. Anxiety was characterized by the average
variability from cardiac and respiratory rate of 30 volunteers submitted stress environment situations. To
evaluate the effectiveness of cue reactivity a total of 50 volunteers who were marijuana, cocaine or both
dependent were accompanied.
Results: Prior to CT, the results demonstrated a poor correlation between the therapists’ predictions and
those of the chemically dependent individuals. After exposure to the CT, there was a significant increase
of 73% in awareness of the risks of relapse.
Conclusion: We confirmed the hypothesis that the CT, controlled only by physiological signals, increases
the perception of vulnerability to risk situations of individuals with dependence on marijuana, cocaine or
both.

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction medications marketed for other indications have shown efficacy in

clinical trials.

Chemical dependence is characterized by a set of psychophysi-
ological phenomena that develop with the repeated use of a psy-
choactive substance. The main symptoms are compulsion and loss
of control. According to the World Health Organization (WHO),
chemical dependence is a progressive and fatal disease, though it
is treatable. However, treatment is a slow and painful process that
is full of obstacles. Several researchers [1] have shown that no spe-
cific effective treatment exists for cocaine dependence but several
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Recently, researchers in Brazil have shown that the relapse rate
for chemically dependent individuals (CDI) is high, occurring with
50% of individuals in the first 6 months and 90% in the first year
[2]. Similar situation occur in treatment of depression, where 1 in
3 patients does not fully recover even after several treatment trials
[3-5]. In addition, the American Psychiatric Association [6] states
that the first 12 months of remission are considered a high-risk
period. These high relapse rates indicate that the current treatment
approaches still need adequate methodological advances.

According to [7] and [8], there are different risk situations that
lead to the relapse of chemically dependent individuals. Recently,
researchers [9,10] observed that relapse can be reduced decreas-
ing stress. Others [11,12] demonstrated that situations that might
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originate negative feelings would favor a self-rejection as well
as dependents’ indiscipline during treatment. Among the negative
emotions, anxiety would act as a trigger to the use of drugs by
the chemically dependent individuals to satisfy “temporally” their
needs [13-15]. The use of psychoactive substances can be a fugue
of personal conflicts, negative emotions, or stressors [16]. But can
also influence the development trajectory of the symptoms of anx-
iety [17].

However, chemically dependent individuals often do not believe
that they are vulnerable to certain external stimuli. The disagree-
ment between patient and therapist on factors that could favor re-
lapse [18], along with the optimal therapeutic approach, is a typical
topic of discussion [19]. One of the greatest challenges for thera-
pists is to help patients’ recognize their anxiety in a risk situation
without provoking them. But, the relapse triggers are questioned
and are rarely accepted by the patients. The relapse generates an
emotional discomfort that associated with feelings of mistrust, in-
terpersonal stress and deprivation of liberty; contribute to the de-
nial of chemical dependency [19]. These facts highlight the impor-
tance of self-awareness of his vulnerability. Therefore, cue reactiv-
ity procedures were used to raise chemical dependent’s awareness
in avoiding relapses. The cue-reactivity procedure exposes addicted
to stimuli related to drugs while monitoring their physiological
signals [20-22]. This method based on the conditioning theory of
Pavlov [23,24] shows that coping skills can be taught. Initially real
environments and simulations with actors were used, but currently
virtual environments are used.

Virtual cue reactivity has been used as promising interventions
in anxiety disorders [25] as well as to assist during treatment of
cocaine and crack cocaine [26], methamphetamine [27], alcohol
[20,28,29], and marijuana [30] addiction. Some researchers [31] use
the procedure to nicotine users. These cue reactivity methods have
provided relevant results during the treatment of chemically de-
pendent individuals. The chemically dependent individuals experi-
encing anxiety in risk situation presents physical symptoms that
are controlled by the autonomic nervous system, such as breathing
difficulties and palpitations.

Several researchers [32-35] have demonstrated that changes in
physiological signals are intrinsic associated with emotions. Other
researchers [36] reported that some emotions such as stress could
be detected by measuring the patient’s physical and physiological
signals. Since the physiological signals are involuntary were used
them in this study to directly control the actions in the CT with-
out any other intervention. In our proposed computer tool (CT),
changes in the scenarios were directly produced by the patient’s
emotional state and not by a peripheral factor such as a joystick,
keyboard, or mouse, which removes doubt and subjectivity from
the results. Thus, patients are presented to virtual scenarios that
are direct consequences of their emotions during risk situations,
such as the exposure to drugs and familiar conflicts. In this way,
the dependents can be confronted with their own evaluation re-
garding its anxiety and vulnerability without creating a conflict
with the therapist.

2. Method
2.1. Ethical approval

Approval was obtained from the Local Ethics Committee (Re-
search Ethics Committees from University of Mogi das Cruzes,
CAAE-0094.0.237.000-07, process CEP/UMC-093/2007). All proce-
dures were performed after written informed consent from all par-
ticipants. The study is registered at https://clinicaltrials.gov/show/
NCT02535858.

2.2. Study participants

Eighty volunteers were engaged to realize this research.

First we determined the limits of emotional the normal and
anxious states of a first group (VG) of thirty volunteers. As inclu-
sion criteria stands out: age range between 20 and 50 years, have
no disease associated with anxiety or mental disorders and not be-
ing a drug user or taking medication.

One trained psychiatrist and two mental health professionals
(PG1), specialized in chemical dependency, evaluated the emo-
tional state of the volunteers.

A second group with fifty male’s adults (CDG) was selected to
test the computer tool having as inclusion criteria: age range be-
tween 20 and 50 years with diagnosed dependence of marijuana,
cocaine or both, in treatment for chemical dependence, not taking
medication and abstaining from psychoactive substance for at least
2 months.

For this group, two psychiatrists and five mental health profes-
sionals therapists (PG2) specialized in chemical dependency and
responsible for monitoring the group’s treatment evaluated their
emotional states.

Exclusion criteria for all volunteers were: present evidence of
consumption of medicines or drugs, present psychotic symptoms
or have made any physical effort before the test. The evaluation
for inclusion and exclusion of volunteers was conducted by doctors
responsible for the clinic who were not involved in the research.
The inclusion criteria were performed using the ICD-10 protocol
[37].

To elaborate the scenarios and characterize the characters for
the computer tool eight specialists, professionals from the chemical
dependency field (PG3), recommended situations, places, objects,
signs, or cues thought to trigger craving.

2.3. Validation of the psychophysiological signals

As the relationship between physiological measurements and
their psychologic meaning is complex [38,39]. We established the
psychophysiological validation in laboratory, relating the variation
of BMP and RR with the changes in body posture of 30 volunteers
[40].

Two physiological signals, BMP and RR, were used as indicators
of anxiety following the model two-to-one of the physiology map-
ping on computer systems [38] and [39].

Respiration rate and tonic heart rate produces continuous in-
formation over the duration of the stimulus [41]. In our research
stressors, presented in the sceneries, are only one minute long
with intervals of one minute in between. The tonic heart rate and
respiration signals produce contiguous information over the du-
ration of the stimulus. The selection of the scenery was accom-
plished by the program used in our research and was only based
on the variation of the rate (frequency) of the physiological signals
and not on the variation of its amplitude. To measure the heart
rate we used a Polar M32 (Polar Electro, Kempele, Finland). The
respiratory frequency was measured using a device developed by
the Brazilian company Engecer. It was used to monitor the breath-
ing rate of newborns in intensive care using a temperature sensor
to monitor the air exhaled through the nose.

Initially, the PG1 specialists evaluated the VG group measur-
ing heart rate and respiratory rate while they were in a normal
state (basal levels). The volunteers have been submitted to ‘stress’
situations that could favor the change of their emotional state to
anxious. Therefore, it was requested that the VG volunteers ac-
cess the commercial computer game: A-BLAST. In this free avail-
able game, the user drives a spacecraft vehicle aiming to destroy
the surrounding aliens present at the scenario. Aiming to influence
the increment of anxiety’s levels, the mouse sensibility was altered
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without the perception of the user. Similar techniques were used
by several authors to cause anxiety [42-44].

While playing A-BLAST, the VG volunteers were monitored by
the PG1 specialists to verify the user’s emotional state together
with the acquisition of heart and respiratory rate. These therapists
used the BAI method, developed by [45] translated and adapted for
the Brazilian population to perform the diagnosis.

The cut-off threshold (COT) for the emotional state was calcu-
lated according to Egs. (1)-(3). In these equations X and s are re-
spectively the samples mean and its standard deviation for each
physiological signal during both basal and anxious states. The COT
between normal and anxious state was obtained by subtracting the
normalized samples mean by its respective standard deviation.

_ Z?:l Xi (1)

(2)

COT =%—s (3)

x; and n are the ith sample element and the total number of sam-
ples.

The COT for heart rate and respiratory rate were applied to the
game while the users were playing and the emotional state deter-
mined as the average of the therapeutic diagnostics.

During the virtual exposure, the heart rate and respiratory rate
of the chemically dependent individuals were acquired and pro-
cessed to be classified as a normal or anxious state. Then, the
scenes were automatically changed depending on the captured
physiological signals. Coping and escaping were the two possibil-
ities that the CT can choose for each given situation.

2.4. Test protocol for chemically dependent individuals CDG

Before the test with the chemically dependent individuals
(CDG), the therapists (PG2) answered a questionnaire identifying
the situations of risk presented in the CT that could lead the chem-
ically dependent individual to relapse. The same questionnaire was
also completed by the dependent before and after the CT test. In
addition, this questionnaire was structured based on risk factors
survey.

The questions presented are listed below:

1. If you receive a phone call from a friend that is a drug user,
would it stimulate you to take drugs?

2. If you walk on places that used to be selling drugs areas, would
you relapse by any chance?

3. If a colleague invites you to have drinks, would you be favored
by taking drugs?

4. Family issues or situations where the family is absent, would it
contribute to your relapse?

5. Would you relapse if you had the chance of going party or
places that might have drugs?

6. A friendship that is a drug user and can offer it to you would
trigger your wishes for having drugs?

The questionnaire and CT test were applied to each chemically
dependent individual (CDG). The therapists of the dependents were
present while performing the test. The test was conducted in a
comfortable room that was part of a therapeutic community for
chemically dependent individuals. This room held the test equip-
ment, a support table for the equipment, and chairs for the depen-
dent and therapist. Communication during the test was not rec-
ommended. Extra care was taken to avoid tests’ interruptions in-
cluding disturbance caused by equipment (air conditioning, audio,
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Fig. 1. Simplified flowchart of the system operation.

etc.) as well as people entering at the exam room. Regarding the
sensors, the cardiac frequency meter was placed on the distal pha-
lanx of the little finger and the respiratory rate (RR) sensor near
the right nostril using a headset support. The chemically depen-
dent individuals were informed that the outcome of each situation
presented in the CT would correspond to their physiological state
when facing the risk situations. It was emphasized that only their
emotions were shown to influence the scenarios.

The test started with the volunteers watching a desired film se-
lected by them where the basal levels from both physiological sig-
nals were simultaneously acquired. It was followed by the scene
with the first stressor stimulus of the CT where heart rate and
respiratory rate were measured during one minute and compared
with the previously acquired baseline levels. The program auto-
matically selected the following scenes depending on the identi-
fied COT. When the state was identified as anxious, the program
changed the scene, showing the character using drugs. Otherwise,
the plot proceeded. Following the program continued to trade with
a landscape scene of a minute. The same timing was used after
each other stressful scene. Fig. 1 shows the flow chart of the pro-
gram. After this test a relaxation session monitored by the thera-
pists took place followed by the completion of the questionnaire.
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Fig. 2. Graphical representation of the answers provided by professionals from the PG about objects, places, and risk situations that can lead to relapse.

Table 1
Parameters suggested by Landis and Koch
[46] to interpret Kappa statistics.

VALUES OF KAPPA - INTERPRETATION

<0.00 Poor
0.00-0.20  Slight
0.21-0.40  Fair

0.41 -0.60 Moderate
0.61-0.80  Substantial
0.81-1.00 Almost Perfect

2.5. Data analysis

To verify and confirm agreements and divergences between
the results, Cohen’s Kappa analysis was used. The data was inter-
preted according to the parameters suggested by Landis and Koch
[46] (see Table 1).

The formulas for Cohen’s Kappa index are as follows:

K= 1"10_7_;:‘3; (4)
1 c
sew) = m X 1 De+ De? — ; [aibi(a; + by)] ¢ (5)
K
= % (6)
p(valor) =1 - ¢(2) (7)
where

Po=chance of observed agreement;
pe =chance-expected agreement;

D’ Agostino test was applied to show that the heart rates and
respiratory rates of the volunteers VG are parametric. ANOVA test
was also implemented to verify significant differences between the
physiological signals at each emotional state of the volunteers VG.

3. Implementation of the CT
3.1. Plot and storyboard

To develop a CT that provides immersion in the virtual scenar-
ios, risk situations were simulated using models, objects, three-
dimensional characters, videos, and audio features. The informa-
tion provided by the eight professionals from the PG3 was used to
create the scenarios (please see Fig. 2).

Computer Tool

Scene 1 - Friends

anxious

normal anxious normal

Fig. 3. Illustration of the composition of the CT.

To create and develop the game’s narrative, the authors made
use of situations associated with friends, family, and parties iden-
tified by these professionals (PG3). The objects identified by the
chemically dependent individuals mostly related to the drug use
were included in the scenarios. The main character performed in
the first person (graphical perspective rendered from the viewpoint
of the player character). Thus, the players were virtually translo-
cated to the camera position, allowing the experience, visualiza-
tion, and identification of their behaviors according to the charac-
ter’s reaction.

A plot with two different types of outcomes based on the
player’s emotional state was developed for each situation (Fig. 3).
If the player’s emotional state remained normal, the character re-
mained in the game, but if the player became anxious, the charac-
ter relapsed. The relapse was represented for approximately 30s.
In this scene, the character under the effects of drugs showed
symptoms such as psychomotor agitation and change in vision. The
therapists were asked to monitor and provide emotional support to
the chemically dependent. The next scenario with a different risk
situation was presented 30 s later.

The CT portrays the character being invited by other chemi-
cally dependent colleague to an evening party. On the way to the
friend’s house, the character goes through places that can elicit
memories related to drug use. If the physiological signals of the
player demonstrate anxiety, the character relapses and uses drugs
again. If these signals do not change significantly, the player arrives
at the friend’s house.

At the friend’s house, the character plays with a dog while lis-
tening to an argument between the friend and his mother. The
mother complains that her son is unemployed, questions his be-
haviors and friends, and suspects that he is stealing money and
household objects. If the player demonstrates anxiety, the charac-
ter relapses, but if the player has no physiological changes, the
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Fig. 4. Computer tool scenarios. (A) and (B) shows ways of drug consume. (C) Of-
fering alcoholic drinks. (D) Offering drugs.

Fig. 5. A volunteer at the scenario of party during the test using the multimedia
resources (projector, projection screen and wireless headset).

character continues playing with the dog and goes to the party
with the friend.

On their way, the virtual characters encounter secondary char-
acters using drugs. If the chemically dependent player demon-
strates anxiety, the character gets out of the car and start making
use of drugs, featuring a relapse. If the physiological signals do not
change, the character arrives at the party.

At the party, the character is approached by two drug dealers
who offer him drugs. If the player demonstrates anxiety, the char-
acter cannot refuse and returns to drug use. If no relevant phys-
iological changes occur, the character dances until the end of the
night.

3.2. Flowchart of the CT plot

The Autodesk® 3ds Max® software was chosen to develop the
CT because it allows for polygon modelling and texturing, gener-
ation of three-dimensional digital animation, rendering of images
and animations, and insertion of videos in the AVI format. Fig. 4
shows some of the scenarios developed.

For the CT test were used a multimedia projector with a pro-
jection screen (1.80 x 1.80 m) and a wireless headset (Fig. 5).

Fig. 6 displays the flowchart of the CT plot.

Table 2
Average of the physiological signals collected from minute to minute
during 10 min at each emotional state from the VG’s group.

Mean of the 10 min physiological signals ongoing stimulus

Volunteers Heart rate Respiratory rate
Anxious  Normal  Anxious Normal
1 90.4 76.0 18.9 17.5
2 87.7 84.9 223 14.8
3 90.7 83.6 24.0 17.2
4 78.0 69.1 21.7 14.7
5 71.9 67.3 19.4 13.2
6 84.3 78.3 20.9 171
7 98.3 89.5 21.7 16.1
8 88.6 75.0 211 15.9
9 84.1 751 17.0 13.1
10 81.1 74.8 20.0 16.6
1 93.8 79.8 17.8 17.3
12 86.9 78.7 20.6 16.6
13 98.3 76.1 18.8 15.3
14 87.9 78.4 23.6 18.0
15 77.3 69.4 20.4 17.0
16 79.9 65.5 19.3 14.5
17 89.6 814 20.4 15.2
18 82.6 71.9 18.0 15.0
19 84.8 76.0 24.2 15.8
20 74.5 71.2 23.0 16.7
21 93.7 814 18.9 134
22 90.3 81.9 16.8 14.5
23 87.2 80.3 18.0 16.0
24 89.2 80.0 18.0 13.1
25 107.6 85.1 22.0 18.7
26 83.0 73.6 19.8 14.3
27 90.6 80.3 22.7 15.3
28 83.7 771 245 16.5
29 88.3 76.1 18.8 15.3
30 95.6 86.3 18.8 174
Mean 87.3 775 204 15.7
Standard deviation 75 5.7 22 1.5
4. Results

4.1. Determining the emotional state thresholds for the non-drugs
users

The physiological signals were collected every minute from the
VG population. The signals’ average was calculated for each indi-
vidual and emotional state (normal vs. anxious).

The normalized values of the mean heart and respiratory rates
were calculated for both anxious and normal states (Table 2). These
values were normalized based on the individual basal value of each
volunteer VG.

The statistical significance from the heart rate and frequency
rate for both normal and anxious states was (p <0.01) highlight-
ing a clear distinction between the different emotional states.

The cut-off threshold (COT) for the anxious state was obtained
through Eq. (3). A volunteer was considered to be anxious if the
heart rate (AHR) or respiratory rate (ARR) is at least 7% and 16%
above the basal levels respectively (Table 3 and Fig. 7).

4.2. Evaluation of de CT

4.2.1. Quantitative analysis

The professionals (PG2) and the fifty volunteers (CDG), whose
demographic data is represented in Table 4, filled in the question-
naires.

The analysis of the questionnaire responses revealed that be-
fore using CT, the majority of the volunteers reported they would
have a 4% to 30% chance of relapse, varying with the different risk
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Fig. 6. Flowchart of the CT.

situations. For the therapists, the probabilities ranged from 42% to
98%.

The disparity between the means of the volunteers’ responses
before CT and the means of the professionals’ diagnoses for each
risk situation is depicted in Fig. 8.

During the CT test, the chemically dependent individuals pre-
sented virtual relapse rates similar to the rates predicted by the
therapists.

The virtual relapses helped raise awareness in these volunteers,
as demonstrated by their responses after the test. This shows that
the chemically dependent individuals significantly changed their

opinions, and their responses after the test were similar to the pro-
fessionals’ predictions.

The graph displayed in Fig. 8 demonstrates that volunteer’ re-
sponses to the questionnaire differed greatly before the CT test
from the all other predictions. However, after the test they were
very similar to the professionals’ diagnoses and concurred with
their responses in the CT. The vulnerability of the chemically de-
pendent individuals was demonstrated by the high relapse rate.
Only the risk situation “contact the drug’s user friend” presented
a relapse rate below 50%. The risk situation “offering drugs” trig-
gered cravings the most, according to all volunteers.
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Table 3

The normalized mean values of the physiological signals
(and standard deviation) for anxious emotional state of
the volunteers of group VG playing the game A-BLAST.
The values were normalized based on the individual basal
value of each volunteer VG.

Normalized mean values of the physiological signals

Volunteers Heart rate  Respiratory rate
1 1.19 1.08
2 1.03 1.51
3 1.08 1.40
4 113 1.48
5 1.07 147
6 1.08 122
7 1.10 1.35
8 1.18 133
9 112 1.30
10 1.08 1.20
1 118 1.03
12 1.10 124
13 1.29 1.23
14 1.12 1.31
15 1.1 1.20
16 1.22 1.33
17 1.10 1.34
18 1.15 1.20
19 112 1.53
20 1.05 138
21 1.15 141
22 1.10 1.16
23 1.09 113
24 111 137
25 1.26 1.18
26 113 1.38
27 113 1.48
28 1.09 1.48
29 1.16 1.23
30 111 1.08
Mean 113 130
Standard deviation  0.06 0.14

60

AHR and ARR (%)
5 8 8

[N
5]

123 45 6 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Volunteers
——COT-HR

@ AHR =ARR ---COT-RR

Fig. 7. AHR and ARR of 30 volunteers (VG). The COT-HR (solid) and COT-RR (dot-
ted) lines indicate the percent variation of HR (AHR (%)) and the percent variation
of RR (ARR (%)) from which the volunteer is considered anxious . All volunteers
exceeded the COT point in at least one of the signs (HR or RR).

Table 4

145
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Fig. 8. Comparison of the relapse predictions of the addicts before and after the
test, with the therapist’s predictions as well as virtual relapses in the CT for each
risk situation (%).
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Fig. 9. Graphical representation of the agreement observed for all evaluators in
each risk situation.

Table 5 presents the Kappa indexes and their respective ranks
for the comparisons between evaluators in each risk situation.

Table 6 shows the Kappa index for all of the situations. The cor-
relation between the responses of the chemically dependent in-
dividuals before and after the test had a Kappa index of 0.043
(“Slight”). The correlation between the professionals and the chem-
ically dependent individuals (after the test) had a Kappa index
of 0.710 (“Substantial”), indicating that the volunteers were more
aware of possible relapses.

4.2.2. Qualitative evaluation
(a) Assessment of the CT by the therapists

The therapists (PG2) assessed the level of realism of the anxi-
ety stimuli, i.e., the risk situations presented in the CT. All of
therapists concluded that the scenarios are a good reproduc-
tion of the reality experienced by the vast majority of chem-
ically dependent individuals. Regarding content and immer-
sion, these professionals believed that the elements used in

Calculated thresholds cut-off values for categorization of the anxious emotional state accord-
ing to the physiological heart and respiratory rates.

Identification of the anxious cut-off threshold (COT) values for both heart and respiratory

Physiological signal ~ Emotional state X —s COoT
Heart rate Anxious 1.13-0.06 =1.07 >7%
Respiratory Anxious 1.30-0.14=1.16 >16%
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Table 5
Demographic characteristics of the fifty volunteers (CDG).
Educational [lliterate Elementary Elementary High school High school Undergraduate Undergraduate
grade grade grade complete incomplete complete incomplete complete
incomplete
4% 18% 32% 6% 30% 4% 6%
Religion No religion Catholics Evangelicals Others
10% 48% 40% 2%
Marital status Singles Married Divorced
40% 36% 24%
Children Yes No
80% 20%
Housing With family Alone Own Leased Borrowed
72% 28% 56% 26% 18%
Financial Yes Not
assistance 66% 34%
Family Up to 1 MS 1to 2 MS 2 to 4 MS 4 or more MS
income* 36% 38% 18% 8%
Contribute to Yes Not
family income 78% 22%
Option for Own decision Family decision Medical
treatment decision
72% 16% 12%
Type Alcohol Tobacco Cocaine and Marijuana
addiction™ Derivatives
72% 56% 70% 32%

* Family income was parameterized in minimum salary (MS) of Brazil. One MS equal to US$278.00 in August 2016.
* In these responses, the patient could answer one or more substances, cross dependence.

Table 6
Kappa indexes among evaluators for each risk situation present in the questionnaires.
Contact the drug’s Ways of drug Offering alcoholic Family conflict Party environment Offering drugs
user friend consume drinks
Professional x CT 0.96 0.65 0.73 0.47 0.65 1.00
Professional x Chemical 0.214 0.007 0.006 0.043 0.03 0.017
Dependent (before)
Professional x Chemical 0.95 0.648 0.779 0.468 0.38 1.00
Dependent (after)
Chemical Dependent 0.24 0.001 0.009 0.013 0.016 0.017
(before) x Chemical
Dependent (after)
CT x Chemical Dependent 0.214 0.003 0.011 0.028 0.036 0.017
(before)
CT x Chemical Dependent 0.96 0.79 0.88 0.68 0.79 1.00
(after)
Table 7

Mean value of the Kappa indexes and interpretation between evaluators.

Professional x chemical dependent (before)
CT x chemical dependent (before)

0.053  Slight
0052  Slight

Chemical Dependent (before) x chemical dependent (after)  0.043 Slight

Professional x CT
Professional x chemical dependent (after)
CT x chemical dependent (after)

0.890  Almost perfect
0.710 Substantial
0.850  Almost perfect

the graphical interface and the audio features favored im-
mersion in the CT, which aids in the incorporation of infor-
mation and retention of the contents.

The main item highlighted by the PG2 was the feedback given
by the relapse scenes, providing an immediate response to
the emotions of the chemically dependent individuals. Be-
cause an emphatic verbalization of the possibility of relapse
was not necessary, the impasse between chemically depen-
dent individual and therapist was prevented. The elaboration
of a library of virtual scenarios to encompass the individual

characteristics of the volunteers was suggested by therapists
to improve the tool.

(b) Assessment of the CT by the chemically dependent individu-
als

After being tested, the 50 volunteers (CDG) were also asked
about the content, realism, and immersion in the CT. All of
the volunteers found the content close to reality, presenting
the main difficulties that they experience in daily life. Many
justified their answers with comments about their life expe-
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riences and described scenarios that they experienced. Oth-
ers were surprised by the recognition of their difficulties in
dealing with the situations presented in the CT. Regarding
the realism, the virtual scenarios were considered reliable
by the volunteers. Some volunteers suggested the inclusion
of other scenarios with more risk situations, other places of
drug consumption, more stereotypes of drug users, and ad-
ditional musical styles. As for immersion, the majority felt
that the scenarios, the character’s actions and the sequence
of the story were engaging, thereby allowing them to iden-
tify with the situations. The volunteers stressed that there
were no concerns about the sensors, external interferences,
or other assessments. Additionally, there were no complaints
of discomfort caused by the sensors. The volunteers were in-
terested in the technique used for cue reactivity.

5. Discussion

The proposed study has as peculiarity the development of CT
contributing to the user immersion. One of the crucial character-
istics of this virtual tool is the use of machine language codes
that boost the apps performance. In addition, the proposed CT has
also the advantage to be oriented to objects, where each element’s
phase interface can be associated to a series of events.

The 3ds Max tool used to implement CT has several polygon
modeling modes. In addition, plugins for modifiers can be used
if necessary. The 3ds Max software allows high-quality rendering
with lights, shadows, and transparencies. With this rendering, real-
istic images were generated, simulating realistic environments and
internal/external scenarios, providing virtual emotions that are of-
ten more effective than emotions staged by actors [47].

The files generated by 3ds Max have the native extension .MAX,
but they are compatible with several three-dimensional modeling
software programs, allowing for the conversion of files with the ex-
tensions .DS, .DXF, .DWG, and others. This software is widely used
in desktop, multi-tier, and client-server applications, and it is com-
patible with most databases. One of the main features of this de-
velopment environment is the generation of codes in machine lan-
guage that accelerate the execution of the applications. The other
is the orientation to events, where each element of an application’s
interface can capture and associate actions to a series of events.

The change in the signal from the normal state of each individ-
ual, collected for 1 min, provided satisfactory and very simple ap-
plication responses to command the sceneries presented with the
computer tool in real time. The respiratory frequency meter (RR)
was a device used to monitor the breathing of premature babies in
intensive care and provided a reliable assessment.

Therapists and chemically dependent individuals highlighted
the realism of the scenarios, the characters, and their speech and
emphasized the importance of certain sounds, such as the noise of
a can of beer being opened. These elements conveyed the feeling
of being in places and environments visited in real life.

Other researchers [26] also used these types of sound resources
in a VE that was developed to detect crack cocaine and cocaine
cravings among users. Situations and places, such as parties and
bars, as well as objects, such as bottles and glasses, rolled up
papers, and lighters, were also found to be directly associated
with craving and consequently with the drug [7,30]. These same
items were considered risk factors in college environments by re-
searchers [8], who emphasized the high number of students con-
suming psychoactive substances. The authors also reported that
drug addiction is a gradual process; therefore, attention and as-
sistance through specific interventions with the implementation of
awareness programs are necessary and important.

The responses to the questionnaires administered before the
test with the CT demonstrated that the 50 chemically dependent

individuals (CDG) who participated in this study estimated that
they had, on average, a 12.6% probability of relapse, while the pro-
fessionals (PG1) who were monitoring them predicted an 83.3%
probability of relapse. These data illustrate a considerable diver-
gence of opinion between patient and therapist. This situation de-
scribes one factor that increases the possibility of relapses in clini-
cal practice, showing that the patient has no mechanisms or train-
ing to face the risk situations. However, the Kappa index between
the professional’s predictions and the responses in the CT indicates
strong agreement. Importantly, the effectiveness of the CT and cue
reactivity was demonstrated by the revised opinions of the chemi-
cally dependent individuals after undergoing the test.

This effectiveness was also shown by authors [30] using a VE
system that aimed to increase craving in cannabis-dependent in-
dividuals when exposed to visual, olfactory, and auditory stimuli.
These authors demonstrated that the VEs are similar to exposure
therapies. Other authors [48] indicate that the advantage of VEs
over traditional exposure therapy is the ability to provide a sense
of presence to the individual, which is defined by [49] and [50] as
the “feeling of being in a world that exists outside the self”. Virtual
exposure allows the user to experience risk situations that may
lead to relapse in real life, which facilitates the therapist’s goal of
raising awareness of these situations.

VE has also been successfully employed in therapies that ad-
dress acute pain [51-53] and obsessive-compulsive disorder [54].
Additionally, VE has been used for post-stroke rehabilitation [55-
57], to assess reactivity to addiction [20,58], and to assess reactiv-
ity to stress [59].

Several authors have demonstrated the effectiveness of VE in
support of addiction treatment [28]. These authors used VE ther-
apy to reduce the craving for alcohol in alcohol-dependent pa-
tients. The results suggest that this therapy may be useful for treat-
ment and can furthermore serve as an assessment tool to identify
high-risk patients.

Several authors [60-64| have employed VE to treat anxiety dis-
orders and general phobias and have reported their users’ accep-
tance of this tool. Others [29] also showed that VE is well accepted
by patients undergoing treatment for alcoholism and offers signif-
icant clinical advantages over other methods.

Other researchers [20] used VE to measure alcohol cravings. The
volunteers reported high levels of engagement with the scenarios,
considering them realistic and compelling. These authors state that
despite these promising results, there are limitations that should
be addressed in future studies, including the incorporation of an
objective measure that can identify physiological changes caused
by craving, such as heart rate, skin conductance, and brain imaging.

To evaluate the ability of the VE to elicit craving, researchers
[26] verified physiological changes by measuring heart rate and
galvanic response of the skin. Others [27] used a freely avail-
able gaming platform (Second Life) to elicit craving for metham-
phetamines and measured heart rate to assess physiological reac-
tivity. In the present study, CT was also developed to elicit crav-
ing, and changes in physiological signals were measured. However,
these signals were used to direct the actions of the environment
and to provide objective feedback to the chemically dependent in-
dividuals, according to their emotions.

Physiological variables such as skin surface temperature (ST),
galvanic skin response (GSR) and heart rate (HR) were widely used
as indicators of emotional changes [65,66]. However, according to
the ranking published [36], the two most relevant physiological
signals for stress detection are: HRV (Heart Rate Variability) and
GSR. Various researchers obtained anxiety classification levels ex-
ceeding 80% using GSR [67-72]. Other recent research considers
the HRV (Heart Rate Variability) as a sensitive indicator of stress
[35,73,74] and obtained stress detection rates close to 90%, but re-
quires signal processing. However, these scientific studies were not
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intended to identify the acute stress caused by short-term stres-
sors. Several studies [36,75,76] evaluated the tonic heart rate re-
sponse to environmental stressors. The authors aimed to identify
the occurrence of momentary stimulus that causes acute stress in
the individual from the changes to their basal physiological param-
eters. Since these parameters returned to the initial state after re-
move the stressors, these methods do not identify long-term stress.

In our research, stressors are presented in sceneries with total
duration of one minute and intervals of one minute justifying the
choice of physiological signals responsive during this stimulation.
We choose the BPM and RR signals that have momentary response
to the stressor.

We used GSR and temperature variations in a pilot study, but
did not obtain good results. This was probably due to the short du-
ration (maximum one minute) of the stressing scenery used in our
research. To permit the return of the physiological signals to their
basal state, the sceneries with stimuli are alternated with sceneries
without stress during one minute. Also the interface used to con-
trol our sceneries is sensitive to occurrence of the signal and not to
its amplitude. Since with GSR the electrodermal response increases
linearly when the stimuli increase, this signal is not suitable for the
CT we used.

Considering the ease of reading and the wide commercial avail-
ability of HR and respiratory rate (RR) equipments, these signals
are used in our research. They do not provide as accurate classi-
fication levels of anxiety as HRV, but provide the therapist with
an easy tool to use in rehabilitation clinics giving a more effective
prediction of vulnerability of relapse.

6. Conclusion

Chemical dependency is a problem that affects people of all so-
cial classes and requires specialized treatment. One of the greatest
barriers to remission of individuals in drug treatment is anxiety.
This feeling is present in normal human development, in response
to changes, and in response to new and unique experiences. For
chemically dependent individuals, anxiety is a warning signal that
allows them to be aware of an imminent risk and, with their ther-
apists, to develop strategies for addressing risk situations.

The physiological signals collected in the present study were
measured, and this objectivity allowed the therapist, and most im-
portantly the patients, to be aware of and identify their anxiety in
risk situations. This physiological cue reactivity indicates worries
and anxieties through changes in physiological signals. Cue reac-
tivity discourages arguments regarding diagnosis because is based
on objective data.

Therefore, this study presents a supporting tool that can be
used for marijuana and cocaine dependent individuals for identi-
fication and awareness of their anxiety in risk situations that may
lead them to relapse.

Importantly, this CT is not meant to replace any treatment step
but rather to be a tool for enhancing the chemically dependent in-
dividuals’ awareness. The final diagnosis of chemical dependence
should not be given based on the information generated by the
device, and the therapist should monitor and evaluate all of the
processes to identify the addiction and possible consequences of
substance abuse.
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