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Background: Fear of flying is one of the categories of phobias that can have a negative effect on
people. This fear can be caused by many factors such as behavioral functions, brain and emotion
regulation. Since air travel is safer than traveling with other vehicles, therefore, treating this disorder
is very important.

Aims: This research was conducted with the aim of determining the effectiveness of virtual reality
program on behavioral functions, emotional regulation and brain functions by FNIRS in the treatment
of aerophobia.

Methods: The current research design was a semi-experimental pre-test-post-test type with an
experimental group (virtual reality training) and a control group (13 people in each group) with a 1-
month follow-up. The statistical population of this research included all people with fear of flying
who were invited to cooperate in 1402 and 1403 in the city of Tehran through a call on Instagram
and Telegram social networks. The fear of flying questionnaire (Bournas et al., 1999), emotion
regulation questionnaire (Gross and John, 2003) and functional near infrared spectroscopy (NIRS)
were used to collect data, as well as the 5-session protocol (One session per week and 60 minutes
each session) virtual reality program was used for intervention. The data were analyzed with the
methods of analysis of variance with repeated measurements and t-test. SPSS version 26 software
was used for data analysis.

Results: The findings indicated that the virtual reality program improved behavioral functions
(p< 0.01), but it had no significant effect on emotional regulation and brain activity indicators
(p>0.01).

Conclusion: In general, the virtual reality program is very important in improving the fear of flying
and can improve the behavioral functions of a person, and as a result, people can use the plane without
fear of flying, and this method can be used to treat the fear of flying.
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Introduction

Disorders related to fear and specific fear are one of
the types of anxiety disorders. Specific phobia
disorder is an intense fear of objects or situations that
pose little risk but cause anxiety. This type of fear,
unlike the temporary anxiety experienced during an
exam or speech, remains long-term (Binder et al.,
2022). One of the special fears is the fear of flying.
Fear of flying is a common type of situational fear that
is classified as anxiety disorder in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition
(American Psychiatric Association, 2022). People
who fear flying may feel intense anxiety before or
during the flight (Nursey-Bray et al., 2019). Fear of
flying is a situational fear. It is characterized by an
excessive and irrational fear of airplanes or in any
related situation that is avoided or in which a person
suffers severe anxiety (Rizzo and Bouchard,;
translated by Zare et al., 2023). It has been estimated
that about 30% of people fear flying when traveling
by plane (Flasbeck et al., 2023).

One of the factors involved in the types of phobias is
emotion regulation, which if not done correctly, the
person will face problems (Rolls et al., 2023).
Emotion regulation is a concept that is generally used
to express and describe people's ability to properly
and effectively manage and respond to an emotional
experience (Moeini et al., 2023). Research shows that
people who have a specific phobia, when faced with
the stimulus of a particular phobia, use non-
constructive strategies to regulate emotions in
situations, which causes them to have a severe and
inappropriate fear of a situation, including flying.
This causes people to experience a lot of anxiety and
get very annoyed and their performance is disturbed.
(Ben-Baruch et al., 2022). Neural substrates have
been identified that distinguish specific phobias,
including flying phobia, from other anxiety disorders
and separate specific phobia subtypes from each other
(Rosenbaum et al., 2020; Del Casale et al., 2012). In
this research, near-infrared functional spectroscopy is
used, which is a functional optical imaging
technology that measures neural activity and cerebral
hemodynamic response. In this method, infrared light
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is shone on the surface of the scalp and part of the
light is absorbed and part of it passes through. By
measuring the changes in the characteristics of
passing light waves, it is possible to evaluate the
cerebral hemodynamic response. (Gage & Baars
translated by Kharazi, 2023).

Behavioral functions, emotion regulation, and brain
functions are disturbed in people with a fear of flying.
On the other hand, therapeutic methods have also
been used to resolve this disorder: including
hypnotherapy, drug therapy (Wilhelm and Roth,
1997), (Spiegel et al., 2015), cognitive therapy (Thng
et al., 2020), and Behavior therapy (Albakri et al.,
2022). One of the treatments for fear of flying is
virtual reality therapy (Ribé-Vines et al., 2023).
Virtual reality is a new computer-simulated
technology in which a person can be placed in an
artificial three-dimensional environment and interact
with it using special electronic devices, such as
glasses and gloves equipped with sensors (Anderson;
translated by Zare and Haddadi, 2023).

Therefore, as mentioned, virtual reality has positive
effects in the treatment of anxiety disorders. Treating
the fear of flying, contrary to the idea of people who
are afraid of flying, is effective in the safety of most
of their trips because according to the research of
Babic¢ et al. (2023), air travel is safer than traveling
with other vehicles. The importance of this topic is
that the current research achievements can be useful
in reducing the psychological problems of people
with a fear of flying and improving their mental well-
being. Therefore, according to the mentioned
materials, the research problem is how effective is the
virtual reality program on behavioral functions,
emotional regulation, and brain functions utilizing
near-infrared functional spectroscopy in the treatment
of fear of flying.

Method

Research design

The current research design was a semi-experimental
pre-test-post-test type with an experimental group
(virtual reality training) and a control group (13
people in each group) with a 1-month follow-up test.
The statistical population of this research included
people who were afraid of flying, and they were
invited to participate in an invitation in 2024 in
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Tehran. Fear of flying questionnaire, emotion
regulation questionnaire, and Functional near-
infrared spectroscopy (FNIRS) were used to collect
data and also 5-session protocol (one session per
week and 60 minutes each session) of the virtual
reality program was used for intervention. The data
were analyzed with the methods of analysis of
variance with repeated measurements and t-tests.

Results

26 people participated in this research and were
divided into two groups of 13 people, experimental
and control. The average age of the experimental
group was 37.92 years with a standard deviation of
6.51 and the average age of the control group was
38.15 years with a standard deviation of 12.56. Also,
15 participants were single and 11 were married.

To investigate the effect of virtual reality on
behavioral function, a mixed analysis of variance
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with two factors of the group (two levels of
experiment and virtual reality) and time (three levels
of pre-test, post-test, and follow-up) was performed
on the scores of the behavioral function test. Before
performing the analysis, the normality of the
distribution of scores of behavioral functions was
checked and confirmed by the Kolmogorov-Smirnov
test in all three stages of evaluation (p> 0.05).

The results of the M box test confirmed the
homogeneity of the covariance matrix (F=2.98,
p> 0.05). Also, the homogeneity of variances was
checked and confirmed based on the results of Levin's
test (Lon's statistic= 0.64, p> 0.05).The results show
that the main effect of time (F(,24= 26.66, p< 0.05)
and the interaction of time with group (F,24= 17.22,
p< 0.05) are significant.

Table 1 shows the Bonferroni post hoc test results in
the three stages of evaluation.

Table 1. Bonferroni post hoc test results

Groups (1) Stages (J)

Mean Difference (I-J)

95% confidence interval

Std. Error Sig

lower bound  upper bound

pre-test Post-test 42.654" 7.599 0/001 23.096 62.211
follow-up 34.038" 5.557 0/001 19.738 48.339

Post-test pre-test -42.654" 7.599 0/001 -62.211 -23.096
follow-up -8.615 5.083 0/309 -21.698 4.467

follow-up pre-test -34.038" 5.557 0/001 -48.339 -19.738
Post-test 8.615 5.083 0/309 -4.467 21.698

virtual reality Control -51.897" 14.538 0/002 -81.903 -21.892
Control virtual reality 51.897" 14.538 0/002 21.892 81.903

The results of table 1 show that after the virtual reality
treatment, the behavioral function has decreased
significantly, while this decrease is not observed in
the control group. At the same time, this effect is also
observed in the follow-up phase.

In the continuation of the data analysis, a mixed
variance analysis was performed to investigate the
effect of virtual reality on emotion regulation. The
results of examining the assumptions of this analysis
also showed that the distribution of emotion
regulation scores in all three stages of evaluation is
normal (p>0.05). Also, the results of Mauchly's test
showed that the assumption of sphericity is valid
(Mauchly's W=0.987, p>0.05). The homogeneity of
the covariance matrix was also confirmed by the box
test (F=1.26, p>0.05) and the homogeneity of the

variances was confirmed by the Lon test
(Lon's statistic= 1.86, p> 0.05).

The results showed that the main effect of time was
not significant (Fp.4s= 0.23, p> 0.05). Also, no
significant effect was observed for the group
(F(1,24)= 0.31, p> 0.05). And there is no significant
change in emotion regulation scores as a result of
virtual reality treatment.

To investigate the effect of VR treatment on brain
activity, a paired t-test was performed to compare the
average difference between the ground and flight
modes in the pre-test and post-test. The results of
these tests are shown in Table 3.
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Table 2. Within-subject results

resource sum of squares df mean sguare F Sig
Sphericity Assumed 12.026 2 6.013 .230 .796
i Greenhouse-Geisser 12.026 1.975 6.090 .230 .793
Huynh-Feldt 12.026 2.000 6.013 .230 .796
Lower-bound 12.026 1.000 12.026 .230 .636
Sphericity Assumed 74.385 2 37.192 1.421 251
Time*Group Greenhouse-Geisser 74.385 1.975 37.669 1.421 .252
Huynh-Feldt 74.385 2.000 37.192 1.421 251
Lower-bound 74.385 1.000 74.385 1.421 .245
Sphericity Assumed 1256.256 48 26.172 -48.339  -19.738
Error (time) Greenhouse-Geisser 1256.256 47.392 26.508 -4.467 21.698
Huynh-Feldt 1256.256 48.000 26.172 -81.903  -21.892
Lower-bound 1256.256 24.000 52.344 21.892 81.903

Table 3. Paired t-test results to compare the mean indices of brain activity

Index stages mean standard deviation t sig

Mean HbO of the right hemisphere ﬁg:ttf:;t gﬁg 283;’1970 -0/911  0/380
Mean HbO of the left hemisphere [?(;:t_-tte: :t 190//1199 iigi -0/130  0/898
Mean HbO of all channels [E)c:se{ffes;t g;gg ig%é -0/642  0/533

Mean HbR of the right hemisphere [E)c:se{ffes;t (2);3(3) g;gg 0/101 0/921
Mean HBR of the lefthemisphere ~ PTe155% e o 0/603  0/558
Average HbR of all channels [?(;:t_-tf: stt :g;ég g;gé -0/264  0/796

As the results show, there is no significant difference flight experiences in a controlled and safe

between the pre-test and post-test averages
(oxyhemoglobin and deoxyhemoglobin) (p> 0.05).
Also, the average of all 24 channels was compared
separately in the pre-test and post-test by paired t-test.
In none of the channels, there was no significant
difference between pre-test and post-test (p> 0.05).

Conclusion

The purpose of this research was to determine the
effectiveness of the virtual reality program on
behavioral functions, emotion regulation, and brain
functions by FNIRS in the treatment of fear of flying.
The findings of the research showed that the virtual
reality program has a positive effect on improving
behavioral functions in people with a fear of flying,
which was in line with the results of previous studies
(Moen, 2024; Wang et al., 2024; Abuso et al., 2023;
Albakri et al, 2022).In explaining this finding from
the current research, it can be acknowledged that
virtual reality programs can effectively help improve
behavioral functions in people who suffer from fear
of flying. Virtual reality applications can simulate
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environment. This environment allows people to face
their fears without actually being in danger. This
gradual exposure can help reduce stress and anxiety.
Another finding of the research indicated that the
virtual reality program did not have a significant
effect on the emotion regulation of the experimental
group, and this finding was inconsistent with previous
findings (Colombo et al., 2021; Montana et al.,
2021).In explaining this finding of the research, it can
be stated that in this study, the intervention was
carried out, although it led to a reduction in the
symptoms of fear of flying, it did not affect the
emotion regulation scores. Other studies may have
used different or more sensitive measures to regulate
emotions, which have more ability to detect subtle
changes. In this study, assessment tools for emotion
regulation may not have been sensitive enough to
context- or situation-specific improvements (in this
case, fear of flying).

On the other hand, another finding of the research
showed that the virtual reality program has a positive
effect on improving brain functions using functional
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near-infrared spectroscopy in people with a fear of
flying, which was in line with the results of previous
studies. (Wen et al.,, 2021; Lee et al., 2021;
Landowska et al., 2018). In explaining this finding
from the present study, it can be acknowledged that
more activity in the frontal cortex when facing flight
compared to the ground may indicate more cognitive
efforts to manage and control anxiety and fear.
Although the virtual reality program was able to
reduce the behavioral symptoms of fear, the neural
activities related to emotion regulation in the frontal
cortex remained active. In other words, the brain may
still be involved in managing the stress associated
with the flight encounter, even if the person has
mentally and emotionally recovered. Even with
reduced fear, people may still use higher cognitive
processes to manage emotional reactions. This
finding shows that although the level of fear has
decreased, the person's cognitive system is still
involved in emotion regulation processes, which
manifests itself in the form of increased activity of the
frontal cortex.

Among the limitations of the current research, we can
mention the following: the drop of subjects due to
reasons such as migration, pregnancy, and the
distance of the project implementation place from the
place of residence of some subjects caused challenges
in finding and adding new subjects. It is suggested
that future research investigate the long-term effects
of virtual reality therapy on the activities of the frontal
cortex and test combined interventions such as
emotion regulation training along with virtual reality
therapy to obtain more comprehensive effects on fear
and brain function. On the other hand, to investigate
the neural mechanisms involved in the whole brain, it

Vol. 23, No. 144, 2024

is suggested to use functional MRI brain recording to
investigate the treatment of fear of flying. It is also
suggested to use virtual reality programs in
psychology and counseling centers to reduce the fear
of flying.
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