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ABSTRACT

This research was conducted to determine the effectiveness of paradox therapy on
behavioral functions, emotional regulation, and brain functions by FNIRS in
treating acrophobia. The current research design was a semi-experimental pre-test-
post-test type with an experimental group (paradox therapy) 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 fear of flying, and they were invited to
participate in an invitation in 2024 in 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 paradox therapy was used for intervention. The data were
analyzed with the methods of analysis of variance with repeated measurements and
t-tests. The findings indicated that the paradox therapy program improved the
behavioral functions and also the average oxyhemoglobin contrast signal of the left
hemisphere channels in the post-test had a significant decrease compared to the
pre-test (p<0.01), but it had no significant effect on emotion regulation (p>0.01). In
general, paradox therapy is very important in improving the fear of flying. It can
improve the behavioral and brain functions of a person, and this method can be
used to treat the fear of flying.
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Introduction

Specific phobias are classified as a subgroup of anxiety disorders and are characterized by
excessive, persistent, and irrational fear of specific objects or situations that pose minimal actual
danger (American Psychiatric Association, 2022). Among these, fear of flying (acrophobia) is
considered a situational specific phobia and is highly prevalent in contemporary societies due to
the increasing reliance on air travel for occupational and social functioning (Binder et al., 2022).
Epidemiological findings indicate that approximately 30% of individuals experience clinically
meaningful anxiety during air travel, with a subset meeting diagnostic criteria for aerophobia
(Flasbeck et al., 2023; Babic et al., 2023). Aerophobia is associated with heightened autonomic
arousal, panic symptoms, catastrophic cognitions, and avoidance behaviors, all of which
significantly impair behavioral functioning and quality of life (Wannemueller et al., 2020).
Behavioral functioning refers to an individual’s capacity to interact effectively with
environmental demands and to engage adaptively in goal-directed activities (Suvrathan et al.,
2016). Individuals with fear of flying often restrict professional mobility, avoid leisure travel,
and experience reduced social participation, thereby exacerbating psychological distress and
functional impairment (Nursey-Bray et al., 2019; Babi¢ et al., 2023).

Emotion regulation difficulties constitute another core mechanism underlying specific
phobias. Emotion regulation is defined as the processes through which individuals monitor,
evaluate, and modify emotional reactions in order to achieve adaptive functioning (Gross &
John, 2003; Lincoln et al., 2022). Empirical evidence suggests that individuals with specific
phobias rely more heavily on maladaptive regulation strategies—such as suppression and
experiential avoidance—when confronted with phobia-related stimuli, which in turn intensifies
fear responses (Ben-Baruch et al., 2022; Zsido et al., 2023). Fear of flying, in particular, has
been linked to deficits in adaptive emotional modulation during anticipatory and in-flight phases
(Wittfoth et al., 2022). From a neurobiological standpoint, functional neuroimaging studies have
consistently demonstrated abnormal activation patterns in fear-related neural circuits, including
the amygdala, insula, anterior cingulate cortex, thalamus, and prefrontal regions in individuals
with specific phobias (Del Casale et al., 2012; Ipser et al., 2013). Functional near-infrared
spectroscopy (fNIRS) is a non-invasive optical neuroimaging technique that measures cortical
hemodynamic responses by assessing changes in oxyhemoglobin (HbO) and deoxyhemoglobin
(HbR) concentrations (Gage & Baars, 2018). fNIRS has been shown to be sensitive to fear-
related cortical activation and is increasingly used in anxiety and phobia research due to its
portability and ecological validity (Rosenbaum et al., 2020).

Despite the effectiveness of established interventions such as cognitive-behavioral therapy,
pharmacotherapy, hypnosis, and virtual reality exposure therapy (Wilhelm & Roth, 1997;
Spiegel et al., 2015; Albakri et al., 2022), a proportion of individuals with aerophobia remain
treatment-resistant or experience relapse. Paradox therapy, particularly the Paradox + Schedule
Treatment (PTC) model, represents a brief and integrative therapeutic approach combining
psychodynamic conceptualization with behavioral techniques (Besharat, 2016, 2019). By
prescribing the symptom itself within a structured temporal framework, paradox therapy aims to
disrupt the symptom—anxiety association, alter the meaning of symptoms, and strengthen ego
functioning (Besharat, 2018, 2020). However, its efficacy in fear of flying—especially at
behavioral, emotional, and neurophysiological levels—has not yet been empirically examined.
The present study aimed to investigate the effectiveness of a paradox therapy program on (a)
behavioral functioning related to fear of flying, (b) emotion regulation strategies, and (c) brain
functional activity assessed via fNIRS in individuals with aerophobia.

METHODOLOGY

A quasi-experimental pretest—posttest design with an experimental group and a control group,
including a one-month follow-up, was employed (Delavar, 2019). Participants were individuals
with fear of flying recruited in Tehran through social media announcements during 2023-2024.
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Using purposive sampling followed by random assignment, participants were allocated to either
the paradox therapy group or the control group. Final analyses included 26 participants (13 per
group). Inclusion and exclusion criteria were defined in accordance with prior clinical research
on anxiety disorders and phobias (American Psychiatric Association, 2022).

Instruments

Behavioral functioning was assessed using the Fear of Flying Questionnaire (FFQ-II), which
has demonstrated strong psychometric properties in Iranian samples (Bornas et al., 1999; Eslami
et al., 2012). Emotion regulation was measured using the Emotion Regulation Questionnaire
(ERQ), assessing cognitive reappraisal and expressive suppression (Gross & John, 2003;
Hosseini & Kheir, 2011). Brain activity was assessed using functional near-infrared
spectroscopy (fNIRS), which captures changes in HbO and HbR concentrations during exposure
to emotional stimuli (Gage & Baars, 2018).

Intervention

The experimental group received five weekly 60-minute sessions of paradox therapy based on
the Paradox + Schedule Treatment (PTC) model (Besharat, 2016, 2019). The intervention
included paradoxical symptom prescription, structured imagery tasks, and gradual exposure to
flight-related situations. The control group received no intervention during the study period.

Procedure

Participants completed baseline self-report measures and underwent fNIRS recording during a
virtual reality task consisting of alternating neutral ground scenes and flight-related scenes,
consistent with prior VR-based phobia research (Rizzo & Bouchard, 2019; Manshaee et al.,
2020). Posttest and follow-up assessments were conducted after treatment completion.

Data Analysis

Behavioral and emotion regulation data were analyzed using mixed-design repeated-measures
ANOVA. Paired-sample t-tests were conducted to examine pre—post differences in fNIRS-
derived hemodynamic indices. Statistical analyses were performed using SPSS version 26.

RESULT

Findings indicated a significant interaction between time and group for behavioral functioning,
with the paradox therapy group demonstrating a substantial reduction in fear-of-flying-related
behavioral impairment at posttest and follow-up, consistent with prior paradox therapy research
in anxiety disorders (Besharat, 2019; Chitgarzadeh et al., 2023). No significant changes were
observed in the control group.

In contrast, paradox therapy did not yield significant improvements in emotion regulation,
which diverges from some previous findings in non-phobic populations (Chitgarzadeh et al.,
2023; Kim & Newman, 2019).

Neuroimaging results revealed a significant reduction in oxyhemoglobin contrast signals in
the left frontal hemisphere following treatment, suggesting decreased cortical activation
associated with fear processing. No significant changes were observed in the right hemisphere
or in HbR indices.

DISCUSSION

The results support the effectiveness of paradox therapy in improving behavioral functioning in
individuals with aerophobia, consistent with theoretical assumptions regarding symptom
prescription and anxiety decoupling (Besharat, 2016, 2018). The absence of significant effects
on emotion regulation may reflect limitations of self-report measures or the context-specific
nature of emotional change in fear-based disorders (Lincoln et al., 2022). The observed
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reduction in left-hemisphere HbO activity aligns with prior neuroimaging studies indicating
altered frontal activation in specific phobias (Del Casale et al., 2012; Rosenbaum et al., 2020)
and suggests that paradox therapy may modulate cortical processes related to fear appraisal and
emotional processing.

CONCLUSIONS

Paradox therapy appears to be a brief, effective, and neurobiologically meaningful intervention
for fear of flying. By improving behavioral functioning and reducing fear-related cortical
activation, this approach holds promise as an alternative or complementary treatment for
aerophobia.

Limitations and Future Directions

Limitations include small sample size, purposive sampling, and technical challenges associated
with fNIRS acquisition. Future research should examine larger samples, longer follow-up
periods, and combined interventions integrating emotion regulation training or cognitive-
behavioral strategies.
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