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Background and Purpose: Adolescent aggression is linked to deficits in executive functions, which
can result in behavioral issues. This study aimed to investigate the impact of incorporating olfactory
training into Davanloo’s dynamic psychotherapy on cognitive flexibility and working memory in
adolescents displaying aggressive behaviors.

Method: This study employed a comparative single-case experimental design with a parallel
treatment design. The participants consisted of adolescent boys showing aggressive behaviors from
first-grade secondary schools in Juybar County during the 2024-2025 academic year. Eight
participants were selected through purposive sampling and randomly assigned to two intervention
groups. Both groups underwent 13 sessions of Davanloo’s dynamic psychotherapy; however, the
second group also received olfactory training. The research instruments included the latest validated
edition of the Aggression Questionnaire (Buss & Perry, 1992), the Wisconsin Card Sorting Test
(WCST) (Grant & Berg, 1948), and the N-back task (Kirchner, 1958). Data analysis was conducted
using visual analysis indices.

Results: The results showed that the combined intervention, compared with the first intervention,
was associated with clinically and statistically significant (RCI > 1.96) changes in cognitive
flexibility, specifically in the number of completed categories and perseverative errors, with overall
improvement percentages of (35 vs. 25) and (35 vs. 12), respectively. For working memory, although
statistically significant changes were seen in overall accuracy and mean reaction time, the percentage
of improvement did not support their clinical significance (overall improvement percentage range:
3.25-12).

Conclusion: Based on the findings, adding olfactory training to Davanloo’s dynamic psychotherapy
as a sensory facilitator, by strengthening the activity of shared olfactory and prefrontal circuits,
significantly improves cognitive flexibility in adolescents with aggressive behaviors. Therefore, the
use of this combined intervention can be recommended.
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Introduction
Aggression is one of the major challenges of adolescence,
accompanied by wide-ranging consequences in social,
academic, and emotional development (1, 2). This behavior
emerges as deliberate or unintentional actions intended to harm
others or oneself and may be shaped by psychological, social,
and neurobiological factors (3, 4). Evidence indicates that the
functioning of brain structures involved in emotional
processing and impulse control, including the amygdala,
hippocampus, and prefrontal cortex, plays a role in aggressive
behaviors (5). In addition, aggressive adolescents typically
experience difficulties in behavioral control and emotional
response regulation, which is associated with deficits in
executive functions, particularly cognitive flexibility and
working memory (10, 11). Cognitive flexibility enables
adaptation to environmental changes and modification of
thought and behavior patterns, while working memory plays a
key role in maintaining and processing information to guide
goal-directed behavior; therefore, impairment in these
components may contribute to the exacerbation of aggressive
behaviors (12, 13). Researchers have employed various
interventions to improve executive functions, including
cognitive-behavioral therapies, emotion regulation training,
and cognitive exercises, which have shown effectiveness in
enhancing cognitive skills and self-control (14-17).

However, part of the difficulties seen in adolescents with
aggressive behaviors is rooted in inefficient emotional
processing and underlying intrapsychic conflicts; therefore,
depth-oriented emotional interventions have also received
attention. One such approach is Short-Term Intensive Dynamic
Psychotherapy, which focuses on experiencing and processing
repressed emotions and restructuring maladaptive defense
mechanisms and may lead to improvements in emotion
regulation and cognitive functioning (19-23). On the other
hand, olfactory training, as a non-invasive intervention, has
been associated with enhanced neural plasticity and improved
executive functions through stimulation of the olfactory system
and limbic—prefrontal networks (24-32). Despite promising
findings in adult and elderly populations, its effectiveness in
adolescents and  particularly in  combination  with
psychodynamic emotional interventions has not been
systematically investigated (33, 34). Therefore, the present
study aimed to examine the effectiveness of adding olfactory
training to Davanloo’s dynamic psychotherapy on cognitive
flexibility and working memory in adolescents with aggressive
behaviors.

Method

The present study was a comparative single-case experimental
study with a parallel treatment design, implemented in the form
of simultaneous multiple baseline designs with different
participants. The statistical population included all male
students with aggressive behaviors in first-grade secondary
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schools in Juybar County during the 2024—2025 academic year.
The study sample consisted of eight boys aged 13 to 15 years
who were selected through purposive sampling based on
teachers’ and school staff referrals and were then randomly
assigned (by lottery) into two four-member groups; the first
group received Davanloo’s dynamic psychotherapy, and the
second group received the same intervention combined with
olfactory training. Inclusion criteria included obtaining a score
above 78 on the Aggression Questionnaire, parental and student
informed consent, average academic performance, and absence
of olfactory sensory impairments. Exclusion criteria included
absence from more than three sessions, respiratory disorders
affecting olfaction, use of interfering medications, and failure
to perform regular olfactory training. The mean age of
participants was 14.5 years with a standard deviation of 0.50.
Data collection instruments included the Buss & Perry
Aggression Questionnaire (37, 46). The Kirchner N-back
working memory computerized task (39-41), and the Grant &
Berg Wisconsin Card Sorting Test software version for
assessing cognitive flexibility (42-44). Standardized Iranian
versions of these instruments were used in this study. Data
collection was conducted every three days for all tiers during
the baseline phase, and during the 1st, 4th, 7th, 10th, and 13th
sessions of the intervention phase. The Emotional Intervention,
based on Davanloo’s dynamic psychotherapy, was delivered in
13 weekly individual 45-minute sessions by a trained D-ISTDP
therapist in the school counseling room. The intervention
focused on addressing resistance and fear of intimacy,
identifying and resolving transference neurosis, clarifying
defense mechanisms, and enhancing the capacity for
experiencing emotions through the central dynamic sequence,
aiming for multidimensional unconscious structural changes.
(20, 47). In the combined intervention group, the olfactory
training was implemented concurrently with the emotional
interventions. The olfactory training protocol was adapted from
other reseacr (40). This intervention consisted of daily exposure
to four natural scents (rose, lemon, rosemary, and cinnamon)
twice a day (morning and evening) for 40 days, with each scent
being inhaled for 10-15 seconds, separated by 10-second
intervals. Adherence to the home-based protocol was watched
through initial training, daily logs, and continuous follow-ups
by the researcher and school staff. Data was analyzed using
intra-condition and inter-condition visual analysis. Graphs
depicting the changes in research variables were plotted and
analyzed using Microsoft Excel 2016.

Results

Within- and between-situation visual analyses indicated that
both interventions led to improvements in cognitive flexibility
and working memory in adolescents with aggressive behaviors;
however, the magnitude and stability of changes were greater
in the group receiving Davanloo’s dynamic psychotherapy
combined with olfactory training. In the cognitive flexibility
components, the direction of change was upward for the
number of completed categories and downward for
perseverative errors. Moreover, the data pattern in the
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combined intervention group showed greater stability, less
overlapping, and more favorable level and trend changes. The
percentage of improvement in the combined intervention group
was higher than that in the first intervention group for both the
number of completed categories (first intervention: 16%-28%;
combined intervention: 30%-45%) and perseverative errors
(first intervention: 5%-16%; combined intervention: 30%-
43%), indicating greater clinical significance of the combined
intervention. Additionally, the Reliable Change Index (RCI)
exceeded the threshold for statistical significance (RCI > 1.96)
in most participants in the combined intervention group.
Furthermore, the Percentage of Non-overlapping Data (PND)
for both the number of completed categories (first intervention:
40%-60%; combined intervention: 80%) and perseverative
errors (first intervention: 40%-60%; combined intervention:
80%-100%) also demonstrated the superiority of the combined
intervention. Across working memory components, the pattern
of change was more favorable in the combined intervention
group than in the first intervention group; however, the
magnitude of change was smaller than that observed for
cognitive flexibility and remained largely at the level of
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statistical significance. The percentage of improvement in the
combined intervention group was greater than in the first
intervention group for overall accuracy (first intervention: 4%—
7%; combined intervention: 9%-15%) and mean reaction time
(first intervention: 1%-5%; combined intervention: 6%—17%),
although the extent of clinical improvement was judged to be
limited in most cases. In addition, the Percentage of Non-
overlapping Data (PND) for overall accuracy (first
intervention: 80%-100%; combined intervention: 80%) and
mean reaction time (first intervention: 60%-80%; combined
intervention: 80%-100%) supported the relative superiority of
the combined intervention group. Moreover, in most
participants in the combined intervention group, the Reliable
Change Index (RCI) exceeded the threshold for statistical
significance (RCI > 1.96). Overall, the findings indicated that
adding olfactory training to Davanloo’s dynamic
psychotherapy was associated with more stable, more robust,
and more effective changes, particularly in cognitive flexibility;
the trajectories of participants’ scores across baseline and
intervention phases for each tier are presented in Figure 1.
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Figure 1: Trajectory of cognitive flexibility and working memory scores across baseline and intervention phases for
participants in both groups
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Conclusion
The present study aimed to examine the effect of adding
olfactory training to Davanloo’s dynamic psychotherapy on
cognitive flexibility and working memory in adolescents with
aggressive behaviors. The findings indicated that Davanloo’s
dynamic psychotherapy can improve cognitive flexibility in
adolescents with aggressive behaviors, and that adding
olfactory training to this intervention enhances its effectiveness
in this component. This finding is consistent with previous
studies (14, 15, 21, 23), which also showed that emotion
regulation-based interventions, Short-Term Intensive Dynamic
Psychotherapy, and cognitive-behavioral approaches can
enhance executive functions, particularly cognitive flexibility,
through improved cognitive control and reduced emotional
tension. The results are also aligned with evidence on the role
of olfactory stimulation in improving the functioning of
prefrontal and limbic networks (24-27). In explaining this
finding, it can be said that Davanloo’s dynamic psychotherapy,
by reducing unconscious conflicts, increasing emotional
awareness, and weakening maladaptive defenses, helps
improved cognitive control. In addition, olfactory training,
through direct stimulation of limbic pathways and
strengthening functional connectivity between the amygdala,
hippocampus, and prefrontal cortex, may enhance the
flexibility of emotion regulation networks and improve
cognitive flexibility (19, 23, 27). Another finding of the study
showed that both interventions led to improved working
memory components; however, the size of these changes was
clinically limited. This result is consistent with previous studies
(20, 28, 29), which also showed that reduced emotional tension
and improved emotion regulation may be associated with
modest improvements in working memory performance. The
present finding is also partly in line with research on the effects
of olfactory stimulation on memory and attention (26, 30). It
can be argued that reduced emotional load and increased
emotional processing capacity during treatment free cognitive
resources for information processing and working memory
functioning. Moreover, olfactory stimulation may have
facilitated modest improvements in working memory through
activation of the hippocampus and networks involved in
emotional encoding; however, more stable changes in this
component likely require longer and more intensive
interventions (31).

Overall, the findings of the present study suggest that adding
olfactory training to Davanloo’s dynamic psychotherapy can be
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considered a complementary approach for enhancing executive
functions in adolescents with aggressive behaviors. However,
the use of a single-case design, small sample size, absence of
an independent control group, and lack of long-term follow-up
limit the generalizability of the findings. Therefore, future
research is recommended to employ randomized controlled
trial designs, larger sample sizes, longer follow-up periods, and
more comprehensive measures of executive functioning.
Furthermore, the use of combined interventions based on
emotional processing and sensory stimulation in counseling
centers and schools may contribute to improving cognitive
functioning and reducing behavioral problems in adolescents.
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15. Limbic system

16. Neuroplasticity

17. Subcortical regions

18. Older adult

19. Neurodegenerative disorders
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. Self-control

. Unconscious conflicts

. Intensive short term dynamic psychotherapy
. Habib Davanloo

. Complex mixed feelings

. Transference

Rage

. Grief

. Guilt

0. Cognitive functions
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4. Multiple probe technique
5. Davanloo’s dynamic psychotherapy
6. Tier
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1. Therapeutic alliance
2. Quasi-experimental
3. Parrallel treatment design (PTD)
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7. Wisconsin card sorting test (WCST)
8. Grant & Berg

9. Completed categories

10. Perseverative errors
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1. N-Back

2. Kirchner

3. Jaeggi

4.n

5. Overall accuracy
6. Reaction time (ms)

| Y D 0 e 5o 600 (10 e AT QgL ]




VEO 5lg o) oslad (A 603 caS 7558 Olyy Cuedhur qu

Oan 5 S g3y 3 gmme 41,85y sl b Ol o5 Jlab abidl 5 o lid s p ool g obilss o 0Ols) 1 e Slomd OV 1o 4 ol o a3 03930 56

Sl lacaglin (2alS ¢ Jool Dlalol s §m o (o fns Ol
ewlods 21b Gilgs Ca b 5 Sloed e O ot Sl
Lile  SUloes Ol iia o 45T Sl gl (55 cpl 35T 6, o)
O e O O R B e
Sl dle SISt 5 4l Ll (6,85 sla S ol 5
dnn 5 Y000 Il 1 e &5 5557505 ol Flie Glaadeud 45 5,0
Sl i L Gltali as ot 3555 1 (6 it LS G clilazily
IS5 0FV) 305 5 g s IS 55 4 a5 5 ¥ Sbmikir (65l L
2 e Sl DL ol Ol Sl s S e b s
93 4S5 Olymsi 5 25355 Slres,S Sl sshilss 2 5055
Jlasl L oY) 54 4 8 15 el 350 on S sl ey
w.\:duv\\:\V@O,ftg\ﬁcﬂéuwuwm);,uw|
L gy o) 5liie BUI 5o (@il Sy ppas Sl Ui
PO o VY slas ¢ g shilss JST a0 3 ois i iseT [SSle 00,
2ol Sl 5s s | ol s oS5 (glazin Sl 3L s (glaids
soblsl g5 Sllualoybys Slas sl ¢ Slays sl sl
GBS (ot 2 Ola)d S el e 5 A S 5 Lagpis
Sl 5515 Ol Jood Sod b (51531 caT TG (lagp s
533 7 28 8 515 Ola b s e (650585 sl S 3ol 5 ¢ oo

Sl 0 45‘)‘\ J)J:- BL PICAN U'-’-‘ QL..J:- 6‘}39'-‘) oldal

6. Fear

7. Multi-dimensional unconscious structural change (MUSC)
8. Transference neurosis

9. Therapeutic alliance
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1. Buss & Perry

2. Physical aggression
3. Verbal aggression
4. Anger

5. Hostility
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3. Rosemary
4. Cinnamon
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