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Introduction: Overweight and obesity are foremost public health concerns. In addition, traditional
weight-loss approaches often fail to yield long-term results. Recent studies suggest that Episodic
Future Thinking (EFT) can be effective in reducing weight and unhealthy food cravings. The
present study aimed to design an online EFT-based intervention and assess its content validity and
preliminary effectiveness on Body Mass Index (BMI) and trait food craving among overweight
and obese women.

Methods: This mixed-method experimental study, employing a one-group pretest-posttest design,
was conducted in 2024. The study population included overweight and obese women, as well as
cognitive psychology and weight-management specialists. In the qualitative phase, the initial ver-
sion of the intervention was reviewed and refined with the participation of five women, followed
by content validation by 11 experts. Following content finalization, participants were recruited

through social media and screened for eligibility before enrollment. In the quantitative phase, 26

Science Studies, Tehran, Iran - . . . .
participants completed a five-session online intervention. BMI and food craving were assessed

Email: Moradi@khu.ac.ir pre- and post-intervention using self-reported weight and height and the Food Craving Question-
naire—Trait. Data analysis involved Content Validity Index (CVI) and paired t-tests.

Results: Results revealed a decrease in mean BMI from 30.61 (SD=4.7) to 29.94 (SD=4.6). The
intervention demonstrated acceptable content validity (CVI=0.90), leading to a small reduction in
e BMI (P=0.568, Cohen’s d=0.008) and a significant reduction in food craving (P< 0.001, Cohen’s
@: @ d=-0.779).

Conclusion: These findings support the potential of EFT-based online interventions for weight
= management. However, further studies with larger samples and control groups are required to

d . | doiorg1030514/icss.27.4.1 confirm and generalize these results.

intervention and its impact on body mass index and trait food craving in overweight and obese women: A preliminary

Citation: Bakht S, Rezapour T, Sadeghi M, Moradi A. Design and validation of an online episodic future thinking-based
study. Advances in Cognitive Sciences. 2026;27(4):1-15.

Extended Abstract

Introduction

Obesity and overweight, particularly among women, are Traditional methods, such as calorie restriction and exer-
associated with an increased risk of chronic diseases such cise often prove ineffective, which has led to the emer-
as diabetes and cardiovascular diseases. Therefore, de- gence of the Episodic Future Thinking (EFT) approach

veloping new strategies for weight reduction is essential. as a promising method. This approach aids individuals
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in envisioning personal futures and making foresighted
choices, potentially resulting in reduced energy consump-
tion and improved health-related decision-making.

In the current research, Body Mass Index (BMI) is em-
ployed to measure obesity and overweight, while the im-
pact of food cravings on eating behaviors is examined.
Although substantial evidence supporting the effective-
ness of this approach exsits, studies have been limited in
addressing its long-term effects. Consequently, integrat-
ing elements such as goal-setting and planning may en-
hance the efficacy of future thinking-based interventions
and strengthen commitment to goals. Accordingly, this
study explores the effectiveness of an expanded interven-

tion, including components of goal-setting and planning.

Methods

This pilot study employed a mixed-method experimental
approach, integrating qualitative and quantitative tech-
niques with a within-group pretest-posttest design. The
qualitative sample comprised five women outside the
main study and 11 specialists, including psychotherapists
and dietitians, while the quantitative sample included 26
women with overweight or obesity. Participants were se-
lected based on specific inclusion criteria (e.g., age 18-45
years, having BMI between 25-35) and exclusion criteria
(e.g., specific medical conditions, ongoing weight-loss
treatments). Convenience sampling was used for partic-
ipant selection. Following content finalization, partici-
pants were recruited through social media and screened
for eligibility before enrollment.

The intervention focused on promoting EFT to improve
dietary behaviors and address overweight issues. EFT in-
volves envisioning positive future scenarios over varying
timeframes and assessing these scenarios for vividness,
pleasantness, and importance. The intervention followed
a theoretical model encompassing four EFT modes: Sim-

ulation (mental imagery creation), prediction (antici-

pating emotions), intention (goal setting), and planning
(step-by-step goal organization).

The intervention was structured as a five-session program
over five weeks. Participants initially visualized 12 pos-
itive events within specific timeframes (e.g., one month,
three months, six months, and one year) and rated them
based on vividness, pleasantness, and importance. They
selected the most motivating event per timeframe and fur-
ther explored these selections during subsequent sessions,
focusing on goal-setting and strategic planning based on
the Szpunar model. Feedback from five women resem-
bling the target demographic and specialists’ reviews
helped refine the intervention for clarity and relevance,
assessed through a Content Validity Index (CVI).

For the quantitative phase, participants were recruited via
a social media poster and completed a preliminary ques-
tionnaire on Porsline platform, collecting demograph-
ic data, BMI, visual imagery clarity, and mental health
scores. Eligible participants had a BMI between 25 and
35, a visual imagery score below 63, and depression
and anxiety scores under specified thresholds. Weekly
online sessions, guided by the primary researcher, were
held over five weeks. Participants received an electronic
manual, a consent form, and a food craving questionnaire
before sessions.

The study utilized the Visual Imagery Questionnaire
(VVIQ) for assessing mental imagery ability, the De-
pression, Anxiety, and Stress Scale (DASS-21) for psy-
chological distress, and the Food Craving Trait Ques-
tionnaire (FCQ-T-r) for food craving traits. Furthermore,
specialists completed questionnaires to evaluate the in-

tervention’s feasibility, clarity, and relevance.

Results
Specialist demographics revealed diverse expertise:
45.5% were in general and clinical psychology, 27.3% in

cognitive psychology, and 27.3% in overweight and obe-

a\
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sity treatment. Their academic ranks ranged from profes-

sor (9.1%) to doctoral student (45.5%), with varying clin-
ical practice experience, from under five years (36.4%) to
over 30 years (9.1%).

The CVI, derived from specialists’ assessments, con-
firmed the intervention’s high feasibility (CVI=0.90),
relevance (CVI=0.90), and clarity (CVI=1.00). Most
specialists found the intervention highly feasible (63.6%)
and highly relevant (63.6%), with all agreeing it was to-
tally clear.

Ol 9 &y ouugw

Post-intervention results showed significant improve-
ments in participants’ BMI and food craving traits. As pre-
sented in Table 1, BMI decreased significantly (P=0.008),
with a mean reduction of 0.674 (SD=1.188), supported by
a moderate effect size (Cohen’s d=0.568). Besides, food
craving traits showed a significant reduction (P<0.001),
with a mean decrease of 8.115 (SD=10.416) and a larger
effect size (Cohen’s d=0.779). These results indicate the
intervention’s efficacy in addressing key outcomes relat-

ed to overweight and obesity.

Table 1. Pre and post-intervention comparison of BMI and food craving

Mean SD 95% CI t Cohen’s D df P-value
BMI 0.674 1.188 0.194-1.154 2.894 0.568 25 0.008
FCQ-T 8.115 10.416 3.900-12.322 3.973 0.779 25 0.001

Conclusion

This study evaluated the effectiveness of an EFT in-
tervention in reducing BMI and food cravings among
overweight and obese women. Based on Szpunar’s EFT
model, the intervention integrated simulation of pleasant
future events with goal-setting, prediction, intentionality,
and planning, delivered across five structured sessions.
Goal-oriented imagery, as recommended by prior re-
search, was included to enhance the intervention’s effec-
tiveness.

The study’s content validity was assessed by 11 special-
ists, including dietitians, obesity psychotherapists, and
cognitive psychologists. Their evaluations confirmed
the intervention's feasibility, relevance, and clarity. The
results demonstrated statistically significant reductions
in BMI (P=0.008, Cohen’s d=0.568) and food cravings
(P<0.001, Cohen’s d=0.779), consistent with prior re-
search supporting EFT’s efficacy in improving dietary

behaviors and weight management by decreasing delay

discounting, a tendency to prioritize immediate rewards
over long-term benefits.

EFT enhances self-control and decision-making by en-
abling individuals to mentally simulate future outcomes.
It reduces impulsive behaviors associated with food
choices by activating neural mechanisms, particularly
within the prefrontal cortex, prioritizing long-term re-
wards and regulates reward networks associated with
cravings. Brain imaging studies show that overweight
individuals often exhibit heightened reward responses
to food cues, which EFT helps to moderate. By visual-
izing positive future outcomes, participants experienced
reduced cravings for high-calorie foods and adopted
healthier eating behaviors.

Despite promising results, the study has limitations, in-
cluding a small sample size, lack of a control group, and
absence of follow-up data to assess the long-term sus-
tainability of outcomes. Future research should address

these limitations by including larger, more diverse pop-

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License
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ulations, control groups, and longitudinal assessments.
Additionally, combining EFT with other behavioral and
cognitive strategies could enhance its effectiveness and
provide a more comprehensive approach to weight man-
agement.

In conclusion, this pilot study demonstrates the poten-
tial of EFT as a neuroscience-informed tool for obesity
prevention and management. The intervention showed
initial effectiveness in reducing BMI and food cravings,
supporting its role as a practical and innovative approach
to weight management. Further research is essential to
optimize and validate this intervention for broader appli-

cation.
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Introduction: Generalized Anxiety Disorder (GAD) is characterized by chronic worry and im-
pairments in cognitive functions, particularly attention associated with alterations in brain wave
patterns. Neurophysiological evidence highlights the critical role of alpha and theta oscillations in
emotion regulation and attentional processes. The present study aimed to investigate the effective-
ness of transcranial Direct Current Stimulation (tDCS) in modulating the absolute power of brain
waves and improving visual and auditory attention in individuals with GAD.

Methods: This randomized, single-blind clinical trial was conducted on 24 individuals aged 18-40
years diagnosed with GAD in Tabriz, Iran. Following psychiatric evaluation and screening using
the Spitzer GAD Questionnaire, participants were randomly assigned to experimental and con-
trol groups (n=12 each). Visual and auditory attentional performance and absolute power of brain
waves were assessed using an integrated attention test and quantitative electroencephalography
(qEEG) before and after the intervention. The experimental group received 17 sessions of tDCS (2
mA, 24 minutes), targeting the orbitofrontal cortex, while the control group received sham stimu-

ment of Cognitive Neuroscience,

. ) lation. Data were analyzed using SPSS-20.
Faculty of Educational Sciences

L Results: Statistical analyses revealed a significant association between changes in brain wave
and Psychology, University of Ta- k. . . N . .

. . activity and levels of visual and auditory attention in individuals with GAD. Specifically, abso-
briz, Tabriz, Iran

lute power of theta and delta bands showed a significant decrease, whereas alpha and beta power
Email: L-mehdizadeh@tabrizu.ac.ir demonstrated a significant increase. Moreover, mean visual attention scores increased from 596.86
to 1836.34, and auditory attention scores rose from 503.57 to 1850.30, indicating substantial im-
t@ provement following the intervention.

a RS -r_ Conclusion: The findings suggest that tDCS effectively modulates electrophysiological brain ac-

d doi.org/10.30514/icss.27.4.16

tivity and leads to significant improvements in visual and auditory attention in individuals with
GAD. These results support using tDCS as a complementary, non-invasive intervention in treating
anxiety disorders.

direct current stimulation on brain wave regulation and attentional performance in individuals with generalized anxiety
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Extended Abstract

Introduction

Generalized Anxiety Disorder (GAD) is a chronic psy- frequently associated with disturbances in attention and
chiatric condition, primarily characterized by excessive concentration, impairing an individual’s ability to pro-
and uncontrollable worry, significantly impacting both cess information efficiently and respond to environmen-

cognitive and emotional functioning. This disorder is
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with deficits in attentional control, which further exacer-
bate the negative impact of the disorder on daily life.
Neurophysiological studies have provided valuable in-
sights into the brain activity associated with GAD, spe-
cifically focusing on the power of brainwaves in regu-
lating cognitive functions. Among the various brainwave
frequencies, theta and alpha waves have garnered partic-
ular interest in the context of anxiety regulation and at-
tentional processes. Theta waves (4-8 Hz) are believed to
play a significant role in regulating cognitive functions,
particularly in attention, while alpha waves (8-12 Hz) are
associated with relaxation and inhibition of irrelevant in-
formation. Studies have shown that absolute theta power
is closely linked with attentional performance, while both
alpha and theta waves are thought to modulate emotional
regulation, including anxiety levels.

Given the critical role of these brainwaves in cognitive
and emotional functioning, the present study seeks to ex-
plore the efficacy of transcranial Direct Current Stimu-
lation (tDCS) in modulating the absolute power of alpha
and theta brainwaves. Moreover, this study aims to assess
the impact of tDCS on improving visual and auditory
attention in individuals diagnosed with GAD. This ap-
proach is based on the hypothesis, modulating brainwave
activity through non-invasive neurostimulation tech-
niques like tDCS may enhance attentional performance

and reduce anxiety-related cognitive deficits.

Methods

This clinical study employed a single-blind, randomized
trial design to evaluate the effectiveness of tDCS on in-
dividuals with GAD. Twenty-four participants, aged
between 18 and 40 years, were recruited from medical
centers in Tabriz, Iran, between 2023 and 2024. Before
participation, all participants underwent clinical eval-
uations conducted by a licensed psychiatrist. The GAD

7-item scale was used for screening to assess the impact

of GAD on individual, social, familial, and occupational
functioning.

The participants were randomly assigned to either the
experimental group (n=12) or the control group (n=12).
Both groups underwent pre- and post-intervention as-
sessments using the Integrated Visual and Auditory Con-
tinuous Performance Test (IVA-2) to measure visual and
auditory attention. Additionally, quantitative electroen-
cephalography (qEEG) was used to record and analyze
the absolute power of alpha and theta brainwaves before
and after the intervention.

The experimental group received tDCS over 17 sessions,
administered every other day. Each session involved 24
minutes of stimulation at an intensity of 2 mA. The stim-
ulation targeted the orbitofrontal cortex, with electrodes
placed at Fpl (anode) and Fp2 (cathode). The control
group received sham stimulation using the same electrode
placements but with no active current. After the interven-
tion, both groups were reassessed using qEEG to measure
changes in alpha and theta wave power and the IVA-2 to

evaluate improvements in attentional performance.

Results

Statistical analyses revealed a significant relationship
between the activity of theta and alpha brainwaves and
visual and auditory attention in individuals with GAD.
Specifically, the absolute power of theta and delta waves
decreased, while the absolute power of alpha and beta
waves increased. The results of which suggest an en-
hancement in the brain’s ability to regulate attentional
and emotional processes.

The attentional performance of participants also improved
significantly following the intervention. Visual attention
scores increased from 596.86 to 1836.34, while auditory
attention scores rose from 503.57 to 1850.30. These re-
sults indicate that tDCS not only modulated brainwave

activity but also positively impact on cognitive functions,
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particularly visual and auditory attention.

The findings of this study provide strong evidence for
the effectiveness of tDCS in modulating brainwave ac-
tivity, specifically alpha and theta waves, and improving
attentional performance in individuals with GAD. These
results align with previous studies that has demonstrated
the beneficial effects of non-invasive brain stimulation
techniques, such as tDCS, in enhancing cognitive func-
tions and regulating emotional processes.

The decrease in theta wave power observed in this study
may reflect a reduction in the cognitive disruptions
caused by anxiety. Theta waves are often associated with
increased worry and rumination, which are core features
of GAD. By modulating theta wave activity, tDCS may
help alleviate the attentional deficits typically observed
in individuals with anxiety. The increase in alpha wave
power suggests a shift towards a more relaxed and fo-
cused state, crucial for improving attentional control and
reducing distractibility.

The improvements in both visual and auditory attention
observed in this study are particularly noteworthy, as at-
tentional deficits are one of the most common cognitive
impairments in individuals with GAD. These findings
suggest that tDCS can enhance both sensory modalities,
providing a more holistic approach to improving cogni-

tive performance in individuals with anxiety disorders.

Conclusion

In conclusion, this study demonstrates that tDCS is an
effective intervention for modulating the absolute power
of alpha and theta brainwaves and improving attention-
al performance in individuals with GAD. These results
support the potential use of tDCS as a therapeutic tool
for enhancing cognitive functions and alleviating anxi-
ety-related impairments in attention. However, further re-
search is needed to optimize tDCS protocols, investigate

the long-term effects of this neuromodulation technique,
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and explore its potential applications in clinical settings
for anxiety-related disorders.

Future studies should focus on refining the stimulation
parameters, such as electrode placement, current intensi-
ty, and duration of treatment, to maximize the therapeu-
tic benefits of tDCS. Additionally, longitudinal studies
are required to assess the long-term efficacy of tDCS and
determine whether its effects are sustained over time.
Further studies into the neural mechanisms underlying
the observed changes in brainwave activity and atten-
tional performance will also be valuable for understand-
ing the precise mechanisms of action of tDCS in anxiety

disorders.
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Extended Abstract

Introduction

Schizophrenia is one of the most severe and complex auditory hallucinations experienced by up to 70% of pa-
psychiatric disorders, characterized by profound dis- tients and are strongly associated with emotional distress,
turbances in perception, cognition, emotion, and social impaired daily functioning, and reduced quality of life.

functioning. Among its most debilitating symptoms are
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phrenia, affecting attention, memory, executive function-
ing, and problem-solving skills. Hence, it is considered
as one of the best predictors of functional outcome. De-
spite advances in pharmacotherapy, a substantial propor-
tion of patients continue to experience persistent auditory
hallucinations and cognitive deficits, often resistant to
standard treatment approaches.

Virtual Reality (VR) therapy has emerged as a promising
intervention in psychiatric rehabilitation. By providing
immersive, interactive, and ecologically valid environ-
ments, VR enables the simulation of real-life situations,
offering opportunities for targeted cognitive training
and controlled exposure to symptom-triggering stimuli.
Preliminary studies have demonstrated VR’s potential
in reducing psychotic symptoms, enhancing cognitive
functioning, and improving psychosocial outcomes.
However, empirical evidence regarding its effectiveness,
specifically for auditory hallucinations and cognitive
deficits in schizophrenia remains limited, especially in
non-Western populations.

The present study aimed to evaluate the effectiveness of
an eight-session VR-based therapeutic program in re-
ducing auditory hallucinations and improving cognitive
functioning in individuals with schizophrenia. The hy-
pothesis stated that participants in the VR therapy group
would achieve superior outcomes in both areas compared

to the treatment-as-usual control group.

Methods

This study employed a randomized controlled pre-
test-posttest design with two parallel groups: An exper-
imental group that received VR therapy and a control
group that received treatment as usual. The research pop-
ulation comprised all individuals diagnosed with schizo-
phrenia who attended psychiatric treatment and rehabili-
tation centers in Ardabil, Iran, in 2024. Inclusion criteria

included a confirmed diagnosis of schizophrenia accord-

ing to the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) criteria by a qualified
psychiatrist, age between 20 and 50 years, persistence of
auditory hallucinations despite ongoing pharmacologi-
cal treatment, and willingness to participate in the study.
Exclusion criteria included comorbid neurological disor-
ders, substance abuse within the last six months, and se-
vere visual or auditory impairments preventing VR use.
A purposive non-random sampling method was used to
recruit 30 eligible participants, who were then randomly
assigned to the experimental (n=15) and control (n=15)
groups. The experimental group underwent eight 90-min-
ute VR therapy sessions over four weeks (two sessions
per week). while the control group received no interven-
tion. The VR program was delivered via a head-mounted
display and specialized software designed to address both
auditory hallucinations and cognitive deficits. Interven-
tion components included:

- Simulated social environments incorporating
controlled auditory stimuli to facilitate coping with hal-
lucination triggers.

- Cognitive training tasks targeting memory, atten-
tion, and executive function, integrated into VR scenari-
0s.

- Guided therapeutic discussions after each VR
session to consolidate learning and strategies.

The control group continued to receive standard psychi-
atric care, including pharmacotherapy and routine psy-
chosocial support, without VR exposure.

Outcome measures included the Auditory Hallucinations
Rating Scale (AHRS; Alnay & Slade, 1981) and the Mon-
treal Cognitive Assessment (MoCA). Both instruments
were administered at baseline (pretest) and immediately
after the 4-week intervention period (posttest).

Data were analyzed using multivariate analysis of cova-
riance (MANCOVA) to compare posttest scores between

groups while controlling for baseline differences. Effect
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sizes (partial eta squared) were calculated to assess the
magnitude of observed effects. Statistical significance
was set at P<0.05, and all analyses were conducted using

SPSS (Version 26).

Results

At baseline, no statistically significant differences were
observed between the experimental and control groups
in terms of demographic characteristics, severity of au-
ditory hallucinations, or overall cognitive performance
(P>0.05 for all comparisons). Mean pretest AHRS scores
were 27.40 (SD=4.12) in the experimental group and
26.93 (SD=3.87) in the control group, while mean MoCA
scores were 19.27 (SD=2.35) and 19.13 (SD=2.41).
After the intervention, MANCOVA results revealed
a statistically significant multivariate effect of group
membership on the combined dependent variables
(Wilks’ Lambda=0.39, F (2, 26)=20.55, P<0.001, partial
1n>=0.61), indicating that the intervention had a substan-
tial overall impact.

After controlling for pretest scores, univariate ANCOVA
results revealed as follows:

Auditory Hallucinations: The experimental

group
demonstrated significantly lower posttest AHRS scores
(M=15.27, SD=3.14) compared to the control group
(M=25.47, SD=3.68), F(1, 27)=36.42, P<0.001, partial
1n%=0.57. Reductions were observed across multiple di-
mensions, including frequency, duration, loudness, and
distress associated with hallucinations, with the largest
relative improvement in the distress subscale.

Cognitive Function: The experimental group achieved
significantly higher posttest MoCA scores (M=24.20,
SD=2.18) than the control group (M=19.73, SD=2.49),
F(1, 27)=28.76, P<0.001, partial n>=0.52. The greatest
gains were observed in attention, delayed recall, and ex-
ecutive functioning.

No adverse events related to VR use were reported. Par-

ticipant feedback indicated that the immersive VR en-
vironment enhanced engagement, motivation, and the
perceived relevance of therapeutic exercises. Several par-
ticipants emphasized that repeated exposure to simulated
hallucination-like stimuli enabled them to develop cop-
ing strategies—such as selective attention techniques and
reality-testing—that transferred effectively to real-world
situations.

These findings support the hypothesis that VR therapy
can simultaneously target positive symptoms and cogni-
tive deficits in schizophrenia, offering a dual therapeu-
tic benefit beyond standard care. The large effect sizes
observed suggest that the intervention’s impact was both
statistically significant and clinically meaningful, with

potential for long-term functional benefits.

Conclusion

The present study provides evidence that VR therapy is
an effective and feasible adjunctive treatment for indi-
viduals with schizophrenia, capable of reducing the se-
verity of auditory hallucinations and improving cognitive
functioning within a relatively short intervention period.
By combining symptom-specific exposure exercises with
cognitive training in an immersive environment, VR ther-
apy addresses two core domains of schizophrenia that are
often resistant to conventional treatments.

These findings have significant clinical implications,
suggesting that VR-based interventions can be integrated
into psychiatric rehabilitation programs to enhance pa-
tient outcomes. The portability and adaptability of VR
technology make it suitable for both inpatient and out-
patient settings, and its engaging format may improve
adherence to therapy.

Nevertheless, certain limitations should be acknowl-
edged. The relatively small sample size and short fol-
low-up period limit the generalizability and durability

of the observed effects. Future research should replicate
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these findings in larger, more diverse samples, explore
long-term outcomes, and investigate the cost-effective-
ness of VR therapy in routine care.

In conclusion, VR therapy represents a promising in-
novation in treating schizophrenia, with the potential to
complement existing pharmacological and psychosocial
interventions. By leveraging immersive technology to
deliver targeted, individualized therapy, mental health
professionals can offer new hope for improving the lives
of patients facing the challenges of persistent auditory

hallucinations and cognitive impairment.
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Extended Abstract

Introduction

Creativity, a higher-order cognitive function, plays a novel and diverse ideas, while convergent thinking fo-
crucial role in innovation. As a multifaceted construct, cuses on evaluating options to identify optimal solutions.
creativity encompasses both divergent and convergent Cognitive neuroscience studies suggest that creativity

thinking. Divergent thinking facilitates the generation of relies on the interplay of executive brain functions, par-
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ticularly within the prefrontal cortex, which is crucial for
generating ideas and inhibiting habitual responses.
Neuroimaging techniques, such as electroencephalogra-
phy (EEG), enable the investigation of the neural mech-
anisms underlying creativity by measuring brain activ-
ity across distinct bands, including gamma, beta, alpha,
theta, and delta. Evidence suggests that increased alpha
activity supports internalization and creative ideation,
whereas gamma oscillations are associated with memory
retrieval and complex problem-solving.

Brainwave entrainment, achieved through auditory or vi-
sual stimulation such as binaural beats, represents a non-
invasive neuromodulation approach capable of modulat-
ing neural activity and enhancing cognitive performance.
Binaural beats occur when two slightly different frequen-
cies are presented to each ear, resulting in the perception
of a third beat frequency in the brain that may synchro-
nize with specific neural oscillations.

Findings indicate that binaural beats can influence men-
tal states, attention, working memory, and creativity, al-
though these effects may vary based on individual neu-
rophysiological profiles. Building on this background,
the present study aimed to compare the effectiveness of
binaural beat stimulation in the alpha and gamma fre-
quency range versus a combined alpha-gamma protocol
in enhancing creativity, working memory, and informa-
tion processing among adults aged 25 to 40. While previ-
ous studies have examined these frequencies in isolation,
there has been limited research comparing their com-
bined effects or focusing specifically on a mature adult
population. Thus, this study contributes to addressing this
gap by investigating whether the combination of alpha
and gamma binaural beats yields superior outcomes in

creativity-related cognitive functions.

Methods

The study employed a quasi-experimental, pretest-posttest

design with a one-month follow-up. Forty-eight partici-
pants, aged 25 to 40, were selected through convenience
sampling and were randomly assigned to one of three
groups (n=16 per group):

Group 1: Alpha-only stimulation,

Group 2: Gamma-only stimulation,

Group 3: Combined alpha and gamma stimulation, ad-
ministered as alpha at night and gamma in the morning
to align with circadian rhythms and maximize effective-
ness.

Participants completed three standardized cognitive tasks
before and after the intervention:

The Torrance Tests of Creative Thinking (TTCT, Abedi
version) to assess divergent thinking,

The N-Back task to evaluate working memory capacity,
The Symbol Digit Modalities Test (SDMT) measures in-
formation processing speed.

The intervention lasted four weeks, during which partic-
ipants listened to their assigned binaural beats daily us-
ing headphones in a controlled environment. Following
the one-week intervention, post-tests were administered,
and a delayed follow-up assessment was conducted one
month later to evaluate the persistence of any observed
effects. Data were analyzed using a mixed-method ANO-
VA, with time (pre-test, post-test, and follow-up) serving
as the within-subject factor and group (alpha, gamma,
and alpha-gamma) as the between-subject factor. Anal-
yses were conducted using SPSS version 27, and signifi-

cance was established at P<0.05.

Results

The demographic analysis revealed that 62.5% of partic-
ipants were female, and 87.5% were single. The results
demonstrated variations in mean scores for creativity,
working memory, and information processing measures
across the three time points following the interventions.

Normality assumptions, evaluated using the Shapiro—

a\
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Wilk test, were satisfied (P<0.05), and Levene’s test con-
firmed the homogeneity of variances (P<0.05). However,
Box’s M test indicated that the assumption of covariance
matrix homogeneity was not met (F=0.881, P=0.69);
consequently, the Pillai’s trace statistic was reported.
Analysis of the main effects indicated no significant dif-
ferences between intervention groups (type of brainwave
stimulation) or significant interaction effects. In contrast,
the within-subjects effect of time was significant, indicat-
ing changes across the pre-test, post-test, and follow-up.
Pairwise comparisons demonstrated that working mem-
ory and information processing scores significantly im-
proved over time within each group following the binau-
ral beat interventions.

Bonferroni post-hoc tests confirmed significant differ-
ences between the pre-test and post-test, as well as be-
tween the pre-test and follow-up, for working memory
and information processing (P<0.05). However, no sig-
nificant differences were found between the post-test and
follow-up, suggesting that the improvements were main-

tained over time.

Conclusion

Overall, these findings suggest that binaural beat inter-
ventions positively influenced students’ working memo-
ry and information processing speed. Although creativity
scores varied across time points, no significant differ-
ences were observed between intervention groups. Im-
portantly, the effects on working memory and processing
speed persisted through the follow-up phase, underscor-
ing the potential of binaural beat stimulation as a sus-

tained cognitive enhancement tool for adults.
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Introduction: Relational Frame Theory (RFT) posits Arbitrary Applicable Relational Respond-
ing (AARR) as the foundation of language and cognition. The Hyper-Dimensional Multi Lev-
el (HDML) framework operationalizes complexity as a key dimension influencing AARR. This
study examined the interaction between complexity and repeated measurement on AARR perfor-
mance within a dynamic paradigm.

Methods: Sixty participants were tested using Implicit Relational Assessment Procedure (IRAP),
including symbolic stimuli (e.g.,*)))”” and “!!!”’) and contextual cues (OST, UNR, ALB), in a be-
tween-subjects design. Task complexity (Low vs. High) was manipulated, and performance was
assessed across two consecutive measurement points (Setl, Set2). Data from 5,077 trials were
analyzed using Generalized Linear Mixed Models (GLMM) in SPSS.

Results: For Response Time (RT), a significant Measurement PointxComplexity interaction was
observed ($=0.260, P<0.001). Simple slopes analysis revealed a crossover pattern: RT increased
from Setl to Set2 in low-complexity trials (3.89 ms to 4.28 ms) and decreased in high-complexity
trials (4.12 ms to 3.49 ms). For accuracy, only the main effect of Measurement Point was significant
(B=-1.243, OR=0.288, P<0.001), indicating a general decline at the second measurement. The main
effect of Complexity (P=0.837) and the interaction (P=0.291) were not significant for accuracy.
Conclusion: The crossover interaction for RT indicates that task complexity moderates the effect
of repeated measurement on processing efficiency. These findings suggest that complexity shapes
cognitive demand and adaptive potential, and that simple versus complex relational networks en-

gage distinct adaptive processes over time.

Citation: Jamaloo A, Hasani J, Mohammadkhani Sh. The interactive effects of complexity and measurement repetition
on relational networks: A hyper-dimensional multi level approach. Advances in Cognitive Sciences. 2026;27(4):59-76.

Extended Abstract

Introduction

Understanding the mechanisms underlying human lan- the core process enabling humans to form and apply rela-
guage and cognition has long been a central challenge tional frames in novel contexts. The Hyper-Dimensional
in psychology. Relational Frame Theory (RFT) posits Multilevel (HDML) framework extends RFT by opera-

Arbitrary Applicable Relational Responding (AARR) as
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ing cognitive processing and relational learning.

Complexity, in this context, quantifies the task’s struc-
tural intricacy through the density, number, and intercon-
nections of its relational components, directly correlating
with augmented cognitive load and heightened working
memory requirements. While previous studies have ex-
plored the role of complexity in relational learning, the
dynamic interaction between complexity and repeated
exposure over time remains underexplored. This study
aimed to investigate how complexity moderates the ef-
fects of repeated measurement on AARR performance
within a dynamic, clinically relevant paradigm.

By examining changes in RT and accuracy across two
measurement points, the research sought to uncover how
complexity behaves in accordance with changes in tem-
poral variables. The findings contribute to the develop-
ment of more effective interventions in clinical and ed-
ucational settings by highlighting the differential impact
of complexity on cognitive processes. Additionally, the
study aligns with recent calls for more ecologically val-
id and functionally dynamic paradigms in RFT research,
emphasizing the importance of contextual and temporal

factors in shaping relational responding.

Methods

Sixty native Persian-speaking participants were recruited
from the Karaj Campus of Kharazmi University using fly-
ers and were randomly assigned to either a Low or High
complexity condition. The study employed a between-sub-
jects design, with each participant completing the task un-
der only one complexity condition. Each participant re-
ceived a gift card valued at 1,000,000 IRR (approximately
1.5 USD) as compensation for participation.

The experimental paradigm was based on the Implicit
Relational Assessment Procedure (IRAP), using sym-
bolic stimuli (e.g.,*)))”, “!!!”’) and contextual cues (OST,

UNR, ALB) to elicit relational responding. Complexity

was manipulated by introducing a new relational ele-
ment (“+++”) and varying the relational structure (e.g.,
E>A=B>C=D for low complexity vs. A=B>E>C=D for
high complexity).

Performance was assessed at two consecutive measure-
ment points (Setl and Set2) to examine the effects of
repeated exposure. A total of 5,077 trials were collected
and analyzed using Generalized Linear Mixed Models
(GLMM) in SPSS. The primary measures were RT and
accuracy. RT was modeled using a Gamma distribution
with a log link function, while accuracy was modeled us-
ing a binomial distribution with a logit link function. Fixed
effects included measurement point, complexity, and their
interaction. Random intercepts were included for partic-
ipant ID to account for individual variability. The study
was conducted in a controlled laboratory environment us-
ing a standardized computer setup to ensure consistency
in stimulus presentation and response recording.

All participants provided informed consent, and the study
was approved by the Institutional Review Board (IRB)
of the Kharazmi University. The experimental procedure
was designed to mimic clinical simulation, allowing for
the assessment of relational learning in a context that

closely resembles real-world cognitive demands.

Results

Descriptive statistics were calculated for participants’
performance across the four experimental conditions
(ComplexityxMeasurement Point). Overall, accuracy
was relatively high in the first measurement point, but a
general decline in accuracy was observed in the second
measurement. RT, on the other hand, showed a clear pat-
tern of variation across conditions, with notable differ-
ences between low and high complexity trials.

To further examine the effects of complexity and re-
peated measurement on performance, GLMM were

employed. The final model estimates are summarized

a\
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in Table 1. The analysis revealed a significant interac-
tion between measurement point and complexity for RT
(B=0.260, SE=0.030, t=8.67, P<0.001). Simple slopes
analysis indicated a crossover pattern: In low-relation-
al-complexity trials, RT increased from Setl (M=3.89
ms) to Set2 (M=4.28 ms), while in high-relational-com-
plexity trials, RT decreased from Setl (M=4.12 ms) to
Set2 (M=3.49 ms).

These findings suggest that repeated exposure to high-re-
lational-complexity tasks leads to improved processing
efficiency, whereas low-relational-complexity tasks may
result in a decline in performance over time.

In contrast, the main effect of Measurement Point was
significant for accuracy (p=-1.243, SE=0.149, z=-8.34,
P<0.001), indicating a general decline in accuracy at
the second measurement point. However, neither the
main effect of Complexity (B=-0.038, SE=0.186, z=-
0.20, P=0.837) nor the interaction between Complexity
and Measurement Point (=-0.187, SE=0.179, z=-1.05,
P=0.291) reached statistical significance for accuracy.
These results highlight the differential impact of com-
plexity on processing speed versus accuracy, with com-
plexity playing a more pronounced role in modulating RT
than in influencing accuracy.

The observed patterns suggest that high-relational-com-
plexity tasks may initially impose a greater cognitive load
but allow for more substantial improvements in efficien-
cy through repeated exposure. In contrast, low-relation-
al-complexity tasks may become less engaging over time,
leading to a decline in performance. These findings sup-
port the HDML framework’s assertion that complexity is

a dynamic and modulatory factor in relational learning.

Conclusion
The observed crossover interaction in RT provides strong
evidence that Complexity moderates the effect of repeat-

ed measurement on processing efficiency. The findings

suggest that complexity is not merely a passive charac-
teristic of the task but an active determinant of cognitive
demand and adaptive potential.

The differential patterns observed in low- and high-re-
lational-complexity conditions indicate that individuals
may engage in distinct adaptive processes depending on
the relational demands of the task. Specifically, repeated
exposure to high-relational-complexity tasks appears to
facilitate the development of more efficient processing
strategies, whereas low-relational-complexity tasks may
lead to a decline in performance over time.

These results have significant implications for the de-
sign of relational learning interventions, particularly in
contexts where cognitive flexibility and adaptability are
critical. Future research should explore the mechanisms
underlying these adaptive processes and investigate how
they can be optimized through targeted training and con-
textual manipulation to design more effective cognitive
interventions. Additionally, the study highlights the im-
portance of using ecologically valid paradigms, reflect-
ing the dynamic and interactive nature of real-world ther-
apeutic settings.

By incorporating repeated measurement and complexi-
ty manipulation, this research contributes to the growing
body of evidence supporting the HDML framework and its

potential applications in clinical and educational settings.
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pants were approved by the Institutional Review Board
(IRB) of Kharazmi University (Ethics Code: IR.KHU.
REC.1402.119). Participants were fully informed about

the nature of the study and provided written informed
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Introduction: This study examined recognition of words with emotional content in individuals
with Autism Spectrum Disorder (ASD) compared to typically developing peers.

Methods: Individuals with ASD (n=20) and typically developing youth (n=20) aged 8.5 to 17.5
years performed an emotional valence judgment task using neutral and emotional words. Reaction
time and accuracy of responses were recorded.

Results: A repeated measures analysis of variance revealed that accuracy of responses was affect-
ed by emotional content (P=0.000). Nevertheless, the interaction of group and emotion was not
significant (P>0.05). Positive words were associated with a higher number of correct responses
than negative and neutral words. Reaction time was not affected by emotion (P=0.876), and no
difference was observed between groups (P>0.05).

Conclusion: Participants recognized positive words more accurately than negative and neutral
words, which may be due to the ease of understanding positive emotion and its effects on increas-
ing focus and cognitive and social resources. No differences were observed between the groups in

accuracy and reaction time.

Citation: Rezvani-Dehaqani R, Tehrani-Doost M, Khosrowabadi R, Sadeghi M. Recognizing emotional words in individ-
uals with autism spectrum disorder. Advances in Cognitive Sciences. 2026;27(4):77-88.

Extended Abstract

Introduction

Humans use language to communicate with each other.
Language is a prevailing tool for expressing emotions
and can also influence the emotional state of others.

Research has shown that emotional value significantly

impact on word recognition speed. Increased word pro-
cessing speed can facilitate the development of expres-
sive language. Consequently, it accelerates the develop-

ment of communication skills. Kuhl’s study showed that
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word comprehension can even be a strong predictor of
cognitive communication skills in older adults.

One of the common disorders facing significant challeng-
es in processing emotion is Autism Spectrum Disorder
(ASD). Individuals with ASD experience impairments in
communication and social interactions, as well as limited
and repetitive behaviors.

Individuals with ASD have challenges in comprehend-
ing and interpreting emotional cues, specifically through
verbal communication. These issues can result in consid-
erable deficits in social functioning.

In typical population, emotional words are generally rec-
ognized faster and more accurately than neutral ones.
Some studies discovered that positive and negative words
elicited shorter reaction times and higher accuracy than
neutral words, while recognizing emotion-laden words in
ASD faces many ambiguous.

Limited studies on emotional word recognition exist in
ASD. Only two studies have investigated visual emo-
tional word recognition in individuals with ASD. In the
Persian language, no study is available on this topic in
individuals with ASD. Therefore, this study investigat-
ed behavioral responses to emotion-laden words in indi-
viduals with ASD compared with a typically developing
(TD) group.

Methods

Twenty boys were diagnosed with high functioning ASD
and twenty TD boys, aged 8.5 to 17.5 years, who were
matched on age and 1Q, were recruited for this study. The
ASD and TD groups were selected from rehabilitation
centers and schools in Tehran, Iran, using convenience
sampling. Inclusion criteria for the ASD group were the
diagnosis of ASD based on the Diagnostic and Statisti-
cal Manual of Mental Disorders, Fifth Edition (DSM-
5) criteria through a clinical interview by a consultant

child and adolescent psychiatrist. Diagnosis and symp-

ESLb agls (slmajl Al

tom severity were confirmed using the Autism Spectrum
Screening Questionnaire (ASSQ) and Social Responsive-
ness Scale-2 (SRS-2). In both groups, inclusion criteria
included normal intelligence (Wechsler 1Q>70), absence
of uncorrected vision and hearing problems, literacy in
reading and writing, Farsi identified as their primary lan-
guage, and no diagnosis of dyslexia, neurologic disor-
ders, or major psychiatric conditions. The control group
was evaluated through an interview to be free of any psy-
chiatric disorders, including Attention-Deficit/Hyperac-
tivity Disorder (ADHD) and emotional problems.
Measures

Emotional words task

One hundred twenty words were selected from a data-
base of emotional words, which had been validated for
Farsi-speaking children based previous studies. The total
words were divided in terms of positive, negative, and
neutral contents equally. Each word was presented in
black font on a 9.5%9.5 cm gray background. The task
consisted of 4 blocks in which 30 words were present-
ed randomly for 2500ms, followed by a blank of 1000
to 1300ms. Participants then instructed to press a key to
recognize the valence of each word. The stimulus and re-
sponse order are shown in Figure 1.

Procedure

Parents completed the SRS-2 and ASSQ questionnaires.
Meanwhile, participant intelligence was measured using
Wechsler-1V for boys aged 8 years 6 months to 16 years,
and Wechsler-III for boys aged 17 years to 17 years 6
months. At the second session, the participants were in-
structed to recognize the valence of the words based on
Emotional Word Task.

Statistical analysis

Statistical analyses were performed using SPSS version
26 (SPSS Inc, Chicago, IL, USA). The repeated measures
ANOVA was used to find the effect of emotion and group

on both accuracy and reaction time.

d This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

| b P 50 (Sls Slals (ol 5l

ol g SBe Jlgs; andl,

Results

No significant differences were found between the two
groups (typical, ASD) in terms of chronological age
(P=0.762) and general IQ (P=0.068). However, significant
differences were observed in the mean scores of the SRS-
2 and ASSQ between the two groups (P=0.000 for both).
Social problems were characterized by high scores on the
ASSQ and the SRS-2. The social scales of ASSQ and SRS-
2 had a strong positive correlation (r=0.936, P=0.000).
The Shapiro-Wilk test was performed to check the nor-
mality of the data before the analysis. The p-value indi-
cated that the data for all variables, followed a normal
distribution (P>0.05).

Two behavioural variables were assessed: Accuracy and
Reaction time.

Accuracy

A repeated measures ANOVA, with correct responses as
the dependent variable and emotion (positive, neutral, and
negative) as the independent variables, was conducted.
The repeated measures ANOVA showed a significant
main effect of emotion (F (2,76)=15.799, P=0.000)
and of group (F (1,38)=20.904, P=0.000). However,
the group by emotion interaction was not significant (F
(2,76)=1.298, P=0.279).

The Bonferroni post-hoc test showed that participants had
more correct responses for positive emotion compared to
negative (P=0.000) and neutral words (P=0.000). How-
ever, the difference in correct responses between nega-
tive and neutral was not significant (P=0.342).

Reaction time

The next variable was reaction time. The repeated mea-
sures ANOVA, with reaction time as the dependent vari-
able and emotion (positive, neutral, and negative) as the
independent variable was performed.

The repeated measures ANOVA showed no significant
main effect of emotion (F (2,76)=0.133, P=0.876) and
of group (F (1,38)=1.500, P=0.228), and no significant

group by emotion interaction (F (2,76)=0.371, P=0.692).

Conclusion

The present study aimed to investigate whether the recog-
nition of emotional words in individuals with ASD differs
from that in TD individuals. Therefore, behavioral respons-
es, including accuracy and reaction time, were examined
using an emotional valence judgment task. The findings
showed higher accuracy for positive emotional words than
for the other two categories, while mean reaction times
across emotional words were not significantly different.
Furthermore, the ASD and TD groups did not differ in ei-
ther accuracy or reaction time. Overall, individuals with
ASD performed similarly to the TD group in emotion-laden
word recognition. The absence of significant group differ-
ences may be explained by the possibility that lower-level
lexical processing remains relatively preserved. Individuals

with ASD may rely on preserved lexical-semantic access.
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Introduction: Numerous studies have demonstrated that comprehending counterfactual condi-
tionals (e.g., “If he had woken up early, he would have gotten Sangak (bread)”) involves acti-
vating two distinct meanings: 1) The conjecture (getting Sangak) and 2) The presupposed facts
(not getting Sangak). The present study aimed to compare the timing and sequence of activating
these two meanings during the comprehension of affirmative and negative Persian counterfactual
conditionals.

Methods: The database used in this study consisted of 256 short scenarios, organized into eight
sets of 32. In each set, half of the short scenarios were affirmative counterfactual conditionals, and
half were negative. Using a visual-world paradigm with eye-tracking, this research examined the
activation of both meanings during sentence processing. Fixation probability data from 32 native
Persian speakers (21 women, 11 men; mean age=22.34 years) were analyzed.

Results: The results revealed that during the comprehension of both types of counterfactual con-
ditionals, Persian speakers represented both meanings. They first activated and fixated on the pre-
supposed facts before considering the conjecture. Eye-tracking data revealed significantly longer
fixation durations on presupposed facts compared to the conjecture, across both types of sentences.
Observations on how the specificity of presupposed facts influenced fixations in both types of
sentences suggested that the higher specificity of presupposed facts in negative counterfactuals
led Persian speakers to focus on them earlier, though fixation durations did not differ significantly.
Conclusion: Findings align with the Mental Model Theory and Reality Bias in the comprehension

and processing of counterfactual conditionals in Persian.

Citation: Heydari F, Bahrami-Khorshid S, Golbazi Mahdipour A, Taheri M. Understanding counterfactual conditionals in
Persian: Evidence from eye-tracking. Advances in Cognitive Sciences. 2026;27(4):89-102.

Extended Abstract

Introduction

A counterfactual conditional, such as “If he had woken situation—expressing hypothetical possibility, desirabil-
up early, he would have gotten Sangak (bread)”, exhibits ity, or intent (explicit meaning)—while the second layer
a dual-layered semantic structure comprising two distinct signals its non-occurrence (implicit meaning). Together,
components. The first layer conveys the potentiality of a these components constitute the core meaning of counter-
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factuals (3). Cognitive theories diverge in their accounts
of how counterfactuals are processed. Some propose that
comprehension depends solely on representing the explic-
it meaning (4, 5), whereas others, such as Johnson-Laird
and Byrne’s Mental Model Theory, posit that successful
interpretation requires integrating both semantic layers:
The explicit (conjecture possibility) and the implicit
(presupposed facts possibility) (6, 7). According to this
view, comprehending a counterfactual entail mentally
representing at least two possibilities—one reflecting the
explicit hypothetical meaning, while the other represents
the implicit factual meaning.

Empirical support for this dual representation comes
from online and offline studies in English and Spanish,
demonstrating the activation of both possibilities during
counterfactual processing. However, no psycholinguistic
research has yet investigated this phenomenon in Per-
sian. The present study addresses this gap by examining
whether Persian counterfactual conditionals similarly
trigger the activation of two possibilities, and how the
timing and sequence of their activation differ between af-

firmative and negative counterfactual conditionals.

Methods

Aligning with the work of Orenes et al (2021) (21), the
present constructed a database comprising eight sets of
32 short scenarios each, for a total of 256 short scenar-
ios. Each short scenario consisted of three sentences:
The first sentence served as the introductory sentence.
The second sentence was the target sentence, a counter-
factual conditional. The distribution of target sentences
was balanced, with 50% affirmative and 50% negative
counterfactual conditionals. The third sentence, serving
as the comprehension sentence, assessed the partici-
pants’ understanding of the target sentence. See the fol-
lowing example of a short scenario derived from a main

scenario:

. Yesterday morning, Ali went to the bakery. If he
had woken up early, he would have gotten Sangak. Ali
got Sangak.

To investigate the timing and sequence activation of both
possibilities, this study used a visual-world paradigm
with eye-tracking. Following participant preparation and
familiarization with the procedure, and after the calibra-
tion steps were completed, the test was launched on the
system. The procedure was as follows: Simultaneously
with the display of a plus sign (+) in the center of the
screen to correct for eye movements, the introductory
sentence of the trial was played and heard. Subsequent-
ly, four phrases as areas of interest corresponding to the
conjecture, the presupposed facts, and two distractors ap-
peared on the screen. While they were still displayed, the
counterfactual conditional sentence (the target sentence)
was played and heard. Then, the display of the four
phrases ended, and they were removed. Immediately, a
third sentence (the comprehension sentence) replaced
them and was shown. Participants read the comprehen-
sion sentence and indicated their understanding of the
target sentence. Participants’ eye movements were re-
corded using a Tobii TX300 eye tracker. The eye tracker
recorded gaze position and eye movements at 250 Hz
from both eyes. The sampling procedure was implement-
ed and executed using Tobii Pro Lab software version
1.241. Using R software (version 4.3.1), fixation proba-
bility data from 32 native Persian speakers (21 females,
11 males; mean age=22.34 years) were analyzed. Partic-
ipants either had normal vision or corrected to normal
(via glasses or contact lenses), with no reported hearing

or visual impairments.

Results
Upon hearing affirmative and negative counterfactuals,
participants focused on both the conjecture and the pre-

supposed facts. They looked at the presupposed facts first

a\
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(with fixation probabilities of 0.02 for affirmative and

0.01 for negative), and later the conjecture. They general-
ly increased their focus on presupposed fact phrases early
in the temporal processing of both types of counterfactual
conditionals. They maintained their focus on conjecture
phrases at approximately baseline rates in affirmative
counterfactual conditionals. This focus on both presup-
posed facts and conjecture phrases persisted throughout
the measurement period in affirmative counterfactual
conditionals. However, However, under negative coun-
terfactual conditions, attention to conjecture phrases ex-
hibited a slight decline relative to baseline, indicating
that this focus was not sustained across the measurement
period. In contrast, attention to presupposed fact phrases
remained consistent throughout the measurement period.
Clearly, attention to presupposed facts was greater and
remained stable. Moreover, they focused on the presup-
posed facts (with fixation probabilities of 44.07% for
affirmative and 42.2% for negative) more than the con-
jecture in both counterfactuals. The data suggest that the
higher specificity of presupposed facts in negative coun-
terfactuals prompted an earlier attentional shift among
Persian speakers, although no significant difference in
fixation duration was observed. Ultimately, the sum of
the fixation probabilities on the presupposed facts and the
conjecture in an affirmative counterfactual was greater

than that of a negative counterfactual.

Conclusion

These findings not only corroborate previous online and
offline studies demonstrating the activation and presence
of dual meanings during counterfactual comprehension
but also align with eye-tracking studies that document
this dual representation. These findings support the men-
tal models theory while contradicting competing the sup-
positional theory.

The study highlights that Persian speakers primarily and

Ol es 9 (5 0> abld

more strongly activate presupposed facts rather than con-
jectures when processing both affirmative and negative
counterfactuals. The primary attention to presupposed
facts likely stems from their more reliable and stable na-
ture. It aligns with mental models theory. mental models
theory posits a reality bias in the processing of condi-
tional sentences. This means that even when accepting
counterfactual possibilities, people demonstrate greater
attention to reality-based aspects and stable information
(i.e., the counterfactual interpretation). Seemingly, this
bias may be considered an almost universal processing

mechanism.
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the need to incorporate connected speech analysis into early screening protocols.

tic, and phonetic components of people with mild cognitive disorder with healthy Persian-speaking individuals. Advances

Citation: Bakhtiari Doulabi H, Qoreishi ZS, Karami M, Almasi dooghaee M, Sadeghi M. Comparison of semantic, syntac-
in Cognitive Sciences. 2026;27(4):103-125.

Extended Abstract

Introduction

Mild cognitive impairment (MCI) is an intermediate clin- for dementia (1). According to the Diagnostic and Statis-
ical condition between normal aging and Alzheimer’s tical Manual of Mental Disorders, Fifth Edition (DSM-5),
disease, in which cognitive decline exceeds age-related this disorder involves detectable impairments in cognitive

changes. However, it does not yet meet diagnostic criteria domains such as memory, language, attention, or execu-
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tive functions without significantly affecting daily func-
tional independence, making it a critical stage for early di-
agnosis and therapeutic intervention (2). The prevalence
of MCI among adults over 60 is substantial, with estimates
around 49.8% (3). Given Iran’s aging population, the prev-
alence of MCl is expected to increase in the coming years,
highlighting the need for early detection (4). Language,
as a higher cognitive function, sensitively reflects an in-
dividual’s cognitive status, and subtle linguistic changes
can serve as early warning signs of impending cognitive
decline (5). Research evidence indicates that individuals
with MCI show diverse and progressive patterns of lan-
guage impairment, including reduced verbal fluency, de-
creased structural complexity, and limitations in syntactic
and semantic organization (4-6). These impairments man-
ifest across three fundamental levels of language: seman-
tics, syntax, and phonology. Deficits in lexical-semantic
processing are among the earliest and most common fea-
tures, including reduced lexical diversity, fewer content
words, increased semantic errors, and lower propositional
density (8, 9). Beyond semantics, subtle syntactic changes
such as reduced mean length of utterance, fewer complex
sentences, and simpler grammatical structures have also
been identified (8-10). Unlike semantics and syntax, pho-
nological and speech-motor functions remain relatively
preserved in early MCI, although subtle acoustic parame-
ters, such as pause duration, may change (11, 12). Despite
the expansion of research on connected speech analysis
in non-Persian languages, few studies have systematically
examined semantic, syntactic, and phonological indices
in Persian-speaking individuals with MCI. This gap high-
lights the need for language-based markers tailored to this

population.

Methods
Study Design

This study was a causal-comparative, cross-sectional
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study conducted from October 2023 to July 2024, com-
paring cognitive, linguistic, and speech-motor functions,
as well as connected speech components, between indi-
viduals with MCI and healthy older adults.

Participants

The target population comprised individuals with MCI
and healthy older adults aged 50-95 years in Tehran. Pur-
posive convenience sampling was conducted among cli-
ents of the Brain and Cognition Clinic (District 6) and
the Hafezieh Community Center (District 12). Inclusion
criteria were the age 50-95 years, minimum six years of
education, monolingual Persian speakers, diagnosis of
MCI or normal status based on physician assessment and
DSM-5 criteria, no neurological or psychiatric disorders
affecting cognitive-linguistic function (e.g., severe de-
pression, stroke, Parkinson’s disease, and attention defi-
cit disorder), and no sensory or physical limitations (e.g.,
hearing or visual impairment). Exclusion criteria includ-
ed inability to complete assessments or withdrawal of
consent. Initial screening included 70 individuals; seven
were excluded due to insufficient education, bilingual-
ism, severe depression, stroke, or Parkinson’s disease,
and one withdrew. The final analysis included 62 par-
ticipants: 25 with MCI (9 males, mean age 77.89+6.37;
16 females, mean age 71.19+8.17) and 37 healthy older
adults (5 males, mean age 78.80+£7.98; 32 females, mean
age 68.25+9.35). Control of confounding variables: Age
and gender were controlled using multivariate analysis
of covariance (MANCOVA), showing no significant ef-
fects of age (P=0.855) or gender (P=0.205) on linguistic
indices.

Data Collection Tools

1) Cognitive assessment: Persian version of the Adden-
brooke’s Cognitive Examination-Revised (ACE-R) (20).
2) Linguistic and speech motor assessment: Persian
Western Aphasia Battery-2 (P-WAB-2) (21) and oral-ver-
bal apraxia test (22). 3) Speech tasks: Descriptive speech
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(Bird’s Nest picture story) and free speech (personal
memory). 4) Connected speech analysis: “GofteNegar”
platform (23) following the Persian Adult Speech Anal-
ysis System (P-ASAS) protocol (24). 5) Linguistic indi-
ces: Semantic (noun count, verb count), syntactic (mean
length of utterance), and phonological (oral-verbal aprax-
ia score).

Statistical analysis: Descriptive statistics were calculat-
ed. Normality was assessed using the Shapiro-Wilk test.
Independent t-tests were used for normally distributed
variables, and Mann-Whitney U tests for non-normally
distributed variables. SPSS version 27 was used for all

analyses.

Results

Accurate assessment of linguistic functions in MCI is
critically significant, given their sensitivity to early cog-
nitive changes (10). The obtained findings showed that
individuals with MCI performed worse than healthy
controls on all ACE-R subscales, including memory,
attention, verbal fluency, language, and visuospatial
abilities (Table 1). These findings were consistent with
Ziloochi et al. (25), who reported a gradual cognitive de-
cline in MCI. However, while they focused on rehabil-
itation interventions, this study focused on identifying
distinctive linguistic indices. This alignment suggests
that the pattern of cognitive decline in MCI is indepen-
dent of the population studied. The present findings that
individuals with MCI obtained lower scores on content
speech, sentence repetition, and specifically speech flu-
ency on the P-WAB-2 align with Delage et al. (26), who
demonstrated poor semantic processing in early MCI,

and with the meta-analysis by Joubert et al. (27), con-
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firming poorer performance on all semantic processing
tests in MCI. However, Although Demetriou and Holtzer
(28) identified reduced speech fluency and word-find-
ing difficulties as prominent markers of MCI, the cur-
rent findings indicate reduced speech fluency without a
corresponding significant decrease in noun count during
descriptive speech. This discrepancy may be due to dif-
ferences in speech task type (descriptive vs. free speech)
or cross-linguistic differences (Persian vs. English struc-
ture). Regarding phonology, none of our participants
met the criteria for oral or verbal apraxia. This finding
is consistent with Fraser et al. (29), who concluded that
language impairments in MCI are cognitive-linguistic
rather than motor-based, and with the systematic re-
view by Cera et al. (11), which showed that foundational
language skills, including phoneme production, remain
intact in early cognitive decline. Clinically, this finding
suggests that rehabilitation interventions in early MCI
should focus on higher levels of language processing.
Regarding task type, the current finding that individu-
als with MCI performed worse on free speech than on
descriptive speech aligns with Nicholas and Brookshire
(14), who explained that free speech has a higher cogni-
tive load, and with Pahar et al. (17), who reported that
linguistic deficits appear earlier and more clearly in
spontaneous speech. However, while Martinez-Nicolas
et al. (18) showed that connected speech analysis in free
speech reveals significant differences between groups,
we observed a declining trend without reaching statis-
tical significance. This inconsistency may be due to our
relatively small sample size (n=62), which may have
lacked sufficient statistical power to detect subtle lin-

guistic differences.
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Table 1. Cognitive, linguistic, and connected speech indices in individuals with MCI and healthy older adults (Stratified by descrip-
tive and free speech tasks)

Mann—Whitney Test

Variable Participant
Mean Rank U Statistic z P
Healthy 36.45
Attention and Orientation 279.500 3.086 0.002
MCI 24.18
Healthy 39.35
Memory 172.000 4.197 0.000
MCI 19.88
Healthy 37.23
Verbal Fluency 250.000 3.070 0.002
MCI 23.02
Healthy 37.26
Language 249.500 3.111 0.002
MCI 22.97
Healthy 38.68
Visuospatial 197.000 4.013 0.000
MCI 20.88
Healthy 41.49
Total Score 93.000 5.316 0.000
MCI 16.72
Healthy 33.00
Continuous Speech — Content 407.000 2.143 0.032
MCI 29.28
Healthy 38.09
Continuous Speech — Fluency 218.500 3.711 0.000
MCI 21.74
Healthy 32.32
Auditory Comprehension of Speech 423.000 0.927 0.354
MCI 30.28
Healthy 35.28
Repetition 322.500 2.424 0.015
MCI 25.90
Healthy 35.22
Naming & Word Retrieval 325.000 2.280 0.023
MCI 26.00
Healthy 39.07
Total Score 182.500 4.043 0.000
MCI 20.30
Healthy 28.50
Command (Verbal) 351.500 3.106 0.002
MCI 35.94
106
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Mann—Whitney Test

Variable Participant
Mean Rank U Statistic z P
Healthy 31.50
Imitation Command 462.500 0.000 1.000
MCI 31.50
Healthy 27.35
Repetition of Speech Sounds & Words 309.000 3.105 0.002
MCI 37.64
Healthy 31.54
Saying Phonemes 461.000 0.046 0.964
MCI 31.44
Healthy 25.97
Reading Words 258.000 3.823 0.001
MCI 39.68
Healthy 31.70
Sentence Repetition 455.000 0.112 0.911
MCI 31.20
Healthy 31.50
Reciting from Memory 426.500 0.000 1.000
MCI 31.50
Healthy 31.50
Retelling Speech 31.50 0.000 1.000
MCI 31.50
Healthy 31.50
Free Speech 31.50 0.000 1.000
MCI 31.50
Healthy 31.08
Number of Nouns (descriptive speech) 477.000 0.223 0.824
MCI 32.12
Healthy 47.864
Number of Verbs (Free speech) 369.500 1.335 0.182
MCI 36.44
Healthy 32.77
Number of Nouns (Free speech) 447.000 0.675 0.500
MCI 29.62
t-test
Variable Participant
Mean SD t P
Healthy 23.73 11.362
Number of Verbs (descriptive speech) 0.376 0.708
MCI 24.84 11.492
Healthy 4.517 0.789
Mean Utterance Length (Descriptive speech) 1.361 0.179
MCI 4.847 1.119
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t-test
Variable Participant
Mean SD t P
Healthy 4.879 0.6387
Mean Utterance Length (Free speech) 0.222 0.825
MCI 4.826 1.2284

Conclusion

This study employed a set of neuropsychological and lin-
guistic tools, including the ACE-R (20), P-WAB-2 (21),
and connected speech tasks analyzed via the “GofteN-
egar” platform (23, 24), to assess cognitive and linguistic
performance in individuals with MCI and healthy older
adults.

Across all assessments, individuals with MCI performed
significantly worse than healthy older adults on cogni-
tive and linguistic measures (P<0.05). Reduced language
abilities were documented before the overt diagnosis of
cognitive disorders and are proposed as prognostic mark-
ers for early prevention. These findings highlight the
importance of language assessment, particularly in con-
nected speech and spontaneous retrieval tasks, for early
diagnosis and monitoring of cognitive decline.

Semantic and syntactic indices of spontaneous speech
production, including nouns, verbs, and mean length of
utterance, can serve as sensitive linguistic markers for
distinguishing individuals with MCI from healthy older
adults. These linguistic changes, emerging before overt
decline in other cognitive functions, underscore the need
to incorporate assessments of connected speech into ear-
ly screening protocols. Given the subtle nature of these
findings, standardization of linguistic indices based on
normative criteria is essential for clinical application.
Furthermore, the role of speech-language pathologists
in the early diagnosis of MCI is highlighted. Future re-
search should address a broader range of linguistic in-

dices in connected speech to provide sensitive, efficient
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diagnostic support tools for detecting and identifying
cognitive decline. Study limitations include a focus on a
single linguistic community (Persian-speaking residents
of Tehran), which may limit generalizability, and a lack
of longitudinal assessment of linguistic changes. Future
studies with larger samples and longitudinal designs
should investigate the trajectory of linguistic changes in

patients with MCI over time.
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