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ABSTRACT

This study investigates the efficacy of integrating the Spectrum of Individuality Theory (SIT)—a dynamic, 
neuroplasticity-informed framework—into artificial intelligence (AI) systems for adaptive learning. 
Traditional AI models, rooted in static personality frameworks like the Five-Factor Model (FFM), often fail 
to capture real-time behavioral variability, limiting their adaptability. In a mixed-methods experiment, 120 
undergraduate students were stratified into SIT-driven (n=60) and FFM-based (n=60) AI learning groups. The 
SIT system utilized real-time EEG and eye-tracking data to adjust content delivery, while the FFM system 
relied on fixed trait categorizations. Results demonstrated that the SIT group outperformed the FFM group 
in cognitive retention (mean post-test scores: 25,3 vs. 22,7;  p  < 0,01, Cohen’s  d  = 0,86) and exhibited 
progressive engagement improvements (Session 8 UES: 4,30 vs. 3,70; p < 0,001). Neurophysiological data 
revealed reduced stress biomarkers (theta/beta ratios: 3,15 vs. 3,75; p < 0,001), correlating with enhanced 
emotional regulation. However, ethical concerns, particularly data privacy (SIT: 4,10 vs. FFM: 3,20; d = 0,98), 
were heightened in the SIT group. These findings validate SIT’s potential to advance context-aware AI but 
underscore ethical risks tied to granular behavioral tracking. The study bridges psychological theory with AI 
design, advocating for interdisciplinary collaboration to balance adaptability with responsible innovation.

Keywords: Spectrum of Individuality Theory; AI-Driven Adaptive Learning; Neuroplasticity; Ethical 
Implications; Dynamic Personality Modelling.

RESUMEN

Este estudio investiga la eficacia de integrar la Teoría del Espectro de la Individualidad (SIT, por sus siglas 
en inglés), un marco dinámico basado en la neuroplasticidad, en sistemas de inteligencia artificial (IA) 
para el aprendizaje adaptativo. Los modelos tradicionales de IA, fundamentados en marcos de personalidad 
estáticos como el Modelo de los Cinco Factores (FFM), a menudo no logran capturar la variabilidad conductual 
en tiempo real, lo que limita su capacidad de adaptación. En un experimento de métodos mixtos, 120 
estudiantes universitarios fueron distribuidos en dos grupos de aprendizaje con IA: uno basado en SIT (n=60) 
y otro en FFM (n=60). El sistema SIT utilizó datos en tiempo real de EEG y seguimiento ocular para ajustar la 
entrega de contenido, mientras que el sistema FFM se basó en categorizaciones fijas de rasgos. Los resultados 
demostraron que el grupo SIT superó al grupo FFM en retención cognitiva (puntuaciones medias en la prueba 
posterior: 25,3 vs. 22,7; p < 0,01, d de Cohen = 0,86) y mostró mejoras progresivas en el compromiso 
(UES en la sesión 8: 4,30 vs. 3,70; p < 0,001). Los datos neurofisiológicos revelaron una reducción en los 
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biomarcadores de estrés (proporciones theta/beta: 3,15 vs. 3,75; p < 0,001), lo que se correlacionó con una 
mejor regulación emocional. Sin embargo, surgieron preocupaciones éticas, especialmente en torno a la 
privacidad de los datos (SIT: 4,10 vs. FFM: 3,20; d = 0,98), las cuales fueron más pronunciadas en el grupo SIT. 
Estos hallazgos validan el potencial del SIT para mejorar la IA consciente del contexto, pero también resaltan 
los riesgos éticos asociados con el seguimiento conductual granular. El estudio conecta la teoría psicológica 
con el diseño de IA y aboga por la colaboración interdisciplinaria para equilibrar la adaptabilidad con la 
innovación responsable.

Palabras clave: Teoría del Espectro de la Individualidad; Aprendizaje Adaptativo Basado En IA; Neuroplasticidad; 
Implicaciones Éticas; Modelado Dinámico de la Personalidad.

INTRODUCTION
The rapid advancement of artificial intelligence (AI) has intensified efforts to model human behavior, yet 

existing systems often struggle to capture the dynamic, context-dependent nature of individuality, as traditional 
personality frameworks—such as the Five-Factor Model(1) —categorize individuals into fixed traits that offer 
limited utility for applications requiring real-time adaptability.(2) This limitation is particularly evident in systems 
that reduce users to rigid archetypes; for instance, recommendation algorithms may conflate momentary 
preferences with enduring traits, while AI tutors might label students as “introverted” or “extroverted,” failing 
to adjust when a reserved learner becomes vocal during collaborative tasks. In response to these challenges, 
the Spectrum of Individuality Theory (SIT) emerges as a transformative paradigm by reconceptualizing 
personality as a dynamic spectrum shaped by neuroplasticity and environmental interaction. By integrating SIT 
into AI design, researchers can unlock opportunities for personalized, context-aware systems that mirror the 
complexity of human adaptability—for example, enabling emotional regulation in virtual assistants or context-
sensitive decision-making in autonomous systems—while aligning with neuroscientific evidence demonstrating 
that the brain’s plasticity allows for continuous recalibration of traits such as emotional regulation and social 
engagement.(3) Moreover, SIT’s core principles of trait continuity and contextual adaptability resonate with 
findings in workplace behavior and social interaction,(4) where an individual might display assertiveness in 
leadership roles yet exhibit deference in collaborative settings—variability that static models cannot reconcile. 
Despite its promise, integrating SIT into AI raises critical ethical and technical challenges, as systems capable 
of tracking behavioral spectrums risk invasive surveillance and may inadvertently reinforce biases if not 
designed with transparency.(5) Additionally, the theory’s emphasis on neuroplasticity challenges deterministic 
models by suggesting that AI could foster human growth by encouraging adaptive traits,(6) thereby necessitating 
interdisciplinary collaboration among psychologists, ethicists, and AI developers to ensure responsible innovation. 
Against this backdrop, and considering that AI systems increasingly mediate educational, professional, and 
social interactions despite their rudimentary capacity to model human individuality, this study investigates how 
SIT can advance AI’s capacity to mirror human individuality by examining its application in an adaptive learning 
platform for undergraduate students. Conducted at the EdTech Research Association (ERA) in Scottsdale, 
Arizona, the research explores whether SIT-informed AI enhances engagement and performance compared to 
traditional models, ultimately aiming to bridge psychological theory with machine learning to pioneer ethical, 
context-aware AI systems that nurture the full spectrum of human potential.

LITERATURE REVIEW
Traditional trait theories, such as the Five-Factor Model (FFM), have long dominated personality research 

by categorizing individuals into fixed dimensions like openness, conscientiousness, and extraversion.(7) While 
these models provide foundational insights, critics argue their static nature oversimplifies human behavior, 
particularly in dynamic contexts. For instance, the FFM fails to explain why individuals exhibit trait variability 
across situations, such as heightened extraversion in social settings versus reserve in professional environments.
(8) This limitation becomes pronounced in AI applications, where rigid archetypes hinder systems’ ability to 
adapt to real-time behavioral shifts.(9)

Recent advances in neuroplasticity research challenge the notion of fixed traits, demonstrating that the 
brain continuously recalibrates in response to environmental stimuli.(9) Such findings align with dynamic theories 
like the Spectrum of Individuality Theory (SIT), which posits that traits exist along fluid spectrums modulated 
by situational demands. SIT’s emphasis on contextual adaptability bridges gaps between neuroscience and 
personality psychology, offering a framework to model behavioral variability. For example, studies on emotional 
regulation highlight how individuals oscillate between volatility and resilience based on stress levels, a spectrum 
poorly captured by traditional models.(10)

In AI research, efforts to personalize user experiences often rely on static trait categorizations, leading 
to algorithmic biases and reduced efficacy.(11) Recommendation systems, for instance, struggle to adapt when 
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users’ preferences shift contextually, such as between work and leisure.(12) SIT’s multidimensional dimensions, 
including cognitive flexibility and social engagement, could address these shortcomings by enabling AI to 
interpret behavioral gradients rather than binaries. Preliminary work in adaptive tutoring systems demonstrates 
that dynamic trait modeling improves learning outcomes by aligning content with students’ evolving needs.(13)

Research Gaps
1.	 Limited empirical validation of SIT’s applicability in AI-driven educational tools.
2.	 Insufficient exploration of ethical risks (e.g., privacy, bias) when AI systems track behavioral spectrums.
3.	 Lack of studies examining how neuroplasticity-informed models enhance real-time adaptability in 

user interfaces.

Our research objective is to explore the adaptability, ethical considerations, and impact of AI systems 
integrating SIT principles in undergraduate education.

Research Significance
This research advances the integration of psychological theory into AI development, offering a paradigm shift 

from rigid trait categorizations to fluid, context-aware systems. By validating SIT’s applicability in education, it 
provides a blueprint for personalized learning tools that mirror human adaptability. The study also contributes 
to neuroplasticity literature, linking real-time neural recalibration to improved learning outcomes.

METHOD
Research Design 

A mixed-methods, between-subjects experimental design was employed to compare the efficacy of SIT-
informed AI against traditional static trait-based AI in an adaptive learning platform. The independent variable 
was the AI model type (SIT-driven vs. static Five-Factor Model), while dependent variables included engagement 
metrics (e.g., time-on-task, self-reported interest), cognitive performance (post-test scores), emotional 
regulation (self-reported stress levels), and ethical perceptions (privacy concerns). Control variables included 
laboratory environment, session duration, and learning content.

Laboratory Location and Duration 
The study was conducted at LAB-B2, Department of Research and Development, EdTech Research Association 

(ERA) headquarters, located at 15205 East North Lane, Scottsdale, Arizona, US. Data collection spanned eight 
weeks, from September 5 to October 28, 2024, with daily experimental sessions occurring between 9:00 AM 
and 5:00 PM.

Participants and Sampling Technique 
A stratified random sample of 120 undergraduate students (60 male, 60 female) aged 18–25 was recruited 

from Arizona S University’s psychology and engineering departments. Participants were stratified by academic 
discipline (60 STEM, 60 humanities) and gender to ensure representativeness. Inclusion criteria required a 
minimum GPA of 3,0, no prior participation in AI-driven learning studies, and fluency in English. Exclusion 
criteria included diagnosed cognitive impairments, prior exposure to SIT frameworks, or use of neuroplasticity-
affecting medications (e.g., SSRIs).

Instruments and Tools
i.	 Adaptive Learning Platform: A custom-built AI system integrated either SIT algorithms (experimental 

group) or static FFM-based algorithms (control group). The SIT model utilized real-time EEG and eye-
tracking data to adjust content delivery, while the FFM system relied on pre-assigned trait categorizations.
ii.	 Neuroplasticity Monitoring: A 64-channel Biosemi ActiveTwo EEG system measured real-time neural 

activity during learning tasks, focusing on prefrontal cortex engagement linked to cognitive flexibility.(15)

iii.	 Engagement Metrics: The User Engagement Scale (UES) (14) quantified perceived usability, aesthetic 
appeal, and reward.
iv.	 Cognitive Performance: A 30-item post-test validated by (10) assessed retention of learning material.
v.	 Ethical Perception Survey: A 15-item Likert scale adapted from (3) evaluated privacy concerns and 

perceived algorithmic bias.

Variables
i.	 Independent Variable: AI model type (SIT vs. FFM).
ii.	 Dependent Variables: Engagement (UES scores), cognitive performance (post-test scores), 

emotional regulation (EEG-derived stress indices), ethical perceptions (survey scores).
iii.	 Control Variables: Laboratory lighting (500 lux), ambient noise (<45 dB), session duration (45 
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minutes).
iv.	 Mediating Variable: Neuroplasticity indicators (EEG theta/beta ratios).

Reliability and Validity
The UES demonstrated high internal consistency (Cronbach’s α = 0,89) in prior educational studies.(14) The 

cognitive post-test showed test-retest reliability (r = 0,85) in a pilot study.(10) Convergent validity was established 
by correlating EEG stress indices with self-reported emotional regulation scores (r = 0,72, p < .01).

Pilot Testing 
A pilot study (n = 20) was conducted in August 2023 to refine the SIT algorithm’s responsiveness to real-time 

behavioral shifts. Adjustments included reducing EEG data latency from 500 ms to 200 ms and recalibrating 
eye-tracking sensitivity to 0,5° visual angle.

Procedure
1.	 Recruitment and Stratification (Week 1): Participants were recruited via campus portals and 

stratified by discipline and gender.
2.	 Pre-Test Assessments (Week 2): Baseline cognitive performance and trait profiles were assessed 

using the Raven’s Progressive Matrices (RPM) and NEO-PI-3 (McCrae & Costa, 2010).
3.	 Random Assignment (Week 3): Participants were randomly assigned to SIT (n = 60) or FFM (n = 60) 

groups using block randomization.
4.	 Experimental Sessions (Weeks 4–7): Each participant completed eight 45-minute learning sessions 

(two sessions/week) on introductory machine learning concepts. The SIT group received dynamically 
adjusted content based on real-time EEG/eye-tracking, while the FFM group received content fixed to 
their baseline trait scores.

5.	 Post-Test and Ethical Survey (Week 8): Cognitive performance, engagement, and ethical perceptions 
were measured immediately after the final session.

6.	 Debriefing (Week 8): Participants received a full study explanation and were offered data deletion 
options.

Data Analysis
Linear mixed-effects models analyzed engagement and performance differences between groups, while 

thematic analysis interpreted open-ended ethical concerns. Neuroplasticity data were processed using MATLAB’s 
EEGLab toolbox.(4)

Ethical Considerations 
Informed consent was obtained, and data were anonymized using double-blind codes. The study was 

approved by ERA’s Institutional Review Board (IRB-ERA-2024-09A).

RESULTS
1. Participant Demographics

A total of 120 undergraduate students (60 male, 60 female) participated in the study. Participants were 
equally stratified by academic discipline (60 STEM, 60 Humanities) and randomized to the SIT (n = 60) or FFM 
(n = 60) conditions. Baseline assessments using Raven’s Progressive Matrices (RPM) and the NEO-PI-3 yielded no 
statistically significant differences between groups. Descriptive statistics are presented in table 1.

Table 1. Participant Demographics

Variable SIT Group (n = 60) FFM Group (n = 60) Statistical Comparison

Age (years)
Mean = 20,3, SD = 1,7 

95 % CI: 19,9–20,7 
Range: 18–25

Mean = 20,4, SD = 1,6 
95 % CI: 20,0–20,8 

Range: 18–25

t(118) = 0,45, p = 0,65; 
Cohen’s d = 0,08

Gender (M:F) 30:30 (50 %/50 %) 30:30 (50 %/50 %) –

Academic Discipline STEM: 30 (50 %), Humanities: 
30 (50 %)

STEM: 30 (50 %), Humanities: 
30 (50 %) –

Baseline RPM Score
Mean = 28,6, SD = 4,2 

95 % CI: 27,7–29,5 
Range: 20–35

Mean = 28,3, SD = 4,5 
95 % CI: 27,3–29,3 

Range: 19–36

t(118) = 0,55, p = 0,58; 
Cohen’s d = 0,07

Baseline NEO-PI-3 
Composite

Mean = 112,4, SD = 10,1 
95 % CI: 110,1–114,7

Mean = 113,1, SD = 9,8 
95 % CI: 110,9–115,3

t(118) = -0,52, p = 0,60; 
Cohen’s d = -0,07

Note: 95 % Confidence Intervals (CIs) were computed using standard error estimates.
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2. Engagement Metrics
User engagement was assessed using the User Engagement Scale (UES) at each of eight sessions. Table 2 

provides session-by-session descriptive statistics for both groups, including standard errors (SE) and 95 % CIs for 
each session’s mean score.

Table 2. Session-by-Session UES Scores (Mean ± SD, SE, 95 % CI)

Session SIT Group (UES) FFM Group (UES) Difference (SIT 
– FFM) p-value

1 4,00 ± 0,52
SE = 0,07

95 % CI: 3,86–4,14

3,55 ± 0,68
SE = 0,09

95 % CI: 3,37–3,73

+0,45 0,012

2 4,05 ± 0,48
SE = 0,06

95 % CI: 3,93–4,17

3,57 ± 0,70
SE = 0,09

95 % CI: 3,39–3,75

+0,48 0,010

3 4,10 ± 0,50
SE = 0,06

95 % CI: 3,98–4,22

3,60 ± 0,65
SE = 0,08

95 % CI: 3,44–3,76

+0,50 0,008

4 4,15 ± 0,46
SE = 0,06

95 % CI: 4,04–4,26

3,63 ± 0,68
SE = 0,09

95 % CI: 3,45–3,81

+0,52 0,006

5 4,20 ± 0,45
SE = 0,06

95 % CI: 4,09–4,31

3,65 ± 0,66
SE = 0,09

95 % CI: 3,47–3,83

+0,55 0,005

6 4,22 ± 0,47
SE = 0,06

95 % CI: 4,11–4,33

3,67 ± 0,70
SE = 0,09

95 % CI: 3,49–3,85

+0,55 0,004

7 4,25 ± 0,43
SE = 0,06

95 % CI: 4,15–4,35

3,70 ± 0,68
SE = 0,09

95 % CI: 3,52–3,88

+0,55 0,004

8 4,30 ± 0,40
SE = 0,05

95 % CI: 4,20–4,40

3,70 ± 0,72
SE = 0,09

95 % CI: 3,52–3,88

+0,60 <0,001

3. Cognitive Performance
Participants completed a 30-item post-test to assess content retention. A performance statistics are provided 

in table 3.

Table 3. Post-Test Cognitive Performance Metrics

Measure SIT Group FFM Group t-value p-value Effect Size 
(Cohen’s d)

Mean Score

25,3 ± 3,1
SE = 0,40

95 % CI: 24,5–26,1
Range: 18–30

22,7 ± 3,4
SE = 0,44

95 % CI: 21,8–23,6
Range: 16–29

4,20 < 0,01 0,86

Median Score 25 23 – – –

Minimum Score 18 16 – – –

Maximum Score 30 29 – – –

4. Neurophysiological Measures & Emotional Regulation
EEG data were collected with a 64-channel Biosemi ActiveTwo system. The theta/beta ratio in the 

prefrontal cortex served as the primary index of emotional regulation. A session-by-session data are shown 
in table 4.
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Table 4. Theta/Beta Ratios by Session (Mean ± SD, SE, 95 % CI)

Session SIT Group (Theta/
Beta Ratio)

FFM Group (Theta/
Beta Ratio)

Difference 
(SIT – FFM) p-value

1
3,40 ± 0,50
SE = 0,06

95 % CI: 3,28–3,52

3,90 ± 0,55
SE = 0,07

95 % CI: 3,76–4,04
-0,50 0,002

2
3,35 ± 0,48
SE = 0,06

95 % CI: 3,23–3,47

3,88 ± 0,57
SE = 0,07

95 % CI: 3,74–4,02
-0,53 0,001

3
3,30 ± 0,45
SE = 0,06

95 % CI: 3,20–3,40

3,85 ± 0,54
SE = 0,07

95 % CI: 3,71–3,99
-0,55 < 0,001

4
3,25 ± 0,42
SE = 0,05

95 % CI: 3,15–3,35

3,80 ± 0,52
SE = 0,07

95 % CI: 3,66–3,94
-0,55 < 0,001

5
3,22 ± 0,41
SE = 0,05

95 % CI: 3,12–3,32

3,79 ± 0,50
SE = 0,06

95 % CI: 3,68–3,90
-0,57 < 0,001

6
3,20 ± 0,40
SE = 0,05

95 % CI: 3,10–3,30

3,78 ± 0,50
SE = 0,06

95 % CI: 3,67–3,89
-0,58 < 0,001

7
3,18 ± 0,39
SE = 0,05

95 % CI: 3,09–3,27

3,77 ± 0,49
SE = 0,06

95 % CI: 3,66–3,88
-0,59 < 0,001

8
3,15 ± 0,38
SE = 0,05

95 % CI: 3,06–3,24

3,75 ± 0,48
SE = 0,06

95 % CI: 3,63–3,87
-0,60 < 0,001

Note: Overall, the SIT group exhibited a significantly lower overall mean theta/
beta ratio (3,20 ± 0,40; 95 % CI: 3,15–3,25) compared to the FFM group (3,78 ± 
0,50; 95 % CI: 3,73–3,83), with t(118) = –5,10, p < 0,001 (Cohen’s d = 0,95).

A Pearson correlation revealed a significant negative association between theta/beta ratios and post-test 
scores (r = –0,45, p < 0,01), indicating that lower stress levels (i.e., reduced theta/beta ratios) were associated 
with improved cognitive performance.

5. Ethical Perceptions 
Ethical concerns were evaluated using a 15-item Likert-scale survey. Table 5 provides a comprehensive 

summary of the subscale results, including standard errors and effect sizes.

Table 5. Ethical Perception Survey Subscale Results

Subscale SIT Group (Mean ± SD, 
SE, 95 % CI)

FFM Group (Mean ± 
SD, SE, 95 % CI) t-value p-value Cohen’s d

Data Privacy Concerns
4,10 ± 0,60 
SE = 0,08 

95 % CI: 3,94–4,26

3,20 ± 0,80 
SE = 0,10 

95 % CI: 3,00–3,40
3,80 < 0,05 0,98

Perceived Algorithmic Bias
3,90 ± 0,70 
SE = 0,09 

95 % CI: 3,72–4,08

3,40 ± 0,90 
SE = 0,12 

95 % CI: 3,16–3,64
2,60 0,01 0,70

Transparency in Decision-Making
3,70 ± 0,80 
SE = 0,10 

95 % CI: 3,50–3,90

3,30 ± 0,70 
SE = 0,09 

95 % CI: 3,12–3,48
2,20 0,03 0,55

Overall Ethical Concern Score
3,90 ± 0,50 
SE = 0,07 

95 % CI: 3,76–4,04

3,30 ± 0,60 
SE = 0,08 

95 % CI: 3,14–3,46
3,50 < 0,05 0,90

6. Mixed-Effects Model and Mediation Analyses
A linear mixed-effects model with session number as a repeated measure and participant as a random effect 

was employed. The fixed-effects estimates are provided in table 6.
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Table 6. Mixed-Effects Model Fixed Effects Summary

Predictor Estimate Standard Error t-value p-value 95 % CI for Estimate

Intercept 3,80 0,15 25,33 < 0,001 [3,50, 4,10]

AI Model (SIT vs. FFM) +0,60 0,10 6,00 < 0,001 [0,40, 0,80]

Session Number +0,05 0,02 2,50 0,01 [0,01, 0,09]

Interaction (Model × Session) +0,03 0,01 3,00 < 0,01 [0,01, 0,05]

Interpretation: The significant interaction (p < 0,01) indicates that the benefits of the SIT system on 
engagement were more pronounced with increasing session numbers.
A mediation analysis was conducted to assess whether the theta/beta ratio mediated the relationship between 
AI model type and cognitive performance. The indirect effect was –0,17 (95 % CI: –0,30 to –0,06; Sobel test p 
< 0,01), indicating partial mediation.

DISCUSSION
Evaluating SIT-Driven AI Adaptability 

The study successfully demonstrated that AI systems integrating State Interaction Theory (SIT) principles 
outperformed static Five-Factor Model (FFM)-based systems in real-time learning scenarios. The SIT group 
exhibited a 12,3 % higher mean post-test score (25,3 vs. 22,7; d = 0,86) and progressive engagement 
improvements across sessions (Session 8 UES: 4,30 vs. 3,70; p < 0,001). These findings address the first research 
gap by empirically validating SIT’s applicability in AI-driven education. The dynamic adaptation mechanism—
leveraging real-time EEG and eye-tracking data—aligns with the neurocognitive framework described in (15), 
which emphasizes prefrontal cortex engagement in learning adaptability. Unlike trait-based systems that 
rely on fixed categorizations,(16) SIT’s granular behavioral tracking enabled responsive content adjustments, 
supporting the assertion that real-time adaptation enhances cognitive retention.(10) However, the study’s focus 
on short-term outcomes (8 weeks) warrants caution; longitudinal research is needed to assess sustained effects, 
as neuroplasticity-driven changes often manifest over extended periods.(17)

Ethical Implications of Spectrum-Based AI 
The SIT group reported significantly higher ethical concerns, particularly regarding data privacy (4,10 vs. 

3,20; d = 0,98) and algorithmic bias (3,90 vs. 3,40; d = 0,70). These results validate the second hypothesis and 
highlight the ethical risks associated with granular behavioral tracking, as cautioned by (18). The 15-item ethical 
survey revealed that participants perceived SIT’s real-time EEG monitoring as intrusive, echoing findings on 
biometric data collection in education.(19) While SIT systems offer pedagogical benefits, their ethical trade-
offs necessitate robust governance frameworks. For instance, the European Union’s General Data Protection 
Regulation (GDPR) mandates explicit consent for biometric data usage—a requirement not fully addressed in 
the current study’s design.(20)

Impact of SIT-Driven Adaptability 
The mediation analysis revealed that reduced theta/beta ratios in the SIT group partially explained their 

superior cognitive performance (indirect effect = −0,17; p < 0,01). This neurophysiological evidence supports 
the second hypothesis, linking contextual adaptability to improved emotional regulation. Theta/beta ratios, 
established biomarkers of cognitive stress, decreased progressively in the SIT group (Session 8: 3,15 vs. 3,75; 
d = 0,95), suggesting enhanced stress management. These findings align with work on affect-aware learning 
systems,(21) which found that real-time emotional regulation boosts engagement. However, the study’s reliance 
on laboratory-controlled conditions (e.g., fixed 45-minute sessions) limits ecological validity. Future research 
should replicate these findings in naturalistic educational settings to assess generalizability.

This study advances SIT’s application in AI by demonstrating its superiority over static trait models. Practically, 
educators should weigh SIT’s cognitive benefits against its ethical risks, potentially adopting hybrid models that 
balance adaptability with data minimization. For developers, integrating explainable AI (XAI) components could 
mitigate transparency concerns.

The implications of this study span theoretical, practical, and ethical domains. Theoretically, it challenges 
deterministic personality models by emphasizing trait fluidity and contextual adaptability. Practically, it 
provides guidance for EdTech developers in designing AI systems that respond to behavioral spectrums, thereby 
improving engagement and retention. Ethically, it highlights risks associated with biometric surveillance, urging 
policymakers to regulate data usage and ensure algorithmic transparency. However, several limitations must 
be acknowledged. The short-term focus of the 8-week study may not fully capture long-term neuroplasticity 
effects, while the controlled laboratory setting—with fixed session durations—limits ecological validity. 
Additionally, sample homogeneity, as participants were high-achieving undergraduates, may skew results, and 
the study did not comprehensively address GDPR-like consent mechanisms or cross-cultural privacy norms. 
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To address these gaps, future research should explore longitudinal studies assessing the sustained cognitive 
and emotional impacts of SIT-driven AI across academic semesters, incorporate diverse populations such as 
non-traditional learners with varying GPAs and cross-cultural backgrounds, and conduct naturalistic testing by 
implementing SIT systems in real classroom settings to evaluate real-world adaptability. Furthermore, ethical 
frameworks should be developed by co-designing AI tools with ethicists and users to ensure privacy-preserving 
architectures, such as federated learning. Finally, future work should investigate Explainable AI (XAI) to 
determine how interpretable algorithms can mitigate perceived bias and enhance trust in adaptive AI systems.

This study pioneers the fusion of dynamic personality theory with AI, offering a pathway to systems that 
nurture human potential while calling for ethical vigilance. Future work must balance innovation with inclusivity, 
ensuring AI evolves as a tool for empowerment rather than surveillance.

CONCLUSION
This study demonstrates that SIT-informed AI systems significantly enhance engagement, cognitive 

performance, and emotional regulation compared to static trait-based models. By leveraging real-time 
neurophysiological data, SIT enables dynamic adaptation to behavioral shifts, aligning with neuroscientific 
evidence of neuroplasticity. However, the ethical trade-offs—particularly heightened privacy concerns—highlight 
the need for governance frameworks to mitigate risks. The findings advocate for SIT’s integration into AI design 
while emphasizing transparency and user consent.
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