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Abstract

Introduction: The Intelligence Reflex (IR) represents a measurable link between habituation time and EEG alpha desynchronization, reflecting the balance
between cognitive efficiency and adaptability. Earlier theoretical models proposed this relationship but lacked empirical validation. This study provides the
first proof-of-concept simulation of the IR curve through computational modeling, demonstrating that intelligence operates as a reflexive and adaptable neural
process with direct implications for medicine, surgery, and ethically reflexive Al.

Aim & Objective: To provide the first proof-of-concept simulation and visualization of the Intelligence Reflex (IR) curve linking habituation time with alpha
desynchronization.

Materials and Methods: Computational simulation using representative habituation and EEG alpha desynchronization values processed with Python-based
data analysis. No human/animal participation was involved.

Results: The IR curve demonstrated a consistent positive relationship between habituation time and alpha desynchronization. Short habituation times indicated
efficiency-driven intelligence, while longer times with strong desynchronization reflected adaptability-driven intelligence.

Conclusion: The IR curve establishes intelligence as a measurable reflexive balance between efficiency and adaptability. It has potential applications in
medicine, surgery, cognitive neuroscience, and ethically reflexive Al.
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In Medicine, the IR curve may become a biomarker for
) o cognitive resilience, consciousness, and adaptive brain
The Intelligence Reflex (IR) emerged as a concept linking  fynction, with potential applications in coma prognosis,
habituation time and alpha desynchronization as markers of  gementia assessment, and general cognitive monitoring. In
cognitive adaptability. Earlier models suggested this  gyrgery, IR monitoring opens a new dimension of operative
relationship but lacked direct demonstration. In this proof- safety, offering real-time tracking of surgeon vigilance
of-concept communication, the first simulated visualization attention, and fatigue to pre-empt errors. In our society and
of the IR curve through computational modelling is shown daily life, the IR curve provides a lens to understand

using Python-based data processing. Habituation time against  aqaptability, learning, and human—machine interaction.
alpha desynchronization was plotted which demonstrated a

robustly consistent positive relationship. This curve was This article completes the conceptual arc of the IR

designated as the “IR curve,” and it stands as the first visual ~ project: from deduction, to correlation, to proof-of-concept

confirmation of the theoretical model, marking the transition ~ simulation. It establishes the IR as a measurable entity,

of IR from abstraction to a demonstrable entity. opening the path toward empirical validation and clinical
translation.

1. Introduction
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The Intelligence Reflex (IR) was first proposed as a
neurocognitive construct linking reflexive brain rhythms with
higher-order adaptability. Earlier work established its
theoretical grounding by correlating habituation time with
alpha desynchronization as markers of cognitive
flexibility. These deductions suggested that intelligence
may be reflected in how the brain habituates to repeated
stimuli while maintaining dynamic cortical responsiveness.
However, until now, the IR had not been demonstrated as a
visualizable curve.

The present communication addresses this gap by
providing a  proof-of-concept  simulation.  Using
representative data points derived from theoretical
deductions and processed computationally, the IR curve was
plotted for the first time. In doing so, coherence of the theory
and its translational potential was highlighted and confirmed.

2. Materials and Methods

This proof-of-concept study was conducted between June
2025 and September 2025. Since the work involved only
computational simulation using representative values, no
direct human or animal participation was undertaken and
internal institutional clearance was documented under
protocol reference LMD/ETH/2025/01, Layveer Medical
Division, Shahjahanpur, India.

Habituation time was represented as the number of trials
required for stimulus-response attenuation,® while alpha
desynchronization was expressed as relative EEG power
reduction in the alpha band. Alpha event-related
desynchronization (ERD) was quantified during stimulus
processing,” habituation time (HT) was computed as the
latency of response decline to 50% of baseline, and analysis
of ERD against HT was performed to generate the
Intelligence Reflex (IR) curve. Representative values were
simulated to reflect potential subject responses, and the
simulated values were plotted in Python using NumPy and
Matplotlib libraries, producing a curve that demonstrates the
hypothesized relationship.

3. Results

No human participants were enrolled in this study. Instead,
simulated datasets were generated to model potential subject
responses, with representative values chosen to mimic trial-
based habituation and alpha desynchronisation patterns
typically observed in experimental neuroscience.’ In a
clinical study, subject age, sex, and baseline characteristics
would be detailed here; in this computational simulation,
analogous parameters were set within the model to reflect
variability in habituation times and EEG alpha responses.

This consistent positive relationship between habituation
time and alpha desynchronization was revealed on plotting the
IR data. At one end of the curve, subjects with shorter
habituation times tended to show more rapid attenuation of
the orienting response, reflecting efficient cognitive filtering

of redundant stimuli. This efficiency has historically been
correlated with higher intellectual performance, as
documented in classical studies of habituation in gifted
children® while at the opposite end, individuals with longer
habituation times exhibited stronger and more sustained
alpha desynchronization, reflecting greater adaptive
persistence and ongoing cortical engagement before
attenuation occurred. While not necessarily indicating
“higher intelligence” in the psychometric sense, this
persistence may represent a different facet of intelligence in
the form of resilience, vigilance, and sustained adaptability in
complex tasks.

Thus, the IR curve (Figure 1) is best understood not as a
linear measure of intelligence but as a dynamic map of
cognitive strategy in terms of rapid efficiency versus
sustained adaptability. Both poles carry functional
significance depending on the situational context. Trial-wise
changes in alpha power and reflex decay are shown in Figure
2a,b, illustrating the linkage between repeated stimulation
and IR score modulation.
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Figure 1: The Intelligence Reflex (IR) Curve. Habituation
time (X-axis) plotted against alpha desynchronization
amplitude (Y-axis), generated from representative values
processed computationally in Python.

The shaded area indicates the IR zone, where slower
habituation and stronger alpha desynchronization converge,
reflecting higher cognitive adaptability.
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Figure 2: a and b Alpha Power across successive trials with
corresponding Intelligence Reflex (IR) decay. The top panel
demonstrates repeated auditory stimulation trials producing
transient alpha activity; the lower panel maps the derived IR
score, which decays with habituation. This illustrates the
linkage between EEG alpha modulation and reflexive
intelligence scoring.
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4, Discussion

The present work with a new wave could be a step towards
understanding patterns in cognition. The Intelligence Reflex
(IR) curve reveals a dual dimension of intelligence that is not
just a simple correlation between habituation and
desynchronization.

1. Short habituation times with moderate
desynchronization correspond to efficiency-driven
intelligence, characterized by rapid filtering, swift
learning, and reduced resource expenditure on
repetitive inputs. This is advantageous in problem-

solving, intellectual testing, and academic
performance.
2. Longer habituation times with strong

desynchronization correspond to adaptability-driven
intelligence, characterized by resilience, vigilance, and
sustained cortical engagement. This is crucial in real-
world domains such as surgery, medicine, and high-
stakes decision-making, where prolonged attention and
resistance to premature disengagement are vital.

The IR curve therefore illustrates that intelligence is not
a single-point trait but a reflexive balance between efficiency
and adaptability’® or quickness and persistence.’> A shift
toward the efficiency pole may signify rapid cognitive
processing, while a shift toward the adaptability pole
signifies durable attentional engagement. The clinical and
translational importance lies precisely in this spectrum.
Clinical relevance is exemplified in many fields such as in
neurology and psychiatry as any deviations on the IR curve
may signal cognitive disorders. Too much efficiency reflects
impulsiveness and ADHD-like profiles while too much
adaptability marks rigidity, perseverance and could be an
early dementia marker.® In rehabilitation phase, tracking the
IR curve shifts during recovery from TBI, stroke, or
anesthesia can show whether cognitive reflexes are returning
to balance.

Other specialties such as

1. In surgery, an adaptability-driven IR profile may
prevent lapses due to premature habituation, while
efficiency-driven  profiles may confer rapid
responsiveness.

2. In medicine, bedside monitoring of the IR curve could
help differentiate cognitive efficiency from resilience,
informing prognosis and treatment.

3. In general life and AI, mapping these shifts provides a
model for adaptive intelligence that integrates both
quickness and persistence.

In this light, the IR curve does not “rank” intelligence but
instead provides a biological metric of its shifting strategies,
efficiency versus adaptability, both of which are
indispensable.

A crucial translational advance is the demonstration that
the IR wave can be construed directly onamonitor (Figure 3).
By plotting alpha power streams and IR scores in real time, a
physician could assess cognitive activity and patient
condition dynamically. This opens possibilities for
intraoperative monitoring, prognosis in comatose patients, and
bedside evaluation of cognitive adaptability all as mentioned
in the first paper. In surgery, such monitoring could detect
subtle lapses in attention or fatigue, providing early warnings
before critical errors. In intensive care and neurology, the IR
monitor could serve as a non- invasive, continuous biomarker
of consciousness®® and cognitive state.

Thus, the Intelligence Reflex is no longer confined to
theoretical neuroscience but emerges as a clinically relevant,
visualizable phenomenon with applications across medicine
and surgery. This wave as depicted in Figure 4 is not just
confined to neuroscience where it projects itself as a new
wave on a monitor that can be watched for prognosis and
therapeutic use but can have immense application in different
sectors of society. This could also open pathways into
aviation where the pilot is analogous to the surgeon and the
cockpit is the console of the robot. Besides this it extends into
ethically reflexive artificial intelligence, military, agriculture
and is also helpful in insurance sectors.

4.1. IR Monitor
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Figure 3: Demonstration of the IR wave on a monitor. The
top panel shows a continuous alpha power stream with
habituation points (HT1-HT9). The bottom panel illustrates
Intelligence Reflex metrics, with the IR score plotted against
habituation time. This represents how the IR wave can be
construed on a clinical monitor, allowing real-time assessment
of cognitive activity and patient condition—potentially
valuable for operative monitoring, coma prognosis, and
cognitive assessment.
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4.2. Simulated alpha and IR

Simulated EEG Alpha Wave and IR Index
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Figure 4: Simulated EEG alpha activity (blue) and the
derived Intelligence Reflex Index (green). Reflexive
intelligence signals are detectable from raw EEG rhythms.®

This supports the idea that IR is a dynamic, measurable
feature within brain oscillations.

Thus five figures are presented as above: (1) the IR curve
itself, (2) a, b trial-wise alpha power decay with reflex
indexing, (3) a conceptual clinical monitor display of IR
activity, and (4) simulated EEG alpha activity alongside the
derived IR index. Together, all these provide converging
evidence that IR is a coherent, quantifiable construct
embedded in brain oscillatory behavior.

4.3. Enumerated benefits of the IR curve in healthcare

1. In medicine

a. Cognitive adaptability biomarker— IR can serve as
a neurophysiological index of adaptability,
resilience, and cognitive state.'*

b. Assessment of consciousness — Real-time IR
monitoring could be a tool in comatose or post-
traumatic brain injury patients.

c. Bedside monitoring — Non-invasive EEG-based
IR curve could provide continuous cognitive

assessment.
d. Diagnostic aid — Could differentiate between
normal ageing, mild cognitive impairment, and

pathological states (e.g., dementia).
2. Insurgery

a. Surgeon cognitive monitoring — An intraoperative
IR monitor can detect fatigue, inattention, or
cognitive overload!! based on ethically reflexive Al.

b. Prevention of errors — Early warning system before
technical or ethical errors.

C. Assessment in training sessions— IR curve analysis
can be integrated into surgical simulation/training
platforms to assess adaptability of trainees.

d. Safety during Operations — Adds a new dimension
of “cognitive safety monitoring” to surgical practice.

3. Ingeneral life and society

a. State of cognitive wellness — IR could become a
marker of mental flexibility and resilience in
everyday settings. A mental workload optimization
could be performed in pilots, soldiers, or surgeons,
where the IR curve could serve as an objective
biomarker for mental fitness in real time.

b. Applications in Education— Assessing adaptability
in students and tailoring teaching methods, students

with different IR profiles could receive customized
teaching with fast processors getting deeper tasks
and durable processors getting stimulation
challenges.

€. Human-machine interaction — Basis for adaptive,
ethically reflexive Al systems that account for
human cognitive state.

5. Conclusion

This study marks a pivotal step in advancing the Intelligence
Reflex from theoretical proposition to demonstrable curve.
The simulated findings confirm that habituation time and
alpha desynchronisation together form a quantifiable index of
cognitive adaptability and what began as a theoretical
proposition, that habituation and alpha desynchronization
together form a reflexive marker of intelligence, is now
demonstrated as a visualizable curve. In doing so, we move
from abstract neuroscience to an index with tangible
translational potential.

The IR curve serves several converging roles. It is, at
once, a biomarker of cognitive adaptability, a potential
clinical tool for consciousness assessment, a monitor for
surgical vigilance, and a conceptual bridge between human
cognition and ethically reflexive Al systems. The proof-of-
concept figures presented here, especially the monitor
display, illustrate not only the biological plausibility but also
the practical feasibility of such applications.

Perhaps most importantly, the IR validates a deeper
principle, that intelligence is not merely computational output
depicted as a static trait or quotient but is fundamentally a
reflexive adaptation to repeated challenges. By quantifying
this reflex, we open newer avenues for medicine, education,
human-machine collaboration, and operative safety.'®

This is not the end of the story but the beginning of a new
phase. The next steps will require empirical studies, larger
datasets, and integration into clinical platforms. Yet, with the
IR curve established, groundwork is laid for a future where
intelligence can be seen, measured, and acted upon in real
time.

The Intelligence Reflex thus transitions from theory to
proof-of-concept and onward toward practice, a journey that
reflects the very reflexive adaptability it seeks to measure.

6. Ethical Approval
LMD/ETH/2025/01.

7. Author Contribution

Dr. Piush Choudhry conceptualized the study, performed the
simulation, analyzed the data, drafted the manuscript, and
approved the final version of the article.



160 Choudhry / IP Indian Journal of Neurosciences 2025;11(3):156-160

8. Source of Funding

No external or third-party funding was received for this
study. The research was carried out as part of institutional
work under the Layveer Medical Division at Dr Choudhry
Hospital.

9. Conflict of Interest

None.

10. Acknowledgement

The author gratefully acknowledges the constructive
environment and scholarly resources that contributed to the
development of this article.

References

1. Choudhry P. Alpha Waves, Intelligence and the Orienting Reflex: A
review. Indian J Neurosci. 2017;3(3):122-3.
https://doi.org/10.18231/2455-8451.2017.0030

2. Choudhry P. The Intelligence Reflex. Indian J Neurosci.
2017;3(4):147-9. https://doi.org/10.18231/2455-8451.2017.0037

3. Kimmel HD, Beboskey D. Habituation and conditioning of the
orienting reflex in intellectually gifted and average children.
Psychology. 1978;6(3):377-80.
https://doi.org/10.3758/BF03326742

4. Thompson RF, Spencer WA. Habituation: A model phenomenon for
the study of neuronal substrates of behavior. Psycholo Rev.
1966;73(1):16—43. https://doi.org/10.1037/h0022681.

5. Rankin CH, Abrams T, Barry RJ, Bhatnagar S, Clayton
DF, Colombo J, et al. Habituation revisited: an updated and revised
description of the behavioral characteristics of habituation.
Neurobiol Learn Mem. 2009; 92(2):135-8.
https://doi.org/10.1016/j.n1m.2008.09.012.

6.

10.

11.

12.

13.

14.

15.

Klimesch W. EEG alpha and theta oscillations reflect cognitive and
memory performance: a review and analysis. Brain Res Brain Res
Rev. 1999; 29(2— 3):169-95.  https://doi.org/10.1016/s0165-
0173(98)00056-3.

Pfurtscheller G., Lopes da Silva F.H. Event-related EEG/MEG
synchronization and desynchronization: basic principles. Clin
Neurophysiol. 1999;110(11):1842-57.
https://doi.org/10.1016/s1388-2457(99)00141-8.

Basar E., Giintekin B. A review of brain oscillations in cognitive
disorders and the role of neurotransmitters. Brain Res.
2008;1235:172-93. https://doi.org/10.1016/j.brainres.2008.06.103.
Makeig S, Westerfield M, Jung TP, Enghoff S, Townsend
J, Courchesne E, Sejnowski TJ. Dynamic brain sources of visual
evoked responses. Science. 2002;295(5555):690—4.
https://doi.org/10.1126/science.1066168.

Miller EK, Cohen JD. An integrative theory of prefrontal cortex
function. Annu Rev Neurosci. 2001;24:167-202.
https://doi.org/10.1146/annurev.neuro.24.1.167.

Oken BS, Salinsky MC, Elsas SM. Vigilance, alertness, or sustained
attention: physiological basis and measurement. Clin Neurophysiol.
2006;117(9):1885-901.
https://doi.org/10.1016/j.clinph.2006.01.017.

Friston K. The free-energy principle: a unified brain theory? Nat Rev
Neurosci. 2010;11(2):127-38. https://doi.org/10.1038/nrn2787.
Raichle ME. The brain’s default mode network. Annu Rev Neurosci.
2015;38:433-47.  https://doi.org/10.1146/annurev-neuro-071013-
014030.

Deco G, Jirsa VK, MclIntosh AR. Emerging concepts for the
dynamical organization of resting-state activity in the brain. Nat Rev
Neurosci. 2011;12(1):43-56. https://doi.org/10.1038/nrn2961.
Dehaene S, Changeux JP. Experimental and theoretical approaches
to conscious processing. Neuron. 2011;70(2):200-27.
https://doi.org/10.1016/j.neuron.2011.03.018.

Cite this article: Choudhry P. Empirical validation of the
intelligence reflex: The IR curve and its implications for
medicine, surgery, and cognitive performance. IP Indian J
Neurosci. 2025;11(3):156-160.



https://pubmed.ncbi.nlm.nih.gov/?term=Rankin+CH&cauthor_id=18854219
https://pubmed.ncbi.nlm.nih.gov/?term=Abrams+T&cauthor_id=18854219
https://pubmed.ncbi.nlm.nih.gov/?term=Barry+RJ&cauthor_id=18854219
https://pubmed.ncbi.nlm.nih.gov/?term=Bhatnagar+S&cauthor_id=18854219
https://pubmed.ncbi.nlm.nih.gov/?term=Clayton+DF&cauthor_id=18854219
https://pubmed.ncbi.nlm.nih.gov/?term=Colombo+J&cauthor_id=18854219
https://pubmed.ncbi.nlm.nih.gov/?term=Westerfield+M&cauthor_id=11809976
https://pubmed.ncbi.nlm.nih.gov/?term=Jung+TP&cauthor_id=11809976
https://pubmed.ncbi.nlm.nih.gov/?term=Enghoff+S&cauthor_id=11809976
https://pubmed.ncbi.nlm.nih.gov/?term=Townsend+J&cauthor_id=11809976
https://pubmed.ncbi.nlm.nih.gov/?term=Courchesne+E&cauthor_id=11809976
https://pubmed.ncbi.nlm.nih.gov/?term=Sejnowski+TJ&cauthor_id=11809976

