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1. What was the treatment given initially to cure the disease? What was its result?

o Answer: The patient was treated with several antibiotics for six weeks, followed by a
specific antibiotic for 33 weeks. After 10 months, a lung fluid culture and chest X-ray
confirmed the tuberculosis was cured.

2. Why didn't the disease get cured even after giving treatment for the second time?

o Answer: The disease relapsed because a mutation in a specific gene made the
tuberculosis bacteria resistant to antibiotics, allowing them to multiply despite
treatment, leading to the patient’s death.

3. How did the tuberculosis bacteria acquire resistance to antibiotics?

o Answer: A mutation in a specific gene enabled the bacteria to survive antibiotic
exposure, allowing resistant bacteria to multiply and cause disease.

4. What will happen if these bacteria transmit this ability to their next generations?

o Answer: If resistant bacteria pass this trait to their offspring, the proportion of
antibiotic-resistant bacteria will increase, potentially. forming multidrug-resistant
strains (superbugs), making infections harder to treat.

5. Does the formation of such bacteria raise challenges in the field of medicine? Analyse the
news given below and draft your opinion.

o Opinion: The formation of antibiotic-resistant bacteria, or superbugs, poses a
significant challenge to medicine. The news highlights that trusted antibiotics are
becoming ineffective against superbugs, which develop resistance through
mutations that are inherited across generations. This leads to multidrug-resistant
strains, complicating treatments for common infections. For example, resistant
bacteria can cause prolonged illnesses, higher mortality rates, and increased
healthcare costs due to the need for new drugs or complex therapies. This issue
underscores the importance of responsible antibiotic use, such as completing
prescribed courses to prevent resistant strains from surviving. Additionally,
evolutionary clinical medicine, which studies pathogen evolution, can help develop
targeted treatments, like combination therapies or vaccines, to combat resistance.
As a student, | believe this challenge requires global cooperation to regulate
antibiotic use and invest in research to stay ahead of evolving pathogens.

Lamarckism (lllustration 2.1) - Indicators Analysis

e Change in Environment: Scarcity of ground-level food forced giraffes to reach for leaves on
higher branches.

e Formation of Acquired Character: Giraffes stretched their necks to access higher leaves,
leading to neck elongation.

¢ Inheritance of Acquired Character: The elongated necks were passed to offspring through
generations.
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e Survival of Giraffes with Longer and Shorter Necks in a Changed Environment: Giraffes with
longer necks survived better due to access to abundant high foliage, while those with
shorter necks struggled.

Galapagos Finches (lllustration 2.2) - Indicators Analysis

e Diversity of Finch’s Beak: Finches exhibit varied beak shapes and sizes, such as strong beaks
for seed-eaters, pointed beaks for cactus-eaters, and sharp beaks for insect-eaters.

e Cause of Diversity: Variations in beak traits arose from genetic mutations and were selected
based on food availability in different ecological niches.

e The Way Diversity Influences Survival: Finches with beaks suited to available food sources
(e.g., small seeds, insects) survived and reproduced, leading to specialized species.

Conclusions on Finch Evolution: Overproduction led to many finch offspring, but only those with
beak variations suited to available food survived the struggle for resources. These survivors
reproduced, passing favorable beak traits to offspring. Over time, accumulated variations and
isolation led to new finch species unable to interbreed with others.

New Plant Species Evolution (Theory of Natural Selection)

Notes: A plant producing hundreds of seeds faces environmental challenges like limited water or
nutrients. Natural selection drives the evolution of a new species as follows:

e Overproduction: The plant produces more seeds than can survive.

e Variations: Seeds vary in traits like drought tolerance or nutrient absorption due to
mutations or recombination.

e Struggle for Existence: Competition for resources (e.g., water) limits survival.
e Survival of the Fittest: Seeds with favorable traits, like deeper roots, survive and reproduce.

e Natural Selection: These traits are inherited, and over millions of years, isolated populations
with distinct traits evolve into a new species unable to interbreed with the original.

Lamarckism vs. Darwinism (lllustration 2.3) - Comparison Notes

Aspect Lamarckism Darwinism
Initial State Giraffes had short necks. Giraffes had necks of varying lengths.
. Giraffes stretched necks to reach higher Giraffes with longer necks accessed food

Mechanism

leaves. better.

Continuous stretching led to longer Longer-necked giraffes survived, reproduced,
Outcome . . . :

necks, inherited by offspring. and formed a new species.
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Environment causes variations via
use/disuse.

Principle Environment selects favorable variations.

Additional Facts:

e Lamarckism assumes acquired traits (e.g., stretched necks) alter genetics, but this is
disproved.

e Darwinism is supported by genetic evidence and fossil records, showing natural selection of
existing variations.

Classroom Presentation: Lamarckism vs. Darwinism
Presentation Outline:
1. Introduction: Evolution explains biodiversity; Lamarckism and Darwinism are key theories.
2. Lamarckism:
o Proposed by Jean Baptiste Lamarck.
o Acquired traits (e.g., giraffe neck stretching) are.inherited.
o Example: Short-necked giraffes stretched necks, passing trait to offspring.
o Disproved: Acquired traits don’t change DNA.
3. Darwinism:
o Proposed by Charles Darwin.
o Natural selection favors organisms with advantageous variations.

o Example: Giraffes with naturally longer necks survived food scarcity, passing traits to
offspring.

o Supported by genetics and fossils.
4. Comparison:

o Lamarckism: Environment induces changes; Darwinism: Environment selects
variations.

o Lamarckism lacks genetic basis; Darwinism explains speciation.

5. Modern Relevance: Darwinism informs medicine (e.g., antibiotic resistance) and agriculture
(e.g., selective breeding).

6. Conclusion: Darwinism’s evidence-based approach makes it the foundation of modern
evolutionary biology.
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Neo-Darwinism Limitations Analysis
Inferences:

e Darwin’s Limitation: Charles Darwin could not explain the genetic basis of variations or
inheritance, as genetics was unknown during his time.

¢ Neo-Darwinism: Integrates Darwin’s natural selection with Mendel’s genetics, identifying
variations from mutations, genetic recombination, and gene flow.

e Impact: No significant challenge to Darwinism; Neo-Darwinism strengthens it by providing a
genetic framework, supported by fields like population genetics and paleontology.

e Application: Used in evolutionary clinical medicine to study pathogen resistance and
develop personalized treatments based on genetic profiles.

Evolutionary Tree (lllustration 2.4) - Indicators Analysis
e Compare LUCA and MRCA:

o LUCA (Last Universal Common Ancestor): Hypothetical ancestor of all life, existing
billions of years ago.

o MRCA (Most Recent Common Ancestor): Recent ancestor shared by specific species
(e.g., humans and chimpanzees).

e Organism Nearest to Fungi: Plants, as they share a closer MRCA in the evolutionary tree,
both being eukaryotes with similar cellular structures.

e Circumstances for Variations: Mutations, genetic recombination during reproduction, gene
flow, and environmental pressures.

e Formation of Species: Variations accumulate in isolated populations, preventing
interbreeding and leading to new species via natural selection.

Molecular Biology (Table 2.1) - Indicators Analysis

e Organism with Most Evolutionary Relationship with Humans: Chimpanzees, as they have
zero.differences in the hemoglobin beta chain amino acids, indicating a recent common
ancestor.

e Organism with Distant Relationship: Rats, with 31 differences, suggesting a more distant
common ancestor.

¢ Role of Molecular Biology: Comparing DNA and protein sequences reveals evolutionary
relationships; fewer differences indicate closer ancestry, supporting common descent.

Comparative Anatomy (lllustration 2.6) - Notes
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Notes: Comparative anatomy shows evolutionary relationships through similar internal structures.
Homologous structures, like limb bones in mammals (e.g., human arms, bat wings), have similar
patterns despite different functions, indicating a common ancestor. These similarities validate
evolution by showing how organisms adapted to diverse environments while retaining core
structural features. For example, the pentadactyl limb structure in vertebrates suggests shared
ancestry, with modifications driven by natural selection for specific functions.

Fossil Evidence (lllustration 2.7) - Notes
Notes: Fossils provide evidence of evolution by showing ancient organisms and transitional forms:

e Horse Evolution: Fossils show a gradual increase in leg length, indicating adaptation to
changing environments.

e Connecting Links: Archaeopteryx, with reptilian (teeth, claws) and avian (feathers, wings)
features, links reptiles and birds.

e Extinct Species: Fossils of dinosaurs and mammoths reveal past biodiversity and extinction
events. Fossils trace evolutionary timelines, confirming gradual changes and supporting the
theory of common ancestry.

Classroom Presentation: Evidence for Evolution
Presentation Outline:
1. Introduction: Evolution is supported by multiple evidence types.

2. Molecular Biology: DNA and protein sequence comparisons (e.g., hemoglobin beta chain:
chimpanzees 0 differences, rats 31) show closer relationships with fewer differences.

3. Fossil Evidence: Archaeopteryx links reptiles and birds; horse fossils show leg elongation.

4. Comparative Anatomy: Homologous structures (e.g., vertebrate limbs) indicate common
ancestry.

5. Additional Evidence:
o - Embryology: Similar embryonic stages in vertebrates suggest shared origins.

o Biogeography: Species distribution (e.g., unique Galapagos finches) supports
adaptation to isolated environments.

6. Conclusion: Diverse evidence confirms evolution, aiding fields like medicine and
conservation.

Human Evolutionary Tree (lllustration 2.8) - Indicators Analysis

e Two Categories of Anthropoidea: Old World monkeys and hominoids (apes and humans).
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e Common Category Including Apes and Humans: Hominidae, sharing traits like opposable
thumbs and binocular vision.

¢ Did Humans Evolve from Monkeys?: No, humans and monkeys share a common primate
ancestor. Humans evolved through hominid lineages (e.g., Australopithecus, Homo species),
not directly from modern monkeys.

Closest Organism to Humans and Validation

e Closest Organism: Chimpanzees, due to zero differences in the hemoglobin beta chain
(Table 2.1) and high DNA sequence similarity (lllustration 2.5).

e Reason: Minimal molecular differences indicate a recent common ancestor.

e Validation: Table 2.1 shows chimpanzees have no amino acid differences in hemoglobin,
unlike gorillas (1) or rats (31), confirming closest evolutionary ties.

Human Ancestors (Table 2.2) - Completion

Cranial

Humans Capacity Characteristics

Sahelanthropus

tchadensis P 350 cm? First link, fossils from Africa

Australopithecus 450 cm? Bipedal, fossils from Africa

Homo habilis 600 cm? Tool-making, lived in groups, hunted

Homo erectus 900 cm? Upright walking, omnivorous, used stone weapons
Homo neanderthalensis 1450 cm? Buried dead, small forehead, thick eyebrows
Homo sapiens 1350 cm? Advanced technology, agriculture, cultural

development

Evolutionary Trend in Cranial Capacity

Trend: Cranial capacity increased from 350 cm? (Sahelanthropus) to 1450 cm® (Homo
neanderthalensis), with Homo sapiens at 1350 cm3, reflecting enhanced cognitive abilities.

Brain Development’s Influence on Human Evolution

Conclusions: Increased cranial capacity over 3—4 million years (350 cm?® to 1350-1450 cm?) enabled
complex social behaviors, tool-making, language, and cultural advancements. Neanderthals had
slightly larger brains (1450 cm?3) suited for vision and body control, while Homo sapiens’ brains (1350
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cm3) support complex thinking and social interactions. This brain development allowed humans to
adapt to diverse environments, develop agriculture, and build societies, distinguishing them from
other primates.

Neuron Structure and Flow Chart (lllustration 2.9)
Notes:
e Structure:
o Cell Body (Cyton): Contains nucleus, cytoplasm, organelles.
o Dendrons/Dendrites: Receive impulses from adjacent neurons.
o Axon/Axonites: Transmit impulses from cell body.
o Synaptic Knob: Contains neurotransmitters (e.g., acetylcholine) to transfer impulses.
¢ Flow Chart:

Stimulus - Dendrites - Dendrons = Cell Body - Axon = Axonites = Synaptic Knob -
Neurotransmitter Release - Next Neuron

Additional Neurotransmitters: Dopamine, serotonin, GABA, norepinephrine.

Neuroglial Cells (Figure 2.1) - Notes
Notes:

e Neuroglial cells constitute over half of the brain and spinal cord, unable to transmit impulses
but vital for support.

¢ Functions:
o Provide nutrition to neurons.
o Eliminate wastes.
o  Act as defense cells against pathogens.
o Support and insulate neurons.

o Form myelin sheath (e.g., oligodendrocytes in CNS).

Neuron Comparison (lllustration 2.9 vs. Figure 2.2)

Difference: The neuron in Illustration 2.9 lacks a myelin sheath, while Figure 2.2 shows a myelinated
neuron with a fatty myelin layer covering the axon.

e Usefulness: The myelin sheath, produced by Schwann cells (PNS) or oligodendrocytes (CNS),
insulates axons, speeds impulse transmission, provides nourishment, and protects against
injuries, enhancing neural efficiency.
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Human Nervous System (lllustration 2.10) - Understanding
Notes:

e Central Nervous System (CNS): Brain and spinal cord, controlling and coordinating body
functions.

e Peripheral Nervous System (PNS): Includes 12 cranial and 31 spinal nerves, receptors, and
ganglia, connecting CNS to organs.

e Role: CNS processes information and issues commands; PNS relays sensory input and motor
output.

Protection of CNS (lllustration 2.11) - Notes
Notes:
e Meninges: Three-layered membranes covering brain and spinal cord.

e Cerebrospinal Fluid (CSF): Fills spaces in meninges, brain cavities, and spinal cord’s central
canal, produced by ependymal cells.

¢ Functions of CSF:
o Supplies oxygen and nutrients.
o Removes wastes.
o Regulates pressure.

o Protects from external injuries.

Brain Parts and Functions (Table 2.3) - Completion

Part Functions

Cerebrum Controls voluntary actions, memory, thinking, decision-making
Cerebellum Maintains equilibrium, coordinates muscular activities
Thalamus Relays messages to/from cerebrum, perceives pain
Hypothalamus Regulates homeostasis (temperature, hunger, thirst, emotions)
Mid brain Assesses vision/hearing, controls eye movement

Pons Coordinates eye/face muscles, regulates ventilation rate

Medulla oblongata Controls involuntary actions (heartbeat, breathing, vomiting)
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Spinal Cord (lllustration 2.13) - Notes
Notes:
e Structure: Continuation of medulla oblongata, housed in the vertebral column.

e Functions: Transmits impulses from body to brain and instructions from brain to body,
mediates reflex actions.

e Protection: Covered by meninges and cerebrospinal fluid.

Child’s Doubt: Impulse Transmission (lllustration 2.14)
Explanation:

e Process: Neurons maintain a negative charge inside the cell membrane compared to the
positive outside. Stimulation causes positive ions to enter, reversing the charge temporarily
to create a nerve impulse.

e Child’s Doubts: a) How is the charge difference maintained?: Active transport (e.g., sodium-
potassium pump) maintains ion gradients. b) What triggers ion movement?: External stimuli
(e.g., heat, pressure) open ion channels. c) Why is the charge reversal temporary?: lon
channels close, and the pump restores the original charge.

Synapse (lllustration 2.15) - Indicators Analysis
Notes:

e Parts: Presynaptic membrane, synaptic knob (contains neurotransmitter vesicles), synaptic
cleft (gap between neurons), postsynaptic membrane (with receptors).

e Transmission: Impulses trigger neurotransmitter release into the cleft; neurotransmitters
bind to postsynaptic receptors, stimulating the next neuron.

e Role: Ensures unidirectional impulse flow (presynaptic to postsynaptic) and increases
transmission speed via efficient chemical signaling.

Organisms with Larger Brain Size than Humans

Answer: Dolphins and some whales (e.g., sperm whales) have larger brains than humans (human
brain: ~1350 cm?3; dolphin brain: ~1600 cm?3). However, humans’ advanced neocortex enables
superior cognitive functions like language and complex thinking.
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Classroom Model: Synapse
Description: Create a synapse model using:

e Materials: Beads (synaptic knob, vesicles), wires (axons, dendrites), clay (membranes),
cotton (synaptic cleft).

e Structure: Show synaptic knob with beads for vesicles, wire axon leading to it, a cotton gap
(cleft), and wire dendrites with clay receptors.

e Exhibit: Display in class with labels explaining neurotransmitter release and unidirectional
impulse flow.

Neocortex Peculiarities

Understanding: The human neocortex, a six-layered structure with ~16 billion neuroens and 7000
synapses per neuron, is more developed than in other mammals. It enables advanced mental
processes like thinking, decision-making, learning, and memory. Synapse numbers increase with
learning, enhancing brain efficiency. This distinguishes humans, supporting complex behaviors like
language and problem-solving.

Types of Neurons (Table 2.4) - Completion

Neuron Function

Sensory neuron Transmits impulses from receptors to CNS
Motor neuron Transmits instructions from CNS to organs

Inter neuron  Connects sensory.and motor neurons within CNS

Types of Nerves (Table 2.5) - Completion

Nerve Building Block Function
Sensory nerve Sensory neuron Transmits impulses from receptors to CNS
Motor.nerve Motor neuron Transmits instructions from CNS to organs

Mixed nerve Sensory and motor neurons Transmits impulses in both directions

Autonomous Nervous System (Table 2.6) - Completion
Part Functions/ Peculiarities

Central canal Fluid nourishes spinal cord
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White matter Neurons with myelin sheath
Dorsal root  Transmits impulses to spinal cord

Grey matter Cell bodies of neurons

Spontaneous Responses
List of Reflex Situations:
e Blinking when light falls on eyes.
e Jerking knee when tapped (knee-jerk reflex).
e Coughing when throat is irritated.
e Sneezing when dust enters nose.

Conscious Response?: No, these are involuntary reflex actions controlled by the CNS or spinal cord.

Reflex Arc (lllustration 2.18) - Indicators Analysis
Notes:
e Parts: Receptor, sensory neuron, interneuron, motor neuron, effector (muscle/gland).
e Functions:
o Receptor: Detects stimulus (e.g., heat).
o Sensory neuron: Transmits impulse to CNS.
o Interneuron: Processes impulse in CNS.
o Motor neuron: Sends instruction to effector.
o Effector: Responds (e.g., muscle contracts).

e Significance: Reflex arcs enable rapid, involuntary responses to protect the body (e.g.,
withdrawing hand from heat).

Tabulation of Reflex Situations:
Situation Controlled By
Blinking (light) Brain
Knee-jerk reflex Spinal cord
Coughing Brain

Sneezing Brain
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Nervous System Protection - Notes
Notes:
e Precautions:
o Wear helmets/seat belts while riding/driving.
o Take precautions during sports to avoid injuries.
o Avoid bathing in stagnant water to prevent infections.
o Use safety equipment in high-risk jobs.
o Avoid smoking, alcohol, and drugs.
o Ensure 8-10 hours of sleep to support brain function.
o Exercise regularly to maintain nervous system health.
e Additional Tips:
o Eat abalanced diet rich in omega-3s and antioxidants.

o Practice stress management (e.g., meditation) to reduce neural strain.

Nervous System Across Organisms (lllustration 2.19) - Indicators Analysis
e Compare Hydra and Planaria:

o Hydra: Simple neural network without a control center, diffusely spread for basic
responses.

o Planaria: Paired nerve ganglia in the head act as a basic control center, coordinating
responses.

e Peculiarity of Insects: Developed brain in the head with ganglia in each body segment,
enabling complex behaviors like flight and coordination.

Let Us Assess Questions

1. Two illustrations related to human evolution. Find the correct one based on natural
selection.

o Answer: The correct illustration follows Darwinism: humans evolved from ancestors
with favorable variations (e.g., larger brains) selected by environmental pressures,
not acquired traits (Lamarckism). For example, increased cranial capacity was
selected for cognitive advantages, not developed through use.

2. Why do humans have higher thinking and social skills despite dolphins’ larger brains?
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o Difference in Brain Structure: Humans have a highly developed neocortex (~16
billion neurons, 7000 synapses/neuron) optimized for thinking, language, and social
interactions, while dolphin brains prioritize sensory processing.

o Influence of Natural Selection: Human environments favored cognitive and social
skills for survival (e.g., tool-making, communication), selecting for neocortex
development, unlike dolphins’ aquatic adaptations.

3. Redraw neuron and label parts.

o Parts: a) Dendrites: Receive impulses from adjacent neurons. b) Synaptic Knob:
Contains neurotransmitters. c) Myelin Sheath: Acts as an insulator, speeding
impulse transmission.

4. Evaluate Darwin’s failure to explain variation reasons based on Neo-Darwinism.

o Answer: Darwin argued variations occur but couldn’t explain their genetic basis due
to limited knowledge. Neo-Darwinism integrates Mendel’s genetics, showing
variations arise from mutations, recombination, and gene flow, providing a robust
explanation for evolution.

5. Identify nerves A and B and explain message exchange.

o Answer: a) Nerves A and B: Likely a motor nerve (A) and sensory nerve (B), based on
their roles in transmitting instructions or sensory input. b) Message Exchange: No
direct exchange; impulses pass via synapses, where neurotransmitters from A’s
synaptic knob stimulate B’s receptors.

6. Arrange spinal cord parts and functions (Table 2.6).
o Answer: (Completed above in Autonomous Nervous System section.)
7. ldentify correctly. arranged human ancestors.

o Answer: (b) A:iii (Homo habilis: tool-making), B: i (Homo neanderthalensis: buried
dead), C: iv (Australopithecus: bipedal), D: ii (Homo erectus: upright walking).

8. Identify brain parts (P, Q, R, S).
o Answer: (a) P - Medulla oblongata, Q - Pons, R - Hypothalamus, S - Thalamus.

9. ‘Complete Lamarckism vs. Darwinism table.
Lamarckism Darwinism
Use and disuse Natural selection
Variations acquired in lifespan Inheritance of variations

Continuous use elongates neck Only long-necked giraffes survive
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Extended Activities
1. Human Evolutionary Tree Model:

o Description: Create a 3D tree model using cardboard and clay, showing
Sahelanthropus (350 cm3), Australopithecus (450 cm3), Homo habilis (600 cm3),
Homo erectus (900 cm?3), Homo neanderthalensis (1450 cm3),.and Homo sapiens
(1350 cm3). Label cranial capacities and characteristics (e.g., bipedalism, tool-
making). Display in class with a chart explaining divergence from a common primate
ancestor.

2. Seminar on Mass Extinctions:
o Outline:
= Introduction: Mass extinctions shaped biodiversity.
= Examples: Permian (90% species-loss), Cretaceous (dinosaurs extinct).
= Causes: Asteroid impacts, volcanic activity, climate change.
= Impact: Allowed new species (e.g., mammals) to evolve.
= Modern Relevance: Human-induced extinctions threaten biodiversity.
= Conclusion: Conservation is crucial to prevent further losses.
3. Play Script on Nervous System Protection:
o Script:
= Scene: School event with students acting as brain, neurons, and a doctor.
= Dialogue:
= Brain: “I need protection to think clearly!”
= Neuron: “Wear helmets to shield me from injuries!”

= Doctor: “Avoid drugs, sleep 8 hours, and eat healthy to keep us
strong.”

= Message: Promote safety habits (helmets, no smoking) and healthy
lifestyles.

= Performance: Present at school assemblies and community centers.

4. Neuron Model:
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o Description: Use beads for cell body, wires for dendrites/axons, cotton for myelin
sheath, and clay for synaptic knob. Label parts and explain impulse transmission in
class.

5. Debate: Is Artificial Intelligence a Challenge to the Human Brain?
o Outline:
=  Affirmative:
= Al outperforms in data processing (e.g., calculations).
= May reduce human cognitive development if over-relied upon.
= Negative:

= Human brain excels in creativity, emotions, and complex problem-
solving (neocortex-driven).

= Al complements, not replaces, human cognition.

= Conclusion: Al is a tool, not a threat, if used to enhance human potential.
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