MCAT BONUS - PRACTICE TEST 3

Chemical And Physical Foundations of Biological Systems

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-4): Protein Structure and Folding

Proteins fold into specific three-dimensional structures determined by their amino acid sequences. Four
levels of structure exist: primary (amino acid sequence), secondary (local structures like a-helices and -
sheets stabilized by backbone hydrogen bonds), tertiary (overall 3D folding stabilized by side chain
interactions), and quaternary (assembly of multiple polypeptides).

The hydrophobic effect drives folding: nonpolar amino acids (Val, Leu, Ile, Phe) cluster in the protein
core away from water, while polar and charged residues (Ser, Thr, Lys, Asp, Glu) prefer the aqueous
surface. This entropy-driven process releases ordered water molecules from hydrophobic surfaces.

Disulfide bonds form between cysteine residues, covalently stabilizing structure. These occur primarily
in extracellular proteins where the oxidizing environment permits their formation. Intracellular proteins
rarely contain disulfide bonds due to the reducing cytoplasmic environment maintained by glutathione.

Chaperone proteins like Hsp70 and GroEL/GroES assist folding by preventing aggregation and providing
isolated environments for folding attempts. Misfolded proteins are tagged with ubiquitin for proteasomal
degradation. Protein misfolding diseases include Alzheimer's (amyloid-f aggregates), Parkinson's (o-
synuclein aggregates), and Creutzfeldt-Jakob disease (prion protein misfolding).

Experimental data:
Anfinsen's ribonuclease experiment:
o Native ribonuclease: Active enzyme with 4 disulfide bonds
e Denaturation with urea + -mercaptoethanol: Inactive, unfolded, reduced cysteines

e Remove denaturant + allow reoxidation: Returns to active structure with correct disulfide bonds
e Conclusion: Primary sequence contains all information for proper folding



Levinthal's paradox:

e Typical protein: 100 amino acids, 3 conformations per residue = 3100 possible conformations
e Random sampling at 10"13 conformations/second would require 1027 years

e Actual folding: Milliseconds to seconds

e Resolution: Folding follows defined pathways, not random search

Prion propagation:

Normal PrP*C: a-helix rich, monomeric, protease-sensitive

Disease PrP"Sc: B-sheet rich, aggregated, protease-resistant

PrP”Sc templates conversion of PrP"C to PrP*Sc (self-propagating)
e No nucleic acid required for transmission

1. Anfinsen's experiment demonstrating that denatured ribonuclease spontaneously refolds to its
active form indicates:

A. Chaperones are always required for folding

B. Primary amino acid sequence determines tertiary structure
C. Disulfide bonds form randomly

D. Proteins cannot refold after denaturation

2. Hydrophobic amino acids preferentially locating in protein cores rather than surfaces is driven
by:

A. Enthalpy of hydrophobic interactions

B. Entropy increase from releasing ordered water molecules
C. Covalent bond formation

D. Electrostatic repulsion

3. Prions cause disease by:

A. Encoding new genes

B. Acting as a misfolded protein template that converts normal proteins to the disease conformation
C. Destroying DNA

D. Blocking all protein synthesis

4. Disulfide bonds are rare in cytoplasmic proteins because:

A. Cysteines don't exist in cytoplasmic proteins

B. The reducing environment maintained by glutathione prevents disulfide bond formation
C. Disulfide bonds are unstable

D. All cytoplasmic proteins are unfolded



PASSAGE 2 (Questions 5-9): Acid-Base Chemistry and Buffers

Acids donate protons (H"); bases accept protons. The Henderson-Hasselbalch equation relates pH to pKa:
pH =pKa + log([A"]/[HA]). When pH = pKa, [A"] = [HA], providing maximum buffering capacity.

Blood pH is tightly regulated at 7.40 + 0.05. The bicarbonate buffer system (CO: + H.O = H.COs = H*
+ HCOs") provides the primary buffer. The pKa of carbonic acid is 6.1, yet this system effectively buffers

at pH 7.4 because CO: levels are regulated by respiration and HCOs™ by renal excretion, maintaining a
20:1 HCO57:CO:s ratio.

Respiratory acidosis results from CO: retention (hypoventilation): increased COs- shifts equilibrium right,
lowering pH. Metabolic acidosis results from HCOs™ loss or acid accumulation: decreased HCOs™ directly
lowers pH. Compensation involves: respiratory compensation (changing ventilation rate to adjust CO2)
occurring within minutes, and metabolic compensation (kidneys adjusting HCOs™ reabsorption/excretion)
requiring hours to days.

The phosphate buffer (H.POs~ = H* + HPO.+*, pKa = 6.8) functions intracellularly and in urine. Protein
buffers contribute through ionizable side chains (histidine pKa ~6.0, cysteine, lysine, arginine, aspartate,
glutamate).

Clinical cases:
Case 1: Diabetic ketoacidosis

pH: 7.15 (acidotic)

pCO:2: 25 mmHg (decreased, normal 40)

HCOs™: 10 mEq/L (decreased, normal 24)

Interpretation: Metabolic acidosis (low HCOs") with respiratory compensation (hyperventilation
reducing COz)

Case 2: COPD exacerbation

pH: 7.28 (acidotic)

pCO:2: 65 mmHg (elevated)

HCOs™: 30 mEq/L (elevated)

Interpretation: Respiratory acidosis (high CO:) with partial metabolic compensation (kidneys
retaining HCOs")

Buffer capacity experiment:

Buffer A: 0.1 M acetate, pKa 4.76, pH 4.76

Buffer B: 1.0 M acetate, pKa 4.76, pH 4.76

Add 0.01 mol HCl to 1 L of each buffer

Buffer A: pH drops to 4.36

Buffer B: pH drops to 4.71

Conclusion: Higher concentration provides greater buffering capacity



5. In diabetic ketoacidosis with pH 7.15, pCO: 25 mmHg, and HCOs™ 10 mEq/L, the decreased
pCO: represents:

A. The cause of acidosis

B. Respiratory compensation through hyperventilation to raise pH
C. Kidney failure

D. Normal respiratory function

6. The bicarbonate buffer effectively maintains blood pH at 7.4 despite pKa = 6.1 because:

A. The pKa is incorrect

B. Respiratory and renal regulation maintains the optimal 20:1 HCOs:CO: ratio
C. It doesn't actually work

D. pH equals pKa always

7. Buffer B (1.0 M) showing smaller pH change than Buffer A (0.1 M) when acid is added
demonstrates:

A. Higher buffer concentration provides greater capacity to resist pH changes
B. Concentration doesn't affect buffering

C. Buffer A is superior

D. pKa determines all buffering capacity

8. Using the Henderson-Hasselbalch equation, if a buffer has pKa = 7.4 and [A"]/[HA] = 10, the pH
is:

A.64
B.7.4
C.84
D.94

9. A patient hyperventilating due to anxiety would develop:

A. Respiratory acidosis

B. Respiratory alkalosis from excessive CO: elimination
C. Metabolic acidosis

D. No pH change



PASSAGE 3 (Questions 10-13): Thermodynamics and Free
Energy

Gibbs free energy (AG) determines reaction spontaneity: AG = AH - TAS. Negative AG indicates
spontaneous reactions; positive AG indicates nonspontaneous reactions requiring energy input. At
equilibrium, AG = 0.

AG® (standard free energy change) relates to equilibrium constant: AG® = -RT In(Keq). Large negative
AG® means Keq >> 1 (products favored); large positive AG® means Keq << 1 (reactants favored). Actual
free energy under non-standard conditions: AG = AG® + RT In(Q), where Q is the reaction quotient.

ATP hydrolysis (ATP + H2O — ADP + Pi) has AG®' =-30.5 kJ/mol under standard biochemical conditions
(pH 7, 1 mM Mg?"). In cells, AG is approximately -50 kJ/mol due to high ATP/ADP ratio and low Pi
concentration, making it a potent driving force. ATP couples unfavorable reactions to favorable ones
through shared intermediates.

Metabolic reactions are organized into pathways where unfavorable steps are coupled to ATP hydrolysis
or other favorable reactions. The overall pathway AG is the sum of individual step AGs. Even if one step
has positive AG, if overall pathway AG is negative, the pathway proceeds.

Thermodynamic data:
Glucose phosphorylation:

e Direct: Glucose + Pi — Glucose-6-phosphate + H.O, AG®' = +13.8 kJ/mol (unfavorable)
e Coupled: Glucose + ATP — Glucose-6-phosphate + ADP, AG®' = -16.7 kJ/mol (favorable)
e Sum of: ATP hydrolysis (-30.5) + reverse of direct reaction (-13.8) =-16.7 kJ/mol

Glycolysis overall:

e Glucose +2 NAD*+2 ADP + 2 Pi — 2 Pyruvate + 2 NADH + 2 ATP + 2 H.O
e AG® =-85klJ/mol
o Despite 2 steps with positive AG®', overall pathway is favorable

Temperature and spontaneity:

Reaction: AH = +50 kJ/mol, AS =+200 J/(mol-K)

At 250 K: AG = +50,000 - (250)(200) = +50,000 - 50,000 = 0 (equilibrium)

At 300 K: AG =+50,000 - (300)(200) =+50,000 - 60,000 = -10 kJ/mol (spontaneous)
Above 250 K, favorable entropy drives spontaneity

10. ATP coupling makes glucose phosphorylation favorable by:

A. Changing the AG® of glucose phosphorylation itself
B. Coupling the favorable ATP hydrolysis with unfavorable glucose phosphorylation through a shared



intermediate
C. Eliminating thermodynamic constraints
D. Cooling the reaction

11. A reaction with AH = +50 kJ/mol and AS =+200 J/(mol-K) becomes spontaneous above 250 K
because:

A. Enthalpy becomes favorable

B. The favorable entropy term (-TAS) becomes large enough to overcome unfavorable enthalpy
C. AG becomes positive

D. Temperature doesn't affect spontaneity

12. If AG®' = +10 kJ/mol for a reaction but cellular conditions maintain Q << Keq, then:

A. The reaction never proceeds

B. AG can be negative, allowing the reaction to proceed despite positive AG”'
C. AG must always equal AG*'

D. Equilibrium is reached immediately

13. The relationship AG° = -RT In(Keq) indicates that when Keq = 1:

A. AG® is very negative

B. AG°=0

C. AG® is very positive

D. The reaction is irreversible

PASSAGE 4 (Questions 14-17): Enzyme Catalysis and Michaelis-
Menten Kinetics

Enzymes accelerate reactions by lowering activation energy (Ea) without changing equilibrium. The
Michaelis-Menten equation describes enzyme kinetics: v = (Vmax[S])/(Km + [S]). Vmax is maximum
velocity when enzyme is saturated. Km (Michaelis constant) equals [S] at v = Vmax/2 and reflects
substrate affinity—lower Km indicates higher affinity.

Lineweaver-Burk plots (1/v vs. 1/[S]) linearize Michaelis-Menten kinetics: 1/v = (Km/Vmax)(1/[S]) +
1/Vmax. Y-intercept = 1/Vmax; x-intercept = -1/Km; slope = Km/Vmax.

Competitive inhibitors increase apparent Km without changing Vmax (can be overcome by high [S]).
Non-competitive inhibitors decrease Vmax without changing Km (bind separate site). Uncompetitive
inhibitors decrease both Vmax and Km proportionally (bind only ES complex).

Catalytic efficiency is kcat/Km, where kcat (turnover number) = Vmax/[E]total. Enzymes approaching
diffusion limit (~10® M's™!) achieve "catalytic perfection."



Kinetic data:
Enzyme A:

e No inhibitor: Vmax = 100 pumol/min, Km = 10 uM
e With compound X: Vmax = 100 umol/min, Km =40 uM
o Lineweaver-Burk: Lines intersect on y-axis

Enzyme B:

e No inhibitor: Vmax = 50 nmol/s, Km =5 uM
e With compound Y: Vmax = 25 nmol/s, Km =5 uM
e Lineweaver-Burk: Lines intersect on x-axis

Catalytic comparison:

e Carbonic anhydrase: kecat = 10° s!, Km = 10 mM, kcat/Km = 10® M's™!
e Typical enzyme: kcat =103 s!, Km = 0.1 mM, kcat/Km = 10" M's™!

14. Compound X increasing Km without changing Vmax indicates:

A. Non-competitive inhibition
B. Competitive inhibition

C. Uncompetitive inhibition
D. Allosteric activation

15. On a Lineweaver-Burk plot, competitive inhibition appears as:

A. Lines intersecting on the y-axis (same 1/Vmax, different -1/Km)
B. Parallel lines

C. Lines intersecting on the x-axis

D. Overlapping lines

16. If an enzyme has Vmax = 200 pmol/min with 0.01 pmol enzyme, the kcat is:

A.2x10°min!
B.2 x 10*min™!
C.2x10°min™
D. 2 x 10° min™

17. Carbonic anhydrase's kcat/Km of 10®* M's™ indicates:

A. Slow catalysis

B. Near diffusion-limited catalytic perfection
C. Low substrate affinity

D. Competitive inhibition



PASSAGE 5 (Questions 18-22): Lipid Metabolism and
Membrane Structure

Biological membranes consist of phospholipid bilayers with embedded proteins. Phospholipids have
hydrophilic heads (phosphate, glycerol) and hydrophobic tails (fatty acid chains). The fluid mosaic model
describes membranes as two-dimensional fluids where lipids and proteins diffuse laterally.

Membrane fluidity depends on: temperature (higher = more fluid), fatty acid saturation (unsaturated kinks
prevent tight packing, increasing fluidity), and cholesterol (moderates fluidity—decreases at high
temperature, increases at low temperature by preventing tight packing).

Fatty acid synthesis occurs in cytoplasm via fatty acid synthase, using acetyl-CoA and NADPH. Each
cycle adds 2 carbons from malonyl-CoA. The committed step is acetyl-CoA carboxylase converting
acetyl-CoA to malonyl-CoA, regulated by citrate (activates) and palmitoyl-CoA (inhibits).

Fatty acid oxidation (B-oxidation) occurs in mitochondria. Fatty acids activate to acyl-CoA, transport via
carnitine shuttle, then undergo repeated cycles: oxidation (producing FADH:), hydration, oxidation
(producing NADH), and thiolysis (releasing acetyl-CoA). Palmitate (16:0) yields 8 acetyl-CoA, 7 FADH.,
and 7 NADH per molecule.

Metabolic regulation:
Fed state (high insulin, low glucagon):

o Acetyl-CoA carboxylase: Active (citrate activation, dephosphorylated)
o Fatty acid synthesis: Active

e Carnitine palmitoyltransferase I (CPT-I): Inhibited by malonyl-CoA

e B-oxidation: Inhibited

Fasted state (low insulin, high glucagon):

o Acetyl-CoA carboxylase: Inactive (phosphorylated by AMP kinase)
o Fatty acid synthesis: Inhibited

e Malonyl-CoA: Decreased

e CPT-I: Active

e [-oxidation: Active

Membrane fluidity experiment:

e Membrane A: High saturated fatty acids, T = 25°C

e Membrane B: High unsaturated fatty acids, T = 25°C
o Fluorescence recovery after photobleaching (FRAP):
e Membrane A: 50% recovery in 10 min



e Membrane B: 50% recovery in 2 min
o Interpretation: Unsaturated fatty acids increase fluidity

18. Malonyl-CoA inhibiting CPT-I prevents p-oxidation during fatty acid synthesis because:

A. It's toxic

B. Reciprocal regulation prevents futile cycling—simultaneous synthesis and degradation
C. CPT-I is always inactive

D. Malonyl-CoA is the substrate for f-oxidation

19. Unsaturated fatty acids increasing membrane fluidity is due to:

A. Double bond kinks preventing tight packing of hydrocarbon chains
B. Increased saturation

C. Decreased phospholipid content

D. Stronger van der Waals forces

20. Complete oxidation of palmitate (16:0) through p-oxidation yields:

A. 7 acetyl-CoA

B. 8 acetyl-CoA, 7 FADH>, 7 NADH
C. 16 acetyl-CoA

D. No ATP production

21. In the fed state, acetyl-CoA carboxylase is activated by citrate, which signals:

A. Low energy status

B. Abundant acetyl-CoA from carbohydrate metabolism available for fat synthesis
C. Starvation

D. Active B-oxidation

22. The carnitine shuttle is necessary because:

A. Fatty acyl-CoA cannot cross the inner mitochondrial membrane
B. All molecules cross membranes freely

C. Carnitine 1s the only energy source

D. Mitochondria synthesize fatty acids



PASSAGE 6 (Questions 23-26): Electrolytes and Membrane
Potential

Cell membranes maintain electrical potentials through unequal ion distribution. The Nernst equation
calculates equilibrium potential for a single ion: E = (RT/zF)In([ion]out/[ion]in) = (61
mV/z)log([ion]out/[ion]in) at 37°C.

Typical mammalian cell ion concentrations:

e K%' 140 mM inside, 5 mM outside — EK = -90 mV
e Na'": 15 mM inside, 145 mM outside — ENa = +60 mV
e CI: 10 mM inside, 110 mM outside — ECl =-65 mV

The Na*/K*-ATPase maintains gradients by actively transporting 3 Na" out and 2 K* in per ATP
hydrolyzed. This electrogenic pump contributes -5 to -10 mV to resting potential.

Resting membrane potential (-70 mV) is determined primarily by K* permeability through leak channels.
The Goldman-Hodgkin-Katz equation considers multiple ions: Vm = (RT/F)In[(PK[K*]Jout +
PNa[Na*Jout + PCI[C] ]in)/(PK[K*]in + PNa[Na*]in + PCI[Cl ]out)].

Osmotic pressure (1 = MRT) drives water movement across semipermeable membranes. Cells in
hypotonic solutions (lower solute concentration outside) swell as water enters; in hypertonic solutions
(higher solute outside) shrink as water exits.

Clinical scenarios:
Hyponatremia (low blood Na*):

e Normal: 140 mEq/L

o Patient: 120 mEq/L

o Blood becomes hypotonic relative to cells
o Water enters cells, causing swelling

e Brain: Cerebral edema, seizures, confusion

Hyperkalemia (high blood K*):
e Normal: 4 mEq/L
e Patient: 7 mEq/L
o EK becomes less negative (depolarized)
o Resting potential depolarizes
e Cardiac: Arrhythmias, possible cardiac arrest

IV fluid calculations:

e 0.9% NaCl (normal saline): 154 mM NaCl, osmolarity ~308 mOsm (isotonic)
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e 5% dextrose in water (D5W): Initially isotonic (~278 mOsm), becomes hypotonic as glucose
metabolized
e 3% NaCl: Hypertonic (~1026 mOsm)

23. Resting membrane potential (-70 mV) is closer to EK (-90 mV) than ENa (+60 mV) because:

A. Na* concentration is higher outside

B. The membrane at rest is much more permeable to K* than Na*
C. The Na*/K* pump is inactive

D. CI” determines resting potential

24. Hyperkalemia causing cardiac arrhythmias occurs because elevated extracellular K*:

A. Hyperpolarizes the resting potential

B. Depolarizes the resting potential, affecting action potential generation
C. Has no effect on membrane potential

D. Only affects neurons

25. A red blood cell placed in hypotonic solution will:

A. Shrink (crenate)

B. Swell and potentially lyse as water enters
C. Remain unchanged

D. Divide

26. The Na'/K*-ATPase contributes to the negative resting potential because:

A. Tt transports ions down their gradients

B. It is electrogenic, transporting 3 Na* out for every 2 K* in
C. It only transports K*

D. It generates ATP

PASSAGE 7 (Questions 27-30): Hemoglobin and Oxygen
Transport

Hemoglobin transports O: from lungs to tissues. Each hemoglobin tetramer (02f32) binds four O: molecules
cooperatively. The oxygen-hemoglobin dissociation curve is sigmoidal due to positive cooperativity: Oa
binding to one subunit increases affinity of remaining subunits.

Myoglobin, a monomeric oxygen-binding protein in muscle, shows hyperbolic binding (no cooperativity).
Hemoglobin's P50 (partial pressure at 50% saturation) is ~27 mmHg; myoglobin's P50 is ~3 mmHg. This
allows hemoglobin to load O: in lungs (pO2 ~100 mmHg) and unload in tissues (pO2 ~40 mmHg), while
myoglobin stores Oz in muscle.
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The Bohr effect describes decreased O: affinity at lower pH or higher CO- (right shift), facilitating O-
unloading in metabolically active tissues producing CO: and H*. 2,3-BPG (bisphosphoglycerate) binds
deoxyhemoglobin's central cavity, stabilizing the T (tense, low-affinity) state and decreasing O: affinity.
At high altitude, increased 2,3-BPG aids O: unloading to compensate for lower atmospheric Os.

CO poisoning is dangerous because CO binds hemoglobin 200x more tightly than O, forming
carboxyhemoglobin. CO binding shifts remaining sites to high-affinity state, impairing O2 unloading even
at sites without CO.

Oxygen binding data:
Standard conditions (pH 7.4, normal 2,3-BPG):

e Hemoglobin: P50 = 27 mmHg, sigmoidal curve

e Myoglobin: P50 = 3 mmHg, hyperbolic curve

e At pO:=100 mmHg (lungs): Hb ~97% saturated, Mb ~99% saturated
e At pO:=40 mmHg (tissues): Hb ~75% saturated, Mb ~95% saturated

Bohr effect (pH 7.2, elevated CO:):

e Hemoglobin: P50 = 31 mmHg (right shift)
e At pO:=40 mmHg: Hb ~65% saturated
e Enhanced O: unloading in tissues

High altitude adaptation:

e Increased 2,3-BPG: P50 = 31 mmHg
o Facilitates O: release despite lower arterial pO-

27. Hemoglobin's sigmoidal binding curve vs. myoglobin's hyperbolic curve reflects:

A. Hemoglobin's cooperative binding among its four subunits
B. Different primary structures

C. Myoglobin's inability to bind oxygen

D. Identical binding mechanisms

28. The Bohr effect, where lower pH decreases hemoglobin's O: affinity, is physiologically
beneficial because:

A. It impairs oxygen delivery

B. Metabolically active tissues producing CO- and H* need more O-, which is facilitated by decreased
affinity promoting unloading

C. It prevents oxygen binding in lungs

D. pH doesn't affect hemoglobin

12



29. 2,3-BPG decreases hemoglobin's oxygen affinity by:

A. Competing for oxygen binding sites

B. Stabilizing the T (low-affinity) state of deoxyhemoglobin
C. Destroying hemoglobin

D. Increasing pH

30. CO poisoning is lethal even at low CO concentrations because:

A. CO binds weakly and dissociates easily

B. CO binds tightly (200x greater affinity than O2) and shifts remaining sites to high-affinity state,
preventing O: release

C. CO doesn't affect hemoglobin

D. CO increases oxygen delivery

PASSAGE 8 (Questions 31-34): Photosynthesis and Light
Reactions

Photosynthesis converts light energy to chemical energy in two stages: light reactions (light-dependent)
and Calvin cycle (light-independent). Light reactions occur in thylakoid membranes, producing ATP and
NADPH used by the Calvin cycle.

Photosystem II (PSII) absorbs light at P680, exciting electrons transferred through electron transport
chain. PSII splits water (photolysis): 2H.O — O + 4H" + 4¢, releasing O: and providing electrons to
replace those excited from P680. Protons contribute to the thylakoid lumen gradient.

Electrons pass through cytochrome b6f complex (pumping additional protons) to photosystem I (PSI). PSI
absorbs light at P700, further exciting electrons that reduce NADP* to NADPH via ferredoxin and FNR
(ferredoxin-NADP* reductase).

Chemiosmosis uses the proton gradient (higher [H*] in lumen, lower in stroma) to drive ATP synthase.
Approximately 3 H" per ATP synthesized. The Z-scheme shows electron flow from H2O through both
photosystems to NADP*.

Cyclic photophosphorylation (PSI only) returns electrons from ferredoxin to cytochrome b6t complex,
generating ATP without NADPH or O: production. This adjusts ATP:NADPH ratio when Calvin cycle
needs more ATP.

Experimental data:

Hill reaction (isolated chloroplasts):

e Light + H.O + artificial electron acceptor (DCIP) — O: + reduced DCIP
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o Demonstrates PSII function and water splitting independent of Calvin cycle
Action spectrum vs. absorption spectrum:

e Chlorophyll a: Absorption peaks ~430 nm (blue), ~660 nm (red)

e Chlorophyll b: Absorption peaks ~450 nm (blue), ~640 nm (red)

e Carotenoids: Absorption 400-550 nm (blue-green)

e Action spectrum (photosynthesis rate): Matches combined absorption spectra
e Green light (~550 nm): Minimal absorption, minimal photosynthesis

Photophosphorylation rates:

e Noncyclic: 1 ATP + 1 NADPH per 2 electrons from H.0 to NADP*
e Cyclic: ~1.3 ATP per 2 electrons (no NADPH)

31. The Hill reaction demonstrating O: evolution from isolated chloroplasts with artificial electron
acceptors shows:

A. The Calvin cycle produces O2

B. PSII can split water and transfer electrons independent of the complete pathway
C. Chloroplasts cannot function without CO:

D. NADPH production requires the Calvin cycle

32. Green plants appear green because chlorophyll:

A. Absorbs green light most efficiently

B. Reflects/transmits green light while absorbing red and blue wavelengths
C. Only contains green pigment

D. Absorbs all wavelengths equally

33. Cyclic photophosphorylation produces ATP without NADPH by:

A. Using both photosystems sequentially

B. Recycling electrons from PSI back to the electron transport chain
C. Splitting water continuously

D. Requiring darkness

34. The proton gradient in chloroplasts (high in thylakoid lumen, low in stroma) drives ATP
synthesis when:

A. Protons diffuse from stroma to lumen

B. Protons flow down their gradient through ATP synthase from lumen to stroma
C. Electrons flow through ATP synthase

D. No gradient exists

14



PASSAGE 9 (Questions 35-39): Nucleic Acid Structure and
Replication

DNA consists of two antiparallel strands forming a double helix. Each strand has a sugar-phosphate
backbone with bases projecting inward. Base pairing is specific: adenine pairs with thymine (2 hydrogen
bonds), guanine pairs with cytosine (3 hydrogen bonds). This complementarity allows each strand to
template the other.

DNA replication is semiconservative: each daughter molecule contains one parental strand and one new
strand. The Meselson-Stahl experiment proved this using heavy *N-labeled DNA.

DNA polymerase synthesizes DNA 5' to 3', requiring a 3'-OH primer. Leading strand synthesis is
continuous; lagging strand synthesis is discontinuous (Okazaki fragments). Primase synthesizes RNA
primers; DNA polymerase extends them; DNA polymerase I removes RNA and fills gaps; DNA ligase
seals nicks.

DNA polymerase proofreads using 3' to 5' exonuclease activity, removing mismatched nucleotides. This
improves fidelity from 1 error per 10 bases (base pairing alone) to 1 per 107 bases (with proofreading).
Mismatch repair further improves fidelity to 1 per 10°-10'° bases.

DNA melting (denaturation) occurs at Tm (melting temperature) where 50% of DNA is double-stranded.
Higher GC content increases Tm because G-C pairs have three hydrogen bonds vs. two for A-T pairs.
Hyperchromicity occurs during denaturation—UYV absorbance at 260 nm increases as bases unstuck.

Experimental observations:
Meselson-Stahl (1958):

e Generation 0: "'N-DNA (heavy)
e Generation 1: All hybrid density (**N-'*N)
e Generation 2: 50% hybrid, 50% light (**N-"*N)

DNA melting curves:

e DNA sample A: 50% GC, Tm = 85°C
e DNA sample B: 70% GC, Tm = 95°C
e DNA sample C: 30% GC, Tm = 75°C

DNA polymerase fidelity:

e Base pairing: 10~ errors/base

o Proofreading: 1077 errors/base (1000x improvement)

o Mismatch repair: 107° to 107'° errors/base
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35. Meselson-Stahl's finding of hybrid-density DNA after one generation in '*N medium supports:

A. Conservative replication

B. Semiconservative replication
C. Dispersive replication

D. No replication occurred

36. DNA sample B (70% GC) having higher Tm than sample A (50% GC) demonstrates:

A. GC pairs are weaker than AT pairs

B. Higher GC content increases stability due to three hydrogen bonds vs. two
C. AT pairs are more stable

D. Tm is independent of base composition

37. DNA polymerase's 3' to 5' exonuclease activity improves replication fidelity by:

A. Adding nucleotides faster

B. Removing incorrectly incorporated nucleotides from the 3' end
C. Synthesizing RNA primers

D. Unwinding DNA

38. Leading strand synthesis is continuous while lagging strand synthesis is discontinuous because:

A. Different enzymes are used

B. DNA polymerase only synthesizes 5' to 3', requiring multiple primers on the lagging strand
C. Leading strand is more important

D. Random variation

39. Hyperchromicity (increased UV absorbance) during DNA melting occurs because:

A. DNA absorbs no UV light

B. Unstacked bases absorb more UV than stacked bases in double helix
C. DNA concentration increases

D. Temperature has no effect

PASSAGE 10 (Questions 40-44): Carbohydrate Structure and
Glycolysis

Carbohydrates range from simple monosaccharides (glucose, fructose) to complex polysaccharides
(starch, glycogen, cellulose). Glucose exists as a-glucose (OH on C1 below ring) or B-glucose (OH on C1
above ring). This stereochemistry determines polysaccharide properties: starch and glycogen use a-1,4
and o-1,6 linkages (digestible), while cellulose uses B-1,4 linkages (indigestible by humans lacking
cellulase).
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Glycolysis converts glucose to pyruvate, generating 2 ATP (net) and 2 NADH. The pathway has two
phases: energy investment (consuming 2 ATP) and energy payoff (producing 4 ATP and 2 NADH).

Key regulatory enzymes: hexokinase (phosphorylates glucose, trapping it in cells), phosphofructokinase-
1 (PFK-1, rate-limiting step, regulated by ATP/AMP), and pyruvate kinase (final ATP-generating step).

Under aerobic conditions, pyruvate enters mitochondria for oxidation. Under anaerobic conditions,
pyruvate reduces to lactate (animals) or ethanol + CO: (yeast), regenerating NAD* for continued
glycolysis.

Glycolysis energetics:
Investment phase:

1. Glucose + ATP — Glucose-6-phosphate + ADP (hexokinase)
2. Glucose-6-phosphate — Fructose-6-phosphate
3. Fructose-6-phosphate + ATP — Fructose-1,6-bisphosphate + ADP (PFK-1)

Payoff phase: 4. Fructose-1,6-bisphosphate — 2 Glyceraldehyde-3-phosphate (G3P) 5. 2 G3P + 2
NAD" + 2 Pi — 2 1,3-bisphosphoglycerate + 2 NADH 6. 2 1,3-bisphosphoglycerate + 2 ADP — 2 3-
phosphoglycerate + 2 ATP 7. Final steps — 2 Phosphoenolpyruvate (PEP) 8. 2 PEP + 2 ADP — 2
Pyruvate + 2 ATP (pyruvate kinase)

Net: Glucose + 2 NAD* + 2 ADP + 2 Pi — 2 Pyruvate + 2 NADH + 2 ATP
Regulation study:

o High ATP: PFK-1 inhibited, glycolysis slows
o High AMP: PFK-1 activated, glycolysis accelerates
e High citrate: PFK-1 inhibited (signals sufficient biosynthetic precursors)

40. Humans cannot digest cellulose while they can digest starch because:
A. Cellulose has no glucose

B. B-1,4 linkages in cellulose require cellulase enzyme, which humans lack
C. Starch has no glucose

D. All polysaccharides are indigestible

41. Glycolysis produces net 2 ATP rather than 4 ATP because:

A. No ATP is produced

B. 2 ATP are consumed in the investment phase

C. 4 ATP are consumed

D. ATP yield is random

42. PFK-1 inhibition by high ATP represents:
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A. Positive feedback

B. Negative feedback—high ATP signals sufficient energy, slowing glycolysis
C. No regulation

D. Feedforward activation

43. Under anaerobic conditions, lactate production from pyruvate serves to:

A. Produce additional ATP

B. Regenerate NAD* needed for continued glycolysis
C. Consume oxygen

D. Produce CO:

44. The substrate-level phosphorylation steps in glycolysis directly generate ATP by:

A. Electron transport chain

B. Transferring high-energy phosphate from substrate to ADP
C. ATP synthase

D. Oxidative phosphorylation

DISCRETE QUESTIONS (45-59)

45. Which functional group characterizes carboxylic acids?

A.-OH

B. -COOH
C. -NH:
D. -CHO

46. The oxidation state of carbon in methane (CH.) is:

A. -4
B.0

C.+2
D.+4

47. In a galvanic cell, oxidation occurs at the:

A. Cathode

B. Anode

C. Salt bridge

D. Neither electrode

48. The hybridization of carbon in ethylene (C:H.) is:



A.sp
B. sp?
C.sp?
D. spid

49. SN2 reactions proceed with:

A. Racemization

B. Inversion of configuration

C. Retention of configuration

D. No stereochemical consequence

50. The strongest acid among the following is:

A. H20 (pKa ~ 15.7)

B. CH;COOH (pKa ~ 4.76)
C. HCI (pKa ~ -7)

D. NHs (pKa ~ 38)

51. During a phase transition from liquid to gas, entropy:

A. Decreases

B. Increases

C. Remains constant
D. Equals zero

52. The wavelength of light is inversely proportional to:

A. Speed
B. Frequency
C. Amplitude
D. Period

53. Dehydration of 2-methylcyclohexanol with acid catalyst primarily produces:

A. 1-methylcyclohexene (less substituted)
B. 3-methylcyclohexene (more substituted)
C. No reaction

D. Cyclohexane

54. The molecular geometry of ammonia (NHs) is:

A. Linear

B. Trigonal planar

C. Trigonal pyramidal
D. Tetrahedral



55. In the reaction Zn + Cu** — Zn*" + Cu, the reducing agent is:

A. Zn?*
B. Cu?**
C.Zn
D. Cu

56. The electron configuration of Fe*" is:

A. [Ar] 3de
B. [Ar] 3d° 4s'
C. [Ar] 34

D. [Ar] 4s? 3d*

57. Which statement about aromatic compounds is correct?
A. They are highly reactive toward addition reactions

B. They undergo electrophilic substitution reactions

C. They lack & electrons

D. Benzene has alternating single and double bonds

58. The rate law for a reaction is rate = k|A]*[B]. The reaction order with respect to A is:

oawp
W N = O

59. Le Chatelier's principle states that a system at equilibrium, when stressed, will:

A. Remain at equilibrium

B. Shift to counteract the stress
C. Always shift forward

D. Become irreversible



Cnitical Analysis and Reasoning Skills (CARS)

Time Questions

90 minutes 53

PASSAGE 1 (Questions 1-6)

The concept of artificial intelligence raises fundamental questions about consciousness and what it means
to be human. Alan Turing's famous test proposed that if a machine could convince a human interrogator
it was human through text-based conversation, we should consider it intelligent. Yet this behavioral
criterion sidesteps deeper questions: can machines truly think, or do they merely simulate thinking? Can
silicon-based computation ever give rise to genuine consciousness, or is consciousness exclusively a
property of biological neural networks?

Philosophers distinguish between "strong Al" and "weak AL" Weak Al—the position most researchers
hold—<claims that computers can simulate intelligence and perform useful cognitive tasks without
possessing genuine consciousness or understanding. A chess computer executes algorithms without
experiencing the satisfaction of victory. Strong Al, by contrast, argues that appropriately programmed
computers don't merely simulate minds—they literally possess minds. If consciousness emerges from
information processing patterns, the substrate shouldn't matter. Whether neurons or transistors perform
the computation becomes irrelevant if the functional organization is identical.

John Searle's Chinese Room thought experiment challenges strong Al. Imagine someone who speaks no
Chinese locked in a room with instruction manuals in English for manipulating Chinese symbols. People
outside pass Chinese questions into the room; following the manuals, the person produces appropriate
Chinese responses without understanding their meaning. The room produces intelligent-seeming behavior
indistinguishable from a Chinese speaker, yet no understanding exists. Searle argues computers are like
this room: they manipulate symbols syntactically without semantic understanding. Intelligence requires
more than formal symbol manipulation—it requires intentionality, the "aboutness" that makes thoughts
meaningful.

Critics respond that this argument proves too much. Individual neurons don't understand Chinese either,
yet the brain as a whole does. Perhaps understanding emerges from the system's organization rather than
residing in any component. The person in the room doesn't understand Chinese, but perhaps the room-as-
a-system does. Furthermore, if aliens with radically different biology demonstrated intelligent behavior,
we wouldn't deny them minds simply because their cognitive architecture differs from ours. The argument
from substrate—that only biological neurons can support consciousness—seems arbitrary.

The debate's practical stakes mount as Al capabilities advance. If machines could become conscious,
ethical questions arise: would deleting a conscious Al constitute murder? Would we owe conscious
machines moral consideration? Conversely, if sophisticated Al systems lack consciousness despite
appearing intelligent, we face different concerns: humans might form meaningful attachments to entities
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incapable of reciprocating, or society might outsource critical decisions to systems that truly don't
understand what they're doing.

Some philosophers argue the debate involves a category mistake. Consciousness may not be an all-or-
nothing property but a spectrum. Perhaps different organisms—and potentially different machines—
possess varying degrees or types of awareness. A thermostat has primitive intentionality (it's "about"
temperature), though nothing like human consciousness. Rather than asking whether machines can be
conscious, we should ask what forms machine consciousness might take and how we would recognize it.

1. The passage suggests that Turing's test primarily addresses:

A. Whether machines can be conscious

B. Whether machines can produce behavior indistinguishable from human behavior
C. The biological basis of consciousness

D. Strong Al theory exclusively

2. According to the passage, the main difference between strong Al and weak Al is:

A. Processing speed

B. Whether machines genuinely possess minds or merely simulate intelligence
C. Programming complexity

D. Hardware architecture

3. Searle's Chinese Room argument aims to demonstrate that:

A. Syntax without semantics is impossible

B. Symbol manipulation alone, without understanding, can produce intelligent-seeming behavior
C. Learning Chinese is impossible

D. All Al research is futile

4. The "argument from substrate' mentioned in the passage refers to the claim that:
A. All consciousness is identical

B. Only biological systems can support genuine consciousness

C. Computers are superior to brains

D. Substrate doesn't matter for consciousness

5. The author introduces the spectrum view of consciousness to suggest:

A. The binary question of machine consciousness may be oversimplified

B. All systems are conscious

C. Consciousness doesn't exist

D. Only humans are conscious

6. Which statement best captures the passage's overall approach to the Al consciousness debate?
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A. Definitively proves machines cannot be conscious

B. Definitively proves machines can be conscious

C. Presents multiple perspectives and complicating factors
D. Dismisses the question as meaningless

PASSAGE 2 (Questions 7-12)

The romantic notion of the solitary artistic genius creating masterpieces in isolation obscures the deeply
social nature of cultural production. Even artists who physically work alone operate within traditions,
respond to predecessors, engage with contemporary debates, and depend on institutions for training,
exhibition, and economic support. The myth of isolated genius serves ideological functions, obscuring the
collaborative infrastructure enabling artistic production while elevating individual achievement in ways
that reflect and reinforce broader cultural values about individualism and exceptionalism.

Consider Renaissance art, typically personified through individual masters: Leonardo, Michelangelo,
Raphael. Yet these artists headed workshops with numerous assistants who prepared canvases, ground
pigments, painted backgrounds, and sometimes executed entire secondary figures under the master's
design. The master's signature authenticated the workshop's collective product. This collaborative model
reflected guild structures and economic realities: major commissions required more labor than one person
could provide. The shift toward celebrating individual authorship emerged later, tied to changing concepts
of originality and property.

Modern copyright law institutionalizes individual authorship, yet creative industries reveal persistent
tensions. Film credits scroll for minutes, acknowledging hundreds of contributors, yet directorial "auteur
theory" attributes films to single visionaries. Popular music credits the performing artist while obscuring
the producers, sound engineers, and session musicians shaping the final product. Academic scholarship
requires explicit citation to avoid plagiarism, acknowledging intellectual debts, yet the prestige system
rewards individual publication metrics rather than collaborative contributions.

The digital age complicates these dynamics further. Open-source software development demonstrates
alternative models: large-scale collaborative projects like Linux involve thousands of contributors without
single authors. Wikipedia challenges traditional notions of expertise and authorship—articles have no
single author but emerge from collective editing. Remix culture, where creators sample and recombine
existing works, questions whether originality requires creation ex nihilo or can emerge through curation
and recombination.

Some argue collaboration's recognition threatens meritocracy: if we cannot identify individual
contributions, how do we reward talent and incentivize excellence? This concern assumes zero-sum
competition for scarce recognition. Yet alternative models exist: open-source projects cultivate reputation
through visible contributions to collective goods; some artistic movements explicitly embrace collective
identity, rejecting individual signatures; indigenous cultures often hold creative knowledge communally
rather than attributing it to individuals.

23



The genius myth also has gendered and racial dimensions. Women and minorities often were relegated to
assistant roles, their contributions unacknowledged. Katherine Johnson and other African American
women performed crucial calculations for NASA's space program while remaining invisible in popular
accounts until recently. Rosalind Franklin's crystallography data proved essential for discovering DNA's
structure, yet Watson and Crick received sole credit initially. Recognizing collaboration's role reveals
these hidden contributions while challenging narratives that coincidentally elevate demographically
dominant groups as exceptional individuals.

7. The passage's primary purpose is to:

A. Argue all art should be anonymous

B. Examine how the myth of solitary genius obscures collaborative aspects of creative work
C. Prove collaboration is superior to individual work

D. Explain copyright law

8. Renaissance workshop practices are introduced to illustrate:

A. Historical precedent for collaborative artistic production
B. Why modern art is inferior

C. The invention of individualism

D. Guild corruption

9. According to the passage, auteur theory in film represents:

A. Accurate attribution

B. Tension between individual attribution and collaborative reality
C. Film directors' superiority

D. Copyright violation

10. The passage suggests open-source software development demonstrates:

A. The impossibility of collaboration

B. Alternative collaborative models that challenge individual authorship

C. Why software is superior to art

D. The need for stronger copyright

11. The mention of Katherine Johnson and Rosalind Franklin serves to:

A. Prove genius doesn't exist

B. Show how collaboration recognition reveals previously hidden contributions by marginalized groups
C. Argue only women make contributions

D. Dismiss scientific achievement

12. The passage implies that meritocracy concerns about collaboration:
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A. Are completely valid and insurmountable

B. Assume zero-sum competition rather than considering alternative recognition systems
C. Should prevent all collaboration

D. Only apply to academic work

PASSAGE 3 (Questions 13-18)

Urban planning shapes daily life in ways residents rarely notice consciously. Street width determines
traffic speed and pedestrian safety. Sidewalk presence or absence dictates whether walking is viable.
Zoning laws separating residential, commercial, and industrial areas force automobile dependence by
ensuring homes sit miles from workplaces and shops. These design choices aren't neutral technical
decisions but embody values about community, mobility, and what constitutes desirable living—values
often contested and unevenly distributed.

Post-WWII American suburbanization illustrates how planning choices encode social visions. Suburbs
promised single-family homes with yards, separating families from urban density and perceived dangers.
But this vision required massive infrastructure investment: highways for commuting, water and sewer
systems for dispersed settlement, and mortgage subsidies making homeownership accessible. Federal
policy explicitly encouraged suburban development through discriminatory lending practices: redlining
denied mortgages in minority neighborhoods while subsidizing white flight to suburbs. The GI Bill
provided veterans—disproportionately white due to discriminatory administration—with home loans
unavailable to others. Suburban prosperity wasn't a natural market outcome but resulted from government
policy actively shaping settlement patterns.

This spatial organization generated lasting consequences. Suburban sprawl isolated residents from diverse
social contacts, reinforcing racial and class segregation. Automobile dependence imposed economic
burdens on those unable to afford cars while externalizing environmental costs. The tax base fled cities,
defunding urban infrastructure and services precisely when remaining populations faced concentrated
poverty and reduced opportunities. Inner-ring suburbs now face similar disinvestment as development
leapfrogs outward, leaving strip malls and subdivisions to decay.

Contemporary New Urbanist movements advocate different values: mixed-use neighborhoods where
residents can walk to shops and workplaces; higher density supporting public transit; traditional street
grids rather than cul-de-sac mazes; diverse housing types accommodating various income levels in
integrated communities. Critics argue New Urbanism romanticizes past forms without addressing why
automobile suburbs proved popular: many people value private yards and car-oriented convenience.
Moreover, New Urbanist developments often become expensive enclaves, producing pedestrian-friendly
neighborhoods accessible only to affluent residents—hardly the inclusive community they theoretically
promote.

Meanwhile, many global cities never embraced American-style suburban sprawl. Dense European and
Asian cities maintained mixed-use neighborhoods, extensive public transit, and pedestrian-oriented
design. Tokyo's zoning law allows commercial activity in residential areas, enabling neighborhood shops.
Amsterdam prioritizes bicycle infrastructure so thoroughly that cycling becomes faster and more
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convenient than driving. These cities demonstrate alternative possibilities while facing their own
challenges: Tokyo's density creates crushing crowding; Amsterdam's housing costs exclude many. No

perfect model exists—each design choice involves tradeoffs.

Perhaps the deeper question is who decides these tradeoffs. Most planning decisions occur in technical
bureaucratic contexts, insulated from democratic deliberation. Residents experience consequences
without participating in choices. When participatory planning does occur, well-resourced communities
mobilize effectively while marginalized populations lack capacity to influence decisions affecting them.
NIMBY (Not In My Back Yard) activism blocks projects like affordable housing or homeless shelters,
protecting incumbent residents' interests while perpetuating inequality. Democratic planning would
require structural changes ensuring all affected parties can meaningfully participate—a political challenge

beyond urban planning itself.

13. The passage's main argument is that:

A. Suburbs are always bad

B. Urban planning decisions embody contested values and have political consequences
C. All cities should be identical

D. Planning is purely technical

14. Post-WWII suburbanization is presented as an example of:

A. Natural market outcomes

B. How government policy actively shaped settlement patterns according to particular values

C. Inevitable progress
D. Accidental development

15. According to the passage, redlining and discriminatory GI Bill administration:

A. Had no lasting effects

B. Contributed to racial and economic segregation encoded in spatial patterns
C. Only affected suburbs

D. Were purely economic policies without social implications

16. The passage suggests New Urbanism's main limitation is:

A. Its architectural style

B. That developments often become expensive enclaves rather than inclusive communities
C. Opposition to automobiles

D. Its European influences

17. Tokyo and Amsterdam are mentioned to demonstrate:

A. Superiority of foreign cities
B. That American suburbs are perfect
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C. Alternative planning approaches, though each involves tradeoffs
D. The impossibility of change

18. The passage concludes that democratic planning requires:

A. Simply holding more meetings

B. Structural changes ensuring all affected parties can meaningfully participate
C. Eliminating all planning

D. Expert control without public input

PASSAGE 4 (Questions 19-24)

Historical objectivity has been a central aspiration of academic history since the discipline
professionalized in the nineteenth century. The ideal historian supposedly approaches evidence without
preconceptions, allows facts to speak for themselves, and reconstructs past events as they actually
happened—Leopold von Ranke's famous wie es eigentlich gewesen. Yet this positivist vision faces
insurmountable obstacles. All historians select which facts to present from infinite available details,
organize facts into narratives with beginnings and endings, and interpret evidence's significance. These
unavoidable choices reflect judgments shaped by the historian's context, values, and theoretical
frameworks.

Some conclude that if perfect objectivity is impossible, history becomes mere storytelling—no more
truthful than fiction. This skeptical position overstates the case. While complete objectivity may be
unattainable, standards distinguish better from worse historical accounts. Evidence constrains
interpretation: we can't claim Napoleon won at Waterloo regardless of our perspective. Peer review
scrutinizes reasoning and evidence. Comparative methodology checks interpretations against alternative
sources. History operates within truth-constraints even if multiple valid interpretations exist within those
constraints.

The more sophisticated position recognizes that all history is contemporary history—not because
historians invent the past arbitrarily, but because present concerns inevitably shape which past events seem
significant and which questions seem worth asking. Until the 1960s, mainstream history focused on
political elites, wars, and treaties because historians implicitly accepted these as "important" history,
reflecting assumptions about what mattered. Social history's rise—examining ordinary people's lived
experiences—didn't discover new facts (sources always existed) but reflected new questions driven by
civil rights movements, feminism, and challenges to elite power. The past's facts didn't change; historians'
questions did.

Postcolonial history illustrates these dynamics. Traditional colonial histories, written from imperial
centers, portrayed colonialism as bringing civilization to backward peoples—a narrative assuming
European superiority and justifying domination. Postcolonial historians examine the same period from
colonized peoples' perspectives, revealing violence, exploitation, and resistance that earlier accounts
minimized or ignored. Both versions use empirical evidence, yet reach dramatically different conclusions
because they ask different questions: Was colonialism beneficial? (a question reflecting imperial
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viewpoints) versus How did colonized peoples experience and resist imperial domination? (a question
reflecting anti-colonial politics).

This doesn't mean all interpretations are equally valid. Claims must be supported by evidence, reasoning
must be sound, and accounts must acknowledge complexities and contradicting evidence. The difference
between good history and propaganda lies not in achieving impossible objectivity but in intellectual
honesty: acknowledging interpretive choices, considering alternative explanations, and distinguishing
evidence from interpretation. Bad history cherry-picks evidence supporting predetermined conclusions,
ignores contradictions, and presents contested interpretations as established facts.

Moreover, recognizing history's situated nature needn't produce paralysis. When historians from diverse
backgrounds and theoretical perspectives examine the same events, multiple interpretations emerge. This
multiplicity isn't weakness but strength: different angles illuminate different aspects. An economic
historian reveals material forces shaping events; a cultural historian explores meanings and
representations; a political historian traces power dynamics. Each partial perspective contributes to richer
understanding than any single "objective" account could provide. Truth emerges dialogically through
ongoing conversation, not through individual historians achieving impossible neutrality.

19. The passage's primary thesis is that:

A. History is impossible

B. While perfect objectivity is unattainable, history can still be truthful through evidence-based inquiry
and intellectual honesty

C. All historical accounts are equally valid

D. Only political history matters

20. The phrase "history is contemporary history' means:

A. Historians only study recent events

B. Present concerns shape which past events seem significant and which questions historians ask
C. The past doesn't exist

D. Historians invent everything

21. According to the passage, social history emerged because:

A. New documents were discovered

B. New questions driven by social movements made previously available evidence relevant
C. Traditional history was completed

D. Younger historians rebelled randomly

22. The comparison between traditional colonial history and postcolonial history demonstrates:
A. That one is completely false
B. How different questions and perspectives yield different interpretations from similar evidence

C. Colonialism's benefits
D. That evidence is irrelevant
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23. The passage distinguishes good history from propaganda based on:

A. Political alignment

B. Intellectual honesty—acknowledging interpretive choices and considering alternatives
C. Length of publications

D. Number of footnotes

24. Multiple perspectives from diverse historians are presented as:

A. Problematic fragmentation

B. Strength producing richer understanding than single "objective" accounts
C. Proof history is fiction

D. Unnecessary complication

PASSAGE 5 (Questions 25-30)

Free speech absolutism holds that governments should never restrict expression—no matter how
offensive, hateful, or harmful the speech may be—because any restrictions risk censorship's slippery
slope. This principled position deserves serious consideration, yet practical dilemmas reveal tensions
between free expression and other values including safety, equality, and democratic deliberation itself.

The classic liberal defense of free speech, articulated by John Stuart Mill, rests on multiple grounds. First,
suppressed opinions might be true; silencing them prevents truth's discovery. Second, even false opinions
often contain partial truths that emerge through debate. Third, unchallenged true beliefs degrade into dead
dogma, held without understanding the reasons supporting them. Fourth, free debate provides the
mechanism for social progress through rational persuasion rather than violent conflict. These arguments
collectively suggest that free expression serves both individual liberty and collective pursuit of truth and
justice.

Yet Mill himself acknowledged limitations. His harm principle permits restricting liberty to prevent harm
to others. The paradigmatic example is falsely shouting "fire" in a crowded theater—speech creating
immediate danger. Extending this principle proves difficult: does hate speech harm targeted groups? Do
climate change denialism or vaccine misinformation harm public health? Absolutists argue restricting
such speech inflicts worse harm by empowering government censorship, but this requires accepting that
sometimes free speech enables significant harms.

Contemporary debates often concern platforms rather than governments. When social media companies
remove content, they exercise private property rights, not government censorship. Yet these platforms
shape public discourse so profoundly that some argue they should be treated as public utilities subject to
content-neutrality requirements. This position ironically restricts companies' speech rights to protect users'
speech rights, revealing that absolute free speech for all parties simultaneously is impossible when rights
conflict.
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The marketplace of ideas metaphor—that truth emerges when ideas compete freely—assumes ideal
conditions that rarely obtain. It presumes rational actors evaluating arguments on merits, but cognitive
biases, emotional reasoning, and strategic misinformation complicate this picture. It assumes equal access
to the marketplace, yet resource disparities allow well-funded speakers to dominate discourse. It ignores
how hate speech silences targeted groups through intimidation. When Nazis march through Jewish
neighborhoods, the ostensible purpose of protecting speech actually suppresses speech by terrorizing
communities into silence.

Comparative international approaches illuminate alternatives. Germany bans Nazi symbols and Holocaust
denial, considering these restrictions essential for maintaining democratic culture given its historical
experience. Critics call this paternalistic, but defenders argue it represents collective democratic choice
about the kind of society members want—a choice that itself exercises collective free expression.
European hate speech laws, while more restrictive than American standards, coexist with robust
democracies that don't appear less free in practice than the United States.

Perhaps the deepest question concerns what free speech protects and why. If speech's value lies in enabling
democratic self-governance and human flourishing, then restrictions might sometimes enhance these
values rather than undermine them. A society where marginalized groups self-censor from intimidation is
less free than one where carefully tailored restrictions ensure all voices can participate. The question
becomes not whether any restrictions are permissible—all societies restrict some speech (defamation,
fraud, true threats, child pornography)—but where to draw lines, through what processes, and with what
accountability.

25. Mill's defense of free speech rests primarily on:

A. Absolute property rights

B. Speech's role in discovering truth and enabling rational social progress
C. Entertainment value

D. Economic benefits

26. The passage uses the "fire in a crowded theater'" example to illustrate:

A. Why all speech restrictions are wrong

B. A paradigmatic case where speech creates immediate danger, suggesting limits exist

C. Why theaters should be banned

D. Mill's error

27. The passage suggests the marketplace of ideas metaphor is problematic because:

A. Ideas can't be bought

B. It assumes ideal conditions that don't obtain—rational actors, equal access, no intimidation
C. Markets are always perfect

D. Truth never emerges

28. Social media content moderation is presented as complicating free speech because:
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A. It's identical to government censorship

B. It involves private companies exercising property rights that shape public discourse profoundly
C. It should never occur

D. Companies should control all speech

29. Germany's restrictions on Nazi symbols are mentioned to show:

A. Germany is not democratic

B. An alternative approach where democratic societies choose restrictions based on historical experience
C. Why all restrictions are justified

D. That Germany opposes free speech entirely

30. The passage's overall stance on free speech is best characterized as:

A. Absolutist—no restrictions ever justified

B. Nuanced—recognizing speech's importance while acknowledging tensions with other values
C. Hostile to free expression

D. Indifferent to the issue

PASSAGE 6 (Questions 31-36)

The placebo effect—where inert treatments produce measurable health improvements—challenges
biomedical assumptions about mind-body separation. Double-blind randomized controlled trials,
medicine's gold standard, exist precisely to control for placebo effects by ensuring neither patients nor
providers know who receives active treatment. Yet framing placebos as mere confounds requiring
statistical elimination overlooks their positive potential. If beliefs can heal, understanding this mechanism
might enhance treatment rather than simply serving as methodological nuisance.

Placebo effects are substantial and well-documented. Meta-analyses show placebos reducing pain,
lessening depression, improving Parkinson's symptoms, and even altering immune responses. Brain
imaging reveals that placebos activate the same neural pathways as pharmaceutical analgesics, releasing
endogenous opioids. This isn't imagination or malingering—physiological changes occur. The question
isn't whether placebos work but how and whether clinicians should deliberately harness them.

Intentionally prescribing placebos raises ethical concerns. Medical ethics requires informed consent—
patients must understand their treatment. Placebos seem to require deception: patients believe they're
receiving active medicine when they're not. Yet research suggests placebos can work even when patients
know they're taking placebos, the "open-label placebo" effect. In one study, patients with irritable bowel
syndrome told they were receiving "placebo pills made of inert substances" showed significantly greater
improvement than no-treatment controls. Apparently, expectations and ritual around treatment matter
independent of deception.

Perhaps all treatment involves placebo elements alongside specific therapeutic mechanisms. The doctor-
patient relationship, treatment rituals, and contextual factors influence outcomes beyond biochemistry.
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Effective physicians already leverage these factors through communication style, empathetic listening,
and inspiring confidence—"bedside manner" that skeptics might dismiss as soft skills but research
suggests genuinely affects outcomes. Drugs tested in trials provide the baseline specific effect, but real-
world effectiveness includes both specific and placebo components. Maximizing both serves patients
better than focusing exclusively on biochemistry while ignoring psychosocial factors.

This perspective contrasts with overly reductionist biomedicine treating bodies as machines fixable
through chemical or surgical intervention alone. The biopsychosocial model, proposed by George Engel,
recognizes that biological, psychological, and social factors interact in health and illness. Stress affects
immune function; social support influences recovery; depression complicates chronic disease
management. Mind and body aren't separate domains but interdependent aspects of unified organisms.
Placebo effects exemplify this integration: mental states (beliefs, expectations) produce biological changes
(neurotransmitter release, symptom reduction).

However, enthusiasm for placebo power requires caution. Some conditions require specific interventions:
placebos won't cure bacterial infections requiring antibiotics or repair broken bones needing surgery.
Overemphasizing placebos risks minimizing genuine treatments or blaming patients for insufficient
positive thinking. Moreover, individual placebo responses vary dramatically—not everyone responds
equally. Identifying who benefits from placebo effects and when remains an active research question.

Nonetheless, recognizing placebo effects' legitimacy could transform clinical practice. Rather than
viewing them as confounds or deception, clinicians could intentionally optimize contextual healing
factors: spending adequate time with patients, explaining treatments thoroughly, conveying hope while
remaining honest about uncertainties, and creating healing environments. Complementary medicine often
excels at these elements even when specific mechanisms lack evidence—perhaps explaining its popularity
despite mainstream skepticism. Integrating what complementary medicine does well (attention to patient
experience, treatment rituals, holistic perspective) with biomedicine's specific interventions might provide
optimal care.

31. The passage's primary purpose is to:

A. Dismiss all placebo effects

B. Argue placebos should replace all medicine

C. Examine how placebo effects challenge mind-body separation and suggest therapeutic potential
D. Explain why clinical trials are unnecessary

32. According to the passage, the "open-label placebo" effect demonstrates:

A. Deception is always required

B. Placebos can work even when patients know they're placebos

C. All treatment is fraudulent

D. Patients are gullible

33. The passage suggests ""bedside manner" is:
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A. Irrelevant to outcomes

B. A soft skill that genuinely affects outcomes through placebo mechanisms
C. Opposed to scientific medicine

D. Only for weak physicians

34. The biopsychosocial model is introduced to show:

A. Biology doesn't matter

B. Mind and body interact—biological, psychological, and social factors affect health
C. Only psychology determines health

D. Medicine is unnecessary

35. The passage cautions that emphasizing placebo effects could:

A. Cure all diseases

B. Risk minimizing genuine treatments or blaming patients for insufficient positive thinking
C. Never have any downsides

D. Eliminate the need for research

36. The passage suggests integrating complementary and biomedical approaches might:

A. Undermine all medicine

B. Combine attention to patient experience with specific interventions for optimal care
C. Prove one approach is entirely wrong

D. Is impossible

PASSAGE 7 (Questions 37-42)

Archaeological interpretation involves creative reconstruction from fragmentary evidence. Unlike
laboratory sciences conducting controlled experiments, archaeologists study unrepeatable past events
through material traces—artifacts, structures, bones, seeds. These remains represent tiny fractions of past
material culture, shaped by preservation biases: organic materials decay; valuable items get recycled;
deliberate burial differs from accidental loss. From these biased samples, archaeologists infer behaviors,
beliefs, and social structures of people who left no written records or whose texts prove unreliable.

Consider Stonehenge. Everyone agrees massive stones were transported, arranged in specific alignments,
and rearranged over centuries. But why? Interpretations proliferate: astronomical observatory, healing
temple, burial ground, territorial marker, community gathering place. Each interpretation fits the evidence
yet reflects theoretical commitments. Processual archaeologists sought universal laws of human behavior,
interpreting monuments through cost-benefit analyses of labor mobilization and resource distribution.
Post-processual archaeologists emphasize symbolic meanings, noting that celestial alignments might
serve ideological functions legitimating social hierarchies rather than practical astronomical needs.
Indigenous perspectives contribute alternative readings respecting sites' sacred significance rather than
treating them merely as data.
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These interpretive differences don't render archaeology arbitrary. Evidence constrains possibilities—we
can't claim Stonehenge was a medieval castle despite our theoretical preferences. Yet substantial
interpretive latitude exists within evidential constraints. Two archaeologists examining identical material
might reach different conclusions based on what questions they ask, which comparative examples they
find relevant, and what aspects they consider significant. A archaeologist studying gender might interpret
gendered grave goods differently than one studying trade networks analyzing the same objects as evidence
of exchange systems.

Archaeology's politics become visible when examining colonialism's impacts. Early archaeologists, often
from colonial powers, interpreted non-Western societies through evolutionary frameworks positioning
them as primitive stages leading toward European civilization. Mayan pyramids were explained through
diffusion from Egypt rather than recognizing indigenous innovation. Indigenous oral histories were
dismissed as mythical rather than potential historical sources. Contemporary archaeology confronts this
legacy through collaborative approaches: consulting descendant communities, repatriating artifacts and
human remains, incorporating indigenous knowledge, and recognizing that archaeological sites aren't
merely research resources but meaningful places for living communities.

The repatriation debate illustrates these tensions. Museums argue artifacts preserved in controlled
environments serve universal human heritage, making knowledge accessible to all. Indigenous groups
counter that sacred objects and human remains aren't property but ancestral relatives demanding respectful
treatment according to cultural protocols, not display in glass cases. Legal frameworks like NAGPRA
(Native American Graves Protection and Repatriation Act) recognize indigenous claims while allowing
research on unaffiliated remains. But deeper questions persist: who owns the past? Can universal
knowledge claims override particular communities' relationships with ancestors and sacred objects?

Feminist archaeology emerged questioning androcentric biases. Classic interpretations assumed hunters
(presumed male) drove human evolution while gathering (presumed female) received minimal attention,
despite gathering likely providing more calories. Prehistoric "Venus figurines"—female forms with
exaggerated features—were reflexively interpreted as pornography or fertility symbols, revealing more
about archaeologists' assumptions than prehistoric beliefs. Feminist approaches examine how gender
operated in past societies, consider alternative interpretations of evidence, and recognize how
archaeologists' own gender ideologies shape supposedly objective analysis.

These developments reveal archaeology as interpretation requiring methodological rigor and theoretical
self-awareness. The discipline produces knowledge about the past, but knowledge always reflects the
present's concerns, values, and power dynamics. Acknowledging this doesn't undermine archaeology's
legitimacy but demands epistemic humility and ethical responsibility in studying and representing past
peoples' lives.

37. The passage's main argument is that:

A. Archaeology is impossible

B. Archaeological interpretation involves creative reconstruction constrained by evidence but shaped by
theoretical commitments

C. All interpretations are equally valid

D. Only indigenous people should practice archaeology
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38. Multiple interpretations of Stonehenge are presented to illustrate:

A. That Stonehenge is unimportant

B. How different theoretical frameworks and questions produce varying interpretations from the same
evidence

C. One correct interpretation exists

D. All interpretations are wrong

39. The passage suggests colonial-era archaeological interpretations:

A. Were purely objective

B. Reflected and reinforced colonial ideologies positioning non-Western societies as primitive
C. Never occurred

D. Have no modern relevance

40. According to the passage, the repatriation debate centers on:

A. Museum funding

B. Competing claims about who owns the past and how to treat human remains and sacred objects
C. Storage space

D. Tourism revenue

41. Feminist archaeology is described as:

A. Ignoring evidence

B. Questioning androcentric biases and examining how gender ideologies shape interpretation
C. Only studying women

D. Opposed to science

42. The passage concludes that archaeology's interpretive nature:

A. Undermines its legitimacy completely

B. Demands epistemic humility and ethical responsibility
C. Means anything goes

D. Should be hidden from the public

PASSAGE 8 (Questions 43-48)

Economic theories of rational choice assume individuals maximize utility by selecting optimal strategies
based on complete information and consistent preferences. This model enables elegant mathematical
analysis and generates testable predictions about market behavior. Yet behavioral economics documents
systematic deviations from rational choice, revealing cognitive biases and heuristics that produce
"irrational" decisions—irrational by rational choice standards but often adaptive in real-world contexts.
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Prospect theory, developed by Kahneman and Tversky, demonstrates that people evaluate outcomes
relative to reference points rather than absolute values, exhibit loss aversion (losses loom larger than
equivalent gains), and show different risk preferences for gains versus losses. These patterns contradict
expected utility theory. For example, people reject a 50% chance of winning $200 or losing $100 despite
positive expected value ($50), because the potential $100 loss weighs more heavily than the potential $200
gain. This loss aversion reflects psychological asymmetry, not mathematical error.

Framing effects show that logically equivalent choices produce different decisions depending on
presentation. Describe a medical treatment as having a "90% survival rate" and most choose it; describe
the identical treatment as having a "10% mortality rate" and many reject it. Rational choice predicts
identical responses to logically equivalent framings, yet framing matters profoundly. Marketers,
politicians, and propagandists exploit framing effects routinely, understanding that controlling description
controls decisions without changing substance.

Anchoring demonstrates how irrelevant information shapes judgments. Ask people whether Gandhi died
before or after age 140, then estimate his actual age at death, and estimates are higher than if asked whether
he died before or after age 9. The arbitrary anchor (140 vs. 9) shouldn't affect estimates yet does.
Negotiators exploit anchoring through initial offers that become reference points for counteroffers. Real
estate agents show expensive houses first so subsequent properties seem reasonable by comparison.

Defenders of rational choice argue these biases afflict only naive individuals making unfamiliar decisions.
Market competition punishes irrational actors—their mistakes create profit opportunities for rational
traders—so markets aggregate toward rational outcomes even if individuals err. This argument requires
strong assumptions: that irrational biases don't correlate systematically, that rational traders have sufficient
capital and patience to exploit mistakes, and that learning effectively corrects biases. Behavioral evidence
challenges each assumption. Many biases prove systematic and persistent; limited capital prevents
arbitrage opportunities from being fully exploited; and learning is often slow or absent when feedback is
delayed or ambiguous.

Moreover, rational choice defines rationality narrowly. Evolution shaped human cognition for ancestral
environments differing from modern contexts. Heuristics like loss aversion proved adaptive when
resources were scarce and losses threatened survival—better to overweight losses in such circumstances.
These heuristics may produce "errors" in modern experimental settings but reflected genuine rationality
given our evolutionary history. Perhaps behavioral economics reveals not irrationality but context-
dependent rationality where strategies adaptive in one environment malfunction in another.

This perspective suggests policy implications. If citizens predictably deviate from rational choice models,
should governments intervene? "Libertarian paternalism" proposes designing choice architectures that
nudge people toward beneficial decisions while preserving choice freedom. Default options powerfully
shape behavior: organ donation rates jump from 15% to 98% simply by switching from opt-in to opt-out
defaults. Automatic enrollment in retirement savings plans with opt-out options increases participation
without mandating it. Critics call this manipulation, but proponents argue that some choice architecture is
inevitable—there must be a default—so designing beneficial defaults serves people's own goals better
than leaving outcomes to arbitrary framings.

43. The passage's primary purpose is to:
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A. Prove economics is worthless

B. Examine how behavioral economics reveals systematic deviations from rational choice models
C. Defend rational choice completely

D. Explain mathematical models

44. Prospect theory's key insight is that:

A. People evaluate outcomes absolutely

B. People evaluate outcomes relative to reference points and show loss aversion
C. All people are identical

D. Math is unnecessary

45. Framing effects demonstrate that:

A. Logic is irrelevant

B. Logically equivalent descriptions can produce different choices
C. All framing is deceptive

D. People never make consistent choices

46. The defense of rational choice arguing that market competition corrects individual biases
requires assumptions that:

A. Are always true

B. Behavioral evidence challenges—biases are systematic, capital limited, learning slow
C. Prove markets are always wrong

D. Support behavioral economics

47. The passage suggests cognitive biases might represent:

A. Pure errors

B. Context-dependent rationality—adaptive in ancestral environments but misfiring in modern contexts
C. Evidence humans are irrational

D. Random mistakes

48. "Libertarian paternalism" through choice architecture is described as:
A. Eliminating choice
B. Designing beneficial defaults while preserving choice freedom

C. Completely manipulative
D. Opposed to all government
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PASSAGE 9 (Questions 49-53)

Photography's invention transformed visual culture, raising questions about art, truth, and perception that
persist today. Early responses diverged sharply: some celebrated photography's mechanical objectivity,
claiming cameras captured reality unmediated by artistic interpretation; others dismissed photographs as
mere copies lacking creative imagination. This debate about photography's status—objective record or
artistic medium—oversimplifies. Photographs are simultaneously representations shaped by choices and
documents bearing indexical relationships to photographed subjects.

The indexical quality distinguishes photographs from paintings. Photographs form through light reflected
from actual objects affecting light-sensitive materials—a physical connection between image and referent.
Roland Barthes emphasized photography's "that-has-been" quality: photographs testify that what they
depict existed, however briefly, before the lens. This evidentiary power makes photographs compelling
historical documents and explains their use in journalism, science, and law. Yet this same quality makes
photograph manipulation particularly troubling—tampering with images betrays trust in their testimonial
function.

However, indexicality doesn't guarantee objectivity or truth. Photographers select subjects, frame
compositions, time exposures, and manipulate development. These choices shape meaning profoundly.
Consider Depression-era photographs: Dorothea Lange's "Migrant Mother" became an icon of suffering,
yet Lange directed the subject's pose and selected the most affecting negative from several shots. The
photograph powerfully represents Depression-era poverty, but through artistic choices, not mechanical
recording. Context matters too: the same photograph illustrates different arguments depending on
accompanying text and editorial choices about what to show.

Digital photography intensifies manipulation possibilities. Photoshop enables seamless alterations
undetectable without forensic analysis. This capability paradoxically makes photographic evidence more
prevalent and less trustworthy. Social media overflows with images whose provenance and authenticity
are uncertain. Deepfakes—AI-generated fake videos—extend manipulation to moving images, creating
synthetic footage of events that never occurred. These technologies don't eliminate indexicality but
complicate it: images might be indexes of real scenes or indexes of computer-generated simulations.

Some argue that manipulation undermines photography's documentary value completely. If we cannot
trust photographs, they lose epistemic authority. This conclusion seems hasty. Paintings also represent
reality while involving artistic choices, yet we don't dismiss all painted portraits as useless evidence about
subjects' appearances. The key is understanding photographs as constructed representations while
respecting their indexical grounding. Skilled photograph criticism, like art historical analysis, interprets
images by considering production context, circulation, and reception alongside formal elements.

Perhaps instead of opposing objectivity and artistry, we should recognize photography as a practice
producing images with varying relationships to truth and artistry depending on context and use. Passport
photographs serve identification functions requiring standardized accuracy; fine art photographs explore
aesthetic possibilities with minimal documentary claims; photojournalism combines evidentiary and
communicative functions, constrained by ethical codes against manipulation while selecting and framing
content. Multiple modes coexist, each with different standards.
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49. The passage's main argument is that:

A. Photographs are purely objective
B. Photographs are purely subjective

C. Photographs are both shaped representations and indexical documents bearing physical connections

to referents
D. Photography should be banned

50. Barthes' ""that-has-been' quality refers to:

A. Photographs being old

B. Photography's indexical testimony that depicted subjects existed
C. Film development chemistry

D. Nostalgia

51. According to the passage, Dorothea Lange's ""Migrant Mother' demonstrates:

A. Photographers never make choices

B. How artistic choices shape meaning even in documentary photography
C. All documentary photography is deceptive

D. Depression-era poverty was false

52. Digital manipulation and deepfakes are presented as:

A. Completely eliminating photography's value

B. Complicating but not eliminating photography's evidentiary potential
C. Proof all images are false

D. Irrelevant to photography

53. The passage concludes that photography encompasses:

A. Only one valid use

B. Multiple modes with different relationships to truth and artistry depending on context

C. No legitimate uses
D. Purely aesthetic purposes
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Biological and Biochemical Foundations of Living Systems

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-4): Enzyme Regulation and Feedback
Inhibition

Metabolic pathways are regulated through multiple mechanisms to match production with cellular needs.
Feedback inhibition represents an elegant regulatory strategy where the end product of a pathway inhibits
the first committed step, preventing wasteful overproduction.

Isoleucine biosynthesis in bacteria exemplifies feedback inhibition. Five enzymes convert threonine to
isoleucine. When isoleucine accumulates, it binds threonine deaminase (the first enzyme), inhibiting the
pathway. This allosteric inhibition is noncompetitive—isoleucine binds a regulatory site distinct from the
active site, inducing conformational changes that reduce catalytic activity.

Cumulative feedback inhibition occurs when multiple end products regulate a branched pathway. In
pyrimidine synthesis, aspartate transcarbamoylase (ATCase) is inhibited by CTP (the final product) and
activated by ATP. This makes sense: when CTP is abundant, synthesis slows; when ATP is high
(indicating energy availability) but CTP is low, synthesis accelerates to balance nucleotide pools.

Covalent modification provides additional regulation. Glycogen phosphorylase exists in active
(phosphorylated) and inactive (dephosphorylated) forms. Phosphorylation by phosphorylase kinase
activates the enzyme during fight-or-flight responses, mobilizing glucose from glycogen. Protein
phosphatase-1 reverses this phosphorylation during rest.
Experimental data:
Threonine deaminase kinetics:

e Noisoleucine: Km =5 mM, Vmax = 100 pmol/min

e With 10 mM isoleucine: Km = 5 mM (unchanged), Vmax =25 pumol/min

o Interpretation: Noncompetitive inhibition (Vmax reduced, Km unchanged)

ATCase regulation:

e Basal activity: v =50 nmol/s at 10 mM aspartate
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CTP: v =20 nmol/s (inhibition)

e 0o

ATP: v =75 nmol/s (activation)

o

CTP + ATP: v =45 nmol/s (partial relief of inhibition)

o

Glycogen mobilization:

o Resting state: 10% phosphorylase in active form
e Epinephrine treatment: 80% phosphorylase in active form within 30 seconds
e Glucose release increases 8-fold

1. Isoleucine inhibiting threonine deaminase while not affecting Km demonstrates:

A. Competitive inhibition

B. Irreversible inhibition

C. Noncompetitive allosteric inhibition binding a site distinct from the active site
D. Substrate activation

2. Feedback inhibition typically targets the first committed step of a pathway because:

A. This prevents accumulation of unnecessary intermediates while conserving resources
B. The first enzyme is always the fastest

C. Later steps cannot be regulated

D. Random targeting

3. ATCase being inhibited by CTP and activated by ATP primarily demonstrates:

A. Simple competitive inhibition

B. Enzyme denaturation

C. Irreversible modification

D. Coordinated regulation balancing nucleotide pools based on energy status

4. Glycogen phosphorylase regulation by phosphorylation/dephosphorylation allows:
A. Slow, irreversible changes
B. Rapid, reversible switching between active and inactive states in response to hormonal signals

C. No regulation
D. Permanent activation

DISCRETE QUESTIONS (5-7)

5. During metaphase of mitosis, chromosomes are:
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A. Aligned at the cell equator attached to spindle fibers
B. Condensing for the first time

C. Separating toward opposite poles

D. Decondensing into chromatin

6. C4 plants differ from C3 plants by:

A. Lacking chlorophyll

B. Not performing photosynthesis

C. Only living in water

D. Spatially separating initial CO: fixation from the Calvin cycle to minimize photorespiration

7. The function of the nucleolus is:

A. DNA replication

B. Lipid synthesis

C. Ribosomal RNA synthesis and ribosome assembly
D. ATP production

PASSAGE 2 (Questions 8-12): Membrane Transport and Cell
Signaling

Cellular membranes are selectively permeable barriers regulating molecular traffic. Transport mechanisms
include passive diffusion (down concentration gradients without energy), facilitated diffusion (down
gradients via protein channels or carriers), and active transport (against gradients using ATP).

The sodium-potassium pump (Na'/K*-ATPase) exemplifies primary active transport. Each ATP
hydrolysis transports 3 Na* out and 2 K* in, maintaining gradients essential for nerve function, osmotic
balance, and providing driving force for secondary active transport.

Secondary active transport couples ion movement down electrochemical gradients to drive other solutes
against their gradients. The sodium-glucose cotransporter (SGLT) in intestinal epithelium uses the Na*
gradient (created by Na'/K*-ATPase) to transport glucose against its concentration gradient. Both
molecules move in the same direction (symport).

Ion channels provide selective passive diffusion. Voltage-gated sodium channels open when membrane
potential reaches threshold, allowing Na* influx that depolarizes the membrane during action potentials.
Ligand-gated channels open when specific molecules bind—the acetylcholine receptor at neuromuscular
junctions opens when acetylcholine binds, allowing Na" and K* flow that triggers muscle contraction.

G-protein coupled receptors (GPCRs) transduce extracellular signals into intracellular responses.
Epinephrine binding B-adrenergic receptors activates Gs proteins, which stimulate adenylyl cyclase to
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produce cAMP. This second messenger activates protein kinase A (PKA), which phosphorylates target
proteins, amplifying the signal.

Experimental observations:
SGLT transport study:

e Apical membrane: SGLT cotransports Na* and glucose into cell

e Basolateral membrane: GLUT?2 transports glucose out; Na*/K*-ATPase pumps Na* out

o Remove extracellular Na*: Glucose uptake stops despite concentration gradient

e Add ouabain (blocks Na*/K*-ATPase): Glucose uptake gradually decreases as Na* gradient
dissipates

Action potential ion movements:

e Resting: Membrane potential = -70 mV

o Stimulus reaches threshold: Voltage-gated Na* channels open, Na* enters, depolarization to +40
mV

e Peak: Na* channels inactivate, voltage-gated K* channels open, K* exits

e Repolarization: Returns to -70 mV

GPCR signaling cascade:

e 1 epinephrine molecule binds 1 receptor

o 1 activated receptor activates ~20 Gs proteins

e 1 Gs activates adenylyl cyclase producing ~100 cAMP molecules

e 1 cAMP activates PKA

e Signal amplification: 1 hormone molecule — thousands of phosphorylated proteins

8. The Na*/K*-ATPase is electrogenic because:

A. Tt transports equal numbers of ions

B. It only transports K*

C. It uses no energy

D. It transports 3 Na* out and 2 K* in, creating net charge separation

9. SGLT requiring extracellular Na* for glucose transport demonstrates:

A. Secondary active transport—Na* gradient drives glucose transport against its gradient
B. Glucose moving by simple diffusion

C. Primary active transport of glucose

D. Glucose inhibiting Na* transport

10. Voltage-gated Na* channels opening during action potentials allow:
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A. K" to exit

B. Hyperpolarization

C. Na' influx down its electrochemical gradient, depolarizing the membrane
D. No ion movement

11. Ouabain inhibiting Na*/K*-ATPase eventually stopping SGLT function shows:

A. SGLT and Na*/K*-ATPase are the same protein

B. SGLT depends on the Na* gradient maintained by Na*/K*-ATPase
C. Glucose blocks ouabain

D. No relationship exists

12. The GPCR signaling cascade producing thousands of phosphorylated proteins from one
hormone molecule demonstrates:

A. Signal amplification through multiple enzymatic steps
B. Signal attenuation

C. Direct gene transcription

D. Signal inhibition

PASSAGE 3 (Questions 13-16): Muscle Contraction and
Energetics

Skeletal muscle contraction follows the sliding filament model. Thick filaments (myosin) and thin
filaments (actin) slide past each other without changing length. Myosin heads bind actin, undergo
conformational changes (power strokes) pulling actin toward the sarcomere center, then release and
rebind—cycling continuously during contraction.

The molecular mechanism requires ATP and Ca**. At rest, troponin-tropomyosin complexes block myosin
binding sites on actin. Action potentials trigger Ca** release from sarcoplasmic reticulum. Ca*" binds
troponin, causing tropomyosin to shift and expose binding sites. Myosin heads (with bound ATP) then
attach to actin, forming cross-bridges.

The cross-bridge cycle involves: (1) ATP hydrolysis cocking the myosin head into high-energy position,
(2) myosin binding actin, (3) power stroke (ADP and Pi release) pulling actin, (4) new ATP binding
causing myosin to release actin. Without ATP, myosin remains bound to actin (rigor mortis after death
when ATP depletes).

Muscle energetics involve multiple ATP sources. Immediate ATP (lasts ~2 seconds) comes from stored
ATP. Phosphocreatine provides rapid ATP regeneration (lasts ~10 seconds): creatine phosphate + ADP
— creatine + ATP. Glycolysis produces ATP anaerobically (moderate speed, lasts minutes). Oxidative
phosphorylation provides sustained ATP aerobically (slow initiation, unlimited duration with oxygen).
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Contraction studies:
Cross-bridge cycle timing:

e ATP hydrolysis and cocking: 5 ms

e Attachment to actin: 1 ms

e Power stroke (ADP + Pi release): 10 ms
e ATP binding and detachment: 2 ms

e Full cycle: ~20 ms at 37°C

ATP depletion experiment:
e Isolated muscle fiber with ATP: Contracts normally with Ca?*
e Deplete ATP: Muscle becomes rigid (all myosin-actin bound)
e Add ATP: Rigidity releases (cross-bridges detach)

Exercise energy sources:

0-2 seconds: Stored ATP depleted

2-12 seconds: Phosphocreatine — ATP

12 seconds-2 minutes: Glycolysis predominates (lactate accumulates)
e 2 minutes: Oxidative phosphorylation dominates (requires oxygen)

13. Troponin-tropomyosin blocking myosin binding sites on actin until Ca** binds provides:

A. Constant contraction

B. ATP synthesis

C. Regulatory control preventing contraction in resting muscle
D. Actin polymerization

14. ATP's role in the cross-bridge cycle includes all EXCEPT:

A. Providing energy for the power stroke when hydrolyzed
B. Causing myosin detachment from actin when it binds

C. Cocking the myosin head into high-energy conformation
D. Permanently bonding myosin to actin

15. Rigor mortis occurs after death because:

A. Too much ATP is produced

B. ATP depletion leaves myosin bound to actin without detaching
C. Calcium is completely absent

D. Muscles produce excess energy

16. During a 10-second sprint, the primary ATP source after initial stores deplete is:
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A. Phosphocreatine donating phosphate to ADP
B. Oxidative phosphorylation

C. Protein breakdown

D. Fat oxidation

DISCRETE QUESTIONS (17-19)

17. Gram-positive bacteria differ from Gram-negative bacteria by having:

A. No cell wall

B. A thick peptidoglycan layer and no outer membrane
C. Two cell membranes

D. No peptidoglycan

18. Nitrogen fixation performed by bacteria converts:

A.NO;s to NH3

B. NHs to proteins directly
C. N2 to NOs™ only

D. Atmospheric N2 to NHs

19. The evolutionary advantage of sexual reproduction over asexual reproduction is:

A. Faster reproduction

B. Lower energy cost

C. Genetic variation through recombination and independent assortment
D. No need for mating

PASSAGE 4 (Questions 20-23): Immune System Function

The immune system defends against pathogens through innate and adaptive immunity. Innate immunity
provides rapid, nonspecific responses including physical barriers (skin, mucous membranes), cellular
responses (phagocytes, natural killer cells), and chemical defenses (complement proteins, antimicrobial
peptides).

Adaptive immunity develops slower but provides specific, long-lasting protection. B lymphocytes produce
antibodies (humoral immunity), while T lymphocytes provide cell-mediated immunity. Antigen-
presenting cells (dendritic cells, macrophages) process pathogens and present peptide fragments on MHC
molecules to T cells, initiating adaptive responses.
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Helper T cells (CD4") recognize antigens on MHC class II molecules, then secrete cytokines activating
other immune cells. Th1 cells activate macrophages and cytotoxic T cells for intracellular pathogens. Th2
cells activate B cells for antibody production against extracellular pathogens. Cytotoxic T cells (CD8")
recognize antigens on MHC class I molecules and kill infected cells by releasing perforin and granzymes.

B cells produce antibodies with different effector functions. IgM appears first in primary responses. IgG
provides long-lasting protection and crosses the placenta. IgA secretes into mucous membranes
(respiratory, digestive tracts). IgE mediates allergic responses and antiparasitic immunity. Memory B and
T cells persist after infection, enabling rapid secondary responses.

Immunological data:
Primary vs. secondary antibody response:

e Primary (first exposure): 10-14 day lag, peak IgM ~day 14, modest IgG
o Secondary (re-exposure): 2-7 day lag, rapid high IgG production, little IgM
o Affinity: Secondary response antibodies bind antigen 100-1000x more tightly

MHC restriction:

e CD4" T cells + antigen on MHC II: Activation

e CD4" T cells + antigen on MHC I: No response
e CDS8'T cells + antigen on MHC I: Activation

e CDS8" T cells + antigen on MHC II: No response

Vaccination effectiveness:

e Polio vaccine: First dose produces primary response; booster produces rapid, strong secondary
response
e Measles: Natural infection or vaccination produces lifelong immunity via memory cells

20. The secondary antibody response being faster and stronger than the primary response is due
to:

A. Memory B and T cells enabling rapid recognition and activation
B. More pathogens present

C. Weaker immune system

D. Different pathogens

21. Cytotoxic T cells killing virus-infected cells by releasing perforin and granzymes represents:
A. Humoral immunity
B. Innate immunity only

C. Cell-mediated immunity eliminating intracellular pathogens
D. Antibody production
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22. CD4' T cells recognizing antigens only on MHC class Il molecules demonstrates:

A. Random binding

B. MHC restriction ensuring appropriate T cell-APC interactions
C. T cells functioning without MHC

D. All cells presenting on MHC II

23. IgG crossing the placenta provides:

A. No benefit to the fetus

B. Permanent immunity

C. Harm to the fetus

D. Passive immunity protecting newborns before their immune systems fully develop

PASSAGE 5 (Questions 24-28): Renal Physiology and
Homeostasis

Kidneys maintain homeostasis by filtering blood, reabsorbing needed substances, secreting wastes, and
regulating fluid and electrolyte balance. Each nephron—the functional unit—includes a glomerulus
(filtration), proximal tubule (bulk reabsorption), loop of Henle (concentration gradient), distal tubule
(regulated reabsorption), and collecting duct (final concentration).

Glomerular filtration occurs as blood pressure forces fluid from glomerular capillaries into Bowman's
capsule. The filtration barrier (fenestrated endothelium, basement membrane, podocyte foot processes)
allows small molecules through while retaining large proteins and cells. Filtration rate is ~180 L/day, yet
urine output is ~1.5 L/day—over 99% is reabsorbed.

The proximal tubule reabsorbs ~65% of filtered Na*, water, and glucose. Glucose reabsorption via Na*-
glucose cotransporter (SGLT2) is normally complete, so glucose appears in urine only when plasma levels
exceed the renal threshold (~180 mg/dL), saturating transporters.

The loop of Henle creates the medullary osmotic gradient through countercurrent multiplication. The
descending limb is water-permeable; water exits, concentrating tubular fluid. The ascending limb is water-
impermeable but actively transports Na*, K*, and CI~ out, diluting tubular fluid while concentrating the
interstitium. This gradient enables water reabsorption from collecting ducts.

ADH (antidiuretic hormone) regulates final urine concentration. ADH increases collecting duct water
permeability by inserting aquaporin-2 channels. High ADH produces concentrated urine (osmolarity up
to 1200 mOsm/L); low ADH produces dilute urine (50-100 mOsm/L). Aldosterone increases Na*
reabsorption and K* secretion in distal tubules and collecting ducts.

Clinical cases:
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Diabetes mellitus (uncontrolled):

o Plasma glucose: 300 mg/dL (exceeds renal threshold)

e Glucosuria: 50 g/day in urine

e Polyuria: 5 L/day (glucose creates osmotic diuresis)

e Mechanism: Unreabsorbed glucose retains water in tubules

Diabetes insipidus (central):
e ADH secretion: Absent
e Urine output: 15 L/day
e Urine osmolarity: 80 mOsm/L (very dilute)

e ADH injection: Urine output drops, osmolarity rises to 600 mOsm/L

Loop diuretic (furosemide):

Blocks Na*-K*-2Cl™ cotransporter in ascending limb
Medullary gradient dissipates

Cannot concentrate urine maximally even with ADH
Increased Na* and water excretion

24. The ascending limb of the loop of Henle being impermeable to water while actively
transporting NaCl out:

A. Has no function

B. Dilutes the blood

C. Creates and maintains the medullary osmotic gradient essential for concentrating urine
D. Occurs randomly

25. Glucose appearing in urine when plasma glucose exceeds 180 mg/dL demonstrates:

A. Transporters have limited capacity (Tm) that becomes saturated
B. Glucose is toxic

C. Kidneys don't reabsorb glucose

D. All glucose is normally excreted

26. Furosemide blocking the Na*-K*-2Cl" cotransporter prevents maximal urine concentration
because:

A. It blocks ADH receptors

B. It only affects glucose

C. It destroys nephrons

D. It prevents establishment of the medullary osmotic gradient needed for water reabsorption

27. In diabetes insipidus, injecting ADH restoring the ability to concentrate urine confirms:
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A. Insulin deficiency causes the disorder

B. The kidneys are structurally normal; ADH deficiency is the primary problem
C. The kidneys are permanently damaged

D. Glucose is the issue

28. ADH increasing collecting duct water permeability allows:

A. Dilute urine production only

B. Na* reabsorption

C. Water reabsorption down the osmotic gradient, concentrating urine
D. Glucose secretion

DISCRETE QUESTIONS (29-31)

29. Sickle cell anemia results from:

A. A chromosomal deletion

B. Too many red blood cells

C. Vitamin deficiency

D. A single nucleotide substitution causing glutamic acid — valine in B-globin

30. The principle of independent assortment states that:

A. Alleles of different genes assort independently during gamete formation
B. All genes are linked

C. Only one gene is inherited

D. Chromosomes don't separate

31. Operons in prokaryotes allow:

A. Individual gene regulation only

B. Coordinated regulation of multiple genes involved in related functions
C. No gene expression

D. Random transcription

PASSAGE 6 (Questions 32-35): Photosynthesis and Carbon
Fixation

Photosynthesis converts light energy into chemical energy in two stages: light reactions (producing ATP
and NADPH) and the Calvin cycle (fixing CO: into organic molecules). In C3 plants, both stages occur
in mesophyll chloroplasts.
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The Calvin cycle begins with RuBisCO (ribulose-1,5-bisphosphate carboxylase/oxygenase) catalyzing
CO: fixation: CO2 + RuBP (5C) — two 3-phosphoglycerate (3C) molecules. This carboxylation is the
rate-limiting step. 3-phosphoglycerate is then reduced to glyceraldehyde-3-phosphate (G3P) using ATP
and NADPH from light reactions. Most G3P regenerates RuBP to continue the cycle; some is diverted to
synthesize glucose.

Photorespiration occurs when RuBisCO binds O: instead of CO., producing 2-phosphoglycolate that must
be recycled through an energy-expensive pathway. This wasteful process reduces photosynthetic
efficiency, especially at high temperatures and low CO2/O- ratios when stomata close to conserve water.

C4 plants minimize photorespiration through anatomical and biochemical adaptations. Mesophyll cells
initially fix CO: into 4-carbon oxaloacetate using PEP carboxylase (which has no oxygenase activity).
Oxaloacetate converts to malate, which moves to bundle-sheath cells where it releases CO.. This
concentrated CO: saturates RuBisCO, favoring carboxylation over oxygenation. The spatial separation
requires specialized Kranz anatomy.

CAM (Crassulacean Acid Metabolism) plants use temporal separation. Stomata open at night (cooler, less
water loss), fixing CO: into malate stored in vacuoles. During the day, stomata close; malate releases CO-
for the Calvin cycle. This adaptation suits arid environments.
Photosynthetic comparisons:
C3 vs. C4 efficiency:
e 25°C, normal COz2: C3 efficiency = 100%, C4 = 100%
e 35°C, normal CO2: C3 =70% (photorespiration), C4 = 95%
e 35°C, low COs2 (closed stomata): C3 =40%, C4 = 85%
o Water use efficiency: C4 produces 2x biomass per unit water
RuBisCO specificity:
e At 25°C, current atmosphere: 80% carboxylase, 20% oxygenase
e At 35°C, current atmosphere: 65% carboxylase, 35% oxygenase
e High O2/low CO:: Oxygenase activity dominates
Geographic distribution:
e Tropical grasses: 60% C4 species
o Temperate grasses: 5% C4 species
e Desert plants: High proportion CAM

32. RuBisCO catalyzing both carboxylation and oxygenation means:

A. High O: or low CO: favor oxygenase activity, causing photorespiration
B. It only fixes CO:

51



C. Temperature doesn't affect it
D. It never uses O2

33. The Calvin cycle requires 3 COz, 9 ATP, and 6 NADPH to produce one G3P because:

A. The process is inefficient

B. ATP and NADPH are destroyed

C. G3P is very large

D. Multiple reduction and regeneration steps are needed to fix carbon and regenerate RuBP

34. C4 plants showing higher efficiency at high temperatures and low CO: is because:

A. They lack RuBisCO

B. PEP carboxylase concentrates CO: around RuBisCO, minimizing photorespiration
C. They don't perform photosynthesis

D. They only use O

35. CAM plants opening stomata at night rather than during the day:

A. Is maladaptive

B. Prevents all photosynthesis

C. Reduces water loss while still allowing CO- fixation in hot, arid environments
D. Only occurs in aquatic plants

PASSAGE 7 (Questions 36-39): Hormonal Regulation of
Metabolism

Hormones coordinate metabolism across organs, maintaining blood glucose homeostasis. Insulin (from
pancreatic B-cells) and glucagon (from a-cells) exert opposing effects on fuel metabolism.

Insulin, released after meals when blood glucose rises, promotes anabolic processes. In liver and muscle,
insulin stimulates glucose uptake via GLUT4 translocation to membranes, activates glycogen synthase
(storing glucose as glycogen), activates phosphofructokinase-1 (increasing glycolysis), and inhibits
gluconeogenesis. In adipose tissue, insulin promotes glucose uptake and lipogenesis while inhibiting
lipolysis. The net effect is lowering blood glucose by increasing storage.

Glucagon, released during fasting when blood glucose falls, promotes catabolic processes. In liver (the
primary target), glucagon activates adenylyl cyclase — cAMP — PKA, which phosphorylates and
activates hormone-sensitive lipase (mobilizing fatty acids), phosphorylase kinase (activating glycogen
breakdown), and key gluconeogenic enzymes while inactivating glycogen synthase and
phosphofructokinase-1. The net effect is raising blood glucose through glycogenolysis and
gluconeogenesis.
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Epinephrine (from adrenal medulla) acts during stress, mobilizing energy similarly to glucagon but
affecting both liver and muscle. In muscle, epinephrine stimulates glycogen breakdown to provide
glucose-6-phosphate for ATP production. Cortisol (from adrenal cortex) maintains blood glucose during
prolonged stress by stimulating protein breakdown and gluconeogenesis.

Metabolic responses:
Fed state (high insulin/glucagon ratio):

e Liver: Glycogen synthesis 1, glycolysis 1, gluconeogenesis |, fatty acid synthesis 1
e Muscle: Glucose uptake 1, glycogen synthesis 1, protein synthesis 1

e Adipose: Glucose uptake 1, lipogenesis 1, lipolysis |

e Blood glucose: Decreases from 140 to 90 mg/dL

Fasted state (low insulin/glucagon ratio):

o Liver: Glycogenolysis 1, gluconeogenesis T, ketogenesis 1, glycolysis |
e Muscle: Fatty acid oxidation f, ketone use 1, glucose uptake |

e Adipose: Lipolysis 1 (fatty acids and glycerol released)

e Blood glucose: Maintained at ~70-90 mg/dL

Type 1 diabetes (no insulin):

e Blood glucose: 300-600 mg/dL (hyperglycemia)
e Liver: Unrestrained gluconeogenesis and glycogenolysis
e Adipose: Unrestrained lipolysis — ketoacidosis
e Treatment: Exogenous insulin restores normal regulation

36. Insulin promoting GLUT4 translocation to cell membranes increases:

A. Glucose secretion

B. Glucose uptake into muscle and adipose tissue, lowering blood glucose

C. Glucagon secretion

D. Protein breakdown

37. In Type 1 diabetes, hyperglycemia despite no insulin demonstrates:

A. Glucose synthesis stops

B. Normal glucose regulation

C. Unopposed glucagon action driving hepatic glucose production exceeds tissue uptake
D. Too much insulin

38. Glucagon activating phosphorylase kinase while inactivating glycogen synthase ensures:

A. Reciprocal regulation preventing futile cycling—glycogen breakdown without synthesis
B. Simultaneous synthesis and breakdown
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C. No glycogen metabolism
D. Insulin secretion

39. Epinephrine promoting glycogen breakdown in muscle during fight-or-flight provides:

A. No benefit

B. Fat storage

C. Sleep induction

D. Rapid glucose-6-phosphate for ATP production to fuel muscular activity

PASSAGE 8 (Questions 40-43): Mendelian Genetics and
Inheritance

Gregor Mendel's pea plant experiments established fundamental genetic principles. The law of segregation
states that paired alleles separate during gamete formation, with each gamete receiving one allele. The law
of independent assortment states that alleles of different genes assort independently during gamete
formation (for unlinked genes).

Monohybrid crosses examine one trait. Crossing true-breeding round (RR) and wrinkled (rr) peas
produces F1 heterozygotes (Rr), all showing the dominant round phenotype. F1 self-crosses yield F2 ratios
of 3 round : 1 wrinkled (genotypes 1 RR : 2 Rr: 1 rr). The 3:1 ratio confirms single-gene inheritance with
complete dominance.

Dihybrid crosses examine two traits simultaneously. Crossing round yellow (RRYY') with wrinkled green
(rryy) produces F1 dihybrids (RrYy) showing both dominant phenotypes. F1 self-crosses yield F2 ratios
of 9 round yellow : 3 round green : 3 wrinkled yellow : 1 wrinkled green. This 9:3:3:1 ratio confirms
independent assortment of the two genes.

Incomplete dominance produces intermediate phenotypes in heterozygotes. Red (C*R C*R) x white (C"W
C"W) snapdragons yield F1 pink (C*"R C*W) flowers. Pink x pink produces 1 red : 2 pink : 1 white,
showing the 1:2:1 genotypic ratio directly as phenotypic ratio.

Sex-linked inheritance involves genes on sex chromosomes. X-linked recessive traits (hemophilia, color
blindness) show characteristic patterns: affected males have carrier mothers; carrier females have affected
fathers; male-to-male transmission never occurs. Y-linked traits pass father-to-son exclusively.
Genetic crosses:
Test cross (round peas of unknown genotype):

e IfRR X rr — All round offspring (100%)

o IfRr x rr — 50% round, 50% wrinkled
e Conclusion: Test crosses with homozygous recessive reveal unknown genotypes
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Dihybrid F2 data (900 plants):

e Round yellow: 506 (expected 506.25)

e Round green: 171 (expected 168.75)

e Wrinkled yellow: 168 (expected 168.75)

e Wrinkled green: 55 (expected 56.25)

e Chi-square test: p > 0.05, consistent with 9:3:3:1

X-linked recessive pedigree:

o Affected male (X"a Y) x normal female (XA X*A) — All normal offspring (carrier daughters
XA X”a, normal sons X*A Y)

e Carrier female (X*A X”"a) x normal male (X*A Y) — 50% of sons affected (X*a Y), 50% of
daughters carriers (X*A X"a)

40. X-linked recessive traits never showing male-to-male transmission is because:

A. Males don't reproduce

B. Females don't carry the trait

C. The traits are always lethal

D. Males pass their Y chromosome to sons, not their X

41. The F2 ratio of 3:1 in Mendel's monohybrid crosses demonstrates:

A. Segregation of alleles with one dominant and one recessive
B. Both alleles are always expressed

C. Genes don't separate

D. All offspring are identical

42. In incomplete dominance, heterozygotes showing intermediate phenotypes means:

A. Dominance is complete

B. Mutations occurred

C. Neither allele is fully dominant; both contribute to the phenotype
D. The genes are sex-linked

43. The 9:3:3:1 ratio in dihybrid crosses supports:

A. Complete linkage

B. Independent assortment of unlinked genes
C. All genes on one chromosome

D. No genetic variation
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PASSAGE 9 (Questions 44-48): Molecular Biology of Gene
Expression

Gene expression involves transcription (DNA — RNA) and translation (RNA — protein). In prokaryotes,
these processes are coupled; in eukaryotes, they're separated spatially and temporally.

Prokaryotic transcription uses one RNA polymerase recognizing promoter sequences (particularly the -10
and -35 boxes). Sigma factors guide RNA polymerase to specific promoters. Transcription terminates via
rho-independent (hairpin structure) or rho-dependent mechanisms. The resulting mRNA is polycistronic
(encoding multiple proteins) and immediately translated by ribosomes.

Eukaryotic transcription is more complex. RNA polymerase II transcribes protein-coding genes,
recognizing promoters containing TATA boxes and requiring transcription factors for initiation. The
primary transcript undergoes processing: 5' capping (7-methylguanosine cap), 3' polyadenylation (poly-A
tail), and splicing (removing introns, joining exons). These modifications stabilize mRNA and facilitate
nuclear export.

Translation occurs on ribosomes. The ribosome has three tRNA binding sites: A (aminoacyl-tRNA entry),
P (peptidyl-tRNA holding growing chain), and E (exit). Initiation requires the small ribosomal subunit
binding mRNA at the start codon (AUGQG), initiator tRNA (Met-tRNA”Met) entering the P site, then large
subunit joining. Elongation cycles through: (1) aminoacyl-tRNA entering the A site, (2) peptide bond
formation (peptidyl transferase activity), (3) translocation moving A-site tRNA to P site. Termination
occurs when stop codons (UAA, UAG, UGA) reach the A site; release factors bind, hydrolyzing the
peptide from tRNA.

Post-translational modifications include phosphorylation, glycosylation, proteolytic cleavage, and
disulfide bond formation. These modifications regulate activity, localization, and stability.

Gene expression data:
Prokaryotic vs. eukaryotic mRNA:

e Prokaryotic: 5' end directly accessible, no cap; no poly-A tail; polycistronic
o Eukaryotic: 5' cap; poly-A tail; monocistronic; spliced

Splicing experiment:
e Primary transcript: 10,000 nucleotides with 8 exons and 7 introns
o Mature mRNA: 2,000 nucleotides
e Conclusion: Splicing removes 8,000 nucleotides (introns)

Antibiotic mechanisms:

e Streptomycin: Binds 30S ribosomal subunit, causing misreading
e Chloramphenicol: Inhibits peptidyl transferase on 70S ribosomes
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o Selectivity: Eukaryotic ribosomes (80S) are unaffected
Translation rates:

o Prokaryotes: ~20 amino acids/second

o Eukaryotes: ~6 amino acids/second

e Polyribosomes: Multiple ribosomes translate one mRNA simultaneously, increasing protein
production

44. Eukaryotic mRNA requiring 5' capping and 3' polyadenylation before export demonstrates:

A. Post-transcriptional processing necessary for mRNA stability and function
B. mRNA is immediately translated

C. Prokaryotes perform the same processing

D. Processing always destroys mRNA

45. Streptomycin selectively targeting prokaryotic ribosomes (70S) while not affecting eukaryotic
ribosomes (80S) explains:

A. Why it cannot treat bacterial infections

B. Why all cells are identical

C. Its utility as an antibiotic with reduced host toxicity
D. Ribosomes don't translate

46. The genetic code being degenerate (multiple codons for most amino acids) provides:

A. No advantage

B. Increased mutation rates

C. Fewer proteins

D. Buffering against point mutations—some mutations don't change amino acids

47. Splicing removing introns from eukaryotic mRNA shows:

A. All DNA sequences code for proteins

B. Eukaryotic genes contain non-coding sequences that must be removed
C. Prokaryotes have introns

D. No genetic information is lost

48. Multiple ribosomes simultaneously translating one mRNA (polyribosomes) allows:
A. Amplification of protein production from a single mRNA molecule
B. Slower protein production

C. mRNA degradation
D. No translation
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DISCRETE QUESTIONS (49-51)

49. In a DNA molecule, the percentage of adenine is 30%. The percentage of guanine is:

A.30%
B. 40%
C.20%
D. 70%

50. Restriction enzymes used in molecular cloning:

A. Join DNA fragments

B. Cut DNA at specific recognition sequences
C. Synthesize DNA

D. Denature proteins

51. The lock-and-key model of enzyme specificity proposes:

A. Enzymes bind all substrates equally

B. Temperature doesn't affect enzymes

C. pH is irrelevant

D. Enzyme active sites have complementary shapes to specific substrates

PASSAGE 10 (Questions 52-56): Population Genetics and
Evolution

Population genetics examines allele frequency changes in populations over time. The Hardy-Weinberg
equilibrium provides a null hypothesis: in the absence of evolutionary forces, allele frequencies remain
constant. For a gene with alleles A (frequency p) and a (frequency q), genotype frequencies are p* (AA),
2pq (Aa), and g* (aa), wherep +q = 1.

Hardy-Weinberg equilibrium requires: (1) no mutation, (2) random mating, (3) no gene flow, (4) infinite
population size (no genetic drift), and (5) no selection. Deviations from these assumptions cause evolution.
Real populations violate these assumptions, so allele frequencies change.

Natural selection occurs when individuals with certain genotypes have different reproductive success.
Directional selection favors one extreme phenotype (e.g., antibiotic resistance in bacteria). Stabilizing
selection favors intermediate phenotypes (e.g., birth weight in humans—very low or very high birth
weights reduce survival). Disruptive selection favors both extremes (e.g., beak sizes adapted to different
food sources).

Genetic drift causes random allele frequency changes, especially in small populations. The bottleneck
effect occurs when population size drastically reduces (natural disaster, hunting), causing loss of genetic
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variation. The founder effect occurs when few individuals establish a new population, carrying only a
subset of the original population's genetic diversity.

Gene flow (migration) introduces new alleles or changes frequencies. High gene flow homogenizes
populations; restricted gene flow allows divergence. Mutation provides the ultimate source of genetic
variation but occurs at low rates (~107® per base pair per generation).

Population genetics examples:
Hardy-Weinberg problem:

e Population: 1,000 individuals

o Phenylketonuria (PKU, autosomal recessive): 1 affected individual
e Frequency of aa (q*) = 1/1000 = 0.001

e q=%0.001=0.0316

e p=1-q=0.9684

e Carrier frequency (2pq) = 2(0.9684)(0.0316) = 0.0612 = 6.12%

o Expected carriers: ~61 individuals

Selection coefficient calculation:

e Initial frequency of a: qo = 0.5

o After selection (aa is lethal): Only AA and Aa survive

e Frequencies: AA =0.25/0.75 =0.333, Aa=0.50/0.75 = 0.667
e Newq=0.667/2+0=0.333

e Selection reduced q from 0.5 to 0.333 in one generation

Founder effect (Amish population):
e Ellis-van Creveld syndrome: 1/14,000 in general population
e 0Old Order Amish: 1/200
o Explanation: Founders carried rare allele; genetic drift in small population increased frequency
52. A population in Hardy-Weinberg equilibrium experiencing no evolution means:
A. Allele frequencies remain constant across generations
B. All individuals are identical
C. No genetic variation exists

D. Mutation rates are high

53. The founder effect causing higher disease allele frequencies in isolated populations
demonstrates:

A. Natural selection
B. Gene flow
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C. Genetic drift's impact when small populations establish from limited founders
D. Hardy-Weinberg equilibrium

54. If the frequency of a recessive allele (q) is 0.2, the frequency of heterozygous carriers (2pq) is:

A.0.04
B.0.32
C.0.64
D. 0.96

55. Gene flow between populations through migration:

A. Has no genetic effect

B. Only affects one population

C. Eliminates all genetic variation

D. Reduces genetic differences between populations by introducing alleles

56. Directional selection favoring antibiotic-resistant bacteria results in:

A. Increasing resistance allele frequency as resistant bacteria survive and reproduce more
B. Decreasing resistance allele frequency

C. No frequency change

D. Random changes

DISCRETE QUESTIONS (57-59)

57. The endosymbiotic theory proposes that mitochondria and chloroplasts:

A. Were always part of eukaryotic cells

B. Have no evolutionary origin

C. Originated from prokaryotic cells engulfed by ancestral eukaryotes
D. Evolved after the nucleus

58. Nondisjunction during meiosis I results in:

A. Normal gametes

B. Gametes with abnormal chromosome numbers (n+1 or n-1)
C. No gamete formation

D. Polyploid gametes only

59. Convergent evolution occurs when:

A. Related species become more different
B. Evolution stops
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C. All species evolve identically
D. Unrelated species evolve similar traits due to similar environmental pressures
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Psychological, Social, and Biological Foundations of Behavior

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-5): Sleep, Memory Consolidation, and
Circadian Rhythms

Sleep serves multiple biological and psychological functions, including energy conservation, cellular
repair, immune function enhancement, and memory consolidation. Sleep architecture consists of distinct
stages cycling throughout the night: NREM (non-rapid eye movement) stages N1, N2, N3, and REM
(rapid eye movement) sleep.

Memory consolidation—the process of stabilizing and integrating new information—occurs preferentially
during sleep. Declarative memories (facts and events) consolidate primarily during slow-wave sleep (N3),
while procedural memories (skills and habits) consolidate during REM sleep. The synaptic homeostasis
hypothesis proposes that wakefulness causes net synaptic strengthening (learning), while sleep enables
synaptic downscaling, preserving important connections while eliminating weaker ones.

Circadian rhythms are ~24-hour biological cycles regulated by the suprachiasmatic nucleus (SCN) in the
hypothalamus. Light exposure detected by retinal ganglion cells containing melanopsin entrains the SCN,
which then coordinates peripheral clocks throughout the body. The SCN regulates melatonin secretion
from the pineal gland: darkness triggers melatonin release (promoting sleepiness), while light suppresses
it.

Sleep deprivation impairs cognitive function, particularly attention, working memory, and executive
function. Chronic sleep restriction accumulates "sleep debt" that requires extended recovery sleep.
Adolescents experience delayed circadian phase—their biological clocks naturally shift later, conflicting
with early school start times and contributing to chronic sleep restriction in this population.

Research findings:
Memory consolidation study:

o Participants learned word pairs in the evening

e Group A: Normal 8-hour sleep

e Group B: Total sleep deprivation

e Group C: Selective REM sleep deprivation

o Testing 24 hours later: Group A retained 85%, Group B retained 60%, Group C retained 70%
o Interpretation: Sleep, particularly REM, enhances declarative memory consolidation
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Procedural memory and REM sleep:

o Participants trained on a finger-tapping sequence task

e Performance improvement correlated with REM sleep duration (r = 0.71, p <0.001)
e NREM sleep showed weaker correlation (r = 0.32, not significant)

e Suggests procedural skill consolidation depends on REM sleep

Adolescent sleep patterns:

e Melatonin secretion onset: Children 8:00 PM, Adolescents 11:00 PM, Adults 9:30 PM

e School start time 7:30 AM requires adolescents to wake during biological night

o Correlation between later school start times and improved academic performance, reduced
depression

Sleep deprivation effects:

e 24 hours awake: Attention lapses increase 400%, reaction time slows 50%
e Chronic restriction (6 hours/night for 2 weeks): Performance equivalent to 24 hours awake
e Recovery: Requires multiple nights of extended sleep to restore baseline function

1. The finding that declarative memory retention is higher after normal sleep (85%) compared to
total sleep deprivation (60%) primarily supports:

A. Sleep has no role in memory

B. All memory consolidation occurs during waking
C. Sleep facilitates memory consolidation processes
D. Memory cannot form without sleep

2. Procedural memory showing stronger correlation with REM sleep (r = 0.71) than NREM sleep
(r = 0.32) suggests:

A. Different memory systems consolidate during different sleep stages
B. REM sleep has no function

C. Procedural memory doesn't consolidate

D. All memory consolidates identically

3. Adolescents' delayed melatonin secretion onset (11:00 PM vs. 8:00 PM in children) combined
with early school start times (7:30 AM) creates:

A. Optimal sleep timing

B. No biological consequences

C. Enhanced learning

D. Mismatch between biological clock and social demands causing chronic sleep restriction

4. The suprachiasmatic nucleus (SCN) regulating circadian rhythms through coordination of
peripheral clocks exemplifies:
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A. Bottom-up processing

B. Top-down hierarchical control from a central pacemaker
C. Random biological fluctuation

D. Peripheral dominance

5. Chronic sleep restriction (6 hours/night for 2 weeks) producing performance deficits equivalent

to 24 hours of total sleep deprivation demonstrates:

A. Sleep deprivation has no cumulative effects

B. Six hours is always sufficient

C. Sleep debt accumulates with repeated insufficient sleep
D. Performance is unaffected by sleep

DISCRETE QUESTIONS (6-8)

6. The James-Lange theory of emotion proposes that:

A. Physiological arousal precedes and causes emotional experience
B. Emotion and arousal occur simultaneously

C. Cognitive appraisal is unnecessary

D. Emotions have no physiological component

7. Groupthink, where desire for harmony leads to poor decision-making, is most likely to occur
when:

A. Groups have diverse perspectives

B. Cohesive groups face pressure and lack systematic procedures
C. Individual members disagree frequently

D. Groups have no time pressure

8. Broca's area damage typically results in:

A. Fluent speech with comprehension deficits

B. Loss of visual perception

C. Memory impairment only

D. Non-fluent, effortful speech production with intact comprehension

PASSAGE 2 (Questions 9-12): Social Identity Theory and
Intergroup Relations
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Social identity theory, developed by Henri Tajfel and John Turner, explains how individuals derive part
of their self-concept from group memberships. People categorize themselves and others into ingroups
(groups they belong to) and outgroups (groups they don't belong to). This categorization leads to ingroup
favoritism—preferential treatment of ingroup members—and can contribute to prejudice and
discrimination against outgroups.

Three processes underlie social identity: social categorization (classifying people into groups), social
identification (adopting the identity and norms of groups we belong to), and social comparison (comparing
our groups favorably to outgroups to maintain positive self-esteem). When social identity is threatened,
people engage in strategies to restore positive distinctiveness: individual mobility (leaving the group),
social creativity (redefining comparison dimensions), or social competition (direct competition with
outgroups).

The minimal group paradigm demonstrates that even arbitrary, meaningless group divisions create ingroup
favoritism. Participants randomly assigned to groups (e.g., "overestimators" vs. "underestimators" on a
dot-counting task) show preferential allocation of rewards to ingroup members, suggesting ingroup bias
emerges from categorization itself rather than requiring meaningful differences or conflict.

Stereotype threat occurs when individuals fear confirming negative stereotypes about their group,
impairing performance through increased anxiety and cognitive load. For example, women reminded of
gender stereotypes before math tests perform worse than when stereotypes aren't primed. This
demonstrates how social identity awareness can directly impact individual behavior and achievement.

Social identity research:
Minimal group paradigm (Tajfel):

o Participants randomly divided into groups based on arbitrary criteria

e Asked to allocate money to anonymous ingroup and outgroup members

o Result: Participants favored ingroup members even with no interaction or meaningful group
basis

e Some participants maximized ingroup advantage even at cost of absolute ingroup gains

o Conclusion: Mere categorization sufficient for ingroup bias

Stereotype threat experiments:

e Study 1: African American students took difficult verbal test
o Diagnostic condition (test measures intelligence): Performance decreased
o Non-diagnostic condition (problem-solving exercise): Performance matched white
students
e Study 2: Women math test performance
o Gender stereotype primed: Scored 20% lower
o Gender-fair test description: No gender difference
e Mechanism: Anxiety and working memory interference

Social identity threat responses:
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e Low group identifiers: Often pursue individual mobility, psychologically distance from group
o High group identifiers: More likely to engage in social competition or collective action

e Secure group status: Less aggressive intergroup behavior

o Threatened group status: Increased defensiveness and outgroup derogation

9. The minimal group paradigm demonstrating ingroup favoritism from arbitrary categorization
suggests:

A. Prejudice requires historical conflict

B. Realistic competition is necessary for bias

C. Social categorization alone is sufficient to produce ingroup bias
D. Groups must have meaningful differences

10. Stereotype threat impairing women's math performance when gender stereotypes are primed
operates through:

A. Actual ability differences

B. Genetic factors

C. Lack of preparation

D. Anxiety and cognitive load reducing working memory resources

11. According to social identity theory, people engage in social comparison (comparing ingroups
favorably to outgroups) primarily to:

A. Maintain positive self-esteem and positive group distinctiveness
B. Accurately assess group differences

C. Promote intergroup cooperation

D. Eliminate all ingroups

12. High group identifiers responding to identity threat through social competition rather than
individual mobility demonstrates:

A. All people respond identically

B. Group identification strength moderates responses to threat
C. Identity has no behavioral consequences

D. Individual mobility is impossible

PASSAGE 3 (Questions 13-16): Operant Conditioning and
Reinforcement Schedules
Operant conditioning, systematically studied by B.F. Skinner, describes learning through consequences.

Behaviors followed by reinforcement (increasing behavior) or punishment (decreasing behavior) change
in frequency. Reinforcement can be positive (adding pleasant stimulus) or negative (removing aversive
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stimulus). Similarly, punishment can be positive (adding aversive stimulus) or negative (removing
pleasant stimulus).

Reinforcement schedules determine when and how often reinforcement occurs. Continuous reinforcement
(reinforcing every response) produces rapid learning but quick extinction when reinforcement stops.
Partial (intermittent) reinforcement schedules produce slower learning but greater resistance to extinction.

Four partial reinforcement schedules exist: Fixed ratio (FR) reinforces after a set number of responses,
producing high response rates with post-reinforcement pauses. Variable ratio (VR) reinforces after varying
numbers of responses, producing steady, high response rates with greatest resistance to extinction (e.g.,
gambling). Fixed interval (FI) reinforces the first response after a set time period, producing scalloped
response patterns with increased responding as the interval ends. Variable interval (VI) reinforces the first
response after varying time intervals, producing steady, moderate response rates.

Shaping uses successive approximations—reinforcing behaviors progressively closer to the target
behavior. This technique enables training complex behaviors that would rarely occur spontaneously.
Chaining links individual behaviors into sequences, where each behavior's completion serves as a
discriminative stimulus (Sd) for the next behavior and a conditioned reinforcer for the previous behavior.

Operant conditioning research:
Reinforcement schedule comparison:

o Continuous reinforcement: Rapid acquisition, rapid extinction (stops responding within 10
minutes)

o Fixed ratio (FR-10): High response rate, brief pauses after reinforcement, moderate extinction
resistance

e Variable ratio (VR-10): Highest sustained response rate, greatest extinction resistance (responds
for hours without reinforcement)

o Fixed interval (FI-30s): Scalloped pattern—Ilow rates early in interval, rapid responding near end

e Variable interval (VI-30s): Steady moderate responding, good extinction resistance

Gambling behavior analysis:

o Slot machines operate on variable ratio schedule (unpredictable wins)

o Creates persistent responding despite overall monetary losses

o Resistance to extinction explains why gambling behavior persists through losing streaks
e Near-misses (almost winning) function as partial reinforcement maintaining behavior

Token economy in institutional settings:
o Psychiatric patients earned tokens (conditioned reinforcers) for target behaviors
o Tokens exchanged for privileges and items (backup reinforcers)

o Result: 80% increase in self-care behaviors, 65% reduction in disruptive behaviors
o Effectiveness demonstrates secondary reinforcement principles and practical application
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13. Variable ratio (VR) schedules producing the greatest resistance to extinction compared to
other schedules explains:

A. Why continuous reinforcement works best

B. Why gambling behavior persists despite overall losses
C. Fixed schedules are superior

D. Extinction never occurs

14. Fixed interval (FI) schedules producing scalloped response patterns (low rates early, rapid
responding near interval end) demonstrates that organisms:

A. Cannot learn temporal patterns

B. Always respond at constant rates

C. Learn to discriminate temporal cues and adjust responding accordingly
D. Respond randomly

15. Token economies using tokens as conditioned reinforcers that can be exchanged for backup
reinforcers work because tokens:

A. Are inherently reinforcing

B. Have no effect on behavior

C. Cannot be learned

D. Acquire reinforcing properties through association with primary reinforcers

16. Shaping complex behaviors through successive approximations is necessary because:

A. Complete target behaviors occur spontaneously

B. Organisms know complex behaviors innately

C. Punishment is always more effective

D. Complex behaviors rarely occur spontaneously, so reinforcing closer approximations builds the
behavior

DISCRETE QUESTIONS (17-19)
17. The absolute threshold is defined as:

A. The maximum detectable stimulus intensity

B. Change required to notice a difference

C. Minimum stimulus intensity detected 50% of the time

D. The point of sensory adaptation

18. According to the frustration-aggression hypothesis:
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A. Frustration always leads to aggression
B. Aggression never results from frustration
C. No relationship exists

D. Frustration doesn't affect behavior

19. Demographic transition theory describes:

A. Individual personality changes

B. Population changes from high birth/death rates to low birth/death rates with economic development
C. Migration patterns only

D. No population patterns

PASSAGE 4 (Questions 20-23): Major Depressive Disorder and
Treatment Approaches

Major Depressive Disorder (MDD) is characterized by persistent low mood, anhedonia (loss of pleasure),
and additional symptoms including sleep disturbances, appetite changes, fatigue, feelings of
worthlessness, concentration difficulties, and suicidal ideation. Diagnosis requires at least five symptoms
present for at least two weeks, causing significant impairment.

Multiple theoretical frameworks explain depression's etiology. The biological perspective emphasizes
neurotransmitter dysregulation (particularly serotonin, norepinephrine, and dopamine), genetic
vulnerability (heritability ~40%), and structural brain changes (reduced hippocampal volume, altered
prefrontal cortex activity). The diathesis-stress model proposes that genetic/biological vulnerability
interacts with environmental stressors to trigger depression.

Cognitive theories emphasize thought patterns. Aaron Beck's cognitive triad describes negative views of
self, world, and future. Depressed individuals exhibit cognitive distortions (arbitrary inference,
overgeneralization, personalization) and negative automatic thoughts. Learned helplessness theory
(Seligman) suggests repeated uncontrollable negative events lead to expectations of helplessness and
subsequent depression.

Treatment approaches include pharmacotherapy and psychotherapy. SSRIs (Selective Serotonin Reuptake
Inhibitors) increase synaptic serotonin by blocking reuptake, though therapeutic effects take 2-4 weeks.
Cognitive-behavioral therapy (CBT) directly addresses cognitive distortions and behavioral patterns.
Interpersonal therapy focuses on relationship patterns. For severe cases, electroconvulsive therapy (ECT)
provides rapid symptom relief through controlled seizure induction under anesthesia.

Depression research and treatment:

Cognitive distortions in depression:
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e Arbitrary inference: "My friend didn't call back, therefore she hates me" (conclusion without
evidence)

e Overgeneralization: "I failed this test, therefore I'm a complete failure" (broad conclusion from
single event)

o Personalization: "The project failed because of me" (assuming personal responsibility for
external events)

e Depressed patients show 3-4x higher rates of cognitive distortions than non-depressed controls

CBT efficacy:

e 16-week CBT treatment: 60% remission rate

e 16-week SSRI treatment: 55% remission rate

e Combined CBT + SSRI: 75% remission rate

e One-year follow-up: CBT alone shows lower relapse (30%) vs. medication alone (50%)
o Suggests CBT provides lasting skills preventing relapse

Learned helplessness experiment:

e Phase 1: Dogs received inescapable shocks (no control)

e Phase 2: Dogs placed in shuttlebox where jumping barrier terminated shock

e Result: Dogs from Phase 1 didn't learn to escape, instead showed passive acceptance
o Control dogs never exposed to inescapable shock learned escape rapidly

e Models depression development from perceived lack of control

Neurobiological findings:

o PET scans show decreased prefrontal cortex activity and increased amygdala activity in
depression

e Hippocampal volume reduced ~10% in chronic depression

e SSRIs increase hippocampal neurogenesis (new neuron formation) in animal models

o Suggests depression involves structural brain changes, not just neurotransmitter levels

20. Learned helplessness experiments showing that dogs exposed to inescapable shock later fail to
learn escape demonstrates:

A. Dogs lack intelligence

B. Shock is always harmful

C. Learning never generalizes

D. Perceived lack of control can lead to passive acceptance and learned helplessness

21. CBT showing lower one-year relapse rates (30%) compared to medication alone (50%)
suggests:

A. Medication is always superior
B. CBT teaches coping skills that provide protection after treatment ends
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C. Relapse never occurs
D. Treatment duration doesn't matter

22. The cognitive triad (negative views of self, world, and future) in Beck's theory represents:

A. Positive thought patterns

B. Random thoughts

C. Unchangeable personality

D. Core dysfunctional beliefs maintaining depression

23. SSRIs taking 2-4 weeks to produce therapeutic effects despite immediately blocking serotonin
reuptake suggests:

A. SSRIs don't work

B. Immediate effects are optimal

C. Downstream neuroplastic changes (receptor regulation, neurogenesis) require time
D. Serotonin is irrelevant

PASSAGE 5 (Questions 24-28): Conformity, Obedience, and
Social Influence

Social influence describes how individuals change behavior, attitudes, or beliefs due to real or imagined
social pressure. Three major forms exist: conformity (matching behavior to group norms), compliance
(agreeing to requests), and obedience (following direct orders from authority).

Solomon Asch's conformity experiments demonstrated powerful group influence. Participants judged line
lengths in groups where confederates unanimously gave incorrect answers. About 75% of participants
conformed at least once, with average conformity rate of 37%. Factors increasing conformity include
larger group size (up to 4-5 people), unanimity (even one dissenter dramatically reduces conformity), task
difficulty/ambiguity, and cultural values emphasizing collectivism.

Stanley Milgram's obedience studies revealed disturbing levels of obedience to authority. Participants
believed they delivered increasingly severe electric shocks to a "learner" (actually a confederate) on
experimenter orders. Despite learner protests and apparent distress, 65% of participants continued to
maximum 450-volt shock. Factors increasing obedience included authority figure presence, institutional
setting legitimacy, incremental escalation, and diffusion of responsibility.

Compliance techniques exploit psychological principles. Foot-in-the-door (small request followed by
larger request) works through consistency principle and self-perception changes. Door-in-the-face (large
request rejected, followed by smaller request) works through reciprocity and contrast. Low-ball technique

secures commitment before revealing costs, using commitment and consistency.

Social influence research:
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Asch conformity variations:

e Baseline (unanimous incorrect majority): 37% conformity rate

e One dissenter agrees with participant: Conformity drops to 5%

o Dissenter also wrong but breaks unanimity: Conformity drops to 9%

e Larger groups (7-9 people vs. 3): Minimal additional conformity increase

e Written vs. public responses: Conformity nearly eliminated with private responses
e Conclusion: Unanimity and public accountability crucial for conformity

Milgram obedience variations:

o Baseline (experimenter present, learner in adjacent room): 65% full obedience

e Experimenter absent (phone instructions): Obedience drops to 21%

e Touch proximity (forcing learner's hand onto shock plate): Obedience drops to 30%
e Ordinary setting (office building vs. Yale lab): Obedience drops to 48%

o Participant chooses shock level: Only 3% choose maximum voltage

e Two authority figures disagree: Near-zero obedience

o Shows situation powerfully influences obedience

Foot-in-the-door technique:

e Control: Researchers asked homeowners to place large "Drive Carefully" sign in yard—17%
agreed

o Experimental: First asked to display small window sign, then 2 weeks later requested large yard
sign—76% agreed

e Self-perception explanation: Initial compliance changes self-view ("I'm community-minded"),
increasing later compliance

Cultural differences in conformity:

e Meta-analysis: Collectivist cultures (e.g., Japan, China) show higher conformity rates than
individualist cultures (e.g., U.S., Britain)

e Asch paradigm replications: U.S. 25% conformity, Japan 40% conformity

o Reflects cultural values about group harmony vs. individual uniqueness

24. Asch's finding that conformity drops dramatically (37% to 5%) when just one dissenter agrees
with the participant demonstrates:

A. Unanimity is critical for conformity pressure
B. Group size doesn't matter

C. Dissent increases conformity

D. Conformity is unchangeable

25. Milgram's participants showing much higher obedience when the experimenter was physically
present (65%) versus giving instructions by phone (21%) indicates:

72



A. Physical distance from authority reduces obedience pressure
B. Phone instructions increase obedience

C. Authority proximity is irrelevant

D. All settings produce identical obedience

26. The foot-in-the-door technique working through initial small compliance changing self-
perception illustrates:

A. People have fixed self-concepts

B. Behavior can shape self-perception and subsequent behavior
C. Compliance techniques never work

D. Self-perception is irrelevant to behavior

27. Collectivist cultures showing higher conformity rates than individualist cultures reflects:

A. Genetic differences

B. Intelligence variations

C. Random variation

D. Cultural values about group harmony versus individual expression

28. Milgram's participants showing near-zero obedience when two authority figures disagreed
demonstrates:

A. Obedience to authority is absolute

B. Clear authority consensus increases obedience; conflict reduces it
C. Disagreement increases obedience

D. Participants never notice disagreement

DISCRETE QUESTIONS (29-31)

29. According to Piaget's theory, the concrete operational stage (ages 7-11) is characterized by:

A. Abstract reasoning and hypothetical thinking

B. Logical thought about concrete objects and conservation understanding
C. Purely sensorimotor learning

D. Egocentric thought only

30. Weber's law states that:
A. All stimuli are equally detectable
B. Absolute threshold never changes

C. Sensation is random
D. The just noticeable difference is a constant proportion of the original stimulus intensity
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31. Medicalization refers to:

A. Provision of medical care only

B. Hospital construction

C. Defining non-medical problems as medical issues requiring medical treatment
D. Medical research exclusively

PASSAGE 6 (Questions 32-35): Alzheimer's Disease:
Neurobiological Basis and Cognitive Decline

Alzheimer's disease (AD) is a progressive neurodegenerative disorder and the most common cause of
dementia, affecting memory, cognition, and behavior. Early symptoms include episodic memory deficits,
particularly difficulty forming new memories (anterograde amnesia), while remote memories remain
relatively intact initially. As disease progresses, semantic memory, executive function, language, and
visuospatial abilities deteriorate.

Two pathological hallmarks characterize AD: amyloid plaques (extracellular accumulations of amyloid-
beta protein) and neurofibrillary tangles (intracellular accumulations of hyperphosphorylated tau protein).
These pathologies first appear in the entorhinal cortex and hippocampus—explaining early memory
deficits—before spreading to association cortices. Neuronal death and synaptic loss follow, with brain
atrophy visible on neuroimaging.

The cholinergic hypothesis proposes that acetylcholine depletion contributes to cognitive symptoms. The
nucleus basalis of Meynert, which provides cholinergic innervation to cortex and hippocampus, shows
severe neuronal loss in AD. Current pharmacological treatments (acetylcholinesterase inhibitors like
donepezil) increase synaptic acetylcholine, providing modest symptomatic benefit but not altering disease
progression.

Risk factors include age (primary factor—prevalence doubles every 5 years after age 65), genetics (APOE
€4 allele increases risk, early-onset forms linked to APP, presenilin-1, and presenilin-2 mutations),
cardiovascular risk factors (hypertension, diabetes), and lower cognitive reserve. Protective factors
include education, cognitive engagement, physical activity, and social interaction.

Alzheimer's disease research:
Memory deficit progression:

o Early stage: Episodic memory impaired (can't remember recent conversations), semantic
memory intact (knows what objects are), remote memories preserved

o Middle stage: Both episodic and semantic memory impaired, language difficulties emerge,
executive dysfunction

o Late stage: Global cognitive impairment, personality changes, motor impairment, requires total
care
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o Pattern reflects pathology spread from medial temporal lobe (hippocampus) to association
cortices

Cognitive reserve hypothesis:

o High education/cognitive engagement groups: AD pathology present but fewer clinical
symptoms

e Low education/engagement groups: Same pathology level produces more severe symptoms

o Explanation: Enriched cognitive experience builds neural redundancy and compensation capacity

e Supports neuroplasticity throughout life

Acetylcholinesterase inhibitor trials:

e Donepezil vs. placebo over 1 year

o Cognitive assessment (ADAS-cog): Donepezil group declined 2.5 points, placebo declined 4.5
points

o Functional assessment: Modest benefit in donepezil group

o Effect size small; doesn't stop progression, only modest symptomatic improvement

o Limited efficacy suggests multiple pathways beyond cholinergic system involved

Biomarkers for early detection:

e CSF markers: Low amyloid-beta 42, high tau and phospho-tau detected 10-15 years before
symptoms

o PET imaging: Amyloid PET shows plaque accumulation pre-symptomatically

e MRI: Hippocampal atrophy correlates with memory decline

o Enables earlier intervention and clinical trial enrollment

32. Early Alzheimer's disease affecting episodic memory (recent events) before semantic memory
(general knowledge) reflects:

A. Random neuronal death patterns

B. Semantic memory is invulnerable

C. All memory systems fail simultaneously

D. Pathology beginning in hippocampus/entorhinal cortex before spreading to association cortices

33. The cognitive reserve hypothesis explaining why individuals with higher education show fewer
symptoms despite similar pathology suggests:

A. Education prevents pathology formation

B. Cognitive enrichment builds neural compensation capacity
C. Education has no brain effects

D. Pathology severity differs by education

34. Acetylcholinesterase inhibitors providing modest symptomatic benefit but not altering disease
progression indicates:
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A. Cholinergic enhancement improves function but doesn't address underlying neurodegeneration
B. These drugs cure Alzheimer's

C. Acetylcholine is irrelevant

D. Disease progression is prevented

35. Biomarkers (low CSF amyloid-beta, high tau) detectable 10-15 years before symptoms
demonstrates:

A. Symptoms appear immediately with pathology

B. Pathological processes precede clinical symptoms substantially
C. Biomarkers are unreliable

D. Symptoms cause pathology

PASSAGE 7 (Questions 36-39): Attribution Theory and Bias

Attribution theory examines how people explain causes of behavior and events. Fritz Heider distinguished
between internal (dispositional) attributions—explaining behavior through personality, abilities, or
attitudes—and external (situational) attributions—explaining behavior through environmental factors,
social pressure, or circumstances. Harold Kelley's covariation model proposes people consider
consistency (does the person always behave this way?), distinctiveness (does the person behave differently
in other situations?), and consensus (do others behave similarly?) when making attributions.

The fundamental attribution error (correspondence bias) describes the tendency to overemphasize internal
factors and underestimate situational factors when explaining others' behavior. For example, observers
attribute someone's rudeness to their personality (dispositional) rather than considering they might be
stressed or hurrying (situational). This bias is stronger in individualist cultures than collectivist cultures.

The actor-observer bias describes asymmetry in self versus other attributions: we attribute our own
behavior to situations but others' behavior to dispositions. When we fail a test, we blame difficulty or
distraction (situational); when others fail, we assume they're unprepared or unintelligent (dispositional).
This occurs partly because we have more self-knowledge about our situational variability, while observing
others provides primarily behavioral information.

Self-serving bias involves taking credit for success (internal attribution) while blaming failure on external
factors. This protects self-esteem and maintains positive self-image. Depressed individuals show reversed
pattern—attributing success to external factors ("I got lucky") and failure to internal factors ("I'm
incompetent"), contributing to negative self-view.

Attribution research:

Fundamental attribution error demonstration:

o Participants read essays arguing for or against Fidel Castro
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o Told: Writers chose position (dispositional condition) OR Writers assigned position by coin flip

(situational condition)
o Asked to estimate writer's true attitude

o Result: Even when writers were assigned positions, participants inferred attitudes matched essay

content
e Shows underweighting of strong situational constraint

Cultural differences in attribution:

e U.S. participants: Stronger fundamental attribution error, more dispositional attributions

e Asian participants: More balanced consideration of situational factors, less fundamental
attribution error

o Explanation: Individualist cultures emphasize personal responsibility/agency; collectivist
cultures emphasize social context

o Shows attribution patterns are culturally learned, not universal

Self-serving bias study:

e Teachers evaluated their own teaching performance and student learning outcomes

e Success (high student test scores): 80% attributed to teaching quality (internal)

o Failure (low student test scores): 75% attributed to student ability/motivation (external)
o Control: External observers made more balanced attributions

o Demonstrates motivated reasoning protecting self-esteem

Depression and attributional style:

e Depressed individuals show pessimistic attributional style

e Success: External ("luck"), unstable ("won't last"), specific ("only this")

o Failure: Internal ("my fault"), stable ("always this way"), global ("affects everything")
o Hopelessness theory: This style increases vulnerability to depression

o CBT targets changing attributional patterns

36. The fundamental attribution error involving overemphasis on dispositional factors when
explaining others' behavior occurs because:

A. Situations have no impact on behavior

B. Observers focus on salient actors while situational factors are less visible
C. Dispositions don't exist

D. All behavior is purely situational

37. Actor-observer bias (attributing own behavior situationally, others' dispositionally) arises
partly because:

A. People are completely objective
B. No differences in self-knowledge exist
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C. Attribution processes are identical
D. We have more information about our own situational variability across contexts

38. Self-serving bias (crediting success to internal factors, blaming failure on external factors)
primarily serves to:

A. Ensure accurate self-assessment

B. Eliminate all biases

C. Reduce motivation

D. Protect self-esteem and maintain positive self-image

39. Depressed individuals showing reversed self-serving bias (attributing success externally,
failure internally) suggests:

A. Depression has no cognitive components

B. Attributional style is fixed

C. Negative attributional patterns contribute to and maintain depression
D. Self-esteem is unrelated to attributions

DISCRETE QUESTIONS (40-42)

40. The vestibular sense, located in the inner ear, provides information about:

A. Balance, head position, and movement
B. Taste only

C. Visual acuity

D. Auditory processing exclusively

41. According to Kohlberg's stages of moral development, the postconventional level is
characterized by:

A. Obedience to avoid punishment

B. Moral reasoning based on abstract principles and universal ethics
C. Conformity to social norms exclusively

D. No moral reasoning

42. Health literacy refers to:
A. Reading ability only
B. Medical degrees

C. Hospital locations
D. Capacity to obtain, process, and understand health information to make appropriate health decisions
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PASSAGE 8 (Questions 43-47): Schizophrenia: Symptoms,
Neurobiology, and Treatment

Schizophrenia is a severe psychiatric disorder characterized by positive symptoms (hallucinations,
delusions, disorganized speech and behavior) and negative symptoms (flat affect, avolition, alogia,
anhedonia, social withdrawal). Cognitive symptoms including attention, working memory, and executive
function deficits significantly impact functioning but are often overlooked.

The dopamine hypothesis proposes that positive symptoms result from excessive dopamine activity in
mesolimbic pathways. Supporting evidence includes: amphetamines (increasing dopamine) can induce
psychosis; first-generation antipsychotics blocking D2 dopamine receptors reduce positive symptoms;
Parkinson's disease treatment with dopamine agonists can trigger psychosis. However, dopamine doesn't
explain negative or cognitive symptoms well.

Neuroimaging reveals structural and functional brain abnormalities. Enlarged lateral ventricles and
reduced gray matter volume in prefrontal cortex, temporal lobe, and hippocampus are common findings.
Functional abnormalities include prefrontal cortex hypoactivity (hypofrontality) during cognitive tasks,
potentially explaining executive dysfunction and negative symptoms.

Treatment involves antipsychotic medication and psychosocial interventions. First-generation (typical)
antipsychotics effectively reduce positive symptoms but cause extrapyramidal side effects (motor
abnormalities resembling Parkinson's disease) due to D2 blockade in motor pathways. Second-generation
(atypical) antipsychotics block both dopamine and serotonin receptors, treating positive symptoms with
fewer motor side effects. Clozapine, most effective for treatment-resistant cases, risks agranulocytosis
(dangerously low white blood cell count) requiring monitoring. Cognitive-behavioral therapy helps
manage symptoms and improve functioning.

Schizophrenia research:
Dopamine hypothesis support:

e PET imaging: Increased dopamine release in striatum during amphetamine challenge in
schizophrenia patients vs. controls

e Antipsychotic efficacy correlates with D2 receptor binding affinity (r =0.9)

e Dose required to reduce symptoms parallels dose needed to occupy ~60-80% of D2 receptors

o BUT: Dopamine antagonists don't effectively treat negative/cognitive symptoms

e Revised hypothesis: Mesolimbic dopamine hyperactivity (positive symptoms) + mesocortical
dopamine hypoactivity (negative/cognitive symptoms)

Structural neuroimaging meta-analysis:
e Ventricular enlargement: 40% larger in schizophrenia vs. controls
e Hippocampal volume: 4% reduction

e Superior temporal gyrus: 6% reduction
e Prefrontal cortex: 3% reduction
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o Progressive changes: Additional volume loss with illness duration
o Present at first episode, suggesting neurodevelopmental component

Antipsychotic comparison trial:

o First-generation (haloperidol): 60% positive symptom reduction, 35% extrapyramidal side
effects, minimal negative symptom improvement

e Second-generation (risperidone): 65% positive symptom reduction, 15% extrapyramidal side

effects, 20% negative symptom improvement
e Clozapine (treatment-resistant patients): 50% response rate when other medications failed
o Trade-offs: Efficacy vs. side effect profiles guide medication selection

Cognitive deficits impact:

Stronger predictor than positive or negative symptoms
Highlights need for cognitive-targeted interventions beyond current medications

43. The dopamine hypothesis receiving support from the finding that antipsychotic efficacy
correlates highly (r = 0.9) with D2 receptor binding affinity suggests:

A. Dopamine is irrelevant to schizophrenia

B. D2 blockade is unrelated to symptom reduction

C. Dopamine receptor blockade is central to therapeutic effects on positive symptoms
D. All neurotransmitters are equally involved

44. Enlarged ventricles and reduced cortical volume present at first episode of schizophrenia
indicates:

A. Brain changes occur only after years of illness

B. Medication causes all brain changes

C. No structural abnormalities exist

D. Neurodevelopmental abnormalities precede symptom onset

45. Second-generation antipsychotics causing fewer extrapyramidal side effects than first-
generation medications relates to:

A. Identical receptor profiles

B. Broader receptor binding including serotonin receptors, not solely D2
C. Complete lack of dopamine effects

D. Different administration routes only

Working memory, attention, executive function impaired ~1-2 standard deviations below normal
Cognitive deficits strongest predictor of functional outcome (employment, independent living)

46. Cognitive deficits being the strongest predictor of functional outcome (stronger than positive

or negative symptoms) suggests:

80



A. Positive symptoms determine functioning

B. Cognitive function is irrelevant

C. Symptom severity alone determines outcomes

D. Treatment should address cognitive symptoms to improve real-world functioning

47. The revised dopamine hypothesis proposing mesolimbic hyperactivity (positive symptoms) and
mesocortical hypoactivity (negative/cognitive symptoms) explains:

A. All symptoms result from excessive dopamine

B. Dopamine is uninvolved

C. Different symptom clusters may result from dopamine dysregulation in different brain regions
D. Only one brain region is affected

PASSAGE 9 (Questions 48-51): Language Development and
Critical Periods

Language acquisition follows predictable developmental stages. Infants demonstrate phoneme
discrimination at birth, distinguishing sounds from any language. By 6-12 months, this narrows through
perceptual narrowing—maintaining discrimination for native language phonemes while losing sensitivity
to non-native phonemes. Babbling emerges around 6 months, initially including varied sounds before
converging on native language phonemes.

First words typically appear around 12 months, with vocabulary expanding slowly initially (10-50 words
by 18 months) before the vocabulary explosion between 18-24 months (learning multiple words daily).
Two-word telegraphic speech emerges around 24 months, omitting grammatical morphemes but
conveying meaning ("want cookie"). By age 3-4, children produce complex sentences with grammatical
structure, though some refinement continues through childhood.

The critical period hypothesis proposes that language acquisition occurs most readily during a biologically
determined window (birth to puberty). Evidence includes: deaf children not exposed to sign language
before puberty never achieve full fluency; second language learners after puberty rarely achieve native-
like proficiency; case studies like Genie (abused child with minimal language exposure until age 13) who
failed to develop full language despite intensive training.

Neural plasticity underlies critical periods. During early development, neural circuits remain flexible,
shaped by experience. After critical periods, reduced plasticity makes learning more difficult. Language
lateralization (typically to left hemisphere) becomes fixed by puberty. fMRI studies show second
languages learned in childhood activate similar brain regions as first language, while later-learned
languages activate additional areas, suggesting different neural mechanisms.

Language development research:

Phoneme discrimination in infants:
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e 6 months: English-learning infants discriminate both English and Hindi phoneme contrasts
equally well

e 12 months: English-learning infants maintain English contrast discrimination but lose Hindi
contrast discrimination

o Hindi-learning infants show opposite pattern

o Demonstrates experience-dependent perceptual narrowing

e "Use it or lose it" neural pruning based on environmental input

Age of acquisition and proficiency:

e Study of Korean and Chinese immigrants to U.S.

e Arrived age 3-7: Native-like English grammar proficiency (95% accuracy)

e Arrived age 8-15: Declining proficiency with later arrival (70-85% accuracy)
e Arrived age 17+: Significantly lower proficiency (55-65% accuracy)

o Linear decline with age of acquisition after critical period

o Native language proficiency maintained regardless of English proficiency

Genie case study:

o Isolated with minimal language exposure until rescue at age 13

o Intensive language training provided

e Acquired vocabulary (content words) but never mastered grammar (functional morphemes,
complex syntax)

o Suggests critical period for syntax more constrained than for vocabulary

» Ethical concerns prevent experimental manipulation, so case studies provide evidence

Bilingual brain organization:

o Early bilinguals (both languages before age 7): Overlapping activation in Broca's area for both
languages

o Late bilinguals (second language after age 11): Spatially separated activation in Broca's area

o Suggests early language learning creates integrated neural representation

o Later learning requires additional neural resources

48. Perceptual narrowing (infants losing discrimination for non-native phonemes by 12 months)
demonstrates:

A. Language learning is purely genetic

B. Experience shapes neural development through use-dependent plasticity
C. All infants are identical

D. Phoneme discrimination doesn't develop

49. The finding that second-language learners arriving before age 7 achieve native-like proficiency
while those arriving after puberty show declining proficiency supports:
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A. Age has no effect on language learning
B. Adults learn languages better

C. Second languages are impossible

D. A critical period for language acquisition

50. Genie acquiring vocabulary but not grammar after age 13 language exposure suggests:

A. All language components have identical critical periods

B. No critical periods exist

C. Grammar has earlier critical period closure than vocabulary

D. Critical periods for different language components may close at different times

51. Early bilinguals showing overlapping neural activation for both languages while late bilinguals
show separated activation indicates:

A. Brain organization doesn't differ

B. All bilinguals are identical

C. Timing of language acquisition affects neural organization and representation
D. Language has no neural basis

DISCRETE QUESTIONS (52-54)

52. The mere exposure effect describes the finding that:

A. Familiarity with stimuli increases liking
B. Exposure decreases liking

C. Familiarity has no effect

D. Novel stimuli are always preferred

53. Social stratification refers to:

A. Random social organization

B. Complete equality

C. Hierarchical arrangement of individuals into social classes based on factors like wealth, power, and
prestige

D. Individual preferences only

54. Gate control theory of pain proposes that:
A. Pain perception is fixed
B. Non-painful input can close "gates" to painful signals, modulating pain perception

C. Pain has no neural basis
D. All pain signals reach consciousness equally
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PASSAGE 10 (Questions 55-59): Health Behavior Change and
the Transtheoretical Model

Health behaviors significantly impact morbidity and mortality. Smoking, poor diet, physical inactivity,
and excessive alcohol consumption contribute to leading causes of death including cardiovascular disease,
cancer, and diabetes. Understanding and promoting health behavior change is crucial for public health.

The Transtheoretical Model (Stages of Change), developed by Prochaska and DiClemente, proposes that
behavior change progresses through distinct stages: precontemplation (no intention to change, unaware of
problem), contemplation (aware of problem, considering change within 6 months), preparation (intending
to take action within 30 days, making small changes), action (actively modifying behavior for less than 6
months), and maintenance (sustaining change for 6+ months). Relapse can occur, cycling individuals back
to earlier stages.

Effective interventions match strategies to stages. Precontemplation requires consciousness-raising and
dramatic relief (emotional experiences) to build awareness. Contemplation involves weighing pros and
cons (decisional balance). Preparation and action stages use behavioral strategies: stimulus control
(modifying environment), counterconditioning (replacing unhealthy behaviors with healthy alternatives),
reinforcement management, and self-liberation (commitment). Maintenance focuses on relapse
prevention.

Self-efficacy—belief in one's capability to execute behaviors—predicts successful behavior change across
stages. High self-efficacy individuals attempt behavior change more readily and persist through
difficulties. Sources of self-efficacy include mastery experiences (successful past performance), vicarious
experience (observing similar others succeed), verbal persuasion (encouragement), and physiological
states (interpreting arousal positively).

Health behavior change research:
Stages of change in smoking cessation:

e Precontemplation smokers (40% of smokers): Not considering quitting
o Intervention: Provide information about health risks, personalized risk assessment
o Outcome: Low immediate quit rates but increased contemplation
o Contemplation smokers (40%): Thinking about quitting
o Intervention: Motivational interviewing, decisional balance exercises
o Outcome: 10-15% transition to preparation within 6 months
e Preparation (10-15%): Planning to quit within 30 days
o Intervention: Concrete quit plans, medication information, coping strategies
o Outcome: 40% initiate quit attempt within 30 days
e Action: Actively abstaining
o Intervention: Coping skills, social support, relapse prevention
o Outcome: 50% relapse within 6 months
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e Maintenance: Sustained abstinence 6+ months
o Outcome: 20% of original smokers achieve 1-year abstinence

Mismatched intervention consequences:

e Action-focused intervention (nicotine replacement) offered to precontemplation smokers: 3%
quit rate

e Same intervention to preparation/action stage smokers: 30% quit rate

o Demonstrates importance of stage-appropriate interventions

Self-efficacy and exercise behavior:

e Measured self-efficacy for exercise at baseline
e 6-month follow-up: High self-efficacy predicted:
o 85% initiated exercise program vs. 35% of low self-efficacy
o 70% maintained exercise vs. 25% of low self-efficacy
o Self-efficacy mediated relationship between intention and behavior
o Interventions increasing self-efficacy (mastery experiences through gradual increase, modeling)
improve adherence

Relapse prevention:

e High-risk situations identified: Negative emotions (35%), social pressure (20%), positive
emotions/celebration (15%)

o Abstinence violation effect: Viewing slip as complete failure predicts full relapse

o Cognitive reframing: Teaching slips as learning opportunities reduces full relapse

o Coping skills training for high-risk situations: 40% reduction in relapse rates

55. The finding that action-focused interventions (nicotine replacement) produce 30% quit rates in
preparation/action stage smokers but only 3% in precontemplation smokers demonstrates:

A. All interventions work equally for all people

B. Precontemplation smokers can't change

C. Stage matters little

D. Intervention effectiveness depends on matching strategies to individual's stage of change readiness

56. High self-efficacy predicting both initiation (85% vs. 35%) and maintenance (70% vs. 25%) of
exercise suggests:

A. Self-efficacy is irrelevant

B. Belief in one's capability is a critical determinant of behavior change success
C. Only external factors matter

D. Confidence has no behavioral impact

57. Teaching individuals to view slips as learning opportunities rather than complete failure
reducing full relapse rates works through:
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A. Ignoring behavior completely

B. Eliminating all monitoring

C. Denying the slip occurred

D. Cognitive reframing reducing the abstinence violation effect

58. The Transtheoretical Model proposing that individuals progress through distinct stages with
potential relapse suggests:

A. Change is linear without setbacks

B. Everyone changes identically

C. Behavior change is a process, not an event, with possible cycling through stages
D. Stages don't exist

59. Interventions during contemplation stage focusing on decisional balance (weighing pros and
cons) rather than concrete action plans targets:

A. Inappropriate strategy for this stage

B. Physical barriers only

C. No psychological processes

D. Motivational ambivalence characteristic of contemplation before commitment to action

86



SECTION 1: ANSWER EXPLANATIONS

1. B - Primary amino acid sequence determines tertiary structure

Anfinsen's experiment showed denatured ribonuclease spontaneously refolds to its active form with
correct disulfide bonds when denaturant is removed. This proves the primary sequence contains all
information needed for proper folding—no external template or chaperones required in this case.

2. B - Entropy increase from releasing ordered water molecules

Hydrophobic amino acids cluster in protein cores to minimize contact with water. This is entropy-driven:
water molecules ordered around hydrophobic surfaces are released, increasing system entropy despite the
protein becoming more ordered.

3. B - Acting as a misfolded protein template that converts normal proteins to the disease
conformation

Prions (PrP”"Sc) template conversion of normal PrP"C into the disease conformation. This self-
propagating process requires no nucleic acid—it's purely protein-based transmission through
conformational change.

4. B - The reducing environment maintained by glutathione prevents disulfide bond formation

The cytoplasm has high glutathione concentrations maintaining a reducing environment where cysteines
stay reduced (-SH). Disulfide bonds (S-S) only form in oxidizing environments like the extracellular space
or ER lumen.

5. B - Respiratory compensation through hyperventilation to raise pH

The primary problem is metabolic acidosis (low HCOs™ = 10). The low pCO: (25 mmHg) results from
compensatory hyperventilation, which eliminates CO- to raise pH toward normal. This is the body's
attempt to correct the acidosis.

6. B - Respiratory and renal regulation maintains the optimal 20:1 HCO5":CO: ratio

Using Henderson-Hasselbalch: pH = 6.1 + log([HCOs]/[COz2]). To achieve pH 7.4: 7.4 = 6.1 + log(ratio),
so ratio = 20:1. The lungs regulate CO: and kidneys regulate HCOs~ to maintain this ratio despite the pKa
being 6.1.

7. A - Higher buffer concentration provides greater capacity to resist pH changes

Buffer capacity depends on concentration. Buffer B (1.0 M) has 10x more buffer molecules than Buffer
A (0.1 M), so it resists pH change better when the same amount of acid is added.

8.C-84
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pH =pKa + log([A")/[HA])=7.4 +1log(10)=74+1=8.4
9. B - Respiratory alkalosis from excessive CO: elimination

Hyperventilation eliminates CO: faster than it's produced, decreasing blood COs-. This shifts equilibrium
left (CO2 + H20 = H2COs = H* + HCO5"), decreasing H* and raising pH (alkalosis).

10. B - Coupling the favorable ATP hydrolysis with unfavorable glucose phosphorylation through
a shared intermediate

ATP hydrolysis (AG® = -30.5 kJ/mol) is coupled to glucose phosphorylation (AG®' = +13.8 kJ/mol)
through glucose-6-phosphate as the shared intermediate. The overall AG®' = -30.5 + 13.8 =-16.7 kJ/mol
(favorable).

11. B - The favorable entropy term (-TAS) becomes large enough to overcome unfavorable enthalpy

AG = AH - TAS = +50 kJ/mol - T(0.2 kJ/(mol-K)). At 250 K, AG = 0. Above 250 K, the -TAS term
exceeds +50 kJ/mol, making AG negative.

12. B - AG can be negative, allowing the reaction to proceed despite positive AG®'

AG =AG° + RT In(Q). If Q << Keq, then In(Q) is very negative, which can make AG negative even when
AG® is positive. Reactions proceed when AG < 0, not AG°.

13.B-AG°=0

AG° = -RT In(Keq). When Keq =1, In(1) = 0, so AG® = 0. This represents equal products and reactants at
equilibrium under standard conditions.

14. B - Competitive inhibition

Compound X increases Km (decreased apparent affinity) without changing Vmax. This pattern indicates
competitive inhibition—the inhibitor competes with substrate for the active site but can be overcome by
high substrate concentration.

15. A - Lines intersecting on the y-axis (same 1/Vmax, different -1/Km)

Competitive inhibition increases Km but not Vmax. On a Lineweaver-Burk plot: y-intercept = 1/Vmax
(unchanged), x-intercept = -1/Km (changes). Lines intersect on the y-axis.

16. B -2 x 10* min™
kcat = Vmax/[E]total = 200 pmol/min / 0.01 pmol = 20,000 min™" =2 % 10* min™*

17. B - Near diffusion-limited catalytic perfection
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kcat/Km = 108 M's™! approaches the diffusion limit (~10%-10° M~'s™"), indicating nearly every enzyme-
substrate collision results in catalysis—catalytic perfection.

18. B - Reciprocal regulation prevents futile cycling—simultaneous synthesis and degradation
When fatty acid synthesis is active (high malonyl-CoA), B-oxidation must be inhibited to prevent wasteful
simultaneous synthesis and degradation. Malonyl-CoA inhibiting CPT-I prevents fatty acid entry into
mitochondria for oxidation.

19. A - Double bond kinks preventing tight packing of hydrocarbon chains

Unsaturated fatty acids have cis double bonds creating kinks that prevent tight packing of adjacent
hydrocarbon tails. This increases membrane fluidity by reducing van der Waals interactions.

20. B - 8 acetyl-CoA, 7 FADH:, 7 NADH

Palmitate (16 carbons) undergoes 7 cycles of B-oxidation. Each cycle produces 1 FADH., 1 NADH, and
releases 1 acetyl-CoA. Final cycle releases 2 acetyl-CoA. Total: 8 acetyl-CoA, 7 FADH., 7 NADH.

21. B - Abundant acetyl-CoA from carbohydrate metabolism available for fat synthesis

In the fed state, excess carbohydrates are converted to acetyl-CoA via glycolysis and pyruvate
dehydrogenase. High citrate (made from acetyl-CoA) signals abundant acetyl-CoA available for fatty acid
synthesis.

22. A - Fatty acyl-CoA cannot cross the inner mitochondrial membrane

Fatty acyl-CoA molecules are too large and charged to cross the inner mitochondrial membrane. The
carnitine shuttle transfers the acyl group to carnitine (which can cross), then reforms acyl-CoA inside the
matrix for B-oxidation.

23. B - The membrane at rest is much more permeable to K* than Na*

Resting potential is determined primarily by K* permeability through leak channels. Since K* permeability
greatly exceeds Na*" permeability at rest, the membrane potential (-70 mV) is closer to EK (-90 mV) than
ENa (+60 mV).

24. B - Depolarizes the resting potential, affecting action potential generation

Elevated extracellular K* makes EK less negative (Nernst equation: higher [K*]out decreases the gradient).
This depolarizes the resting potential toward threshold, affecting excitability and causing arrhythmias.

25. B - Swell and potentially lyse as water enters
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Hypotonic solution has lower solute concentration than the cell interior. Water moves into the cell by
osmosis, causing swelling. Red blood cells lack mechanisms to regulate volume and may lyse (hemolysis).

26. B - It is electrogenic, transporting 3 Na* out for every 2 K* in

The Na*/K*-ATPase transports 3 Na* out and 2 K* in per ATP, creating a net outward positive charge
movement. This electrogenic transport contributes -5 to -10 mV to the negative resting potential.

27. A - Hemoglobin's cooperative binding among its four subunits
Hemoglobin's four subunits exhibit positive cooperativity—O: binding to one subunit increases affinity
of the others, producing a sigmoidal curve. Myoglobin is monomeric with no cooperativity, producing a

hyperbolic curve.

28. B - Metabolically active tissues producing CO: and H* need more O, which is facilitated by
decreased affinity promoting unloading

Active tissues produce CO: and H* (lactic acid), lowering pH. The Bohr effect decreases hemoglobin's O2
affinity at lower pH, promoting O- release precisely where it's needed—metabolically active tissues.

29. B - Stabilizing the T (low-affinity) state of deoxyhemoglobin

2,3-BPG binds in the central cavity between B-subunits of deoxyhemoglobin, stabilizing the T (tense, low-
affinity) state. This decreases O: affinity, promoting O- unloading in tissues.

30. B - CO binds tightly (200% greater affinity than O:) and shifts remaining sites to high-affinity
state, preventing O: release

CO binds hemoglobin 200x more tightly than O.. Additionally, CO binding shifts unoccupied sites to
high-affinity R state, preventing O- release even from sites that contain O.. This dual effect makes CO
poisoning lethal at low concentrations.

31. B - PSII can split water and transfer electrons independent of the complete pathway

The Hill reaction uses isolated chloroplasts with artificial electron acceptors, demonstrating that PSII can
split water (2H.0 — O: + 4H" + 4e") and transfer electrons without requiring PSI or the Calvin cycle.

32. B - Reflects/transmits green light while absorbing red and blue wavelengths

Chlorophyll absorbs strongly in blue (~430 nm) and red (~660 nm) regions but poorly absorbs green (~550
nm). Green light is reflected/transmitted, making plants appear green.

33. B - Recycling electrons from PSI back to the electron transport chain

90



Cyclic photophosphorylation uses only PSI. Electrons excited by P700 are transferred to ferredoxin, then
back to cytochrome b6f complex (instead of reducing NADP®), generating ATP without producing
NADPH or O..

34. B - Protons flow down their gradient through ATP synthase from lumen to stroma

Light reactions pump H* into the thylakoid lumen, creating a gradient (high lumen, low stroma). Protons
flow down this gradient through ATP synthase from lumen to stroma, driving ATP synthesis
(chemiosmosis).

35. B - Semiconservative replication

After one generation in N medium, all DNA was hybrid density (one N strand, one *N strand). This
matches semiconservative replication where each daughter molecule contains one parental strand and one
new strand.

36. B - Higher GC content increases stability due to three hydrogen bonds vs. two

G-C base pairs have three hydrogen bonds compared to two for A-T pairs. DNA with higher GC content
requires more thermal energy to denature, resulting in higher Tm.

37. B - Removing incorrectly incorporated nucleotides from the 3' end

DNA polymerase's 3' to 5' exonuclease activity removes mismatched nucleotides from the growing 3' end
before continuing synthesis. This proofreading improves fidelity from 10~ to 1077 errors per base.

38. B - DNA polymerase only synthesizes 5' to 3', requiring multiple primers on the lagging strand
DNA polymerase synthesizes only 5' to 3'. The leading strand template runs 3' to 5' (continuous synthesis).
The lagging strand template runs 5' to 3', requiring discontinuous synthesis with multiple primers forming
Okazaki fragments.

39. B - Unstacked bases absorb more UV than stacked bases in double helix

Base stacking in double-stranded DNA reduces UV absorbance. When DNA denatures, bases unstack and
absorb more UV at 260 nm (hyperchromicity). This increased absorbance monitors denaturation.

40. B - B-1,4 linkages in cellulose require cellulase enzyme, which humans lack

Starch has a-1,4 linkages (digestible by human amylase). Cellulose has -1,4 linkages requiring cellulase,
which humans don't produce. Both contain glucose, but the linkage type determines digestibility.

41. B - 2 ATP are consumed in the investment phase

Glycolysis produces 4 ATP in the payoff phase but consumes 2 ATP in the investment phase (hexokinase
and PFK-1 steps). Net yield: 4 - 2 =2 ATP per glucose.
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42. B - Negative feedback—high ATP signals sufficient energy, slowing glycolysis

High ATP inhibits PFK-1 (the rate-limiting enzyme), slowing glycolysis when energy is abundant. This
negative feedback prevents wasteful glucose breakdown when ATP is sufficient.

43. B - Regenerate NAD" needed for continued glycolysis

Glycolysis requires NAD* for the G3P dehydrogenase step. Under anaerobic conditions, lactate
dehydrogenase reduces pyruvate to lactate while oxidizing NADH to NAD", allowing glycolysis to
continue.

44. B - Transferring high-energy phosphate from substrate to ADP

Substrate-level phosphorylation directly transfers a phosphate group from a high-energy substrate (1,3-
bisphosphoglycerate or PEP) to ADP, forming ATP. This differs from oxidative phosphorylation using
the electron transport chain.

45. B - -COOH

The carboxyl group (-COOH) defines carboxylic acids. It consists of a carbonyl (C=0) and hydroxyl (-
OH) attached to the same carbon.

46. A - 4
In CH4, hydrogen is +1. For the molecule to be neutral: C + 4(+1) =0, so C = -4.
47. B - Anode

In galvanic cells, oxidation occurs at the anode (negative electrode where electrons are released).
Reduction occurs at the cathode.

48. B - sp?

Ethylene (C:Ha4) has a C=C double bond. Each carbon forms three ¢ bonds (one to the other carbon, two
to hydrogens) requiring sp? hybridization with 120° bond angles.

49. B - Inversion of configuration

SN2 reactions proceed via backside attack, causing inversion of stereochemistry (Walden inversion). The
nucleophile attacks from the opposite side of the leaving group.

50. C - HCI (pKa ~-7)

Lower pKa indicates stronger acid. HCI (pKa ~ -7) is the strongest, followed by CH;:COOH (pKa ~ 4.76),
H-0 (pKa ~ 15.7), and NHs (pKa ~ 38).
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51. B - Increases

Liquid to gas transitions increase molecular disorder. Gas molecules have much greater freedom of
movement than liquid molecules, increasing entropy significantly.

52. B - Frequency

Av = ¢ (wavelength X frequency = speed of light). Wavelength and frequency are inversely proportional:
as wavelength increases, frequency decreases.

53. B - 3-methylcyclohexene (more substituted)

Acid-catalyzed dehydration follows Zaitsev's rule, producing the more substituted (more stable) alkene.
The more substituted product has the methyl group and double bond positioned to maximize substitution.

54. C - Trigonal pyramidal

NHs has 3 bonding pairs and 1 lone pair (4 electron groups, tetrahedral electron geometry). The molecular
geometry considering only atoms is trigonal pyramidal.

55.C-Zn

The reducing agent is oxidized (loses electrons). Zn — Zn** + 2e¢~ shows zinc is oxidized, making Zn the
reducing agent.

56. A - [Ar] 3d°¢
Fe is [Ar] 3d® 4s2. When forming Fe**, the 4s electrons are removed first: Fe** = [Ar] 3d°.
57. B - They undergo electrophilic substitution reactions

Aromatic compounds like benzene undergo electrophilic aromatic substitution, preserving aromaticity.
They resist addition reactions that would destroy the stable aromatic system.

58.C-2

Rate = k[A]*[B] shows [A] is raised to the second power. The reaction order with respect to A is 2 (second
order in A).

59. B - Shift to counteract the stress

Le Chatelier's principle: when equilibrium is disturbed, the system shifts to minimize the disturbance.
Adding reactant shifts toward products; removing product shifts toward products, etc.
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SECTION 2: ANSWER EXPLANATIONS

1. B - Whether machines can produce behavior indistinguishable from human behavior

The passage states Turing's test proposes that if a machine convinces a human interrogator it's human
through conversation, we should consider it intelligent. This focuses on behavioral output, not
consciousness itself.

2. B - Whether machines genuinely possess minds or merely simulate intelligence

The passage explicitly contrasts weak Al (computers simulate intelligence without consciousness) and
strong Al (appropriately programmed computers literally possess minds), making this the core

distinction.

3. B - Symbol manipulation alone, without understanding, can produce intelligent-seeming
behavior

Searle's Chinese Room shows someone manipulating Chinese symbols following rules, producing
intelligent responses without understanding Chinese. This demonstrates syntax without semantics can
appear intelligent.

4. B - Only biological systems can support genuine consciousness

The passage describes this as "the argument from substrate" and calls it "arbitrary"—the claim that
consciousness requires biological neurons specifically.

5. A - The binary question of machine consciousness may be oversimplified

The spectrum view suggests consciousness isn't all-or-nothing but varies in degrees and types,
complicating the simple yes/no question about machine consciousness.

6. C - Presents multiple perspectives and complicating factors

The passage presents strong Al, weak Al, Searle's objections, critics' responses, and spectrum views
without definitively resolving the debate—examining multiple perspectives.

7. B - Examine how the myth of solitary genius obscures collaborative aspects of creative work

The opening paragraph explicitly states this myth "obscures the deeply social nature of cultural
production," which the passage then demonstrates through multiple examples.

8. A - Historical precedent for collaborative artistic production

Renaissance workshops with masters and assistants producing collective work signed by the master
illustrate that collaborative artistic production has historical precedent before modern individualism.
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9. B - Tension between individual attribution and collaborative reality

The passage notes films require hundreds of contributors (credits scroll for minutes) yet auteur theory
attributes films to single directors, showing tension between attribution practices and collaborative
reality.

10. B - Alternative collaborative models that challenge individual authorship

Open-source projects like Linux involve thousands of contributors without single authors, demonstrating
alternatives to individual authorship models.

11. B - Show how collaboration recognition reveals previously hidden contributions by
marginalized groups

These examples illustrate how women and minorities made crucial contributions that went
unacknowledged under the genius myth, which "coincidentally" elevated dominant groups.

12. B - Assume zero-sum competition rather than considering alternative recognition systems
The passage states this concern "assumes zero-sum competition for scarce recognition" then presents
alternative models (open-source reputation, collective movements) that don't require individual
attribution.

13. B - Urban planning decisions embody contested values and have political consequences

The opening establishes that planning choices "aren't neutral technical decisions but embody values
about community, mobility, and what constitutes desirable living—values often contested and unevenly
distributed."

14. B - How government policy actively shaped settlement patterns according to particular values
The passage emphasizes suburban development wasn't natural market outcomes but "resulted from
government policy actively shaping settlement patterns" through highways, subsidies, and
discriminatory lending.

15. B - Contributed to racial and economic segregation encoded in spatial patterns

Redlining denied mortgages in minority neighborhoods while subsidizing white flight to suburbs;
discriminatory GI Bill administration reinforced this, creating lasting spatial segregation.

16. B - That developments often become expensive enclaves rather than inclusive communities

The passage states New Urbanist developments "often become expensive enclaves...accessible only to
affluent residents—hardly the inclusive community they theoretically promote."

17. C - Alternative planning approaches, though each involves tradeoffs

95



The passage shows Tokyo and Amsterdam demonstrate different possibilities from American sprawl,
then notes each faces challenges (Tokyo's crowding, Amsterdam's housing costs)—alternatives with
tradeoffs.

18. B - Structural changes ensuring all affected parties can meaningfully participate

The final paragraph concludes democratic planning "would require structural changes ensuring all
affected parties can meaningfully participate—a political challenge beyond urban planning itself."

19. B - While perfect objectivity is unattainable, history can still be truthful through evidence-
based inquiry and intellectual honesty

The passage argues perfect objectivity is impossible but "standards distinguish better from worse
historical accounts" through evidence, peer review, and intellectual honesty.

20. B - Present concerns shape which past events seem significant and which questions historians
ask

The passage explains this phrase means "present concerns inevitably shape which past events seem
significant and which questions seem worth asking," not that historians invent facts.

21. B - New questions driven by social movements made previously available evidence relevant

Social history didn't discover new facts (sources always existed) but reflected new questions driven by
civil rights and feminism, making different evidence relevant.

22. B - How different questions and perspectives yield different interpretations from similar
evidence

Traditional colonial history asked "Was colonialism beneficial?" while postcolonial history asks "How
did colonized peoples experience and resist domination?"—same evidence, different questions, different
conclusions.

23. B - Intellectual honesty—acknowledging interpretive choices and considering alternatives

The passage states the difference lies in "intellectual honesty: acknowledging interpretive choices,
considering alternative explanations, and distinguishing evidence from interpretation."

24. B - Strength producing richer understanding than single "objective'" accounts

The passage argues multiple perspectives illuminate different aspects—economic, cultural, political—
and "truth emerges dialogically through ongoing conversation," making multiplicity a strength.

25. B - Speech's role in discovering truth and enabling rational social progress
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Mill's defense rests on suppressed opinions potentially being true, debate revealing partial truths,
unchallenged beliefs becoming dead dogma, and free debate enabling social progress through
persuasion.

26. B - A paradigmatic case where speech creates immediate danger, suggesting limits exist

This classic example illustrates Mill's harm principle permitting restrictions to prevent harm to others,
showing even speech absolutists acknowledge some limits.

27. B - It assumes ideal conditions that don't obtain—rational actors, equal access, no intimidation

The passage lists problems: cognitive biases, resource disparities allowing well-funded speakers to
dominate, and hate speech silencing targeted groups through intimidation.

28. B - It involves private companies exercising property rights that shape public discourse
profoundly

Social media companies exercise private property rights (not government censorship), yet shape
discourse so profoundly some argue they should be treated as public utilities—complicating the issue.

29. B - An alternative approach where democratic societies choose restrictions based on historical
experience

Germany's restrictions represent "collective democratic choice about the kind of society members want"
given historical experience with Nazism—an alternative to American absolutism.

30. B - Nuanced—recognizing speech's importance while acknowledging tensions with other
values

The passage examines arguments for free speech while also discussing harms, platform complications,
international alternatives, and tensions—presenting a balanced, nuanced view.

31. C - Examine how placebo effects challenge mind-body separation and suggest therapeutic
potential

The opening states placebos challenge "biomedical assumptions about mind-body separation" and the
passage explores whether understanding this mechanism "might enhance treatment."

32. B - Placebos can work even when patients know they're placebos

The open-label placebo study showed patients told they were receiving "placebo pills made of inert
substances" improved significantly more than controls—working without deception.

33. B - A soft skill that genuinely affects outcomes through placebo mechanisms
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The passage argues bedside manner that "skeptics might dismiss as soft skills but research suggests
genuinely affects outcomes" through placebo elements like empathy and confidence.

34. B - Mind and body interact—biological, psychological, and social factors affect health

The biopsychosocial model "recognizes that biological, psychological, and social factors interact in
health and illness"—they're "interdependent aspects of unified organisms."

35. B - Risk minimizing genuine treatments or blaming patients for insufficient positive thinking

The passage cautions "overemphasizing placebos risks minimizing genuine treatments or blaming
patients for insufficient positive thinking" as some conditions require specific interventions.

36. B - Combine attention to patient experience with specific interventions for optimal care

The conclusion suggests "integrating what complementary medicine does well (attention to patient
experience, treatment rituals) with biomedicine's specific interventions might provide optimal care."

37. B - Archaeological interpretation involves creative reconstruction constrained by evidence but
shaped by theoretical commitments

The opening states archaeologists "infer behaviors, beliefs, and social structures" from fragments, and
the passage shows how evidence constrains but doesn't determine interpretation.

38. B - How different theoretical frameworks and questions produce varying interpretations from
the same evidence

Stonehenge interpretations vary (observatory, temple, burial ground) with "each interpretation fits the
evidence yet reflects theoretical commitments"—same stones, different frameworks.

39. B - Reflected and reinforced colonial ideologies positioning non-Western societies as primitive

Early archaeologists "interpreted non-Western societies through evolutionary frameworks positioning
them as primitive stages leading toward European civilization," reflecting colonial ideology.

40. B - Competing claims about who owns the past and how to treat human remains and sacred
objects

Museums claim universal heritage; indigenous groups counter that remains are "ancestral relatives
demanding respectful treatment"—competing ownership and treatment claims.

41. B - Questioning androcentric biases and examining how gender ideologies shape interpretation

Feminist archaeology emerged "questioning androcentric biases," examining gender in past societies and
recognizing "how archaeologists' own gender ideologies shape supposedly objective analysis."
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42. B - Demands epistemic humility and ethical responsibility
The conclusion states acknowledging interpretation's role "doesn't undermine archaeology's legitimacy
but demands epistemic humility and ethical responsibility in studying and representing past peoples'

lives."

43. B - Examine how behavioral economics reveals systematic deviations from rational choice
models

The passage shows how behavioral economics "documents systematic deviations from rational choice,
revealing cognitive biases and heuristics that produce 'irrational' decisions."

44. B - People evaluate outcomes relative to reference points and show loss aversion

Prospect theory demonstrates "people evaluate outcomes relative to reference points rather than absolute
values" and "exhibit loss aversion (losses loom larger than equivalent gains)."

45. B - Logically equivalent descriptions can produce different choices

Framing effects show "logically equivalent choices produce different decisions depending on
presentation"—90% survival vs. 10% mortality produces different responses despite logical
equivalence.

46. B - Behavioral evidence challenges—biases are systematic, capital limited, learning slow

The passage states behavioral evidence "challenges each assumption" that biases don't correlate
systematically, that rational traders have sufficient capital, and that learning corrects biases.

47. B - Context-dependent rationality—adaptive in ancestral environments but misfiring in
modern contexts

The passage suggests heuristics like loss aversion "proved adaptive when resources were scarce" but
may produce "errors" in modern settings—context-dependent rationality.

48. B - Designing beneficial defaults while preserving choice freedom

Libertarian paternalism "proposes designing choice architectures that nudge people toward beneficial
decisions while preserving choice freedom" through defaults with opt-out options.

49. C - Photographs are both shaped representations and indexical documents bearing physical
connections to referents

The passage argues photographs are "simultaneously representations shaped by choices and documents
bearing indexical relationships to photographed subjects"—both/and, not either/or.
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50. B - Photography's indexical testimony that depicted subjects existed

Barthes emphasized photography's "that-has-been" quality: "photographs testify that what they depict
existed, however briefly, before the lens"—indexical connection to reality.

51. B - How artistic choices shape meaning even in documentary photography

Despite being a Depression poverty icon, "Migrant Mother" involved Lange directing the pose and
selecting the most affecting negative—showing artistic choices in documentary work.

52. B - Complicating but not eliminating photography's evidentiary potential

Digital manipulation "makes photographic evidence more prevalent and less trustworthy" but the
passage argues we shouldn't "dismiss all painted portraits as useless evidence"—complicated, not
eliminated.

53. B - Multiple modes with different relationships to truth and artistry depending on context
The conclusion states photography encompasses passport photos (standardized accuracy), fine art

(aesthetic exploration), and photojournalism (combining evidentiary and communicative functions)—
multiple modes.
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SECTION 3: ANSWER EXPLANATIONS

1. C - Noncompetitive allosteric inhibition binding a site distinct from the active site

Isoleucine doesn't change Km (substrate affinity unchanged) but reduces Vmax (maximum velocity
decreased). This pattern indicates noncompetitive inhibition where the inhibitor binds a regulatory site
separate from the active site, causing conformational changes that reduce activity.

2. A - This prevents accumulation of unnecessary intermediates while conserving resources
Inhibiting the first committed step stops the pathway early, preventing wasteful production and
accumulation of intermediates when the end product is abundant. Later intermediate buildup is avoided,
conserving cellular resources and energy.

3. D - Coordinated regulation balancing nucleotide pools based on energy status

CTP (end product) inhibits while ATP (energy indicator) activates ATCase. This balances pyrimidine
synthesis with cellular energy status and nucleotide needs—when energy is high but nucleotides are low,
synthesis increases; when CTP is abundant, synthesis slows.

4. B - Rapid, reversible switching between active and inactive states in response to hormonal signals
Phosphorylation/dephosphorylation allows quick enzyme activation (seconds) in response to epinephrine,
then reversal when the signal ends. This provides rapid, reversible regulation ideal for responding to
hormonal signals during fight-or-flight responses.

5. A - Aligned at the cell equator attached to spindle fibers

During metaphase, chromosomes are maximally condensed and aligned at the metaphase plate (cell
equator) with kinetochores attached to spindle fibers from opposite poles. This alignment ensures proper
chromosome segregation during anaphase.

6. D - Spatially separating initial CO: fixation from the Calvin cycle to minimize photorespiration
C4 plants fix CO: in mesophyll cells using PEP carboxylase, then concentrate it in bundle-sheath cells
where RuBisCO operates. This spatial separation minimizes wasteful photorespiration by maintaining
high CO: concentrations around RuBisCO.

7. C - Ribosomal RNA synthesis and ribosome assembly

The nucleolus is the site where rRNA genes are transcribed and ribosomal subunits are assembled before

export to the cytoplasm. It's the most prominent structure within the nucleus and is directly associated
with ribosome production.
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8. D - It transports 3 Na* out and 2 K* in, creating net charge separation

The unequal transport (3 positive charges out, 2 positive charges in) creates net movement of positive
charge outward. This electrogenic property contributes -5 to -10 mV to the negative membrane potential.

9. A - Secondary active transport—Na“* gradient drives glucose transport against its gradient
SGLT requires Na* to transport glucose. The Na* gradient (maintained by Na*/K*-ATPase using ATP)
provides energy to transport glucose against its concentration gradient—this is secondary active transport,
as it indirectly uses ATP.

10. C - Na* influx down its electrochemical gradient, depolarizing the membrane

When voltage-gated Na* channels open at threshold, Na* rushes into the cell (high concentration outside,
negative inside). This influx causes rapid depolarization from -70 mV toward +40 mV, generating the
action potential upstroke.

11. B - SGLT depends on the Na* gradient maintained by Na‘'/K*-ATPase

Ouabain blocks the Na*/K*-ATPase, so the Na* gradient gradually dissipates. Without this gradient, SGLT
cannot transport glucose even though the transporter itself is unaffected. This demonstrates functional
dependence—SGLT requires the gradient created by the pump.

12. A - Signal amplification through multiple enzymatic steps

One hormone activates multiple G-proteins, each activates adenylyl cyclase producing many cAMP
molecules, each cAMP activates PKA, and each PKA phosphorylates many target proteins. This
exponential amplification at each enzymatic step allows one hormone molecule to trigger thousands of
cellular responses.

13. C - Regulatory control preventing contraction in resting muscle

In resting muscle, troponin-tropomyosin blocks myosin binding sites on actin. Only when Ca** binds
troponin does tropomyosin shift, exposing sites and allowing contraction. This provides essential
regulatory control preventing unwanted muscle contraction.

14. D - Permanently bonding myosin to actin

ATP binding causes myosin to release from actin (detachment), and ATP hydrolysis cocks the myosin
head into high-energy position. ATP never permanently bonds myosin to actin—it does the opposite. This

is why ATP depletion causes rigor mortis.

15. B - ATP depletion leaves myosin bound to actin without detaching
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After death, ATP production stops. Without ATP to bind myosin and cause detachment from actin, myosin
remains bound, causing muscle rigidity (rigor mortis). This demonstrates ATP's essential role in cross-
bridge cycling.

16. A - Phosphocreatine donating phosphate to ADP

During the first 10-12 seconds of intense exercise, phosphocreatine rapidly regenerates ATP through the
reaction: creatine phosphate + ADP — creatine + ATP. This is much faster than glycolysis or oxidative
phosphorylation and doesn't require oxygen.

17. B - A thick peptidoglycan layer and no outer membrane

Gram-positive bacteria have a thick peptidoglycan layer (20-80 nm) in their cell wall and a single plasma
membrane. Gram-negative bacteria have thin peptidoglycan (2-3 nm) sandwiched between inner and outer
membranes. This difference explains Gram staining results.

18. D - Atmospheric N: to NHs

Nitrogen-fixing bacteria (like Rhizobium in legume root nodules) convert atmospheric nitrogen gas (N2)
into ammonia (NHs), which plants can use to synthesize amino acids and nucleotides. This process
requires the nitrogenase enzyme complex and is essential for the nitrogen cycle.

19. C - Genetic variation through recombination and independent assortment

Sexual reproduction generates genetic diversity through crossing over (recombination) during meiosis and
independent assortment of chromosomes. This variation provides raw material for natural selection and
allows populations to adapt to changing environments more effectively than asexual reproduction.

20. A - Memory B and T cells enabling rapid recognition and activation

After primary exposure, memory cells persist for years or decades. Upon re-exposure, these cells
recognize the antigen immediately without requiring the initial selection and proliferation steps, mounting
a faster (2-7 days vs 10-14 days) and stronger response with higher-affinity antibodies.

21. C - Cell-mediated immunity eliminating intracellular pathogens

Cytotoxic T cells killing infected cells represents cell-mediated immunity (T cell-based), not humoral
immunity (antibody-based). This is essential for eliminating cells harboring intracellular pathogens like
viruses that antibodies cannot reach directly.

22. B - MHC restriction ensuring appropriate T cell-APC interactions

CD4" T cells only recognize antigens presented on MHC class II (found on professional APCs), while

CDS8* T cells recognize antigens on MHC class I (found on all nucleated cells). This MHC restriction
ensures proper T cell activation and appropriate immune responses.
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23. D - Passive immunity protecting newborns before their immune systems fully develop

Maternal IgG crossing the placenta (via FcRn receptors) provides temporary protection to the fetus and
newborn during the first 3-6 months of life when the infant's immune system is still developing. This
passive immunity gradually wanes as maternal antibodies degrade.

24. C - Creates and maintains the medullary osmotic gradient essential for concentrating urine
The ascending limb actively removing NaCl while being water-impermeable creates high interstitial
osmolarity (up to 1200 mOsm/L) in the medulla. This gradient, established through countercurrent
multiplication, allows water reabsorption from the collecting duct under ADH influence to concentrate
urine.

25. A - Transporters have limited capacity (Tm) that becomes saturated

SGLT2 transporters in the proximal tubule have a maximum transport capacity (transport maximum, Tm)
of ~375 mg/min. When plasma glucose exceeds the renal threshold (~180 mg/dL), filtered glucose exceeds
this capacity, and excess glucose appears in urine (glucosuria).

26. D - It prevents establishment of the medullary osmotic gradient needed for water reabsorption
Furosemide blocks the Na*-K*-2CI~ cotransporter in the thick ascending limb, preventing NaCl
reabsorption that normally creates the medullary gradient. Without this gradient, maximal urine
concentration is impossible even with ADH present, because there's no osmotic driving force for water
reabsorption.

27. B - The kidneys are structurally normal; ADH deficiency is the primary problem

When exogenous ADH administration restores normal function (decreasing urine output and increasing
osmolarity), it proves the kidneys can respond appropriately to ADH. The problem is insufficient ADH
production from the hypothalamus/posterior pituitary (central diabetes insipidus), not kidney damage.
28. C - Water reabsorption down the osmotic gradient, concentrating urine

ADH inserts aquaporin-2 water channels in collecting duct apical membranes. Water then flows down the
osmotic gradient (from tubule lumen to concentrated medullary interstitium) created by the loop of Henle,
concentrating urine up to 1200 mOsm/L when ADH is maximal.

29. D - A single nucleotide substitution causing glutamic acid — valine in B-globin

Sickle cell anemia results from a point mutation in the f-globin gene (GAG — GTG in DNA, or GAG —
GUG in mRNA) changing the sixth amino acid from glutamic acid (hydrophilic) to valine (hydrophobic).

This causes hemoglobin to polymerize under low oxygen conditions, deforming red blood cells.

30. A - Alleles of different genes assort independently during gamete formation
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Mendel's law of independent assortment states that alleles of different genes (on different chromosomes
or far apart on the same chromosome) segregate independently during meiosis. This produces genetic
diversity and explains the 9:3:3:1 ratio in dihybrid crosses.

31. B - Coordinated regulation of multiple genes involved in related functions

Operons (like the lac operon in E. coli) allow coordinated transcriptional on/off control of multiple genes
encoding enzymes for related metabolic pathways. This is efficient regulation in prokaryotes, allowing
cells to respond quickly to environmental changes by controlling multiple genes simultaneously.

32. A - High O: or low CO: favor oxygenase activity, causing photorespiration

RuBisCO can bind either CO: (carboxylase activity) or O: (oxygenase activity). The relative
concentrations and temperature determine which activity dominates. High O or low CO- (such as when
stomata close) favor wasteful oxygenase activity, producing 2-phosphoglycolate that must be recycled
through photorespiration.

33. D - Multiple reduction and regeneration steps are needed to fix carbon and regenerate RuBP
The Calvin cycle requires energy (ATP) and reducing power (NADPH) for multiple steps: carbon
reduction (converting 3-phosphoglycerate to G3P using ATP and NADPH) and RuBP regeneration (using
ATP). Three cycles fix 3 CO:2 molecules, but only net one G3P exits while the rest regenerate RuBP to
continue the cycle.

34. B - PEP carboxylase concentrates CO: around RuBisCO, minimizing photorespiration

C4 plants use PEP carboxylase (which has no oxygenase activity and high affinity for CO.) to initially fix
CO: in mesophyll cells, then concentrate it in bundle-sheath cells where RuBisCO operates. High local
CO:2 concentration (up to 10x atmospheric) favors carboxylase over oxygenase activity, minimizing
photorespiration.

35. C - Reduces water loss while still allowing CO:- fixation in hot, arid environments

Opening stomata at night (when it's cooler and more humid) minimizes transpirational water loss. CO: is
fixed into malate and stored in vacuoles; during the hot day, stomata close (conserving water) while malate
releases CO:q internally for the Calvin cycle. This temporal separation is ideal for desert plants.

36. B - Glucose uptake into muscle and adipose tissue, lowering blood glucose

Insulin triggers GLUT4 translocation from intracellular vesicles to the plasma membrane in muscle and
adipose tissue. More transporters on the surface increase facilitated diffusion of glucose into these tissues,

lowering blood glucose levels from post-meal highs (~140 mg/dL) to normal (~90 mg/dL).

37. C - Unopposed glucagon action driving hepatic glucose production exceeds tissue uptake
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Without insulin to suppress hepatic gluconeogenesis and glycogenolysis or promote tissue glucose uptake,
unopposed glucagon drives continuous liver glucose output. Combined with reduced tissue uptake (muscle
and adipose require insulin for GLUT4), blood glucose rises dramatically (300-600 mg/dL), causing
hyperglycemia.

38. A - Reciprocal regulation preventing futile cycling—glycogen breakdown without synthesis
Glucagon-activated PKA phosphorylates glycogen synthase (inactivating it) and activates phosphorylase
kinase (which activates glycogen phosphorylase). This reciprocal regulation ensures glycogen breakdown
occurs without simultaneous synthesis, preventing wasteful futile cycling that would consume ATP
without net metabolic change.

39. D - Rapid glucose-6-phosphate for ATP production to fuel muscular activity

During stress, epinephrine mobilizes muscle glycogen into glucose-6-phosphate (not free glucose, as
muscle lacks glucose-6-phosphatase). This G6P immediately enters glycolysis for rapid ATP production,
providing energy for the fight-or-flight response without requiring bloodstream glucose.

40. D - Males pass their Y chromosome to sons, not their X

Males are XY they pass X to daughters (making them XX) and Y to sons (making them XY). X-linked
traits cannot show father-to-son transmission because fathers don't give sons an X chromosome. This
pattern distinguishes X-linked from autosomal inheritance.

41. A - Segregation of alleles with one dominant and one recessive

The 3:1 ratio (3 dominant phenotype : 1 recessive phenotype) arises from Rr x Rr crosses producing 1 RR
: 2 Rr : 1 rr genotypes. With complete dominance (round R over wrinkled r), this gives 3 round : 1
wrinkled, demonstrating Mendel's law of segregation.

42. C - Neither allele is fully dominant; both contribute to the phenotype

In incomplete dominance, heterozygotes (C"R C*W) show an intermediate phenotype (pink) because both
alleles are partially expressed—neither is completely dominant. This differs from complete dominance
where heterozygotes are indistinguishable from homozygous dominant individuals.

43. B - Independent assortment of unlinked genes

The 9:3:3:1 ratio arises when two genes assort independently during meiosis. Each gene segregates 3:1,
and multiplying these independent ratios gives (3:1) % (3:1) = 9:3:3:1 for the combined phenotypes,

supporting Mendel's law of independent assortment for unlinked genes.

44. A - Post-transcriptional processing necessary for mRNA stability and function
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The 5' cap (7-methylguanosine) protects mRNA from degradation by exonucleases and aids ribosome
binding during translation initiation. The poly-A tail increases mRNA stability and facilitates translation.
These modifications are required before nuclear export and are essential for mRNA function in eukaryotes.

45. C - Its utility as an antibiotic with reduced host toxicity

Streptomycin targets prokaryotic 70S ribosomes (30S + 50S subunits) but not eukaryotic 80S ribosomes
(40S + 60S subunits). This selectivity allows killing of bacterial pathogens while minimizing toxicity to
human cells, making it an effective antibiotic with therapeutic index.

46. D - Buffering against point mutations—some mutations don't change amino acids

The genetic code's degeneracy (multiple codons per amino acid, especially in the third "wobble" position)
means many point mutations are silent, not changing the encoded amino acid. This provides an
evolutionary buffer against mutations, as roughly 25% of random point mutations don't alter the protein
sequence.

47. B - Eukaryotic genes contain non-coding sequences that must be removed

Eukaryotic genes have introns (non-coding sequences) interspersed with exons (coding sequences).
Splicing by the spliceosome removes introns and joins exons together, producing mature mRNA that
codes only for the protein. The removed 8,000 nucleotides (from 10,000 to 2,000) represent introns.

48. A - Amplification of protein production from a single mRNA molecule

Multiple ribosomes (polyribosomes or polysomes) simultaneously translating one mRNA greatly increase
protein output from each mRNA molecule—potentially 10-20 ribosomes per mRNA. This amplifies gene
expression without requiring more transcription, increasing protein production efficiency.

49.C-20%

By Chargaff's rules: A=T and G = C. If A =30%, then T = 30%. Together A + T = 60%, leaving 40%
for G + C combined. Therefore G = C =20% each. This base pairing rule applies to double-stranded DNA.

50. B - Cut DNA at specific recognition sequences

Restriction endonucleases recognize specific palindromic DNA sequences (typically 4-8 base pairs) and
cleave both strands, producing fragments with either blunt ends or sticky (cohesive) ends. These enzymes
are essential tools in molecular cloning and genetic engineering.

51. D - Enzyme active sites have complementary shapes to specific substrates

The lock-and-key model proposes that enzyme active sites have three-dimensional shapes complementary

to their specific substrates, like a lock fits one specific key. This explains enzyme specificity—only
substrates with the correct shape can bind effectively and undergo catalysis.
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52. A - Allele frequencies remain constant across generations

Hardy-Weinberg equilibrium predicts that without evolutionary forces (mutation, selection, drift, gene
flow, non-random mating), allele frequencies don't change from generation to generation. Evolution is
defined as change in allele frequencies, so constant frequencies mean no evolution is occurring.

53. C - Genetic drift's impact when small populations establish from limited founders

The founder effect occurs when a small group establishes a new population. Random alleles carried by
founders may differ in frequency from the original population, and genetic drift in the small founding
population can dramatically increase rare allele frequencies—explaining high disease incidence in isolated
populations.

54. B - 0.32

Ifq=0.2,thenp=1-0.2=0.8 (since p + q = 1). Heterozygote frequency = 2pq = 2(0.8)(0.2) = 0.32 or
32%. This represents carriers of a recessive allele who don't express the phenotype but can transmit it to
offspring.

55. D - Reduces genetic differences between populations by introducing alleles

Gene flow (migration) introduces alleles from one population into another through interbreeding. This
homogenizes populations over time, reducing genetic differentiation between them. High gene flow
prevents population divergence; restricted gene flow allows populations to diverge and potentially
speciate.

56. A - Increasing resistance allele frequency as resistant bacteria survive and reproduce more

Directional selection favors one phenotype extreme (antibiotic resistance). When antibiotics are present,
resistant bacteria survive while susceptible bacteria die. The resistant bacteria reproduce, passing
resistance alleles to offspring. Over generations, the resistance allele frequency increases in the
population, demonstrating evolution by natural selection.

57. C - Originated from prokaryotic cells engulfed by ancestral eukaryotes

The endosymbiotic theory proposes that mitochondria evolved from aerobic proteobacteria and
chloroplasts from photosynthetic cyanobacteria that were engulfed by early eukaryotic cells. Evidence
includes their own circular DNA, double membranes, 70S ribosomes, and binary fission—all prokaryotic
features.

58. B - Gametes with abnormal chromosome numbers (n+1 or n-1)
Nondisjunction (failure of homologous chromosomes or sister chromatids to separate properly) during
meiosis produces gametes with extra chromosomes (n+1) or missing chromosomes (n-1). Fertilization

with these gametes causes aneuploidies like Down syndrome (trisomy 21) or Turner syndrome
(monosomy X).
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59. D - Unrelated species evolve similar traits due to similar environmental pressures

Convergent evolution occurs when distantly related species independently evolve similar features because
they face similar environmental challenges or occupy similar ecological niches. Examples include wings
in bats (mammals) and birds, or streamlined body shapes in sharks (fish), dolphins (mammals), and
ichthyosaurs (extinct reptiles).
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SECTION 4: ANSWER EXPLANATIONS

1. C - Sleep facilitates memory consolidation processes

The data shows normal sleep group retained 85% versus 60% for sleep-deprived group. This significant
difference demonstrates that sleep enhances memory consolidation—stabilizing and integrating new
information acquired during waking.

2. A - Different memory systems consolidate during different sleep stages

Procedural memory showing strong correlation with REM sleep (r = 0.71) but weak correlation with
NREM sleep (r = 0.32) indicates different memory types consolidate during specific sleep stages. This
supports the specialization of sleep stages for different cognitive functions.

3. D - Mismatch between biological clock and social demands causing chronic sleep restriction
Adolescents' biological clocks naturally shift melatonin onset to 11:00 PM (delayed phase), but 7:30 AM
school start requires waking during their biological night. This circadian misalignment forces them to
wake before adequate sleep, creating chronic sleep deprivation.

4. B - Top-down hierarchical control from a central pacemaker

The SCN functions as a master circadian pacemaker that coordinates peripheral clocks throughout the
body in a hierarchical manner. This represents top-down control where a central structure regulates
subordinate systems.

5. C - Sleep debt accumulates with repeated insufficient sleep

Chronic restriction (6 hours/night for 2 weeks) producing deficits equivalent to 24-hour total deprivation
shows that sleep loss accumulates. Each night's insufficient sleep adds to "sleep debt," with cumulative
cognitive impairment requiring extended recovery sleep.

6. A - Physiological arousal precedes and causes emotional experience

The James-Lange theory proposes a counterintuitive sequence: stimulus — physiological response —
emotional experience. We don't run because we're afraid; we're afraid because we run. Arousal comes first
and produces the emotion.

7. B - Cohesive groups face pressure and lack systematic procedures

Groupthink occurs when highly cohesive groups prioritize consensus and harmony over critical
evaluation, especially under pressure without systematic decision-making procedures. This leads to poor

decisions through self-censorship and pressure on dissenters.

8. D - Non-fluent, effortful speech production with intact comprehension
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Broca's area (left inferior frontal gyrus) is crucial for speech production. Damage causes expressive
aphasia—slow, effortful, telegraphic speech with intact comprehension. Patients know what they want to
say but struggle to produce words.

9. C - Social categorization alone is sufficient to produce ingroup bias

Tajfel's minimal group paradigm showed that random, meaningless group assignment (overestimators vs.
underestimators) immediately created ingroup favoritism. No history, interaction, or meaningful
difference was necessary—mere categorization sufficed to produce bias.

10. D - Anxiety and cognitive load reducing working memory resources

Stereotype threat operates through anxiety and worry about confirming stereotypes, which consumes
working memory capacity. This reduces cognitive resources available for the task, impairing performance
even though actual ability is unchanged.

11. A - Maintain positive self-esteem and positive group distinctiveness

Social identity theory proposes people derive self-esteem from group memberships. Comparing ingroups
favorably to outgroups maintains positive distinctiveness and enhances self-esteem through reflected
group status.

12. B - Group identification strength moderates responses to threat

High identifiers engage in social competition (defending the group) when threatened, while low identifiers
pursue individual mobility (distancing from the group). This shows identification strength determines how
people respond to identity threats.

13. B - Why gambling behavior persists despite overall losses

Variable ratio (VR) schedules produce the highest resistance to extinction because reinforcement timing
is unpredictable. Slot machines operate on VR schedules—unpredictable wins maintain persistent
behavior even through long losing streaks, explaining gambling persistence.

14. C - Learn to discriminate temporal cues and adjust responding accordingly

Fixed interval (FI) schedules produce scalloped patterns (low early, high near end) because organisms
learn the temporal pattern. They discriminate that responses early in the interval aren't reinforced, so they
wait and respond rapidly as reinforcement time approaches.

15. D - Acquire reinforcing properties through association with primary reinforcers

Tokens have no inherent value but become conditioned (secondary) reinforcers through repeated pairing

with backup reinforcers (privileges, items). This demonstrates how neutral stimuli acquire reinforcing
properties through classical conditioning principles.
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16. A - Complex behaviors rarely occur spontaneously, so reinforcing closer approximations builds
the behavior

Shaping is necessary because complete target behaviors (like a dog walking on hind legs) virtually never
occur spontaneously. Reinforcing successive approximations—each step closer to the goal—gradually
builds complex behaviors through incremental learning.

17. C - Minimum stimulus intensity detected 50% of the time

The absolute threshold is defined as the stimulus intensity detected on 50% of trials. This probabilistic
definition accounts for variability in detection, providing a standard measurement across individuals and
sensory modalities.

18. A - Frustration always leads to aggression

The frustration-aggression hypothesis (Dollard et al.) originally proposed that frustration (blocked goal
attainment) always produces aggressive impulses. Later revisions acknowledged frustration creates

readiness for aggression but doesn't inevitably cause it—other factors modulate the response.

19. B - Population changes from high birth/death rates to low birth/death rates with economic
development

Demographic transition theory describes how populations shift from high birth and death rates (pre-
industrial) through declining death rates (developing) to low birth and death rates (developed), reflecting
changes in healthcare, education, and economic conditions.

20. D - Perceived lack of control can lead to passive acceptance and learned helplessness

Dogs exposed to inescapable shock later failed to escape when escape became possible. They learned that
responses and outcomes were independent (no control), producing passive acceptance. This models how
uncontrollable negative experiences can lead to helplessness and depression.

21. B - CBT teaches coping skills that provide protection after treatment ends

CBT showing lower relapse (30% vs. 50%) despite similar acute efficacy suggests it provides lasting
skills—identifying and challenging cognitive distortions, behavioral activation—that protect against
relapse even after therapy ends, unlike medication which only works while taken.

22. A - Core dysfunctional beliefs maintaining depression

Beck's cognitive triad (negative views of self, world, future) represents the fundamental thought patterns
maintaining depression. These aren't random thoughts but core beliefs that filter experiences negatively

and perpetuate depressive symptoms.

23. C - Downstream neuroplastic changes (receptor regulation, neurogenesis) require time
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SSRIs immediately increase synaptic serotonin but therapeutic effects take weeks. This delay suggests
symptom improvement requires downstream changes: receptor sensitivity changes, gene expression
alterations, hippocampal neurogenesis—neuroplastic processes requiring time to develop.

24. A - Unanimity is critical for conformity pressure

Conformity dropping dramatically (37% to 5%) with just one dissenter shows that unanimous group
consensus creates powerful pressure. Breaking unanimity, even with another "wrong" answer, liberates
individuals to resist group pressure, demonstrating unanimity's crucial role.

25. A - Physical distance from authority reduces obedience pressure

Obedience dropping from 65% (experimenter present) to 21% (phone instructions) shows physical
proximity to authority significantly increases compliance. Greater distance reduces the authority's
immediate social pressure and surveillance, allowing participants to resist more easily.

26. B - Behavior can shape self-perception and subsequent behavior

Foot-in-the-door works because initial small compliance changes self-perception ("I'm someone who
supports this cause"). This altered self-view increases likelihood of larger compliance to maintain
consistency. Behavior influences identity, which influences future behavior.

27. D - Cultural values about group harmony versus individual expression

Collectivist cultures emphasizing group harmony, interdependence, and social cohesion show higher
conformity. Individualist cultures valuing independence and uniqueness show lower conformity. These
differences reflect learned cultural values, not biological factors.

28. B - Clear authority consensus increases obedience; conflict reduces it

When two authority figures disagreed, obedience plummeted to near-zero. This shows obedience requires
clear, unified authority. Conflicting commands create ambiguity that breaks the authority's power,
allowing participants to refuse.

29. B - Logical thought about concrete objects and conservation understanding

The concrete operational stage (ages 7-11) is characterized by logical thinking about tangible objects,
understanding conservation (quantity unchanged despite appearance changes), and reversibility. Abstract
hypothetical thinking emerges later in formal operations.

30. D - The just noticeable difference is a constant proportion of the original stimulus intensity

Weber's law states that AI/I =k (a constant). The change needed to detect a difference (JND) is a constant
proportion of the original intensity. Heavier objects require larger absolute changes to notice differences.

31. C - Defining non-medical problems as medical issues requiring medical treatment
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Medicalization describes the process where non-medical problems (shyness, aging, normal grief) are
redefined as medical conditions requiring diagnosis and treatment. This expands medical authority and
pharmaceutical markets while potentially pathologizing normal human variation.

32. D - Pathology beginning in hippocampus/entorhinal cortex before spreading to association
cortices

Episodic memory (recent events) requires hippocampus, while semantic memory (general knowledge)
relies on temporal and parietal association cortices. AD pathology starts in medial temporal structures,
explaining early episodic deficits before semantic memory impairment as disease spreads.

33. B - Cognitive enrichment builds neural compensation capacity

The cognitive reserve hypothesis proposes that education and cognitive engagement build redundant
neural networks and more efficient processing strategies. When pathology develops, these reserves enable

compensation, delaying symptom onset despite similar pathology levels.

34.: A - Cholinergic enhancement improves function but doesn't address underlying
neurodegeneration

Acetylcholinesterase inhibitors provide modest symptomatic improvement by increasing synaptic
acetylcholine, compensating for cholinergic neuron loss. However, they don't stop amyloid accumulation,
tau tangles, or neuronal death—the underlying disease processes continue.

35. B - Pathological processes precede clinical symptoms substantially

Biomarkers (low amyloid-beta, elevated tau) appearing 10-15 years before symptoms demonstrates a long
preclinical phase. Pathological cascades begin decades before cognitive impairment becomes apparent,
suggesting a window for early intervention.

36. B - Observers focus on salient actors while situational factors are less visible

The fundamental attribution error occurs partly because actors are perceptually salient (we watch their
behavior) while situational factors are less visible background information. This perceptual imbalance
leads to overweighting dispositional explanations.

37. D - We have more information about our own situational variability across contexts

We experience ourselves across diverse situations and know our behavior varies contextually. We observe
others in limited contexts, seeing primarily behavioral consistency. This informational asymmetry

produces actor-observer bias.

38. D - Protect self-esteem and maintain positive self-image
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Self-serving bias serves ego-protective functions: crediting success internally enhances self-esteem, while
externalizing failure protects self-image. This motivated reasoning maintains positive self-concept even
when objectively inaccurate.

39. C - Negative attributional patterns contribute to and maintain depression

Depressed individuals' reversed pattern (success external/unstable/specific, failure internal/stable/global)
creates negative expectations and hopelessness. This pessimistic explanatory style both results from and
perpetuates depression, creating a self-reinforcing cycle.

40. A - Balance, head position, and movement

The vestibular system in the inner ear (semicircular canals and otolith organs) detects head position,
movement, and acceleration. It provides crucial information for balance, spatial orientation, and
coordinating eye movements with head movements.

41. B - Moral reasoning based on abstract principles and universal ethics

Kohlberg's postconventional level (stages 5-6) involves moral reasoning based on abstract principles
(justice, human rights) and universal ethical principles, transcending specific laws or social conventions.

Individuals reason about hypothetical moral dilemmas using principled thinking.

42. D - Capacity to obtain, process, and understand health information to make appropriate health
decisions

Health literacy encompasses finding health information, understanding medical instructions, interpreting
test results, and making informed decisions. Low health literacy associates with worse health outcomes,
medication errors, and reduced preventive care use.

43. C - Dopamine receptor blockade is central to therapeutic effects on positive symptoms

The extremely high correlation (r = 0.9) between D2 binding affinity and clinical efficacy demonstrates
that dopamine receptor blockade is the primary mechanism for reducing positive symptoms. This strong
relationship supports the dopamine hypothesis for positive symptoms.

44. D - Neurodevelopmental abnormalities precede symptom onset

Structural abnormalities present at first episode (before chronic illness or long-term medication) indicate
preexisting brain differences. This supports neurodevelopmental models where abnormalities arise during
brain development, predisposing to later symptom emergence.

45. B - Broader receptor binding including serotonin receptors, not solely D2

Second-generation antipsychotics bind multiple receptors (serotonin 5-HT2A, dopamine D2, others).

Serotonin antagonism modulates dopamine release, allowing therapeutic D2 blockade in mesolimbic
regions with less blockade in motor regions, reducing extrapyramidal effects.
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46. D - Treatment should address cognitive symptoms to improve real-world functioning

Cognitive deficits (attention, working memory, executive function) being the strongest predictors of
employment and independent living—more than positive or negative symptoms—highlights that treating
cognition is crucial for improving real-world functional outcomes.

47. C - Different symptom clusters may result from dopamine dysregulation in different brain
regions

The revised hypothesis proposes mesolimbic hyperactivity causes positive symptoms while mesocortical
hypoactivity causes negative/cognitive symptoms. This regional specificity explains why simple
dopamine blockade treats positive symptoms but doesn't improve (or worsens) negative/cognitive
symptoms.

48. B - Experience shapes neural development through use-dependent plasticity

Perceptual narrowing shows neural specialization based on language exposure. Infants maintain universal
phoneme discrimination, but exposure strengthens native language circuits while pruning unused non-
native circuits—demonstrating experience-dependent neural plasticity.

49. D - A critical period for language acquisition

Linear decline in proficiency with later age of arrival (native-like before age 7, declining 8-15,
significantly lower after 17) demonstrates a critical period. Language learning capacity peaks in childhood
and declines with age, supporting biologically-determined sensitive periods.

50. D - Critical periods for different language components may close at different times

Genie acquiring vocabulary but not grammar suggests syntax has an earlier, more constrained critical
period than vocabulary. Different language components have different developmental windows, with
grammar more dependent on early exposure than vocabulary learning.

51. C - Timing of language acquisition affects neural organization and representation

Early bilinguals showing overlapping activation versus late bilinguals showing separated activation
demonstrates that acquisition timing fundamentally shapes neural organization. Early learning creates
integrated representations; later learning requires additional, separate resources.

52. A - Familiarity with stimuli increases liking

The mere exposure effect (Zajonc) demonstrates that repeated exposure to neutral stimuli increases
positive affect. Simply encountering something multiple times—without reinforcement or conscious

awareness—enhances liking through familiarity.

53. C - Hierarchical arrangement of individuals into social classes based on factors like wealth,
power, and prestige
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Social stratification describes society's hierarchical organization into classes or strata based on unequal
distribution of resources, power, and prestige. This systematic inequality shapes access to opportunities,
health outcomes, and life chances.

54. B - Non-painful input can close "gates' to painful signals, modulating pain perception
Gate control theory (Melzack & Wall) proposes that non-painful stimulation (rubbing, vibration) activates
large nerve fibers that close "gates" in the spinal cord, blocking pain signals from small fibers. This

explains why rubbing an injury reduces pain perception.

55. D - Intervention effectiveness depends on matching strategies to individual's stage of change
readiness

Action-focused interventions producing 10-fold higher success in preparation/action stages (30%) versus
precontemplation (3%) demonstrates that intervention effectiveness depends critically on stage-
appropriate matching. One-size-fits-all approaches ignore readiness variations.

56. B - Belief in one's capability is a critical determinant of behavior change success

High self-efficacy dramatically predicting both initiation (85% vs. 35%) and maintenance (70% vs. 25%)
demonstrates that confidence in capability is crucial. People with strong self-efficacy attempt change more
readily and persist through obstacles more successfully.

57. D - Cognitive reframing reducing the abstinence violation effect

Teaching individuals to view slips as learning opportunities rather than complete failures works through
cognitive reframing. This prevents the abstinence violation effect where people interpret one slip as total
failure, giving up completely. Reframing maintains self-efficacy and promotes recovery.

58. C - Behavior change is a process, not an event, with possible cycling through stages

The model's inclusion of relapse and cycling through stages recognizes that change is rarely linear. People
may progress forward, relapse backward, and cycle multiple times before achieving lasting change—
reflecting the reality of behavior change as a process over time.

59. D - Motivational ambivalence characteristic of contemplation before commitment to action
Decisional balance exercises during contemplation target the core issue of this stage: motivational

ambivalence. People are considering change but haven't committed. Systematically weighing pros and
cons moves them toward preparation by resolving ambivalence and building commitment.
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