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Chemical And Physical Foundations of Biological Systems

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-5): Enzyme Kinetics and Competitive
Inhibition

Enzyme kinetics describes the rates at which enzyme-catalyzed reactions proceed. The Michaelis-Menten
model provides a quantitative framework relating reaction velocity to substrate concentration. This model
assumes rapid equilibrium between enzyme (E), substrate (S), and enzyme-substrate complex (ES),
followed by product (P) formation:

E+S=ES—E+P

The Michaelis-Menten equation describes this relationship:

v = (Vmax[S])/(Km + [S])

where v is reaction velocity, Vmax is maximum velocity when enzyme is saturated, [S] is substrate
concentration, and Km is the Michaelis constant—the substrate concentration producing half-maximal
velocity. Km reflects enzyme-substrate affinity: lower Km indicates higher affinity (less substrate needed
for half-saturation).

The Lineweaver-Burk plot linearizes the Michaelis-Menten equation by plotting 1/v versus 1/[S]:

I/v=(Km/Vmax)(1/[S]) + 1/Vmax

This linear form facilitates determining kinetic parameters from experimental data. The y-intercept equals
1/Vmax, the x-intercept equals -1/Km, and the slope equals Km/Vmax.

Competitive inhibitors structurally resemble substrates and bind the active site, competing with substrate
for enzyme binding. Competitive inhibition increases apparent Km without changing Vmax. At
sufficiently high substrate concentrations, substrate outcompetes inhibitor, restoring maximal velocity. On



Lineweaver-Burk plots, competitive inhibition changes the x-intercept (apparent Km increases) but
maintains the same y-intercept (Vmax unchanged).

Noncompetitive inhibitors bind sites distinct from the active site (allosteric sites), reducing catalytic
efficiency without competing for substrate binding. Noncompetitive inhibition decreases Vmax without
affecting Km. Substrate binding and inhibitor binding are independent—high substrate concentrations
cannot overcome inhibition. On Lineweaver-Burk plots, noncompetitive inhibition changes the y-intercept
(Vmax decreases) but maintains the same x-intercept (Km unchanged).

Researchers studied an enzyme converting substrate X to product Y. Kinetic parameters were determined
under various conditions.

Experimental Data:
Condition 1: No inhibitor

e  Vmax = 100 umol/min

¢ Km=10mM

e At[S]=10mM: v =50 pmol/min
e At[S]=40 mM: v =80 pmol/min

Condition 2: + Compound A (potential inhibitor)

e Apparent Vmax = 100 umol/min (unchanged)
e Apparent Km = 30 mM (increased)

e At[S]=30mM: v =50 pmol/min

e At[S]=120 mM: v =80 pumol/min

Condition 3: + Compound B (potential inhibitor)

e Apparent Vmax = 60 umol/min (decreased)
e Apparent Km = 10 mM (unchanged)

e At[S]=10mM: v =30 umol/min

e At[S]=40 mM: v =48 pmol/min

Lineweaver-Burk Analysis:

e No inhibitor: y-intercept = 0.01, x-intercept = -0.1
o Compound A: y-intercept = 0.01, x-intercept = -0.033

o Compound B: y-intercept = 0.017, x-intercept = -0.1



1. Based on the Kinetic data, Compound A functions as a:

A. Noncompetitive inhibitor because Km changes

B. Mixed inhibitor affecting both parameters

C. Uncompetitive inhibitor

D. Competitive inhibitor because Vmax remains unchanged while apparent Km increases

2. The observation that high substrate concentrations in Condition 2 restore velocity to near-
normal levels suggests:

A. Irreversible enzyme inactivation

B. Substrate can outcompete Compound A at high concentrations, characteristic of competitive
inhibition

C. Enzyme denaturation

D. Allosteric activation

3. If Compound A structurally resembles substrate X, this would support its mechanism as a
competitive inhibitor by:

A. Explaining its ability to bind the active site and compete with substrate
B. Proving it's an allosteric modifier

C. Demonstrating covalent modification

D. Showing it increases enzyme concentration

4. Compound B's mechanism differs from Compound A because:

A. It doesn't affect the enzyme

B. It increases reaction rate

C. It reduces Vmax without changing Km, indicating binding to a site distinct from the active site
D. It only works at low temperatures

5. On a Lineweaver-Burk plot, which parameter change would indicate reversible competitive
inhibition?

A. Y-intercept increases, x-intercept unchanged

B. Both intercepts change

C. Y-intercept unchanged, slope increases

D. X-intercept moves toward zero (less negative), y-intercept unchanged, slope increases

DISCRETE QUESTIONS (6-8)

6. An alpha particle (“He**) consists of:



A. 2 protons and 4 neutrons
B. 2 protons and 2 neutrons
C. 4 protons and 2 electrons
D. 2 protons only

7. In the reaction: 2NOz(g) — N204(g), AH = -58 kJ/mol. Increasing temperature would:

A. Shift equilibrium toward products (right) because the reaction is exothermic
B. Increase Keq value

C. Have no effect on equilibrium

D. Shifts equilibrium LEFT (toward reactants), decreasing Keq

8. Which amino acid contains a sulfur atom in its side chain and can form disulfide bonds?

A. Serine

B. Threonine
C. Methionine
D. Cysteine

PASSAGE 2 (Questions 9-13): Acid-Base Equilibria and Buffer
Systems

Buffer solutions resist pH changes when acids or bases are added, maintaining relatively stable pH through
equilibrium between weak acids and their conjugate bases. The Henderson-Hasselbalch equation
quantifies this relationship:

pH =pKa + log([A7]/[HA])

where [A7] is conjugate base concentration and [HA] is weak acid concentration. Buffers work most
effectively when pH = pKa (ratio [A"]/[HA] = 1), providing maximum buffering capacity within pH =
pKa+ 1.

Blood pH regulation exemplifies physiological buffer systems. The bicarbonate buffer system

(H2COs/HCOs") maintains blood pH at 7.4 despite metabolic acid production. Carbonic acid (H2COs)
forms from dissolved COx:

COz(g) + H20(1) = H2COs(aq) = H'(aq) + HCOs(aq)
The pKa of carbonic acid is 6.1. At physiological pH 7.4, the Henderson-Hasselbalch equation predicts:

7.4 = 6.1 + log([HCO5 J/[H2COs]) 1.3 = log([HCOs/[H>COs]) [HCOs J/[H-CO5] = 20:1



This 20:1 ratio maintains pH 7.4. Respiratory regulation controls CO: elimination (and thus H.COs
concentration), while renal regulation controls HCOs~ excretion and reabsorption.

Metabolic acidosis occurs when metabolic processes produce excess acid (or lose bicarbonate), decreasing
blood pH. Respiratory compensation involves hyperventilation, eliminating more CO: and reducing
H>CO:s concentration, shifting equilibrium to restore pH. Conversely, metabolic alkalosis involves excess
base or acid loss, increasing pH. Respiratory compensation involves hypoventilation, retaining CO: and
increasing H.COs to lower pH.

Titration curves illustrate buffer behavior. Titrating weak acid with strong base shows: initial pH below
7, a buffer region with minimal pH change (centered at pKa), an equivalence point where pH jumps
dramatically, and a steep region past equivalence. The buffer region's flatness demonstrates buffering
capacity—significant acid/base addition produces minimal pH change.

Researchers studied a buffer system for pharmaceutical formulations requiring pH 7.0.
Experimental Data:
Buffer candidates:

e Phosphate buffer: H.PO+/HPO+*, pKa=7.2

e Tris buffer: Tris-H*/Tris, pKa = 8.1

o HEPES buffer: HEPES-H*/HEPES", pKa =17.5

e Acetate buffer: CHsCOOH/CHsCOO-, pKa = 4.8

Phosphate buffer preparation:

o TargetpH="7.0

o Using Henderson-Hasselbalch: 7.0 = 7.2 + log([HPO+*"]/[H2PO47])
e log([HPO+]/[H2PO4s7]) =-0.2

e [HPO+*])/[H2POs]=0.63

e Prepared: 0.063 M HPO+* + 0.10 M H2PO4

Buffer capacity testing (0.1 M phosphate buffer, pH 7.0):

e Initial pH: 7.00

e Add0.01 mol HCI to 1 L buffer: pH = 6.92 (ApH = 0.08)

e Add 0.01 mol NaOH to 1 L buffer: pH = 7.08 (ApH = 0.08)

e Same additions to pure water (pH 7.0): pH changes to 2.0 (HCI) or 12.0 (NaOH)

Blood gas analysis—Normal:
e pH:7.40

e pCO:2: 40 mmHg
e [HCOs7]: 24 mEqg/L



Patient A (metabolic acidosis):

e pH:7.25
e pCO2: 28 mmHg (decreased—respiratory compensation)
e [HCOs7]: 15 mEq/L (decreased—primary problem)

9. The phosphate buffer system is most effective near pH 7.0 because:

A. Phosphate has no pKa

B. All buffers work at any pH

C. Its pKa (7.2) is close to the target pH, providing optimal buffering capacity
D. It contains strong acids

10. To prepare a buffer at pH 7.0 using the phosphate system (pKa 7.2), the ratio
[HPO+*]/[H2PO4] should be approximately:

A.20:1

B. 1:1

C.1:2

D. 0.63:1 (or about 2:3)

11. Adding 0.01 mol HCI to the phosphate buffer causes minimal pH change because:

A. HCl is weak

B. The conjugate base (HPO4+*") neutralizes added H*, forming more weak acid (H2POa4")
C. Water neutralizes acid

D. No reaction occurs

12. Patient A shows respiratory compensation for metabolic acidosis by:

A. Hyperventilating to decrease pCO: and reduce carbonic acid concentration, raising pH toward normal
B. Retaining CO:

C. Decreasing bicarbonate further

D. Eliminating bicarbonate

13. Why is acetate buffer (pKa 4.8) inappropriate for pH 7.0 applications?

A. Acetate is too expensive

B. It only buffers organic compounds

C. Its pKa is too far from target pH (>2 units away), providing negligible buffering capacity at pH 7.0
D. Acetate is toxic at all concentrations



PASSAGE 3 (Questions 14-18): Electrochemistry and Galvanic
Cells

Electrochemical cells interconvert chemical energy and electrical energy through redox reactions.
Galvanic (voltaic) cells spontaneously generate electrical current from favorable redox reactions, while
electrolytic cells use external current to drive unfavorable reactions.

In galvanic cells, oxidation occurs at the anode (generating electrons) and reduction occurs at the cathode
(consuming electrons). Electrons flow through external circuit from anode to cathode, while ions migrate
through salt bridge maintaining charge neutrality. Cell potential (E°cell) equals the difference between
reduction potentials:

E°cell = E°cathode - E°anode

Positive E°cell indicates spontaneous reactions (AG < 0). Standard reduction potentials (E°) measured
under standard conditions (25°C, 1 M concentrations, 1 atm pressure) allow predicting reaction
spontaneity.

The Nernst equation relates cell potential to non-standard conditions:

E = E° - (RT/nF)In(Q) = E° - (0.0592/n)log(Q) at 25°C

where n is moles of electrons transferred, Q is reaction quotient, R is gas constant (8.314 J/mol-K), T is
temperature (K), and F is Faraday's constant (96,485 C/mol).

The relationship between Gibbs free energy and cell potential is:

AG = -nFE

Spontaneous reactions (AG < 0) have positive cell potentials (E > 0).

Common applications include batteries. The zinc-copper cell (Daniell cell) uses:

Anode: Zn(s) — Zn*'(aq) +2e” E°ox =+0.76 V Cathode: Cu**(aq) +2e~ — Cu(s) E°red =+0.34 V Overall:
Zn(s) + Cu**(aq) — Zn*(aq) + Cu(s) E°cell = 1.10 V

Researchers constructed galvanic cells to study electrochemical principles.
Experimental Data:
Standard reduction potentials:

e Agi(aq)te — Ag(s) E°=+0.80V

e Cu*(aq) +2e¢ — Cu(s) E°=+0.34V
e 2H*(aq) +2¢” — Haz(g) E°=0.00 V



e Ni**(aq) +2e” — Ni(s) E°=-0.23 V
o Fe*(aq) +2e — Fe(s) E°=-044V
e 7Zn*(aq) +2¢ — Zn(s) E°=-0.76 V

Cell 1: Zn/Zn*(1.0 M) || Cu?(1.0 M)/Cu

e Measured E°cell=1.10 V

e Calculated: E° = (+0.34) - (-0.76) = 1.10 V V

e Electrons flow from Zn to Cu

e Zn electrode mass decreases, Cu electrode mass increases

Cell 2: Zn/Zn**(0.01 M) || Cu*(1.0 M)/Cu

Nernst equation application:

E =1.10 - (0.0592/2)log([Zn**]/[Cu**])
E=1.10-0.0296 10og(0.01/1.0)
E=1.10-0.0296(-2)=1.16 V

Higher potential than standard conditions

Cell 3: Ag/Ag'(1.0 M) || Cu*(1.0 M)/Cu

Which electrode is anode?

Ag has higher E° (+0.80 V) than Cu (+0.34 V)

Cu oxidized (anode), Ag reduced (cathode)
Spontaneous: Cu(s) +2Ag*(aq) — Cu*(aq) + 2Ag(s)
E°cell=0.80-0.34=0.46V

Cell 4: Ni/Niz*(1.0 M) || Fe?*(1.0 M)/Fe

e E°cell=(-0.44) - (-0.23)=-0.21 V
o Negative potential: non-spontaneous as written
e Reverse reaction spontaneous: Fe** reduced at cathode, Ni oxidized at anode

14. For the Zn-Cu cell operating under standard conditions, which statement is correct?

A. Zn is oxidized at the anode, electrons flow from Zn to Cu, and E°cell = 1.10 V
B. Cu is oxidized at the anode

C. Electrons flow from Cu to Zn

D. The reaction is non-spontaneous

15. When [Zn*'] = 0.01 M and [Cu*] = 1.0 M (Cell 2), the cell potential increases to 1.16 V
because:

A. Lower concentration always increases potential
B. The Nernst equation shows the reaction becomes more thermodynamically favorable
C. Decreasing product concentration (Zn?") shifts equilibrium toward products, increasing driving force



and cell potential
D. Temperature increased

16. In Cell 3 (Ag/Cu system), which metal is oxidized?

A. Neither metal reacts

B. Both metals are reduced

C. Silver is oxidized

D. Copper is oxidized because it has lower reduction potential, making it the better reducing agent

17. Cell 4 (Ni/Fe system) has a negative E°cell (-0.21 V), indicating:

A. The reaction is highly favorable

B. The forward reaction as written is non-spontaneous under standard conditions; the reverse reaction
would be spontaneous

C. Iron is oxidized

D. The cell produces maximum voltage

18. If Cell 1 operates for a period, causing [Zn?*'] to increase and [Cu?*'| to decrease, the cell
potential will:

A. Decrease as the reaction quotient Q increases, making the cell less favorable thermodynamically
B. Increase continuously

C. Remain constant

D. Become negative immediately

DISCRETE QUESTIONS (19-21)

19. A light ray traveling from water (n = 1.33) into air (n = 1.00) at an angle of 40° from the
normal will:

A. Not refract

B. Refract toward the normal

C. Travel at the same speed in both media

D. Refract away from the normal and possibly undergo total internal reflection at large angles

20. In nucleophilic substitution reactions, the SN1 mechanism:

A. Involves simultaneous bond breaking and forming

B. Has rate = k[substrate][nucleophile]

C. Proceeds through a carbocation intermediate, with rate = k[substrate]
D. Never occurs with tertiary substrates



21. An object placed 30 cm from a converging lens with focal length 10 cm will produce an image
that is:

A. Virtual and upright

B. Real, inverted, and located 15 cm from the lens on the opposite side
C. At infinity

D. Virtual and enlarged

PASSAGE 4 (Questions 22-26): Thermodynamics and
Spontaneity

Thermodynamics governs energy transformations and predicts reaction spontaneity. The first law states
that energy is conserved: AE = q + w, where AE is internal energy change, q is heat transferred, and w is
work done. The second law introduces entropy (S), a measure of disorder, stating that universal entropy
increases in spontaneous processes.

Gibbs free energy (G) combines enthalpy and entropy, determining spontaneity at constant temperature
and pressure:

AG = AH - TAS

Negative AG indicates spontaneous reactions; positive AG indicates non-spontaneous reactions; AG = 0
indicates equilibrium. This equation reveals that:

e Exothermic reactions (AH < 0) with increasing entropy (AS > 0) are always spontaneous
e Endothermic reactions (AH > 0) with decreasing entropy (AS < 0) are never spontaneous
o Mixed cases depend on temperature

The relationship between free energy and equilibrium constant is:

AG° = -RT In(Keq)

Standard free energy (AG®) refers to standard conditions (1 M, 1 atm, 25°C), while AG applies to any
conditions:

AG = AG® + RT In(Q)
where Q is the reaction quotient.
For coupled reactions, overall AG equals the sum of individual AG values. Unfavorable reactions (AG >

0) can be driven by coupling with favorable reactions (AG < 0), as in ATP hydrolysis driving biosynthetic
reactions.
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Temperature affects spontaneity for reactions where AH and AS have the same sign. For endothermic
reactions with AS > 0, increasing temperature eventually makes AG negative. For exothermic reactions
with AS <0, increasing temperature eventually makes AG positive.

Researchers studied several reactions to understand thermodynamic principles.

Experimental Data:

Reaction A: 2H.O0(1) — 2Hz(g) + 02(g)

AH® = +572 kJ/mol (endothermic)

AS° =+327 J/mol-K (entropy increases)

At 25°C (298 K): AG® =572 - (298)(0.327) = +475 kJ/mol
Non-spontaneous at room temperature

At 2000 K: AG® =572 - (2000)(0.327) = -82 kJ/mol
Spontaneous at high temperature

Reaction B: CHa4(g) + 20:(g) — CO2(g) + 2H:0(])

AH®° = -890 kJ/mol (exothermic)

AS°® =-242 J/mol-K (entropy decreases)

At 25°C: AG° =-890 - (298)(-0.242) = -818 kJ/mol
Spontaneous at room temperature

At 1500 K: AG® =-890 - (1500)(-0.242) = -527 kJ/mol
Still spontaneous but less favorable

Reaction C: Nz(g) + 3Hz(g) — 2NHs(g)

AH® = -92 kJ/mol

AS° =-199 J/mol-K

Keq at 25°C=6.8 x 10°

AG° =-RT In(Keq) = -(8.314)(298) In(6.8 x 10°) = -33 kJ/mol

Reaction D (Coupled reactions in biology):

Glucose phosphorylation: Glucose + P1 — G6P + H20, AG® = +13.8 kJ/mol
ATP hydrolysis: ATP + H2.O — ADP + Pi, AG® = -30.5 kJ/mol

Coupled: Glucose + ATP — G6P + ADP, AG°total = -16.7 kJ/mol
Unfavorable reaction driven by coupling with ATP hydrolysis

Temperature crossover calculation for Reaction A:

AG = 0 at crossover temperature
0=572-T(0.327)

T=1,750K

Above 1,750 K, reaction becomes spontaneous

11



22. Reaction A (water decomposition) is non-spontaneous at 25°C but spontaneous at 2000 K
because:

A. AH becomes negative at high temperature

B. The positive TAS term eventually exceeds the positive AH term at high temperatures, making AG
negative

C. Entropy decreases with temperature

D. Equilibrium shifts left

23. For Reaction B (methane combustion), increasing temperature makes the reaction:

A. Less favorable because the negative TAS term (entropy decrease) becomes more negative at higher
temperatures, partially offsetting the favorable AH

B. More favorable

C. Non-spontaneous

D. Impossible

24. The large Keq (6.8 x 105) for Reaction C indicates:

A. Reactants strongly favored

B. Reaction is at equilibrium

C. No reaction occurs

D. Products strongly favored at equilibrium, consistent with negative AG®

25. Coupling glucose phosphorylation with ATP hydrolysis makes the overall process spontaneous

because:

A. Glucose becomes an oxidizer

B. Temperature increases

C. The favorable AG® of ATP hydrolysis (-30.5 kJ/mol) overcomes the unfavorable AG® of glucose
phosphorylation (+13.8 kJ/mol)

D. Entropy always increases

26. At what temperature would Reaction A transition from non-spontaneous to spontaneous?

A. Below 0 K

B. Approximately 1,750 K, where TAS equals AH
C. At absolute zero

D. Temperature has no effect

12



PASSAGE 5 (Questions 27-31): Organic Reaction Mechanisms
and Stereochemistry

Organic reactions proceed through mechanisms involving electron movement, creating or breaking bonds.
Curved arrow notation shows electron pair movement: arrows originate from electron sources (lone pairs,
7 bonds) and point toward electron sinks (electrophiles, 6* orbitals).

Nucleophilic substitution at sp* carbons occurs via two mechanisms. SN2 (substitution nucleophilic
bimolecular) involves concerted bond breaking and forming through a trigonal bipyramidal transition
state. The nucleophile attacks from the backside (opposite the leaving group), causing stereochemical
inversion (Walden inversion). The rate law is bimolecular: rate = k[substrate][nucleophile]. SN2 favors
primary substrates (less steric hindrance), strong nucleophiles, polar aprotic solvents (not hydrogen-
bonding), and good leaving groups.

SN1 (substitution nucleophilic unimolecular) proceeds through carbocation intermediates. The rate-
determining step is ionization forming the carbocation: rate = k[substrate]. The nucleophile then attacks
the planar carbocation from either face, producing racemic mixtures (equal R and S enantiomers). SN1
favors tertiary substrates (stable carbocations), weak nucleophiles, polar protic solvents (stabilize
carbocations), and good leaving groups.

Elimination reactions compete with substitution. E2 (elimination bimolecular) requires antiperiplanar
geometry—the [-hydrogen and leaving group must be 180° apart. E2 produces alkenes with
stereochemistry determined by substrate geometry. Strong bases favor E2 over SN2. El (elimination
unimolecular) proceeds through carbocations like SN1, forming alkene products.

Stereochemistry principles govern these reactions. Chiral centers have four different substituents,
producing non-superimposable mirror images (enantiomers). R/S nomenclature assigns absolute
configuration using Cahn-Ingold-Prelog priority rules. Reactions at chiral centers can retain, invert, or
racemize configuration depending on mechanism.

Researchers studied nucleophilic substitutions on chiral substrates.
Experimental Data:
Substrate 1: (R)-2-bromobutane reacting with OH™ in acetone (polar aprotic)
e Conditions favor SN2
e Reactant: (R)-2-bromobutane (specific rotation = +23.1°)
e Product: (S)-2-butanol (specific rotation = -13.5°)
e Complete inversion of configuration
e Reaction rate: Doubling [OH ] doubles rate; doubling [substrate] doubles rate
e Rate = k[substrate][OH]

Substrate 2: (R)-2-bromo-2-methylbutane (tertiary) reacting with water

13



e Conditions favor SN1

e Reactant: (R) configuration

e Product: Racemic 2-methyl-2-butanol (specific rotation = 0°)
o Loss of optical activity indicates racemization

e Reaction rate: Doubling [H20] doesn't change rate

o Rate = k[substrate] only

Substrate 3: (2R,3R)-2,3-dibromobutane reacting with OH"

e E2 mechanism favored

e Requires antiperiplanar geometry

e Product: (E)-2-butene (trans)

e Stereochemistry determined by requirement that Br and H be anti

Kinetic comparison (relative rates, primary bromide = 1.0):

e Primary (CHsCH:Br): SN2 rate = 1.0

e Secondary ((CHs3).CHBr): SN2 rate = 0.01 (100x slower—steric hindrance)
e Tertiary ((CHs3):CBr): SN2 rate <0.0001 (essentially no reaction)

o Tertiary in SN1: Very fast (stable carbocation)

Solvent effects on SN2 (primary substrate):

e DMSO (polar aprotic): Fast reaction

e Acetone (polar aprotic): Fast reaction

e Methanol (polar protic): Slower (solvates nucleophile, reducing nucleophilicity)
o Water (polar protic): Slowest SN2, favors SN1 for appropriate substrates

27. (R)-2-bromobutane reacting with OH™ via SN2 to give (S)-2-butanol demonstrates:

A. Retention of configuration

B. No stereochemical change

C. Inversion of configuration (Walden inversion) due to backside attack
D. Formation of achiral product

28. The racemic product from (R)-2-bromo-2-methylbutane indicates:

A. No reaction occurred

B. E2 mechanism

C. SN2 inversion

D. SN1 mechanism with nucleophile attacking planar carbocation from both faces equally

29. The rate law rate = k[substrate][nucleophile] for Substrate 1 confirms:

A. SN2 mechanism involving both species in the rate-determining transition state
B. SN1 mechanism

14



C. E1 mechanism
D. No reaction

30. Tertiary substrates strongly favoring SN1 over SN2 is explained by:

A. Tertiary carbocations being highly unstable

B. Tertiary substrates favoring SN2 due to accessibility

C. Steric hindrance preventing SN2 backside attack, while tertiary carbocations are stabilized by
hyperconjugation

D. All mechanisms proceeding equally

31. E2 elimination requiring antiperiplanar geometry explains:
A. Random product stereochemistry
B. No elimination occurring

C. The stereospecificity of elimination—substrate stereochemistry determines product alkene geometry
D. Formation of carbocations

DISCRETE QUESTIONS (32-34)

32. The relationship between wavelength (1), frequency (v), and the speed of light (¢) is:

A.c=Av

B.c=Mv
C.c=v/A
D. A=ch?

33. Aldosterone, a mineralocorticoid hormone, promotes:

A. Calcium excretion
B. Water elimination
C. Glucose synthesis
D. Sodium reabsorption and potassium excretion in the kidney

34. Which hybridization describes the carbon in carbonyl groups (C=0)?
A.sp
B. sp? with trigonal planar geometry

C.sp?
D. No hybridization

15



PASSAGE 6 (Questions 35-39): Fluid Dynamics and Circulation

Fluid dynamics principles govern blood circulation. Fluid flow depends on pressure gradients, resistance,
and vessel properties. The continuity equation expresses mass conservation for incompressible fluids:

Awvi=Asxvz

where A is cross-sectional area and v is flow velocity. In narrower vessels, velocity increases to maintain
constant volumetric flow rate.

Poiseuille's law describes laminar flow through cylindrical tubes:

Q = (nAPr*)/(8nL)

where Q is volumetric flow rate, AP is pressure difference, r is radius, 1 is viscosity, and L is length. Flow
rate depends strongly on radius (r* relationship)—halving radius reduces flow 16-fold. Resistance (R)
relates to these parameters:

R = (8nL)/(nr?)

Ohm's law analog applies to circulation:

Q=AP/R

Bernoulli's equation describes energy conservation in flowing fluids:

P + Y2pv? + pgh = constant

where P is pressure, p is density, v is velocity, g is gravitational acceleration, and h is height. Increased
velocity decreases pressure (Venturi effect). In horizontal flow (h constant), faster flow corresponds to
lower pressure.

Blood pressure varies throughout circulation. Systolic pressure (~120 mmHg) represents maximum
pressure during ventricular contraction; diastolic pressure (~80 mmHg) represents minimum pressure
during relaxation. Mean arterial pressure (MAP) approximates:

MAP = diastolic + 3(systolic - diastolic)

Arteries have thick elastic walls tolerating high pressure. Arterioles, the primary resistance vessels,
regulate flow through vasoconstriction/vasodilation. Capillaries, with thin walls and large total cross-
sectional area, facilitate exchange. Velocity is slowest in capillaries despite smallest individual vessel
diameter because total cross-sectional area is largest. Veins return blood to the heart at low pressure, aided

by valves preventing backflow and skeletal muscle pumps.

Researchers studied circulatory hemodynamics using experimental models.
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Experimental Data:
Vessel dimensions and properties:

e Aorta: radius = 1.0 cm, cross-sectional area = 3.14 cm?

e Capillaries: individual radius = 4 um, total cross-sectional area = 2,500 cm? (millions of parallel

capillaries)
e Vena cava: radius = 1.5 cm, cross-sectional area = 7.07 cm?

Velocity calculations (cardiac output =5 L/min = 83.3 cm?/s):

e Aorta: v=0Q/A =83.3/3.14=26.5 cm/s
e Capillaries: v =83.3/2,500 = 0.033 cm/s (800% slower than aorta)
e Venacava: v=283.3/7.07=11.8 cm/s

Pressure distribution:

o Left ventricle (systolic): 120 mmHg

e Aorta: 100 mmHg (mean)

e Arterioles: 85 — 40 mmHg (major pressure drop—highest resistance)
e Capillaries: 35 — 15 mmHg

e Veins: 15 — 5 mmHg

e Right atrium: 2 mmHg

Resistance calculations:

e Using R=AP/Q

e Arterioles account for ~60% of total peripheral resistance

e Vasoconstriction (radius decreased 20%): Resistance increases 2.4-fold (1/0.8%)
e Vasodilation (radius increased 20%): Resistance decreases to 0.48x baseline

Stenosis model (arterial narrowing):
e Normal artery: radius = 5 mm, flow = 100 mL/min
e 50% stenosis (radius = 2.5 mm): Flow decreases to 6.25 mL/min (1/16 of normal)
o Demonstrates 1* relationship in Poiseuille's law
Bernoulli effect demonstration:
o Flowing through constriction: velocity increases from 20 cm/s to 80 cm/s (4% increase)
e Pressure decreases from 100 mmHg to 87 mmHg

o Energy converted from pressure to kinetic energy

35. Blood velocity being slowest in capillaries despite individual capillaries having smallest
diameter is explained by:
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A. Capillaries having thickest walls

B. Blood viscosity increasing in capillaries

C. Capillaries having highest individual flow

D. Massive total cross-sectional area of all capillaries combined (continuity equation: velocity inversely
proportional to total area)

36. According to Poiseuille's law, arterial stenosis reducing radius by 50% would reduce flow rate
to approximately:

A. 50% of normal
B. 1/16 (6.25%) of normal due to r* dependence
C. 25% of normal
D. 90% of normal

37. Arterioles accounting for most peripheral resistance is due to:

A. Being furthest from heart

B. Having largest diameter

C. Their small radius and ability to vasoconstrict, creating high resistance (R o 1/1)
D. Lowest blood velocity

38. According to Bernoulli's principle, blood flowing through a stenosis (narrowing) will
experience:

A. Increased velocity and increased pressure
B. Decreased velocity and pressure

C. No changes

D. Increased velocity but decreased pressure

39. Vasoconstriction decreasing vessel radius by 20% increases resistance to approximately:

A. 1.2% baseline
B. 1.4x baseline
C. 1.8x baseline
D. 2.4x baseline (1/0.8*)

PASSAGE 7 (Questions 40-44): Amino Acids and Peptide

Properties
Amino acids, the building blocks of proteins, contain amino (-NH:) and carboxyl (-COOH) groups
attached to a central a-carbon. Twenty standard amino acids differ in their side chains (R groups), which

determine chemical properties. Amino acids exist as zwitterions at physiological pH—the amino group is
protonated (+NHs") and the carboxyl group is deprotonated (-COO").
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Amino acids have at least two pKa values: one for the carboxyl group (~2) and one for the amino group
(~9-10). The isoelectric point (pl) is the pH where the amino acid has no net charge. For amino acids with
non-ionizable side chains:

pl = (pKai + pKaz)/2

For amino acids with ionizable side chains (aspartic acid, glutamic acid, lysine, arginine, histidine), pl
calculations must account for the side chain pKa.

At pH < pl, amino acids are positively charged (protonated). At pH > pl, they're negatively charged
(deprotonated). At pH = pl, they have no net charge (zwitterionic form predominates). This charge
dependence enables separation techniques like isoelectric focusing and electrophoresis.

Peptide bonds form through condensation reactions between amino acids, linking the carboxyl carbon of
one amino acid to the amino nitrogen of another, releasing water. Peptide bonds exhibit partial double-
bond character due to resonance, restricting rotation and maintaining planarity. The trans configuration is
strongly favored over cis (except before proline).

Protein primary structure (amino acid sequence) determines higher-order structures. Hydrophobic amino
acids (alanine, valine, leucine, isoleucine, phenylalanine) typically cluster in protein interiors. Hydrophilic
amino acids (serine, threonine, asparagine, glutamine) often occupy surfaces. Charged amino acids
(aspartate, glutamate, lysine, arginine) form salt bridges stabilizing structure. Cysteine's thiol group forms
disulfide bonds, creating covalent cross-links.

Researchers studied amino acid properties and peptide behavior.
Experimental Data:
Amino acid pKa values and pl:
e Glycine: pKa: (COOH) = 2.34, pKaz (NHs") =9.60, pl = 5.97
e Aspartic acid: pKa: = 2.1, pKa: (side chain) = 3.9, pKas (NHs") = 9.8, pI =2.95
o Lysine: pKa: =2.2, pKa> (NHs*) = 9.0, pKas (side chain) = 10.5, pI =9.75
e Histidine: pKa (side chain imidazole) = 6.0, pI = 7.59
Charge states at different pH:
e Glycine at pH 2: +1 (both groups protonated)
e Glycine at pH 6: 0 (zwitterion)
e Glycine at pH 10: -1 (both groups deprotonated)
e Aspartic acid at pH 7: -1 (carboxyls deprotonated, amino protonated)
e Lysine at pH 7: +1 (amino groups protonated, carboxyl deprotonated)

Electrophoresis at pH 6.0:

e Applied electric field: cathode (-) on left, anode (+) on right
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e Glycine (pI =5.97): Slightly negative at pH 6, migrates toward anode (+)
e Aspartic acid (pI = 2.95): Strongly negative at pH 6, migrates rapidly toward anode
e Lysine (pI =9.75): Positive at pH 6, migrates toward cathode (-)

Peptide: Ala-Cys-Asp-Lys

e AtpH 7: Net charge = 0 (Asp: -1, Lys: +1)
o Contains one disulfide-forming cysteine
e UV absorption: Minimal (no aromatic amino acids)

Protein stability experiment:

e Native protein: Compact, hydrophobic core, disulfide bonds intact

o Reducing agent (breaks disulfide bonds): Partial unfolding
o 8M urea (denaturant): Complete unfolding, loss of all non-covalent interactions
o Demonstrates multiple stabilizing forces

40. At pH 7.0, glycine (pI =5.97) will:

A. Be positively charged
B. Exist primarily as a zwitterion with slight negative bias
C. Be completely neutral
D. Have no amino group

41. Aspartic acid migrating rapidly toward the anode (+) during electrophoresis at pH 6.0 is
because:

A. It's positively charged

B. It's uncharged

C. Electrophoresis doesn't work

D. At pH 6 >> pl (2.95), aspartic acid is strongly negatively charged and attracted to positive electrode

42. The isoelectric point (pI) represents the pH where:
A. The amino acid has net positive charge

B. Maximum negative charge

C. All groups are fully protonated

D. The amino acid has no net charge (zwitterion predominates)

43. Peptide bonds exhibiting restricted rotation due to partial double-bond character explains:
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A. Random peptide conformations

B. Free rotation around all bonds

C. Planar peptide bonds with trans configuration strongly favored
D. Exclusively cis configurations

44. Disulfide bonds between cysteine residues contribute to protein stability by:

A. Providing flexibility only

B. Forming covalent cross-links that constrain structure and stabilize folded conformations
C. Destabilizing proteins

D. Only existing in denatured proteins

DISCRETE QUESTIONS (45-47)

45. In a first-order reaction, the half-life:

A. Depends on initial concentration

B. Increases with temperature

C. Is constant and independent of concentration
D. Equals the rate constant

46. Which functional group characterizes ketones?

A. Carbonyl group (C=0) bonded to two carbon atoms
B. Hydroxyl group

C. Amine group

D. Carboxylic acid

47. The work done by a gas during isothermal expansion is:

A. Always zero

B. Positive (heat absorbed)

C. Negative (energy lost)

D. w=-nRT In(V2/V:), which is negative for expansion (V2> Vi)

PASSAGE 8 (Questions 48-52): Spectroscopy and Molecular
Structure



Spectroscopic techniques identify molecular structures by analyzing interactions between electromagnetic
radiation and matter. Different techniques probe different molecular properties.

Ultraviolet-visible (UV-Vis) spectroscopy involves electronic transitions between molecular orbitals.
Conjugated systems (alternating single and double bonds) absorb at longer wavelengths than isolated
double bonds due to smaller energy gaps between orbitals. Extended conjugation shifts absorption toward
visible wavelengths, creating color. The Beer-Lambert law relates absorbance to concentration:

A =¢gbc
where A is absorbance, € is molar absorptivity, b is path length, and ¢ is concentration.

Infrared (IR) spectroscopy detects molecular vibrations. Different functional groups produce characteristic
absorption bands. Key absorptions include: O-H stretch (3200-3600 cm™, broad), N-H stretch (3300-3500
cm™), C-H stretch (2850-3000 cm™), C=O0 stretch (1650-1750 cm™, strong), and C=C stretch (1620-1680
cm™). IR confirms functional group presence.

Nuclear magnetic resonance (NMR) spectroscopy exploits nuclear spin properties. 'H-NMR provides
information about hydrogen environments. Chemical shift (9, in ppm) indicates electronic environment—
electron-withdrawing groups deshield protons, shifting signals downfield (higher ). Signal integration
reveals relative numbers of equivalent protons. Splitting patterns show neighboring protons: n equivalent
neighbors produce n+1 peaks (splitting follows n+1 rule). Common patterns include singlets (no
neighbors), doublets (one neighbor), triplets (two neighbors), and quartets (three neighbors).

BC-NMR shows carbon environments. Each signal represents distinct carbon types. Carbonyl carbons
appear far downfield (160-220 ppm), aromatic carbons at 110-160 ppm, sp? carbons at 0-90 ppm.

Mass spectrometry (MS) measures mass-to-charge ratios (m/z). The molecular ion peak (M*) indicates
molecular weight. Fragmentation patterns provide structural clues. Common losses include 15 (CHs), 18
(H20), 28 (CO), and 45 (COOH).

Researchers analyzed unknown compounds using multiple spectroscopic techniques.
Experimental Data:
Compound X: Molecular formula CsHsO

e UV-Vis: Absorption at 280 nm (moderate intensity)
o IR spectrum:
o Strong absorption at 1715 cm™ (C=0 stretch)
o C-H stretches at 2850-3000 cm™
o No broad O-H stretch
o No N-H stretch
e 'H-NMR (CDCls):
o 0 1.0 ppm: triplet, integration = 3H
o 0 2.4 ppm: quartet, integration = 2H
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o 0 2.1 ppm: singlet, integration = 3H
e BC-NMR: Four signals
o 0200 ppm (carbonyl carbon)
o 035,30, 8 ppm (aliphatic carbons)
e  MS: M* =72, base peak at m/z = 43 (loss of 29, likely -C:Hs)
e Structure: CH3-CO-CH2-CHjs (2-butanone, methyl ethyl ketone)

Compound Y: Molecular formula C;HsO-

e IR spectrum:
o Very broad absorption 2500-3300 cm™ (O-H stretch, hydrogen bonded)
o Strong absorption 1710 cm™ (C=0 stretch)
e 'H-NMR:
o 0 11.5 ppm: singlet, integration = 1H (exchanges with D-O—acidic proton)
o 0 2.4 ppm: quartet, integration = 2H
o 0 1.1 ppm: triplet, integration = 3H
e Structure: CH3-CH2-COOH (propanoic acid)

Compound Z: Molecular formula CsHi0O

e IR: Strong C=O0 stretch at 1705 cm™, no O-H

o 'H-NMR shows multiple signals including triplet and quartet pattern
e UV: No significant absorption above 250 nm

o Possible structure: Saturated aldehyde or ketone (no conjugation)

Conjugation effect:

e Ethene (C=C): Amax = 165 nm

e 1,3-Butadiene (conjugated C=C-C=C): Amax =217 nm
e 1,3,5-Hexatriene: Amax = 258 nm

e Progressive red-shift with increased conjugation

Beer-Lambert law application:

e Compound with € = 15,000 M 'cm™! at Amax

e Pathlength=1cm

e Measured A =0.75

e Concentration: ¢ = A/(eb) = 0.75/(15,000 x 1) =5.0 x 10° M

48. The strong IR absorption at 1715 cm™ for Compound X indicates:
A. Presence of carbonyl group (C=0), confirming ketone or aldehyde
B. O-H stretch

C. N-H bend
D. No functional groups
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49. The 'H-NMR triplet at 6 1.0 ppm and quartet at 6 2.4 ppm in Compound X indicate:

A. No coupling

B. Random signals

C. Ethyl group (CHs-CHa-) with triplet from CHs (two neighbors on CH:) and quartet from CH: (three
neighbors on CHs)

D. Aromatic protons

50. Compound Y's acidic proton signal at 6 11.5 ppm that exchanges with D:O indicates:

A. Alcohol

B. Carboxylic acid functional group with exchangeable acidic proton
C. Amine

D. Alkane

51. Increased conjugation causing red-shift (longer wavelength absorption) occurs because:

A. Conjugation increases orbital energy gaps

B. Molecules become smaller

C. No effect on absorption

D. Extended conjugation decreases HOMO-LUMO energy gap, requiring lower-energy (longer
wavelength) photons

52. Using the Beer-Lambert law, if absorbance doubles while path length and molar absorptivity
remain constant, the concentration:

A. Doubles
B. Halves

C. Quadruples
D. Remains constant

PASSAGE 9 (Questions 53-56): Equilibrium and Le Chatelier's
Principle

Chemical equilibrium occurs when forward and reverse reaction rates are equal, producing constant
concentrations. The equilibrium constant (Keq) quantifies equilibrium position:

For aA +bB = c¢C +dD:
Keq=[C]*c[D]"d/ [A]"a[B]"b

Large Keq (>>1) indicates product-favored equilibrium; small Keq (<<lI) indicates reactant-favored
equilibrium. Keq depends only on temperature for a given reaction.
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Le Chatelier's principle predicts equilibrium responses to disturbances: systems shift to counteract
changes. Adding reactants or removing products shifts equilibrium right (toward products). Adding
products or removing reactants shifts equilibrium left (toward reactants). These shifts don't change Keq—
only temperature changes Keq.

Temperature effects depend on reaction enthalpy. For exothermic reactions (AH < 0), increasing
temperature shifts equilibrium left (toward reactants), decreasing Keq. For endothermic reactions (AH >
0), increasing temperature shifts right (toward products), increasing Keq. This follows from van 't Hoff
equation:

In(K>/K1) = -(AH/R)(1/T= - 1/Ty)

Pressure changes affect gaseous equilibria. Increasing pressure shifts equilibrium toward the side with
fewer gas moles. Decreasing pressure shifts toward more gas moles. Equilibria with equal gas moles on
both sides are unaffected by pressure.

Catalysts accelerate both forward and reverse reactions equally, achieving equilibrium faster without
changing equilibrium position or Keq. Catalysts lower activation energy but don't affect thermodynamics.

Researchers studied equilibrium systems to verify Le Chatelier's principle.
Experimental Data:
System 1: Nz(g) + 3Hz(g) = 2NHs(g) AH° = -92 kJ/mol

o At400°C: Keq=0.5

e At 500°C: Keq =0.15 (decreased—consistent with exothermic reaction)
e Equilibrium: [N2] =1.0 M, [Hz] = 1.5 M, [NH3] =0.5 M

e Adding N2 to 2.0 M: System shifts right, producing more NHs

e New equilibrium: [N2] =1.5 M, [H2] =0.9 M, [NH;]=1.0 M

o Keq unchanged (still 0.5 at 400°C)

System 2: 2S0:(g) + 02(g) = 2S0s(g) AH® = -198 kJ/mol

e 4 moles gas (left) = 2 moles gas (right)

e Increasing pressure: Equilibrium shifts right (toward fewer moles)
e Initial: 1.0 atm, [SO3])/[SOz] =2.0

e After pressure increase to 10 atm: [SOs]/[SO:z] = 4.5

o Demonstrates pressure effect

System 3: Hz(g) + I2(g) = 2HI(g) AH® =+26 kJ/mol
e 2 moles gas = 2 moles gas (equal moles)
e Pressure changes have no effect on equilibrium position

e At400°C: Keq =50
e At 500°C: Keq = 66 (increased—endothermic reaction)
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System 4: Co(H:20)s*"(aq) + 4Cl(aq) = CoCls* (aq) + 6H20(1)

e Pink = Blue

e Endothermic: AH® = +55 kJ/mol

e Adding HCI (increases [Cl7]): Solution turns blue (shifts right)
o Heating: Solution turns blue (shifts right for endothermic)

o Diluting with water: Solution turns pink (shifts left)

Catalyst experiment:

e Uncatalyzed reaction: Reaches equilibrium in 24 hours
e With catalyst: Reaches same equilibrium in 1 hour

o Final concentrations identical in both cases

e Keq unchanged

53. For System 1 (N: + 3H: = 2NH3), increasing temperature decreases Keq because:

A. The reaction is endothermic

B. Nitrogen decomposes

C. Hydrogen is consumed

D. The reaction is exothermic, and heat addition shifts equilibrium left (toward reactants)

54. Adding nitrogen to System 1 causes equilibrium to shift right (producing more NHs) while Keq
remains constant because:

A. Keq always changes

B. The system responds to increased [Nz] by consuming it (Le Chatelier), but Keq depends only on
temperature

C. No shift occurs

D. Temperature increased

55. System 2 (2S0: + O: = 2S0:s) shifting right with increased pressure demonstrates:

A. Pressure has no effect on equilibria

B. All reactions shift left with pressure

C. Systems shift toward the side with fewer gas moles to reduce pressure
D. Keq changes with pressure

56. System 3 (H: + I. = 2HI) being unaffected by pressure changes is because:
A. The reaction is very slow
B. Equal moles of gas on both sides mean pressure changes don't favor either direction

C. Keq is too large
D. Temperature is too high
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DISCRETE QUESTIONS (57-59)

57. The equivalence point in a titration of a weak acid with strong base will have a pH:

A. Equal to 7

B. Greater than 7 because the conjugate base of the weak acid produces basic solution
C. Less than 7

D. Equal to the pKa

58. Which molecular geometry describes methane (CH4)?

A. Linear

B. Trigonal planar

C. Tetrahedral with 109.5° bond angles
D. Octahedral

59. During glycolysis, one glucose molecule is converted into:

A. Four pyruvate molecules

B. Six ATP molecules

C. One citrate molecule

D. Two pyruvate molecules with net production of 2 ATP and 2 NADH
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Critical Analysis and Reasoning Skills (CARS)

Time Questions

90 minutes 53

PASSAGE 1: The Paradox of Authenticity in Modern Life

The contemporary obsession with authenticity reveals a curious paradox: the more we pursue it, the more
elusive it becomes. We are exhorted from all directions to "be ourselves," to "live authentically," to reject
social masks and reveal our "true" selves. Yet this imperative to authenticity may itself represent the most
insidious form of social conformity—a pressure to perform authenticity according to culturally prescribed
scripts.

The philosophical roots of authenticity trace to existentialism, particularly Heidegger's concept of
"eigentlichkeit" (ownness or authenticity) contrasted with "das Man" (the They)—the anonymous,
conformist crowd. For Heidegger, authentic existence involves confronting one's mortality and taking
responsibility for one's choices rather than drifting along with social expectations. Sartre similarly
emphasized "bad faith"—the self-deception of denying one's freedom and hiding behind social roles.

Yet this existentialist vision presumed an autonomous self that could be stripped of social influence to
reveal some essential core. Contemporary social theory challenges this assumption. The self, rather than
pre-existing society, emerges through social interaction. Our identities are constructed through language,
culture, and relationships—there is no authentic self underneath social influence because sociality
constitutes selthood itself.

This creates the authenticity paradox: if the self is inherently social, then "being yourself" necessarily
involves internalizing and performing social roles. The person trying to be authentic must draw on cultural
vocabularies, narrative structures, and identity categories—all social products. The hipster who rejects
mainstream culture by cultivating obscure tastes is no less socially determined than the conformist; both
construct identity through cultural materials, merely selecting from different repertoires.

Moreover, the contemporary authenticity imperative functions as a form of social control. When we are
told to "find ourselves," this injunction obscures how available identity options are constrained by power
relations. A working-class person who "authentically" embraces their background may internalize limited
ambitions, while someone from privilege who "finds themselves" through world travel exercises options
unavailable to most. The imperative to authentic self-expression can legitimate inequality by framing
socially determined outcomes as individual choices.

The commodification of authenticity further illustrates the paradox. Corporations market products
promising to help us express our "true selves"—authentic experiences, artisanal goods, brands aligned
with our values. Yet this marketplace of authenticity creates standardized forms of nonconformity.
Authenticity becomes another consumer identity, sold back to us as a product.
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Perhaps the resolution lies in abandoning the quest for authenticity altogether. Rather than seeking some
essential self beneath social influence, we might embrace the reality that identity is constructed, multiple,
and contextual—that we are different selves in different situations without any being more "authentic"
than others. This doesn't mean embracing cynical manipulation or total relativism. We can still commit to
values, maintain integrity, and take responsibility for our choices while recognizing that these emerge

from social contexts rather than transcendent depths.

The alternative is continuing to chase an impossible ideal, generating anxiety and self-judgment while
obscuring the social forces that shape our options. The paradox of authenticity suggests that the most
honest relationship to ourselves may involve accepting that authenticity itself is a social construction—

and that this recognition might free us from the exhausting performance of being "real."
1. The author's main argument regarding authenticity is that:

A. Corporate marketing has transformed authentic self-expression into consumer behavior patterns
B. Existentialist philosophers correctly identified the fundamental nature of human freedom

C. Pursuing authenticity is paradoxical because selfhood is constituted through social interaction
D. Social conformity prevents individuals from discovering their predetermined essential nature

2. According to the passage, Heidegger's concept of authentic existence centered on:

A. Taking responsibility for choices and confronting mortality rather than following collective norms
B. Developing a consistent self-presentation across all social contexts and relationships

C. Rejecting philosophical abstractions in favor of concrete everyday experiences

D. Distinguishing between socially constructed roles and biologically determined traits

3. The author uses the hipster example to demonstrate that:

A. Mainstream conformity represents a more honest approach to identity formation

B. Rejection of popular culture indicates successful resistance to social determination
C. Alternative subcultures provide genuine autonomy from dominant cultural values

D. Both conformist and rebellious identities rely on socially available cultural materials

4. The passage suggests the authenticity imperative can obscure inequality by:

A. Encouraging disadvantaged groups to blame themselves for structural problems
B. Presenting socially constrained outcomes as freely chosen individual expressions
C. Promoting consumption of luxury goods as necessary for self-actualization

D. Denying that authentic experiences require any material resources whatsoever

5. The author's proposed resolution to the authenticity paradox involves:

A. Accepting multiple, contextual identities without seeking an essential core self

B. Returning to existentialist principles of radical freedom and individual responsibility
C. Developing more sophisticated techniques for discovering one's predetermined nature
D. Rejecting all values and commitments as socially constructed illusions
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6. The passage's tone toward ""be yourself" culture can best be described as:

A. Analytically critical while acknowledging the concept's psychological resonance
B. Dismissively hostile without considering any potential benefits or appeal

C. Cautiously optimistic about future developments in authenticity practices

D. Enthusiastically supportive of its capacity to resist social conformity

PASSAGE 2: The Economics of Gift-Giving

Economic analysis traditionally struggles with gift-giving. From a strictly rational perspective, gifts
appear inefficient: the giver spends money on an item the recipient values less than the cash equivalent,
creating "deadweight loss." Joel Waldfogel's research quantified this inefficiency, estimating that holiday
gift-giving destroys billions of dollars in value annually. Recipients would prefer the money, and givers
would save effort. Yet gift-giving persists across all cultures, suggesting that economic rationality
provides an incomplete framework.

Anthropological perspectives reveal gift-giving's complexity. Marcel Mauss's seminal work demonstrated
that gifts create social bonds through obligation: the obligation to give, to receive, and to reciprocate. Gifts
circulate not to maximize utility but to establish and maintain relationships. In many societies, elaborate
gift exchanges constitute the primary mechanism of social cohesion. The Kula ring of Trobriand Islanders,
for instance, involved ceremonial exchanges of shell valuables that created networks of reciprocal
obligation spanning vast distances.

Contemporary gift-giving retains this social function beneath its commercial veneer. When we give gifts,
we signal attention, thoughtfulness, and care—information difficult to convey through cash transfers. A
well-chosen gift demonstrates knowledge of the recipient's preferences, investment of time and thought,
and prioritization of the relationship. These signals matter because they're costly: the effort required to
select a good gift proves commitment.

This signaling function explains several puzzling features of gift-giving. First, gift receipts are often
discarded, preventing efficient correction through returns. Preserving inefficiency maintains signaling
value—if gifts could be easily converted to cash, they'd lose symbolic meaning. Second, the social
prohibition against asking recipients what they want serves a similar function. Demonstrating knowledge
of preferences signals relationship quality; asking eliminates this demonstration.

Third, certain gifts are more appropriate than others regardless of monetary value. Cash gifts often feel
impersonal or inappropriate except in specific contexts (parents to children, weddings in some cultures).
The taboo against cash reflects how gifts symbolize relationships rather than pure exchange. Money's
fungibility—its universal exchangeability—makes it symbolically empty. Specific objects carry meanings
that facilitate relationship expression.

However, the commercialization of gift-giving creates genuine tensions. The pressure to purchase gifts at
designated times (holidays, birthdays) can transform meaningful exchange into obligatory consumption.
Retailers actively foster this transformation, extending gifting occasions and promoting expensive gifts as
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love demonstrations. When market logic dominates gift-giving, the social meaning risks reduction to price
tags—more expensive gifts signaling stronger relationships, turning love into literal commodity exchange.

Moreover, economic inequality makes gift reciprocity problematic. Reciprocal gift exchange assumes
rough equality; chronic imbalances create discomfort and potential resentment. When economic
disparities are large, gift-giving can reinforce hierarchies rather than build horizontal relationships. Lavish
gifts from wealthy to poor, even if well-intentioned, can feel like charity or obligation rather than equal
exchange.

Perhaps the solution lies in what we might call "conscientious gift-giving"—maintaining gifts' social
functions while resisting commercial pressures. This might involve setting spending limits, emphasizing
homemade or experiential gifts, or even replacing material gifts with time and attention. The goal would
be preserving gift-giving's relationship-building capacity while minimizing its economic inefficiency and
commercial distortion.

What economic analysis misses, ultimately, is that humans are social creatures whose rationality includes
relational dimensions. We sacrifice economic efficiency for social connection not through ignorance but
through different value priorities. Gifts may be economically inefficient, but their relational efficiency
may justify the cost. Understanding this requires expanding our model of human nature beyond homo
economicus to include homo socialis—the social animal for whom relationships constitute fundamental
needs, not merely instrumental means to individual satisfaction.

7. The primary purpose of this passage is to:

A. Demonstrate that economic models can fully explain gift-giving behavior

B. Examine gift-giving from multiple disciplinary perspectives to explain its persistence
C. Argue that all gift-giving should be replaced with cash transfers

D. Prove that anthropological analysis supersedes economic reasoning in all contexts

8. According to the passage, Waldfogel's research demonstrated that:

A. Recipients generally prefer gifts over equivalent monetary amounts

B. Gift-givers accurately assess recipient preferences in most cases

C. Holiday traditions strengthen social bonds despite their costs

D. Gift-giving creates economic value loss when recipients value items below cost
9. The author uses the Kula ring example to illustrate:

A. How ceremonial gift exchange establishes reciprocal social networks

B. That economically primitive societies lack rational decision-making capacity
C. Why shell valuables became universal currency in ancient trade

D. That anthropological evidence contradicts all economic principles

10. The passage suggests that discarding gift receipts serves to:
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A. Comply with cultural etiquette norms that lack functional purpose

B. Prevent recipients from discovering the actual purchase price

C. Maintain the costly signaling value that demonstrates relationship commitment
D. Encourage recipients to keep gifts they would otherwise return

11. The author's attitude toward commercialized gift-giving is:

A. Enthusiastic support for its role in economic growth

B. Concern that market logic transforms meaningful exchange into obligatory consumption
C. Complete neutrality regarding its cultural and economic effects

D. Advocacy for total elimination of all commercial gift transactions

12. The concept of ""homo socialis" functions in the passage to:

A. Replace economic analysis with purely sociological frameworks

B. Introduce a new evolutionary theory of human development

C. Criticize all forms of rational choice theory as fundamentally mistaken

D. Expand human nature models beyond economic rationality to include relational needs

PASSAGE 3: Photography and the Construction of Memory

The relationship between photography and memory is more complex than commonly assumed. We
typically imagine photographs as preserving memories, creating permanent records of moments that
would otherwise fade. Yet photographic theorist Susan Sontag argued that photographs don't merely
record experience—they alter it. The camera interposes itself between perception and memory,
fundamentally changing our relationship to the past.

Consider the tourist photographing a landmark. Rather than directly experiencing the moment, attention
diverts to framing the shot, checking lighting, ensuring everyone is positioned correctly. The photograph
becomes the goal rather than the byproduct of experience. Later, the photograph may replace the memory
rather than supplement it. The tourist remembers the photograph more vividly than the actual moment—
or remembers the moment only through the photograph's mediation.

This replacement of experience with representation has intensified with digital photography and social
media. When experiences are immediately photographed and shared, the performative aspect overwhelms
the experiential. We curate lives for photographic representation, selecting moments and angles that
project desired images. The photographed self becomes a construction for consumption by others—and
by our future selves.

Roland Barthes distinguished the photograph's studium (its cultural, linguistic, informational content)
from its punctum (the unexpected detail that "punctures" the viewer, creating personal emotional
response). The studium is accessible to analysis and interpretation; the punctum resists explanation,
creating affective charge that can't be reduced to meaning. Barthes noted that his mother's childhood
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photograph created punctum through details that wouldn't interest others—the way she held her hands,
her expression's particular quality. These details conveyed her essence in ways transcending information.

Yet Barthes's distinction may collapse in the age of digital manipulation. When photographs are routinely
edited—not just retouched but fundamentally altered—their relationship to reality becomes tenuous. The
photograph no longer certifies "this existed" (Barthes's famous characterization) but rather "this could
exist" or "this was constructed." The evidential weight photographs once carried erodes when we know
images can be seamlessly manipulated.

Moreover, the sheer volume of contemporary photography creates its own problems. We photograph
constantly, generating vast archives that paradoxically make individual images less meaningful. When
everything is photographed, nothing stands out. The special occasions once marked by photography
become indistinguishable from mundane moments. Memory, which naturally filters and highlights
significant experiences, gets overwhelmed by photographic abundance.

Some argue that photography democratized image-making, allowing ordinary people to create visual
records previously available only to the wealthy who could commission paintings or hire photographers.
This democratic potential is real. Yet it coexists with new forms of inequality. Professional-quality
equipment remains expensive. More subtly, photographic literacy—understanding composition, lighting,
editing—creates hierarchies between those who can create compelling images and those who cannot.

The therapeutic use of photography complicates matters further. Photo therapy encourages patients to
document their lives, creating visual narratives that facilitate self-understanding. Looking at photographs
can trigger memories and emotions unavailable through purely verbal recollection. Yet this therapeutic
potential depends on the photograph's connection to authentic experience. If the photograph replaced
rather than recorded experience, therapy examines constructed representations rather than lived reality.

Perhaps we need to rethink photography's purpose. Rather than seeing photographs as memory
preservation tools, we might understand them as creative acts that construct new meanings. A photograph
is not a window to the past but an interpretation—an artistic statement, a social communication, a narrative
element. Accepting this doesn't mean abandoning truth or embracing total relativism. Photographs can
still convey accurate information about the world. But they do so while inevitably shaping that world
through selection, framing, and presentation.

The question becomes not whether photographs distort memory—they do—but whether that distortion is
productive or harmful. Can photography enrich experience even as it mediates it? Can we photograph
thoughtfully, allowing images to supplement rather than supplant direct engagement? These questions
resist simple answers. What seems clear is that photography's relationship to memory is active rather than
passive, constructive rather than merely preservative, and demands conscious attention to its effects on
how we experience and remember our lives.

13. The author's main argument regarding photography and memory is that:

A. Digital manipulation has completely destroyed photography's documentary value
B. Social media platforms have turned photography into pure performance art
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C. Photographs enhance memory by providing detailed visual records of events
D. Photography actively constructs memory rather than passively preserving experience

14. According to the passage, Sontag argued that photography:

A. Provides objective documentation of reality without interpretive interference
B. Interposes itself between perception and memory, altering our experience
C. Should be abandoned in favor of more authentic forms of documentation
D. Democratizes image-making by making visual records available to everyone

15. The tourist example illustrates that:

A. Travel photography has become more important than the travel experience itself
B. Professional photographers capture moments more effectively than casual tourists
C. Photographs often replace original memories rather than supplementing them

D. Tourist attractions should prohibit photography to preserve authentic experiences

16. Barthes's distinction between studium and punctum suggests that:

A. Photographs convey meaning through both analyzable content and unexplainable affect
B. Cultural interpretation is always more important than personal emotional response

C. Only family photographs can create genuine emotional connections with viewers

D. The punctum represents the photograph's objective reality while studium is subjective

17. The passage suggests that digital manipulation has affected photography by:

A. Making all photographs equally valuable as artistic expressions

B. Eliminating the need for traditional photographic skills and training

C. Creating new opportunities for creative expression unavailable with film
D. Undermining the evidential certainty photographs previously provided

18. The author's attitude toward photography's therapeutic use is:
A. Unqualified endorsement of its benefits for psychological treatment
B. Recognition of potential benefits while noting dependence on authentic connection

C. Complete rejection based on photography's distorting effects on memory
D. Neutral description without any evaluation of therapeutic effectiveness

PASSAGE 4: The Ethics of Automated Decision-Making

Algorithmic decision-making systems increasingly shape significant life outcomes—determining
creditworthiness, hiring recommendations, parole decisions, and medical treatments. These systems
promise objectivity: unlike human decision-makers, algorithms don't suffer from conscious biases,
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emotional volatility, or inconsistent application of rules. Yet this promise of neutrality obscures how
algorithms can perpetuate and amplify existing inequities while evading accountability.

The fundamental problem is that algorithms learn from historical data reflecting past human decisions—
which themselves embody systematic biases. When Amazon developed an Al recruiting tool, it
discriminated against women because it learned from the company's male-dominated hiring history. The
algorithm identified patterns in successful candidates, noticing that men were disproportionately hired,
and optimized for male candidates. Amazon eventually scrapped the system, but the incident illustrates
how "objective" algorithms can inherit and systematize human biases.

Moreover, algorithmic opacity creates accountability challenges. Many contemporary systems use
machine learning techniques—neural networks, deep learning—that function as "black boxes." Even their
creators cannot fully explain why they produce particular outputs. When an algorithm denies someone a
loan or recommends harsher sentencing, the reasoning remains opaque. Traditional decision-making
allows appeals based on examining the logic; algorithmic decisions resist such scrutiny.

Defenders of algorithmic decision-making argue that humans are demonstrably biased while algorithms
can be debugged and improved. Studies show judges are harsher immediately before lunch (low blood
sugar affects judgment) and more lenient after favorable sports results (mood effects). Algorithms aren't
subject to these arbitrary influences. Furthermore, algorithmic bias, once identified, can be corrected in
all cases simultaneously—fixing the code fixes every application. Human bias requires individual
reeducation and produces inconsistent improvement.

Yet this defense misunderstands the problem's nature. The issue isn't whether algorithms are more or less
biased than humans in aggregate, but rather what types of bias they introduce and how they distribute
harms. Algorithmic systems can efficiently perpetuate systematic discrimination across millions of cases
instantaneously. A biased human judge affects hundreds of cases; a biased algorithm affects millions
before detection.

Additionally, algorithmic decisions create what might be called "statistical injustice." Systems optimize
for aggregate accuracy, accepting that some percentage of cases will be misclassified. From a societal
perspective, 95% accuracy seems impressive. But for the 5% misclassified—denied loans they could
repay, rejected for jobs they could perform, imprisoned longer than necessary—the system's aggregate
success provides no consolation. We tolerate greater individual error in algorithmic systems than in human
judgment because the errors are depersonalized and distributed.

The problem deepens when algorithms create self-fulfilling prophecies. Predictive policing algorithms
identify "high-crime areas" requiring increased surveillance. More policing produces more arrests,
generating data that confirms the original prediction. The algorithm reinforces patterns while creating the
appearance of objective crime mapping. Similarly, creditworthiness algorithms that limit credit to certain
populations prevent those populations from building credit histories, confirming their supposed risk.

Some advocate for "algorithmic transparency"—requiring companies to explain their systems' logic. But

transparency alone doesn't solve accountability problems. Even with full access to code, technical
expertise is required to evaluate algorithmic fairness. Most affected individuals lack such expertise.
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Moreover, transparency can be weaponized: bad actors can game transparent systems by tailoring
behavior to trigger desired algorithmic responses.

Perhaps the solution lies not in perfecting algorithms but in limiting their application. Certain decisions—
particularly those affecting liberty, opportunity, and fundamental rights—might be reserved for human
judgment despite its imperfections. This isn't Luddism or technophobia. Algorithmic tools can assist
human decision-makers by organizing information and identifying patterns. But final determinations in
consequential cases should remain human responsibilities.

Such human-centered systems preserve moral accountability. When a judge makes a sentencing decision,
we can hold that person responsible. With algorithmic sentencing, accountability diffuses among
programmers, data scientists, and system administrators—no one is really responsible. Human judgment
allows for contextual consideration of circumstances that algorithms, trained on general patterns, cannot
accommodate. Most importantly, it preserves the dignity of having one's case individually considered by
another human rather than processed by an impersonal system.

The question isn't whether to use algorithms but how to deploy them ethically. This requires
acknowledging their limitations, maintaining human oversight in consequential decisions, ensuring
affected populations can contest outcomes, and accepting that some inefficiency is the price of justice.
The efficiency gains from automation must be weighed against the costs of systematized bias and
accountability erosion. In domains affecting basic rights and opportunities, we might reasonably conclude
that the human touch, with all its flaws, remains indispensable.

19. The author's primary argument about algorithmic decision-making is that:

A. It poses accountability and fairness challenges requiring human oversight in critical domains
B. It should be completely eliminated in favor of traditional human judgment

C. It represents inevitable progress that will eventually eliminate all human bias

D. It functions best when combined with full transparency requirements for all systems

20. The Amazon recruiting tool example demonstrates that:

A. Artificial intelligence systems inevitably discriminate against minority groups

B. Corporate hiring decisions should never incorporate automated systems

C. Algorithms can inherit and systematize biases present in training data

D. Women are inherently disadvantaged in technical recruitment processes

21. According to the passage, algorithmic opacity creates problems because:

A. Machine learning systems operate at speeds that prevent human monitoring

B. Affected individuals cannot examine the reasoning behind consequential decisions
C. Programmers deliberately conceal their systems' logic from public scrutiny

D. Neural networks require specialized hardware that most people cannot access

22. Defenders of algorithmic systems argue that:
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A. Algorithms never make mistakes unlike consistently flawed human judgment

B. Human bias cannot be addressed through education or institutional reform

C. All decision-making should eventually be automated for maximum efficiency

D. Once identified, algorithmic bias can be corrected across all applications simultaneously

23. The concept of "statistical injustice' refers to:

A. Algorithms being less accurate than human decision-makers in most applications
B. The tolerance for individual errors in systems optimizing aggregate accuracy

C. Deliberate manipulation of statistical methods to disadvantage certain groups

D. The absence of mathematical rigor in most contemporary algorithmic systems

24. The author's position on algorithmic transparency is that:

A. Full transparency would completely resolve all accountability problems
B. Companies should never be required to reveal proprietary algorithms

C. Transparency alone is insufficient and can enable gaming of systems

D. Technical opacity is necessary to prevent algorithmic exploitation

PASSAGE 5: The Decline of Third Places

Sociologist Ray Oldenburg coined the term "third places" to describe informal public gathering spaces
distinct from home (first place) and work (second place). Traditional third places—cafes, barbershops,
pubs, community centers—serve as democracy's infrastructure, enabling casual social interaction across
diverse populations. Oldenburg argued that such spaces are essential for civic engagement, community
formation, and psychological well-being. Yet third places have declined precipitously in contemporary
society, with profound consequences for social capital and democratic participation.

The decline stems from multiple causes. Suburban development patterns prioritize private space and
automobile dependence, eliminating the dense, walkable neighborhoods where third places naturally
flourish. Commercial spaces increasingly serve consumption rather than congregation; corporate chains
replace locally-owned establishments where regular customers developed relationships with proprietors
and each other. Economic pressures make lingering without continuous purchases difficult. Rising costs
force businesses to maximize turnover rather than tolerate people occupying space without spending.

Digital technology has ambiguous effects. Online communities provide virtual third places, connecting
people across geographical distances and enabling interactions around shared interests regardless of
location. During the COVID-19 pandemic, digital platforms allowed essential social connections when
physical gathering was impossible. Yet online interaction differs qualitatively from face-to-face
encounter. Digital spaces enable selective association—we connect with like-minded people rather than
encountering diversity. The serendipitous conversations with strangers that characterize physical third
places rarely occur online.
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Moreover, digital spaces lack embodied presence. We miss facial expressions, body language, and the
rich nonverbal communication that constitutes much of human interaction. Online exchanges can become
hostile in ways face-to-face conversation rarely does—the physical presence of another person moderates
antagonism. Digital third places also suffer from commercialization and surveillance. Platforms monetize
our interactions, optimizing for engagement metrics that often promote conflict over constructive
dialogue.

The loss of third places has measurable consequences. Robert Putnam documented declining civic
participation, neighborhood ties, and social trust—trends that accelerated as third places disappeared.
Without casual gathering spaces, people retreat into private life, losing opportunities for civic engagement
and democratic deliberation. Political polarization intensifies when people lack spaces for interaction
across differences. Third places provided what might be called "weak tie" relationships—acquaintances
who weren't close friends but who expanded social networks and exposure to diverse perspectives.

The mental health implications are significant. Third places offer belonging without the intensity of close
relationships or the demands of work. They provide routine social contact, combating isolation while
allowing autonomy. Regular customers develop identities as community members—the familiar face at
the coffee shop, the regular at the pub. These identities matter psychologically, offering social recognition
and integration. Their loss contributes to epidemic loneliness despite unprecedented digital connectivity.

Some argue that concerns about third place decline romanticize the past while ignoring their exclusions.
Traditional third places often segregated by race, class, and gender. Women were excluded from many
bars; minorities faced hostile or unwelcoming spaces. If third places are vanishing, perhaps it's because
they served primarily privileged populations while offering little to marginalized groups. Modern
suburban isolation, though problematic, at least doesn't enforce discriminatory public space segregation.

This critique has merit yet misses something crucial. The solution to exclusionary third places is not their
elimination but their democratization. The answer to discriminatory bars and cafes is integrated,
welcoming public spaces—not retreat into privatized isolation. Moreover, third place decline affects
everyone, including previously excluded populations who now lack public gathering spaces that might
have been more inclusive.

Revitalizing third places requires policy interventions. Zoning regulations should encourage mixed-use
development with commercial spaces supporting public gathering. Public libraries could expand their third
place functions—they already serve this role for many. Parks, community centers, and public squares need
investment and programming that attracts diverse users. Local businesses might be incentivized to
maintain spaces conducive to lingering rather than optimizing turnover.

Yet policy changes alone are insufficient without cultural shifts. We must value face-to-face interaction
and make time for casual social participation. This means resisting the privatization of daily life and the
colonization of all time by work and family obligations. It means accepting that genuine community
requires physical presence and effort—that authentic democratic culture cannot be maintained entirely
online.

The stakes extend beyond personal satisfaction to democratic functioning. Democracy requires citizens
who encounter difference, engage in deliberation, and develop social trust. These capacities form through
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practice in everyday settings, not just formal political participation. Third places provide democracy's
training ground. Their decline weakens the social fabric that makes self-governance possible. Restoring
these spaces may be essential not just for individual well-being but for democratic survival itself.

25. The author's main argument regarding third places is that:

A. Digital platforms have successfully replaced physical gathering spaces

B. Traditional third places were too exclusionary to merit preservation

C. Their decline has serious consequences for democratic participation and community
D. Suburban development represents an improvement over dense urban neighborhoods

26. According to the passage, Oldenburg defined third places as:

A. Informal public gathering spaces distinct from home and workplace

B. Government-operated facilities designed for civic participation

C. Commercial establishments focused primarily on economic transactions
D. Online platforms that enable geographically dispersed interactions

27. The passage suggests that suburban development contributed to third place decline by:

A. Creating communities that were more ethnically diverse than urban neighborhoods
B. Eliminating walkable, dense areas where informal gathering spaces naturally develop
C. Providing superior alternatives to traditional public gathering spaces

D. Reducing automobile dependence and encouraging pedestrian-oriented design

28. The author's attitude toward digital spaces as third place replacements is:

A. Enthusiastic endorsement of their advantages over physical spaces

B. Recognition of benefits while noting important qualitative differences
C. Complete rejection based on their commercialization and surveillance
D. Neutral assessment that avoids evaluating their effectiveness

29. The passage suggests that third place loss affects mental health by:

A. Increasing close interpersonal relationships that can become overwhelming
B. Forcing people to develop independence from community support

C. Eliminating routine social contact and community member identities

D. Creating more time for family relationships and professional development

30. The author responds to criticisms about third place exclusivity by arguing that:
A. Historical exclusions justify the elimination of all public gathering spaces
B. The solution is democratizing third places rather than abandoning them

C. Exclusionary practices were exaggerated by contemporary critics
D. Suburban isolation actually increases social integration and diversity
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PASSAGE 6: The Museum and Colonial Legacy

Museums have long presented themselves as neutral repositories of cultural heritage, preserving artifacts
for education and appreciation. Yet recent scholarship reveals how museums—particularly those with
extensive non-Western collections—emerged from and perpetuate colonial power relations. The British
Museum, the Louvre, the Metropolitan Museum contain objects acquired through imperial conquest,
unequal treaties, or exploitative purchases. These institutions didn't passively receive artifacts; they
actively participated in extraction and dispossession.

The question of repatriation has intensified. Nations like Greece demand return of the Parthenon Marbles;
Nigeria seeks Benin Bronzes looted during colonial wars; Egypt wants its antiquities repatriated.
Museums resist, arguing they preserve objects for humanity, provide optimal conservation conditions, and
enable global audiences to experience world cultures. The argument that Western museums serve
"universal" interests while source countries represent "narrow" nationalism reveals persistent colonial
attitudes—as if Western custody serves humanity while non-Western custody serves only particular
nations.

Moreover, museum display practices encode colonial hierarchies. Ethnographic museums traditionally
presented non-Western objects as "artifacts" illustrating "primitive" cultures, while Western art appeared
in fine art museums as "masterpieces" created by individual genius. African sculptures became
anthropological specimens; European paintings became art. This taxonomy isn't neutral but reflects
colonial constructions of civilization and savagery. Even when museums avoid explicit hierarchical
language, organizational structures perpetuate these distinctions.

The curatorial voice in exhibitions raises additional concerns. Who interprets cultural objects? When
Western curators explain non-Western artifacts to primarily Western audiences, whose understanding is
privileged? Many indigenous communities argue that their cultural heritage requires interpretation by
community members who possess living knowledge rather than external scholars who studied objects in
isolation. Museums respond that curatorial expertise ensures quality and accuracy. Yet this assumes
Western scholarly training provides superior interpretive authority over cultural insiders' knowledge.

Some museums have begun collaborative curation, involving source communities in exhibition planning
and interpretation. The National Museum of the American Indian in Washington, D.C., explicitly partners
with indigenous communities. Such collaboration is praised as decolonizing museums. Critics counter that
collaboration within fundamentally colonial institutions is insufficient—that true decolonization requires
repatriation and indigenous institutional control. Collaborative curation risks becoming performative
inclusion that legitimates continued Western possession.

The "universal museum" concept exemplifies these tensions. Major Western museums argue they serve
educational missions transcending national interests. Removing objects would impoverish global access
to cultural heritage. Yet this universalism is selective. Western museums don't advocate dissolving their
national collections into truly universal rotating displays. The "universal museum" means museums in
Western capitals holding the world's treasures—universalism as another name for centralized Western
control.
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Furthermore, the preservation argument deserves scrutiny. While some museums provide excellent
conservation, others have damaged or lost objects. More fundamentally, the assumption that Western
institutions offer superior preservation suggests non-Western countries lack capacity—an assumption
rooted in colonial paternalism. Many countries have excellent museums and conservation facilities. The
preservation argument can become justification for permanent dispossession based on civilizational
hierarchy.

Legal frameworks complicate matters. Some objects were legally acquired under colonial law—but
colonial law itself was illegitimate, imposed by conquerors on conquered peoples. Other objects entered
collections through purchases from intermediaries who themselves had dubious claims. The fact that
something was "legal" under unjust systems hardly legitimates current possession. Yet wholesale
repatriation faces practical challenges: provenance is often unclear, source communities may have
competing claims, and determining appropriate recipients can be complex.

Perhaps museums should become sites of reckoning rather than celebration—spaces acknowledging their
colonial origins and ongoing implications. This means transparent provenance research, honest labeling
explaining acquisition histories, and genuine willingness to repatriate contested objects. It means sharing
authority with source communities and recognizing that some objects' proper place may not be in Western
museums. Most fundamentally, it requires abandoning the fiction of neutrality and accepting museums as
political institutions implicated in global power relations.

The museum debate ultimately concerns not just objects but epistemology and power. Who has authority
to collect, classify, interpret, and display cultural heritage? Can institutions created by colonial powers be
reformed, or must decolonization create new institutions? These questions resist simple answers. What
seems clear is that museums can no longer claim innocent neutrality. They must confront their colonial
foundations and reimagine their roles in a postcolonial world—or risk becoming monuments to imperial
nostalgia rather than bridges across cultures.

31. The author's main argument about museums with colonial collections is that:

A. All objects should be immediately returned regardless of practical considerations

B. They must acknowledge their colonial origins and transform their practices accordingly

C. Collaborative curation has successfully resolved all issues of cultural representation

D. Western scholarship provides essential interpretive frameworks unavailable elsewhere

32. According to the passage, the distinction between "artifacts" and "masterpieces" reflects:
A. Objective differences in the objects' aesthetic qualities and cultural significance

B. Practical considerations about which objects require climate-controlled storage

C. Museum visitors' preferences regarding how different cultures should be presented

D. Colonial hierarchies that classified non-Western objects as anthropological specimens

33. The author's attitude toward the "universal museum' concept is:

A. Appreciative of its commitment to making diverse cultures accessible globally
B. Neutral recognition that it represents one legitimate approach among several
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C. Critical view that it legitimates Western centralized control over global heritage
D. Enthusiastic support for its potential to transcend narrow nationalist interests

34. The passage suggests that collaborative curation with source communities:

A. Represents the complete solution to museums' colonial legacies and power dynamics
B. May constitute performative inclusion that legitimates continued Western possession
C. Should be rejected because it compromises curatorial expertise and scholarly standards
D. Has been uniformly successful in all institutions that have implemented such programs

35. The author responds to preservation arguments for retaining objects by noting that:

A. Western conservation techniques are demonstrably superior to all alternative methods

B. All source countries now have adequate facilities making the argument completely obsolete
C. The assumption of superior Western capacity reflects colonial paternalist attitudes

D. Museums should prioritize preservation over all other considerations including justice

36. The passage's final paragraph suggests that decolonizing museums requires:

A. Minor adjustments to exhibition labels while maintaining current possession structures
B. Complete closure of all institutions that house objects acquired during colonial periods
C. Confronting colonial foundations and potentially creating entirely new institutions

D. Focusing exclusively on aesthetic appreciation rather than historical acquisition contexts

PASSAGE 7: The Attention Economy and Human Flourishing

Contemporary capitalism increasingly commodifies attention. Digital platforms compete to capture and
monetize our focus through algorithmically optimized content designed to maximize engagement. This
"attention economy" treats human attention as a scarce resource to be extracted, bought, and sold. Yet
attention is not merely an economic input—it constitutes human experience itself. How we direct attention
shapes what we notice, value, and become. The attention economy thus raises profound questions about
human autonomy and flourishing.

The problem begins with platform business models. Companies like Facebook, YouTube, and TikTok
provide "free" services funded by advertising. Their products are not their services but rather our attention,
sold to advertisers. Platforms maximize profit by maximizing engagement—keeping users scrolling,
watching, clicking. Algorithms learn what triggers compulsive behavior in individuals and serve content
accordingly. The system doesn't optimize for user well-being but for attention extraction.

Psychological research reveals sophisticated manipulation techniques. Variable ratio reinforcement
schedules—the slot machine principle—make social media addictive. We check feeds repeatedly because
the next scroll might bring rewarding content, but unpredictability maintains engagement better than
consistent rewards. Infinite scroll eliminates natural stopping points. Autoplaying videos and
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algorithmically generated recommendations create frictionless consumption. These design choices aren't
accidental but deliberately exploit psychological vulnerabilities.

Defenders argue that users freely choose platform engagement and can leave anytime. This defense
assumes an outdated model of rational individual choice. Behavioral science demonstrates that
environmental design profoundly shapes decisions in ways individuals don't consciously recognize. When
platforms employ teams of engineers specifically to make products more compelling and harder to resist,
attributing outcomes to "user choice" becomes disingenuous. The playing field is tilted deliberately and
invisibly.

Moreover, individual-level solutions—digital detoxes, app deleters, willpower—prove inadequate against
systems engineered for addictiveness. Blaming individuals for succumbing to sophisticated behavioral
manipulation shifts responsibility from platforms to users. This is analogous to addressing tobacco
addiction by emphasizing personal responsibility while ignoring industry efforts to maximize nicotine
delivery and addict customers. The problem requires systemic response, not just individual discipline.

The consequences extend beyond wasted time. Constant interruption and task-switching reduce cognitive
performance and erode capacity for sustained attention—the very capacity required for complex thought,
deep relationships, and meaningful work. Nicholas Carr documented how digital media reshape neural
pathways, making focused concentration increasingly difficult. We're training ourselves for distraction,
fragmenting attention in ways that may be difficult to reverse.

Political implications are equally concerning. Democracy requires informed citizens capable of sustained
deliberation on complex issues. The attention economy undermines both conditions. Platforms optimize
for engagement, not truth, creating incentives for sensationalism and polarization. Nuanced policy
discussions don't generate clicks; outrage does. The result is political discourse optimized for emotional
reaction rather than rational consideration. Citizens are trained for snap judgments rather than patient
analysis.

Some propose regulation: limiting data collection, requiring algorithmic transparency, or even treating
platforms as utilities subject to public interest obligations. These approaches face challenges. Platforms
operate globally while regulation remains national. Technical complexity makes oversight difficult.
Industry lobbying power resists change. Yet regulatory precedents exist—we regulate other industries that
affect public health and welfare. Attention economy platforms arguably warrant similar treatment.

An alternative approach emphasizes collective action. Consumer boycotts, worker organizing within tech
companies, and public pressure campaigns can influence corporate behavior. During the 2020 Facebook
advertising boycott, major brands withdrew spending to protest platform policies. Such actions
demonstrate that companies respond to organized pressure. However, collective action faces coordination
problems and requires sustained commitment often difficult to maintain.

Perhaps most fundamentally, we need cultural shifts in how we value attention. Contemporary culture
treats constant connectivity as normal, even virtuous. Being unreachable feels irresponsible; extended
focus without interruption seems impossible. Yet humans functioned for millennia without perpetual
availability. Reclaiming attention may require embracing boredom, solitude, and disconnection—
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recognizing that some of life's most meaningful experiences occur precisely when we're not being
stimulated.

This cultural shift must extend to institutional level. Workplaces that expect immediate email responses
undermine focus. Schools that ban phones without teaching attention management create compliant spaces
rather than developing autonomous agents. We need institutions that respect and cultivate attentional
capacity rather than assuming its endless divisibility and availability.

The attention economy's trajectory is not inevitable. The current system serves corporate interests while
undermining human flourishing. Alternatives exist—subscription models reducing advertising
dependence, cooperative platforms owned by users, public-funded services prioritizing user well-being.
Choosing these alternatives requires recognizing that how we allocate attention is not merely a personal
preference but a collective choice shaping what kind of society and what kind of humans we become. Our
attention is too precious to be strip-mined for profit by platforms that care only about quarterly earnings.
Reclaiming it may be essential not just for individual well-being but for democratic survival and human
dignity.

37. The author's central argument regarding the attention economy is that:

A. Individual digital detoxes provide sufficient solutions to attention-related problems
B. All social media platforms should be immediately banned by government regulation
C. Free market competition will naturally correct platforms' manipulative practices

D. It commodifies human experience in ways that undermine autonomy and flourishing

38. According to the passage, platform business models create problems because:

A. They optimize for user well-being and engagement equally across all demographics
B. Advertising revenue requires maximizing attention extraction rather than user benefit
C. They charge excessive subscription fees that most users cannot reasonably afford

D. Companies deliberately provide low-quality services to reduce operational costs

39. The author compares attention economy defense to tobacco industry arguments to suggest
that:

A. Both involve completely identical business practices and regulatory challenges

B. Addiction concerns are equally severe across digital and chemical dependencies

C. Attributing outcomes to individual choice ignores systematic behavioral manipulation
D. Personal responsibility represents the most effective solution in both contexts

40. The passage's discussion of political implications suggests that attention economy platforms:
A. Enhance democratic deliberation by connecting citizens with diverse perspectives
B. Undermine informed citizenship by optimizing for engagement over substantive discourse

C. Have minimal effects on political processes compared to traditional media
D. Should be employed by governments to improve political participation rates
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41. The author's proposed cultural shift regarding attention involves:

A. Accepting constant connectivity as inevitable and adapting to permanently divided focus
B. Embracing boredom and disconnection as contexts for meaningful experience

C. Rejecting all modern technology in favor of pre-digital communication methods

D. Requiring universal meditation practices to enhance individual cognitive capacity

PASSAGE 8: Translating Poetry and Cultural Difference

Translation involves betrayal, according to an Italian adage: "traduttore, traditore"—translator, traitor.
Nowhere is this more evident than in poetry translation, where meaning emerges not just from denotative
content but from sound, rhythm, form, and cultural resonance. The translator must choose among
competing commitments: literal accuracy versus poetic effect, source-language structures versus target-
language conventions, cultural specificity versus accessibility. Each choice involves loss. Yet translation
also creates possibilities—introducing readers to otherwise inaccessible works and generating new poems
in the target language.

Consider translating a ghazal, a classical Persian and Urdu poetic form with strict formal requirements:
couplets with repeated end-words, particular metrical patterns, and conventions about themes and
progression. An English translator faces immediate problems. English and Urdu have different
phonological systems and metrical possibilities. The ghazal's formal features that create meaning in Urdu
may be impossible to reproduce in English. Should the translator preserve the form imperfectly or abandon
it for English poetic conventions more natural to the target language?

Strict formalists argue that form is integral to meaning. Abandoning the ghazal structure produces
something other than a ghazal—perhaps a poem inspired by the original but not a translation. From this
perspective, translation must attempt formal equivalence even if English cannot fully replicate Urdu
patterns. The resulting awkwardness testifies to cultural difference; smoothing it erases precisely what
makes the original distinctive.

Functionalists counter that poetry's purpose is aesthetic effect, not formal reproduction. If maintaining
source-language structures creates clunky English, readers encounter failed poetry rather than cultural
difference. Better to create effective English poems conveying something of the original's spirit if not its
letter. This approach risks domestication—making foreign texts feel familiar rather than preserving their
foreignness—but produces readable poetry rather than academic curiosities.

The debate intensifies with culturally specific references. Classical Arabic poetry contains extensive
allusions to pre-Islamic poetry, Quranic verses, and historical events unknown to most English readers.
Translators can provide extensive footnotes, but poetry studded with footnotes ceases to be poetry—it
becomes anthropological document. Alternatively, translators can substitute accessible references or
generalize specifics, but this transforms the poem's cultural embeddedness. The original's readers brought
cultural knowledge making references resonate; translation to readers lacking that knowledge cannot
replicate the experience.
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Some argue that translation should foreignize rather than domesticate, making target-language readers
feel the original's cultural distance. This means preserving unusual syntax, leaving words untranslated,
maintaining references even when obscure. Lawrence Venuti advocates such strategies to resist cultural
imperialism—the tendency of powerful languages to assimilate foreign texts to domestic norms.
Foreignizing translation acknowledges linguistic and cultural difference rather than pretending texts are
transparently universal.

Yet extreme foreignization creates its own problems. If readers cannot comprehend the text without
extensive apparatus, the translation fails to communicate. Poetry particularly suffers—readers struggling
with syntax and obscure references cannot experience aesthetic pleasure that is poetry's raison d'étre.
Foreignization risks producing unreadable texts that, whatever their theoretical merits, don't function as

poetry.

Furthermore, the translator's choices reflect power relations. Translations from dominant languages into
less powerful languages typically domesticate, adapting foreign texts to local conventions. Translations
from marginal languages into dominant ones often foreignize, treating source cultures as exotic others.
These patterns reflect and reinforce global hierarchies. The "universal" accessibility of texts from powerful
cultures versus the marked foreignness of marginal cultures isn't accidental but political.

Perhaps good translation requires pragmatic flexibility rather than theoretical consistency. Different texts
and contexts call for different strategies. Some poems depend crucially on form; others on cultural
specificity; still others on voice or imagery. Translators must judge case-by-case what to prioritize. This
means accepting that no single approach is universally correct and that multiple translations of the same
work may all have validity.

It also means transparency about choices made. Translators should acknowledge what they've prioritized
and sacrificed rather than presenting translations as neutral windows onto originals. Prefaces, notes, or
parallel texts can help readers understand translation as interpretation rather than reproduction. This
doesn't mean abandoning standards—some translations are clearly better than others—but recognizing
that translation involves informed judgment rather than mechanical application of rules.

Ultimately, translation's impossibility makes it necessary. Linguistic and cultural difference is real; we
cannot simply access texts across boundaries. Yet the human need to communicate across difference is
equally real. Translation bridges unbridgeable gaps imperfectly, creating connections despite inevitable
distortion. Perhaps the task is not eliminating translation's betrayals—impossible goal—but making them
productive, using translation's inevitable transformation to generate new understanding even as we
acknowledge what remains untranslatable.

42. The author's main argument about poetry translation is that:

A. Formal equivalence should always take priority over target-language readability

B. It involves necessary trade-offs and productive transformations despite inevitable losses
C. All translation constitutes cultural imperialism that should be abandoned entirely

D. Literal accuracy provides the only legitimate approach to cross-cultural communication

43. According to the passage, the ghazal translation example illustrates that:
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A. Persian and Urdu poetry cannot be translated into English under any circumstances

B. English poetic forms are inherently superior to classical Middle Eastern forms

C. Translators face impossible choices between formal accuracy and target-language convention
D. Most contemporary translators lack sufficient understanding of traditional poetic structures

44. Functionalists argue that translators should prioritize:

A. Creating aesthetically effective target-language poems over strict formal reproduction
B. Maintaining source-language structures regardless of target-language awkwardness
C. Providing extensive scholarly apparatus explaining all cultural references

D. Literal word-for-word translation that preserves denotative meaning precisely

45. Venuti's concept of foreignizing translation aims to:

A. Make all texts equally accessible to readers from any cultural background
B. Resist cultural imperialism by preserving linguistic and cultural difference
C. Demonstrate that translation is impossible and should not be attempted

D. Create purely academic texts rather than works accessible to general readers

46. The passage suggests that translation choices reflect power relations because:

A. All translation between different languages involves exactly equivalent power dynamics
B. Translators from dominant cultures always deliberately attempt cultural domination

C. Translation patterns between dominant and marginal languages differ systematically

D. Power relations have no meaningful effect on linguistic or interpretive practices

47. The author's proposed approach to translation involves:

A. Pragmatic flexibility adapting strategies to specific texts and contexts

B. Strict adherence to foreignizing principles across all translation projects

C. Complete rejection of all theoretical frameworks in favor of intuitive practice
D. Establishing universal rules that apply identically to all translation situations

PASSAGE 9: The Concept of Progress

The idea of progress—that history moves toward improvement—is so foundational to modern thought
that we rarely examine it critically. We assume technological advancement, expanding rights, and
increasing knowledge represent linear improvement from past to present to future. Yet progress is neither
universal nor inevitable; it is a historically specific idea that emerged in Enlightenment Europe and spread
through colonialism. Examining progress critically reveals it as ideology rather than description—a
worldview serving particular interests while obscuring alternatives.

Pre-modern societies generally did not conceive history as progressive. Classical Greeks imagined cyclical
time or decline from a golden age. Medieval Christians saw history moving toward Judgment Day but not
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necessarily improving. The modern progress narrative emerged with scientific revolution, industrial
capitalism, and European imperialism. Progress became synonymous with Westernization: adopting
European technology, economic systems, and cultural values. Non-Western societies were "backward,"
requiring European tutelage to advance along the singular path of progress.

This progress ideology justified colonialism. Europeans portrayed empire as civilizing mission—bringing
progress to benighted peoples. Colonial domination was reframed as generous assistance. That
colonialism enriched colonizers through extraction and exploitation while devastating colonized societies
was obscured by progress rhetoric. The narrative persists: "development" discourse treats Western
economic models as universal goals while alternative arrangements appear retrograde.

Moreover, progress assumptions ignore costs and create false inevitability. Industrial capitalism generated
unprecedented wealth while producing environmental destruction, inequality, and alienation. These aren't
accidental side effects but intrinsic consequences. Yet progress ideology treats them as temporary
problems solvable through more progress—more technology, more growth, more development. This
forecloses considering whether some "advances" might be fundamentally problematic rather than
inadequately realized.

The assumption that history moves in one direction—toward more complexity, freedom, or wealth—also
misrepresents reality. Civilizations collapse; rights are lost; knowledge disappears. The fall of Rome
destroyed technological capabilities and literacy that took centuries to recover. More recently, democratic
backsliding demonstrates that political progress reverses. Progress is contingent achievement requiring
active maintenance, not automatic trajectory.

Furthermore, what counts as progress is contested and culturally specific. From indigenous perspectives,
colonialism represented catastrophic regression: destroyed communities, severed spiritual connections to
land, imposed systems of exploitation. Yet progress narratives render these losses invisible or frame them
as acceptable costs of inevitable advancement. Similarly, feminist historians note that certain
"progressive" periods involved women's rights contraction. Progress for some occurred through
oppression of others.

Technology exemplifies progress's ambiguity. Innovations bring benefits while creating new problems.
Agriculture enabled civilization but required more labor than hunting-gathering and created hierarchy and
warfare. Industrialization produced abundance and environmental crisis simultaneously. Nuclear power
offers clean energy and existential risk. Technology changes conditions without automatically improving
them. Yet technological determinism—the belief that technology drives inevitable change—treats
innovation as progress rather than transformation with complex effects.

Perhaps most problematically, progress ideology can justify present suffering. If history tends toward
improvement, current problems become temporary way-stations toward better futures. This can rationalize
exploitation: today's sacrifices enable tomorrow's paradise. It also undermines radical critique—if things
are getting better, why demand fundamental change? Progress thus functions ideologically, legitimating
existing power while constraining imagination of alternatives.

Some advocate abandoning progress entirely, embracing cyclical time or mere change without direction.
Yet this risks nihilism and prevents evaluating whether specific changes improve conditions. Perhaps the
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solution is discriminating progress—accepting that some changes improve some conditions for some
people while worsening others, and that overall assessments require value judgments rather than claiming
neutral historical laws.

This requires specifying what we're progressing toward. "Progress" without content is meaningless.
Progress in what domains, by what measures, for whom? Technological capability isn't inherently
progressive; neither is economic growth. We must ask whether changes enhance human flourishing,
ecological sustainability, or justice—and recognize that progress in one dimension may require sacrifice
in another.

It also means accepting reversibility. Nothing guarantees that achievements persist or that history has
direction. Rights must be defended; knowledge preserved; institutions maintained. Progress, when it
occurs, is precarious accomplishment resulting from human effort, not inevitable unfolding. This makes
agency possible: if progress isn't automatic, then political action matters. Recognizing progress as
contingent rather than inevitable makes both vigilance and hope possible—vigilance because progress can
be lost, hope because it can be created.

48. The author's central argument about progress is that:

A. All historical change represents improvement and should be celebrated accordingly
B. It is historically specific ideology rather than accurate description of history

C. Pre-modern societies possessed superior understanding of historical development
D. Technology inevitably produces positive outcomes despite temporary disruptions

49. According to the passage, progress ideology justified colonialism by:

A. Accurately describing European technological superiority over all other civilizations

B. Acknowledging colonialism's costs while demonstrating benefits exceeded them

C. Recognizing cultural differences without imposing hierarchical valuations

D. Framing domination as civilizing mission that brought advancement to backward peoples

50. The passage uses the fall of Rome to illustrate that:

A. All civilizations inevitably collapse following predictable patterns of decline

B. Historical progress is contingent and reversible rather than guaranteed or linear
C. Classical civilizations were inferior to modern societies in all dimensions

D. Technological regression always produces corresponding cultural improvements

51. The author's discussion of feminist history demonstrates that:
A. Women's rights have steadily improved throughout all historical periods
B. Gender equality represents the most important measure of social progress

C. Progress for some groups can coincide with regression for others
D. Feminist perspectives should replace all other approaches to historical analysis
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52. The passage suggests that technological determinism is problematic because:

A. Technology never produces any beneficial outcomes for human societies

B. It treats innovation as automatic improvement rather than complex transformation
C. All technological change should be resisted by progressive social movements

D. Machines inevitably dominate humans in all technologically advanced societies

53. The author's concept of ""discriminating progress' involves:

A. Accepting that changes improve some conditions for some people while worsening others
B. Rejecting all value judgments about whether changes constitute improvements

C. Establishing universal standards applicable to all societies across all time periods

D. Returning to pre-modern cyclical conceptions that deny directional change entirely
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Biological and Biochemical Foundations of Living Systems

Time Questions

95 minutes 59

PASSAGE 1: Enzyme Regulation and Metabolic Control

Metabolic pathways require precise regulation to maintain cellular homeostasis and respond to changing
energy demands. Enzyme regulation occurs through multiple mechanisms operating at different
timescales. Allosteric regulation provides rapid response, covalent modification enables intermediate-
term control, and transcriptional regulation adjusts enzyme levels over hours to days.

Phosphofructokinase-1 (PFK-1) exemplifies allosteric regulation in glycolysis. This enzyme catalyzes the
committed step: fructose-6-phosphate + ATP — fructose-1,6-bisphosphate + ADP. PFK-1 activity
determines glycolytic flux. The enzyme exhibits cooperative substrate binding—initial substrate binding
increases affinity for additional substrate molecules, producing sigmoidal kinetics rather than hyperbolic
Michaelis-Menten kinetics.

Multiple allosteric effectors modulate PFK-1 activity. ATP acts as both substrate and negative allosteric
regulator. At high concentrations, ATP binds an allosteric site distinct from the active site, reducing
enzyme activity. This feedback inhibition prevents excessive ATP production when energy is abundant.
AMP acts as positive allosteric regulator, activating PFK-1 when cellular energy is depleted. The enzyme
thus responds to the cell's energy status, increasing glycolysis when ATP/AMP ratio is low.

Citrate, an intermediate in the citric acid cycle, also inhibits PFK-1. When citric acid cycle intermediates
accumulate, citrate signals that biosynthetic precursors are abundant and glycolytic flux can decrease.
Conversely, fructose-2,6-bisphosphate (F-2,6-BP) is a potent PFK-1 activator. F-2,6-BP concentration is
regulated by hormones: insulin increases F-2,6-BP (activating glycolysis), while glucagon decreases F-
2,6-BP (inhibiting glycolysis and promoting gluconeogenesis).

Covalent modification through phosphorylation provides additional regulatory control. Glycogen
phosphorylase, which catalyzes glycogen breakdown, exists in two forms: phosphorylase a
(phosphorylated, active) and phosphorylase b (dephosphorylated, less active). Phosphorylase kinase
catalyzes phosphorylation, activating the enzyme. Protein phosphatase-1 catalyzes dephosphorylation,
inactivating it.

This phosphorylation cascade amplifies hormonal signals. Epinephrine binding to B-adrenergic receptors
activates adenylyl cyclase, producing cAMP. cAMP activates protein kinase A (PKA), which
phosphorylates phosphorylase kinase, activating it. Active phosphorylase kinase then phosphorylates
glycogen phosphorylase. This cascade amplifies the initial signal—one hormone molecule can activate
multiple adenylyl cyclase molecules, each producing many cAMP molecules, each activating multiple
PKA molecules, and so on.
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Researchers investigated PFK-1 regulation under various conditions:
Experiment 1: PFK-1 Kinetics with varying ATP
e [ATP]=0.1 mM: Vmax = 100 pmol/min, Km = 0.5 mM
e [ATP] =5 mM: Vmax = 100 umol/min, Km = 2.0 mM (increased)
o High ATP increases Km (decreases substrate affinity) without changing Vmax
o Consistent with allosteric inhibition

Experiment 2: Effect of AMP on ATP inhibition

e High ATP alone: 30% activity

e High ATP + 0.5 mM AMP: 80% activity

e AMP reverses ATP inhibition, restoring activity
Experiment 3: F-2,6-BP effects

e No F-2,6-BP: Km = 1.0 mM, activity moderate

e 10 uM F-2,6-BP: Km = 0.2 mM (decreased), activity markedly increased

e F-2,6-BP increases substrate affinity and overcomes ATP inhibition
Experiment 4: Glycogen phosphorylase regulation

e Resting muscle: 10% phosphorylase a, 90% phosphorylase b

e During exercise: 90% phosphorylase a, 10% phosphorylase b

o Epinephrine treatment: Rapid shift to phosphorylase a within minutes

o Phosphatase treatment in vitro: Converts all to phosphorylase b
Experiment 5: Cascade amplification calculation

e 1 epinephrine molecule activates 100 adenylyl cyclase molecules

o Each adenylyl cyclase produces 1000 cAMP before inactivation

e Each cAMP-activated PKA phosphorylates 10 phosphorylase kinases

o Each phosphorylase kinase phosphorylates 10 glycogen phosphorylases

e Total amplification: 100 x 1000 x 10 x 10 = 10,000,000-fold
1. ATP acting as both substrate and allosteric inhibitor of PFK-1 demonstrates:
A. Competitive inhibition where ATP occupies only the active site
B. Feedback inhibition that prevents excessive product formation when energy is abundant

C. Irreversible enzyme inactivation through covalent modification of active site residues

D. Positive cooperativity that accelerates glycolysis during energy depletion states
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2. The observation that AMP reverses ATP inhibition of PFK-1 suggests:

A. AMP competes with ATP for the same regulatory binding site

B. AMP causes permanent conformational changes in enzyme structure

C. AMP decreases the enzyme's substrate affinity at the active site

D. The enzyme integrates signals about cellular energy status through opposing regulators

3. Fructose-2,6-bisphosphate affecting PFK-1's Km without changing Vmax indicates that F-2,6-
BP:

A. Modifies substrate affinity rather than catalytic efficiency or enzyme concentration

B. Acts as a competitive inhibitor that directly competes with fructose-6-phosphate

C. Increases the total number of enzyme molecules through enhanced transcription

D. Covalently modifies the enzyme to permanently increase its activity level

4. The conversion of glycogen phosphorylase from b to a form during exercise illustrates:
A. Allosteric activation by increased substrate availability in muscle tissue

B. Transcriptional upregulation of enzyme synthesis in response to energy demands

C. Covalent modification providing rapid, reversible control of enzyme activity

D. Irreversible activation that persists after the exercise stimulus is removed

5. The signal amplification cascade for glycogen breakdown is biologically important because:
A. It prevents any response to small hormonal fluctuations in circulation

B. A small hormonal signal produces rapid, large-scale metabolic response

C. It ensures that glycogen breakdown occurs continuously regardless of conditions

D. The cascade makes the response slower and more gradual over time

DISCRETE QUESTIONS (6-8)

6. During the cardiac cycle, ventricular systole refers to:
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A. The period when ventricles fill with blood from the atria

B. The relaxation phase when semilunar valves are closed

C. The contraction phase when blood is ejected into arteries

D. The resting phase between consecutive heartbeats

7. In eukaryotic cells, proteins destined for secretion are synthesized:
A. On ribosomes attached to the rough endoplasmic reticulum

B. In the smooth endoplasmic reticulum without ribosomal involvement
C. Directly in the Golgi apparatus where they are modified

D. In the nucleus and then transported to the cytoplasm

8. A deletion mutation that removes three consecutive nucleotides from a coding sequence will most
likely:

A. Cause a frameshift affecting all downstream amino acids
B. Result in a premature stop codon terminating translation
C. Change the reading frame and alter protein structure completely

D. Remove one amino acid while preserving the reading frame

PASSAGE 2: Membrane Transport and Cellular Homeostasis

Cell membranes maintain distinct intracellular and extracellular environments through selective
permeability. The phospholipid bilayer structure allows passive diffusion of small, nonpolar molecules
while restricting charged and polar substances. Specialized transport proteins enable movement of ions,
sugars, amino acids, and other essential molecules that cannot cross the lipid bilayer.

Transport mechanisms fall into two categories: passive transport (requiring no energy input) and active
transport (requiring energy, typically from ATP hydrolysis). Passive transport includes simple diffusion
and facilitated diffusion. Simple diffusion describes movement down concentration gradients through the
lipid bilayer. Facilitated diffusion uses channel proteins or carrier proteins to move substances down their
electrochemical gradients without energy expenditure.

Channel proteins form hydrophilic pores allowing specific ions to flow down their electrochemical
gradients. Ion channels can be constitutively open or gated—opening in response to voltage changes
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(voltage-gated), ligand binding (ligand-gated), or mechanical stress (mechanically-gated). The rate of ion
movement through open channels approaches diffusion limits—millions of ions per second can traverse a
single channel.

Carrier proteins undergo conformational changes to transport substrates across membranes. The glucose
transporter GLUT1 exemplifies facilitated diffusion carriers. GLUT1 binds glucose on one membrane
side, changes conformation to expose glucose to the other side, and releases it. This process requires no
energy but only proceeds down the glucose concentration gradient. Transport rate follows Michaelis-
Menten kinetics with characteristic Km and Vmax values.

Active transport moves substances against electrochemical gradients using energy. Primary active
transport directly couples ATP hydrolysis to transport. The sodium-potassium pump (Na*/K*-ATPase)
exemplifies primary active transport. This P-type ATPase exports three Na* ions and imports two K* ions
per ATP hydrolyzed, creating concentration gradients essential for nerve impulses, nutrient uptake, and
cell volume regulation.

Secondary active transport harnesses energy stored in ion gradients established by primary active
transport. Symporters transport two substances in the same direction; antiporters transport substances in
opposite directions. The sodium-glucose cotransporter (SGLT1) in intestinal epithelium uses the Na*
gradient created by Na*/K*-ATPase to drive glucose uptake against its concentration gradient. Each
glucose molecule transported requires Na* movement down its gradient.

Researchers investigated membrane transport in cultured cells:
Experiment 1: Glucose uptake Kkinetics

e Measured glucose uptake rate vs. extracellular glucose concentration
e Km=5mM, Vmax =20 pumol/min/10° cells

e Curve reached plateau, indicating saturable transport

e Phloretin (GLUT inhibitor) reduced Vmax but didn't affect Km

Experiment 2: Temperature effects

e 37°C: Normal glucose uptake (100%)

e 4°C: Glucose uptake reduced to 10%

e 4°C oxygen diffusion: Unchanged

o Temperature dependence suggests protein-mediated process

Experiment 3: Na*/K*-ATPase activity

e Normal conditions: [Na*]in = 12 mM, [Na*Jout = 145 mM

e [K']in =140 mM, [K*]out =4 mM

e Ouabain treatment (pump inhibitor): Gradients dissipated over 2 hours
e ATP depletion: Similar gradient dissipation

e Membrane potential: -70 mV (inside negative)
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Experiment 4: SGLT1 cotransport
o High extracellular Na* (145 mM): Glucose uptake against concentration gradient
e Low extracellular Na* (5 mM): Minimal glucose uptake despite glucose gradient
e Quabain pretreatment: SGLT1 activity decreased over time as Na* gradient dissipated
Experiment 5: Ion channel properties
e Single K* channel conductance: 20 pS (picosiemens)
e Open probability: 0.2 (open 20% of time)
e At-70 mV, K* flux: ~4 x 10° ions/second when open
e 1000 channels/cell can generate substantial K* currents
9. The saturable Kkinetics of glucose uptake with defined Km and Vmax indicate:
A. Transport involves specific carrier proteins with limited capacity
B. Glucose crosses membranes exclusively through simple diffusion
C. Temperature has no effect on the glucose transport process
D. Glucose transport requires direct ATP hydrolysis for each molecule
10. Reduced glucose uptake at 4°C while oxygen diffusion remains unchanged suggests:
A. Low temperature physically solidifies the lipid bilayer completely
B. Glucose transport requires ATP which isn't produced at low temperature
C. Protein-mediated transport is temperature-sensitive unlike simple diffusion

D. Oxygen and glucose use identical transport mechanisms across membranes

11. The Na‘/K'-ATPase creating concentration gradients against electrochemical gradients
demonstrates:

A. Passive transport moving ions down their concentration gradients

B. Primary active transport directly coupling ATP hydrolysis to ion movement
C. Secondary active transport utilizing pre-existing ion gradients

D. Simple diffusion of ions through the phospholipid bilayer

12. SGLT1 requiring Na* gradient to transport glucose against its concentration gradient
exemplifies:
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A. Primary active transport where glucose movement directly hydrolyzes ATP
B. Simple diffusion enhanced by presence of sodium ions

C. Facilitated diffusion where both substances move down gradients

D. Secondary active transport coupling glucose to ion gradient energy

13. Ouabain causing gradual loss of SGLT1 function indicates:

A. Ouabain directly binds and inhibits the SGLT1 transporter protein

B. SGLTI requires the Na* gradient maintained by Na*/K*-ATPase activity

C. Glucose transport is completely independent of cellular ATP levels

D. Ouabain enhances secondary active transport by unknown mechanisms

PASSAGE 3: DNA Replication and Error Correction

DNA replication must occur with extraordinary fidelity to preserve genetic information across
generations. The error rate must be minimized to approximately one mistake per billion nucleotides
incorporated. Multiple mechanisms ensure this accuracy: DNA polymerase selectivity, proofreading
activity, and mismatch repair systems.

DNA replication begins at origins of replication where initiator proteins recognize specific sequences and
recruit replication machinery. In prokaryotes, a single origin suffices; eukaryotes have multiple origins
per chromosome to complete replication within S phase. Helicase unwinds the double helix, creating
replication forks. Single-strand binding proteins (SSB) stabilize unwound DNA, preventing reannealing.
Topoisomerase relieves tension ahead of the fork by introducing transient breaks in DNA.

DNA polymerase synthesizes new strands using existing strands as templates. All DNA polymerases
require primers—short RNA sequences synthesized by primase. DNA polymerase adds nucleotides only
to the 3'-OH group, requiring 5' to 3' directional synthesis. The leading strand is synthesized continuously
toward the replication fork. The lagging strand is synthesized discontinuously away from the fork in short
Okazaki fragments (1000-2000 nucleotides in prokaryotes, 100-200 in eukaryotes).

Okazaki fragments require special processing. Each fragment begins with RNA primer synthesized by
primase. DNA polymerase extends the primer, synthesizing DNA until reaching the previous fragment's
primer. In prokaryotes, DNA polymerase I removes RNA primers with its 5' to 3' exonuclease activity and
fills gaps. DNA ligase seals nicks between adjacent fragments, creating continuous strands.

DNA polymerase achieves high fidelity through multiple mechanisms. First, geometric selectivity: the
polymerase active site accommodates only correctly base-paired nucleotides. Watson-Crick base pairs (A-
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T, G-C) have similar geometries fitting the active site, while mispairs have distorted geometries that don't

fit properly. This selectivity reduces error rate to approximately 1 in 10°.

Second, proofreading exonuclease activity: DNA polymerases have 3' to 5' exonuclease activity that
removes incorrectly incorporated nucleotides. When a mispair occurs, polymerase pauses, the DNA end
moves to the exonuclease site, the incorrect nucleotide is removed, and synthesis resumes. Proofreading

reduces error rate another 100-fold to approximately 1 in 107.

Third, mismatch repair systems detect and correct errors escaping proofreading. In E. coli, the MutS
protein recognizes mismatched base pairs. MutL and MutH proteins then identify which strand is newly
synthesized (distinguished by methylation patterns—parental strands are methylated, new strands aren't
yet). The mismatch repair system excises the error-containing region of the new strand and resynthesizes

it correctly. This reduces error rate to approximately 1 in 10° or 1 in 10°,
Researchers investigated replication fidelity mechanisms:
Experiment 1: Polymerase fidelity comparison

e DNA Pol III (normal): Error rate = 1 x 10~° per nucleotide

o DNA Pol IIT (exonuclease-deficient mutant): Error rate = 1 x 107° per nucleotide
e No change suggests geometric selectivity, not proofreading, dominates initial selection

Actually, let me correct this - the exonuclease-deficient mutant should have HIGHER error rate.

e DNA Pol IIT (normal): Error rate = 1 x 1077 per nucleotide
e DNA Pol IIT (exonuclease-deficient): Error rate = 1 x 10~ per nucleotide
e 100-fold increase demonstrates proofreading contribution

Experiment 2: Mismatch repair deficiency
e Wild-type E. coli: Mutation rate = 1 x 107° per base pair per generation
e MutS-deficient strain: Mutation rate = 1 x 1077 per base pair per generation

e 100-fold increase in mutations without mismatch repair

Experiment 3: Methylation and mismatch repair

o Hemimethylated DNA (parental strand methylated): Mismatch excised from unmethylated strand

e Unmethylated DNA (both strands unmethylated): Random strand selection for repair
o Fully methylated DNA: Reduced mismatch repair efficiency

Experiment 4: Okazaki fragment processing
e Pol I-deficient mutant: Accumulated RNA-DNA junctions, gaps not filled

o Ligase-deficient mutant: Accumulated nicks between fragments
e Both: Compromised replication but distinct defects
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14. DNA polymerase requiring 5' to 3' synthesis direction necessitates:

A. Continuous synthesis on both template strands moving toward replication fork

B. Identical synthesis mechanisms for leading and lagging strands

C. Synthesis using deoxyribonucleotides without any primer requirements

D. Discontinuous lagging strand synthesis in Okazaki fragments

15. The 100-fold increase in errors with exonuclease-deficient polymerase demonstrates:
A. Geometric selectivity as the only fidelity mechanism in replication

B. 3'to 5' exonuclease proofreading substantially reduces incorporation errors

C. Mismatch repair as the primary error-prevention mechanism

D. 5' to 3' exonuclease activity removing mismatched nucleotides

16. MutS-deficient bacteria showing 100-fold higher mutation rates indicates:

A. DNA polymerase selectivity completely fails without mismatch repair

B. Exonuclease proofreading cannot function in these mutant strains

C. Mismatch repair provides an additional error-correction layer

D. Replication cannot proceed without functional MutS protein

17. Mismatch repair preferentially excising unmethylated strand nucleotides allows:
A. Random correction that doesn't distinguish template from new strands

B. The system to identify and correct the newly synthesized strand

C. Both strands to be simultaneously corrected during repair

D. Permanent errors to accumulate in parental template strands

18. DNA ligase deficiency causing accumulated nicks between Okazaki fragments suggests:
A. Ligase catalyzes the removal of RNA primers from fragments

B. Ligase fills in gaps where primers were removed from DNA



C. Ligase unwinds DNA at replication forks during synthesis

D. Ligase forms phosphodiester bonds between adjacent DNA fragments

DISCRETE QUESTIONS (19-21)

19. The phenotypic ratio of 9:3:3:1 in a dihybrid cross indicates:
A. Complete linkage between the two genes being studied

B. Independent assortment of two genes on separate chromosomes
C. Incomplete dominance in both genes affecting the phenotype

D. Sex-linked inheritance patterns for both traits

20. During meiosis I, homologous chromosomes separate during:
A. Prophase I when crossing over generates genetic diversity

B. Metaphase I when bivalents align at the cell equator

C. Anaphase I when homologs move to opposite cell poles

D. Telophase I when nuclear envelopes reform around chromosomes
21. The oxygen-hemoglobin dissociation curve shifting right indicates:
A. Increased oxygen affinity facilitating oxygen loading in lungs

B. Enhanced carbon dioxide binding to hemoglobin molecules

C. Reduced pH or increased temperature decreasing oxygen affinity

D. Decreased 2,3-BPG levels improving oxygen delivery to tissues

PASSAGE 4: Neurotransmission and Synaptic Signaling
Neuronal communication occurs through chemical synapses where neurotransmitters relay signals

between cells. The sequence begins with action potential arrival at the presynaptic terminal.
Depolarization opens voltage-gated calcium channels, and Ca?" influx triggers neurotransmitter release
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through vesicle fusion with the plasma membrane. Neurotransmitters diffuse across the synaptic cleft,
bind postsynaptic receptors, and generate cellular responses.

Neurotransmitter receptors fall into two categories: ionotropic (ligand-gated ion channels) and
metabotropic (G protein-coupled receptors). Ionotropic receptors directly control ion channels—
neurotransmitter binding causes conformational changes opening channels. Response is rapid
(milliseconds) but brief. The nicotinic acetylcholine receptor exemplifies ionotropic receptors. ACh
binding opens the channel, allowing Na* and K* passage. Net Na* influx depolarizes the postsynaptic
membrane, generating excitatory postsynaptic potentials (EPSPs).

Metabotropic receptors initiate intracellular signaling cascades through G proteins. Neurotransmitter
binding activates G proteins, which then modulate enzymes or ion channels. Responses are slower
(hundreds of milliseconds to seconds) but longer-lasting and can amplify signals. The B-adrenergic
receptor exemplifies metabotropic receptors. Epinephrine binding activates Gs proteins, stimulating
adenylyl cyclase to produce cAMP. cAMP activates protein kinase A (PKA), which phosphorylates
various cellular targets.

Synaptic transmission terminates through several mechanisms. Neurotransmitter reuptake transporters in
presynaptic terminals or glial cells remove neurotransmitters from the cleft, ending receptor activation
and recycling neurotransmitter for reuse. Enzymatic degradation breaks down neurotransmitters in the
cleft. Acetylcholinesterase rapidly hydrolyzes ACh to acetate and choline, terminating cholinergic
transmission within milliseconds. Diffusion away from the synapse also contributes to signal termination.

Neurotransmitter systems exhibit diverse effects. Glutamate is the primary excitatory neurotransmitter in
the CNS. Glutamate activates ionotropic receptors (AMPA, NMDA, kainate) causing depolarization, and
metabotropic receptors modulating intracellular signaling. GABA is the primary inhibitory
neurotransmitter. GABA_A receptors (ionotropic) open Cl- channels, causing hyperpolarization that
makes neurons less likely to fire action potentials.

Synaptic plasticity—activity-dependent changes in synaptic strength—underlies learning and memory.
Long-term potentiation (LTP) involves persistent strengthening of synapses following high-frequency
stimulation. At hippocampal synapses, high-frequency glutamate release strongly activates NMDA
receptors, allowing substantial Ca** influx. Elevated Ca®" triggers multiple changes: increased AMPA
receptor insertion, enhanced transmitter release, and even structural changes like dendritic spine
enlargement.

Researchers investigated synaptic transmission mechanisms:

Experiment 1: Ca** dependence of neurotransmitter release
e Normal extracellular Ca** (2 mM): Robust EPSPs following stimulation
e Zero extracellular Ca?": EPSPs abolished despite action potentials reaching terminal
e 10 mM extracellular Ca*": Enhanced EPSP amplitude

o Indicates Ca?" influx is essential for vesicle fusion and release

Experiment 2: Receptor type and response Kinetics
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e Nicotinic ACh receptor activation: EPSP onset <5 ms, duration ~20 ms
e Muscarinic ACh receptor activation: Response onset ~100 ms, duration several seconds
o lonotropic receptors produce faster, briefer responses than metabotropic

Experiment 3: Acetylcholinesterase function

Normal conditions: ACh signal terminates within 5 ms

Neostigmine treatment (AChE inhibitor): ACh signal prolonged to >100 ms
Enhanced and prolonged muscle contraction observed

Demonstrates enzymatic degradation's role in signal termination

Experiment 4: Synaptic plasticity induction

Low-frequency stimulation (1 Hz): No change in EPSP amplitude

High-frequency stimulation (100 Hz): EPSP amplitude increased 200% persisting >1 hour
APV (NMDA receptor blocker) prevented LTP induction

LTP requires NMDA receptor activation during high-frequency stimulation

Experiment 5: GABA receptor effects
e GABA application: Membrane potential changed from -65 mV to -75 mV
e Action potential threshold: -55 mV
o Increased distance between resting potential and threshold reduces excitability
e Muscimol (GABA_A agonist): Similar hyperpolarization and reduced firing
22. The abolition of EPSPs when extracellular Ca*" is removed demonstrates:
A. Action potentials require calcium ions to propagate along axons
B. Postsynaptic receptors need calcium for neurotransmitter binding
C. Calcium influx into presynaptic terminals triggers vesicle fusion
D. Neurotransmitter synthesis depends on calcium as an essential cofactor
23. Nicotinic receptors producing faster responses than muscarinic receptors reflects:
A. Tonotropic receptors directly gating ion channels unlike G protein-coupled pathways
B. Muscarinic receptors having higher affinity for acetylcholine than nicotinic types
C. Nicotinic receptors being located closer to sites of neurotransmitter release

D. Muscarinic receptors requiring more neurotransmitter molecules for activation

24. Acetylcholinesterase inhibition prolonging ACh signaling indicates:
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A. The inhibitor blocks ACh synthesis in presynaptic nerve terminals

B. Reuptake transporters normally remove most ACh from synaptic clefts

C. ACh remains active longer without calcium-dependent inactivation

D. Enzymatic degradation normally limits ACh signal duration

25. APV preventing LTP induction while not affecting normal transmission suggests:
A. AMPA receptors mediate baseline transmission while NMDA receptors trigger plasticity
B. NMDA receptors exclusively mediate all glutamatergic synaptic transmission

C. LTP induction requires blocking rather than activating NMDA receptors

D. Action potentials cannot be generated without functional NMDA receptors

26. GABA causing hyperpolarization from -65 mV to -75 mV reduces excitability because:
A. Hyperpolarization brings membrane potential closer to action potential threshold

B. The increased distance from threshold requires stronger excitatory input

C. GABA opens sodium channels causing membrane depolarization

D. Hyperpolarization permanently inactivates voltage-gated calcium channels

PASSAGE 5: Hormonal Regulation of Blood Glucose

Blood glucose concentration is tightly regulated around 5 mM (90 mg/dL) despite intermittent food intake
and varying metabolic demands. This regulation involves multiple hormones coordinating metabolic
pathways in liver, muscle, adipose tissue, and other organs. The primary regulators are insulin and
glucagon, with additional contributions from epinephrine and cortisol.

Insulin, secreted by pancreatic B cells, responds to elevated blood glucose. Glucose enters [ cells through
GLUT?2 transporters. Increased intracellular glucose metabolism raises ATP levels, closing ATP-sensitive
K* channels. The resulting depolarization opens voltage-gated Ca?" channels, and Ca*" influx triggers
insulin secretion. Insulin promotes glucose uptake, storage, and utilization while suppressing glucose
production.

At the cellular level, insulin binds its receptor tyrosine kinase, initiating phosphorylation cascades. In
muscle and adipose tissue, insulin signaling promotes GLUT4 translocation to the plasma membrane,
increasing glucose uptake. In liver, insulin activates glycogen synthase (promoting glycogen storage) and
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phosphofructokinase (promoting glycolysis) while inhibiting glucose-6-phosphatase and fructose-1,6-
bisphosphatase (suppressing gluconeogenesis). These coordinated actions lower blood glucose.

Glucagon, secreted by pancreatic a cells, responds to low blood glucose. Glucagon binds G protein-
coupled receptors on hepatocytes, activating adenylyl cyclase and raising cAMP levels. cAMP activates
protein kinase A (PKA), which phosphorylates key metabolic enzymes. PKA phosphorylates and
inactivates glycogen synthase (reducing glycogen synthesis) while activating glycogen phosphorylase
(promoting glycogen breakdown). PKA also phosphorylates phosphofructokinase-2/fructose-2,6-
bisphosphatase, reducing F-2,6-BP levels. This relieves PFK-1 inhibition of fructose-1,6-bisphosphatase,
promoting gluconeogenesis.

The liver is central to glucose homeostasis. During the fed state (high insulin, low glucagon), liver takes
up glucose, stores it as glycogen, and converts excess to fatty acids. During the fasted state (low insulin,
high glucagon), liver breaks down glycogen and synthesizes glucose through gluconeogenesis from
lactate, glycerol, and amino acids. The liver can release glucose (has glucose-6-phosphatase), unlike
muscle which lacks this enzyme and thus cannot directly contribute to blood glucose.

Diabetes mellitus represents glucose regulation failure. Type 1 diabetes results from autoimmune
destruction of pancreatic B cells, eliminating insulin production. Without insulin, cells cannot take up
glucose efficiently, and unrestrained glucagon action promotes hepatic glucose production. Blood glucose
rises dramatically (hyperglycemia) while cells experience energy deficiency. Type 2 diabetes involves
insulin resistance—tissues respond inadequately to insulin. Initially, B cells compensate by secreting more
insulin, but over time they may fail.

Researchers investigated glucose regulation mechanisms:
Experiment 1: Insulin effects on glucose uptake

e Muscle cells, no insulin: Glucose uptake = 2 nmol/min/mg protein

e Muscle cells, 100 nM insulin: Glucose uptake = 20 nmol/min/mg protein
e Cytochalasin B (GLUT4 inhibitor): Blocked insulin-stimulated uptake

e Insulin increases glucose uptake by promoting GLUT4 insertion

Experiment 2: Hormonal regulation of hepatic enzyme activity

o Fed state (high insulin/glucagon ratio): Glycogen synthase active, phosphorylase inactive
o Fasted state (low insulin/glucagon ratio): Glycogen synthase inactive, phosphorylase active
e Reciprocal regulation coordinates glucose storage and release

Experiment 3: Glucagon signaling pathway

e Hepatocytes + glucagon: cAMP levels increased 10-fold within 5 minutes

o PKA inhibitor: Glucagon effects on glycogen metabolism blocked

o adenylyl cyclase inhibitor: Glucagon response eliminated
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e Confirms glucagon acts through cAMP/PKA pathway
Experiment 4: Glucose homeostasis in vivo

e Overnight-fasted human: Blood glucose = 4.5 mM (81 mg/dL)

e 30 min after glucose load: Blood glucose = 7.5 mM (135 mg/dL)
e 120 min after glucose load: Blood glucose = 5.0 mM (90 mg/dL)
o Normal response shows effective glucose clearance

Experiment 5: Diabetic models
o Type 1 diabetic: No insulin, glucose = 18 mM (324 mg/dL), ketones elevated

e Type 2 diabetic: High insulin (3% normal), glucose = 12 mM (216 mg/dL)
o Insulin resistance requires higher insulin for inadequate glucose control

27. Insulin promoting GLUT4 translocation to increase glucose uptake demonstrates:

A. Insulin directly phosphorylating glucose to trap it inside cells

B. Insulin-independent glucose uptake in muscle and adipose tissues

C. Signal transduction amplifying hormonal effects on cellular metabolism
D. Constitutive glucose transport that operates without hormonal regulation
28. The liver releasing glucose during fasting while muscle cannot is because:
A. Muscle lacks glucose-6-phosphatase to produce free glucose

B. Liver cells have higher ATP levels than muscle cells

C. Muscle stores more glycogen than liver tissue per gram

D. Glucagon receptors are absent from muscle tissue cells

29. Glucagon raising cAMP levels to activate PKA exemplifies:

A. Direct hormone action on metabolic enzymes without intermediates

B. Second messenger amplification of extracellular hormonal signals

C. Negative feedback inhibition of enzyme activity by products

D. Transcriptional regulation requiring hours for metabolic changes
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30. Type 2 diabetes involving high insulin yet elevated glucose indicates:
A. Complete absence of insulin secretion from pancreatic 3 cells

B. Autoimmune destruction of insulin-producing pancreatic tissue

C. Cellular insulin resistance reducing responsiveness to the hormone

D. Excessive insulin receptor expression on target cell surfaces

31. Reciprocal regulation of glycogen synthase and phosphorylase during fed/fasted transitions
ensures:

A. Simultaneous glucose storage and breakdown to maintain neutral balance
B. Energy-wasting futile cycles that generate heat in mammals
C. Coordinated metabolic direction preventing opposing pathways from operating simultaneously

D. Independent regulation where storage and breakdown occur without relationship

DISCRETE QUESTIONS (32-34)

32. Homologous structures in different species that serve different functions suggest:
A. Convergent evolution producing similar structures independently

B. Recent divergence with insufficient time for structural changes

C. Analogous evolution where function determines identical structures

D. Common ancestry with subsequent adaptive divergence

33. During translation elongation, peptide bond formation is catalyzed by:

A. Aminoacyl-tRNA synthetases attaching amino acids to tRNAs

B. Ribosomal RNA (rRNA) acting as a ribozyme in the peptidyl transferase center

C. mRNA sequences encoding catalytic peptide sequences

D. Elongation factors that position tRNAs in the ribosome

34. The countercurrent multiplier system in the nephron loop of Henle functions to:
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A. Dilute urine by removing solutes while retaining water
B. Equalize osmotic concentrations throughout the renal medulla
C. Generate an osmotic gradient allowing concentrated urine production

D. Increase blood pressure through sodium retention mechanisms

PASSAGE 6: Immune System Recognition and Response

The immune system distinguishes self from non-self, protecting against pathogens while tolerating the
body's own molecules. This discrimination involves two branches: innate immunity (immediate,
nonspecific) and adaptive immunity (delayed, specific). Both branches recognize molecular patterns
indicating infection or tissue damage and coordinate responses to eliminate threats.

Innate immunity provides first-line defense through physical barriers, phagocytic cells, complement
proteins, and inflammatory responses. Pattern recognition receptors (PRRs) detect pathogen-associated
molecular patterns (PAMPs)—conserved structures found in microbes but not host cells. Toll-like
receptors (TLRs) exemplify PRRs. TLR4 recognizes bacterial lipopolysaccharide (LPS); TLR3
recognizes viral double-stranded RNA. PRR activation triggers inflammatory cytokine production and
phagocyte activation.

Adaptive immunity develops more slowly but provides specific, long-lasting protection. B cells and T
cells express diverse antigen receptors generated through V(D)J recombination—random combinatorial
joining of gene segments creating millions of possible receptor variants. This allows recognition of
virtually any antigen. Clonal selection explains adaptive responses: antigen binds the rare lymphocytes
with matching receptors, stimulating their proliferation and differentiation into effector cells and memory
cells.

B cells recognize intact antigens through B cell receptors (membrane-bound antibodies). Upon activation,
B cells differentiate into plasma cells secreting antibodies—soluble proteins that bind specific antigens.
Antibodies neutralize toxins, opsonize pathogens for phagocytosis, activate complement, and mediate
antibody-dependent cellular cytotoxicity (ADCC). Five antibody classes (IgG, IgM, IgA, IgE, IgD) have
distinct structures and functions.

T cells recognize peptide antigens presented by major histocompatibility complex (MHC) molecules.
CDS8" cytotoxic T cells recognize intracellular antigens (viral proteins, tumor antigens) presented on MHC
class I molecules found on all nucleated cells. CD4" helper T cells recognize extracellular antigens
presented on MHC class II molecules expressed by professional antigen-presenting cells (dendritic cells,
macrophages, B cells). Helper T cells secrete cytokines that activate B cells, cytotoxic T cells, and
macrophages.

The immune system must avoid autoimmunity—inappropriate responses against self-antigens. Central
tolerance occurs during lymphocyte development: self-reactive lymphocytes are eliminated or inactivated.
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In the thymus, developing T cells undergo positive selection (survival requires recognizing self-MHC)
and negative selection (self-reactive T cells are eliminated). B cells undergo similar selection in bone
marrow. Peripheral tolerance mechanisms include regulatory T cells that suppress immune responses and
anergy (functional inactivation) of self-reactive cells.

Researchers investigated immune recognition and response mechanisms:

Experiment 1: TLR specificity

Macrophages + LPS: TNF-a production = 1000 pg/mL
Macrophages + LPS + TLR4 blocking antibody: TNF-a = 50 pg/mL
Macrophages + poly(I:C) (dsRNA): TNF-a = 800 pg/mL

Different TLRs recognize distinct PAMPs

Experiment 2: Clonal selection demonstration

Inject mouse with antigen X, measure antibody response over time
Day 0-5: No anti-X antibodies

Day 7: Anti-X antibodies appear, low titer

Day 14: High anti-X antibody titer

Second injection (day 28): Rapid, high antibody response within 3 days
Demonstrates memory cell generation and faster secondary response

Experiment 3: MHC restriction

Virus-infected cells + cytotoxic T cells (CTLs): Cell lysis observed
Virus-infected cells + MHC class I blocking antibody + CTLs: No lysis
Infected cells + MHC class II blocking antibody + CTLs: Normal lysis
CTL recognition requires MHC class I presentation

Experiment 4: Antibody effector functions

Bacteria + antibodies: Bacteria coated (opsonized)

Bacteria + antibodies + phagocytes: Enhanced phagocytosis
Bacteria + antibodies + complement: Bacterial lysis
Neutralizing antibodies prevent viral entry into cells

Multiple antibody functions contribute to pathogen elimination

Experiment 5: Autoimmunity prevention

Normal mice: No antibodies against self-proteins

Mice with defective negative selection: Antibodies against self, tissue damage
Athymic (nude) mice: Reduced T cell tolerance, autoimmune manifestations
Thymic selection prevents autoimmunity
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35. Pathogen-associated molecular patterns (PAMPs) being recognized by innate immunity
suggests:

A. Each pathogen requires unique, specific recognition by individual TLRs

B. Conserved microbial structures allow broad detection without prior exposure
C. Innate immunity generates diverse receptors through somatic recombination
D. PAMPs are exclusively found in host cells to trigger responses

36. The secondary antibody response being faster and stronger than primary response
demonstrates:

A. Antibodies from the primary response remaining in circulation indefinitely

B. Pathogens becoming weaker after initial exposure to immune system

C. Memory B cells generated during primary response enable rapid reactivation

D. Second exposures always involving higher pathogen doses than initial infections

37. Cytotoxic T cells requiring MHC class I presentation to lyse infected cells shows:
A. T cells recognizing free antigens in solution without MHC involvement

B. Peptide-MHC complexes providing the recognition signal for T cell activation

C. MHC class II molecules presenting intracellular antigens to CD8* T cells

D. Antibodies being necessary for cytotoxic T cell target recognition

38. Multiple antibody effector functions (opsonization, complement activation, neutralization)
indicate:

A. Each antibody molecule performing only one specific function

B. Different antibody classes having identical structures and capabilities

C. Antibodies eliminating pathogens through diverse complementary mechanisms
D. Phagocytes being unable to engulf pathogens without antibody assistance

39. Negative selection in the thymus preventing autoimmunity by eliminating self-reactive T cells
demonstrates:
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A. Central tolerance mechanisms establishing self-non-self discrimination during development
B. Peripheral tissues being solely responsible for preventing autoimmune responses
C. All self-reactive lymphocytes persisting throughout an organism's lifetime

D. Positive selection removing T cells that recognize self-MHC molecules

PASSAGE 7: Cellular Respiration and Energy Production

Cellular respiration oxidizes glucose to produce ATP, the universal energy currency. The process involves
four stages: glycolysis, pyruvate oxidation, citric acid cycle, and oxidative phosphorylation. Glucose
(CsHi1206) is completely oxidized to CO: and H:0, releasing energy captured in ATP and electron carriers
(NADH, FADHz).

Glycolysis occurs in the cytoplasm, splitting glucose into two pyruvate molecules. Net yield: 2 ATP (4
produced minus 2 consumed), 2 NADH, and 2 pyruvate. Under aerobic conditions, pyruvate enters
mitochondria. Pyruvate dehydrogenase catalyzes pyruvate oxidation to acetyl-CoA, producing NADH and
releasing CO.. This irreversible reaction commits carbon to complete oxidation.

The citric acid cycle (Krebs cycle) occurs in the mitochondrial matrix. Acetyl-CoA (2-carbon) combines
with oxaloacetate (4-carbon) to form citrate (6-carbon). Through eight reactions, citrate is oxidized,
regenerating oxaloacetate. Per glucose (two acetyl-CoA units): 6 NADH, 2 FADH, 2 ATP (via GTP),
and 4 CO: are produced. The cycle extracts high-energy electrons, storing them in NADH and FADHo..

Oxidative phosphorylation couples electron transport to ATP synthesis. NADH and FADH: donate
electrons to the electron transport chain (ETC) in the inner mitochondrial membrane. Electrons pass
through protein complexes (I, 11, III, IV), ultimately reducing O: to H20. Electron transfer releases energy
pumping H* from the matrix to the intermembrane space, creating an electrochemical gradient (proton-
motive force).

ATP synthase harnesses the proton gradient to synthesize ATP. H" flows back through ATP synthase's
channel, driving conformational changes that catalyze ATP synthesis from ADP and Pi. This
chemiosmotic mechanism couples electron transport to ATP production. Complete glucose oxidation
yields approximately 30-32 ATP molecules (accounting for transport costs).

Respiratory control matches ATP production to cellular needs. High ATP levels inhibit key enzymes
(phosphofructokinase, isocitrate dehydrogenase), slowing glycolysis and the citric acid cycle. Low ATP
(high ADP, AMP) activates these enzymes, accelerating oxidation. Oxygen availability is critical—
without O, the ETC stops, NADH accumulates, and cells must rely on fermentation.

Researchers investigated cellular respiration:

Experiment 1: Complete glucose oxidation
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o Isolated mitochondria + glucose: Minimal ATP production

e Isolated mitochondria + pyruvate: Substantial ATP production
o Isolated mitochondria + acetyl-CoA: Maximal ATP production
e Glycolysis must occur before mitochondrial oxidation

Experiment 2: Respiratory inhibitors

e Normal conditions: O2 consumption = 100 units, ATP production = 100 units

o Rotenone (Complex I inhibitor): O2 consumption = 30 units, ATP = 30 units

Cyanide (Complex IV inhibitor): O2 consumption =0, ATP =0

e O

Oligomycin (ATP synthase inhibitor): O> consumption = 20 units, ATP =5 units

e O

DNP (uncoupler): Oz consumption = 200 units, ATP = 5 units

o

Experiment 3: ATP/O ratios
e NADH oxidation: ~2.5 ATP per NADH
o FADH: oxidation: ~1.5 ATP per FADH:
o FADH: enters at Complex I, bypassing Complex I pumping site
Experiment 4: Anaerobic glycolysis
e Muscle cells, aerobic: Glucose consumption = 10 pmol/min, lactate =0
e Muscle cells, anaerobic: Glucose consumption = 100 pmol/min, lactate = 200 umol/min
o Increased glycolysis compensates for lost oxidative phosphorylation
o Pasteur effect: O: inhibits fermentation
Experiment 5: Substrate-level vs. oxidative phosphorylation
e Glucose — 2 pyruvate (glycolysis): 2 ATP directly, 2 NADH
e 2 Pyruvate — 2 acetyl-CoA: 2 NADH
e 2 Acetyl-CoA through citric cycle: 6 NADH, 2 FADH>, 2 GTP
o Total: 4 ATP substrate-level, ~26-28 ATP oxidative phosphorylation
e Most ATP comes from oxidative phosphorylation

40. Isolated mitochondria producing minimal ATP from glucose but substantial ATP from pyruvate
indicates:

A. Mitochondria contain all enzymes needed for complete glucose oxidation
B. The citric acid cycle directly phosphorylates ADP without electron transport

C. Glucose oxidation requires cytoplasmic glycolysis before mitochondrial metabolism
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D. Glycolysis produces more ATP than oxidative phosphorylation per glucose

41. Oligomycin reducing both oxygen consumption and ATP production demonstrates:
A. ATP synthase inhibition uncoupling electron transport from phosphorylation

B. ATP synthase blocking electron transport by dissipating the proton gradient

C. Electron transport continuing normally without effect on respiration

D. Respiratory control linking ATP synthesis to continued electron flow

42. DNP uncoupling causing increased oxygen consumption but minimal ATP production shows:
A. DNP inhibits electron transport chain complexes directly

B. DNP blocks ATP synthase preventing all ATP synthesis

C. Proton gradient dissipation allows electron transport without ATP synthesis

D. Oxygen becomes unavailable for reduction at Complex IV

43. FADH: producing less ATP than NADH reflects:

A. FADH: containing less energy per molecule than NADH

B. FADH: entering at Complex II, bypassing Complex I proton pumping

C. NADH being produced in greater quantities than FADH-

D. FADH: oxidation consuming ATP rather than producing it

44. Increased glycolysis under anaerobic conditions (Pasteur effect) demonstrates:

A. Cells maintaining ATP production when oxidative phosphorylation is unavailable

B. Oxygen directly activating glycolytic enzymes through covalent modifications

C. Fermentation producing more ATP per glucose than aerobic respiration

D. Complete glucose oxidation to CO: proceeding without oxygen

DISCRETE QUESTIONS (45-47)
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45. The collecting duct's permeability to water being regulated by ADH (vasopressin) allows:

A. Constant urine osmolarity regardless of hydration status B. Increased water reabsorption during
dehydration to concentrate urine C. Enhanced sodium excretion to lower blood pressure D. Glucose
reabsorption from filtrate back into blood

46. Nondisjunction during meiosis I results in:

A. All gametes having normal chromosome numbers

B. Loss of an entire chromosome from the genome

C. Gametes with either extra or missing chromosomes

D. Mutations in individual genes rather than chromosome number changes

47. Alveoli being surrounded by dense capillary networks facilitates:

A. Bulk flow of air from bronchioles into bloodstream

B. Rapid gas exchange through short diffusion distances

C. Active transport of oxygen against concentration gradients

D. Mechanical ventilation through capillary muscle contraction

PASSAGE 8: Bacterial Gene Regulation—The Lac Operon

Bacteria regulate gene expression to respond efficiently to environmental changes. The lac operon of E.
coli exemplifies negative inducible regulation. This operon contains genes encoding enzymes for lactose
metabolism: lacZ (B-galactosidase, cleaves lactose to glucose and galactose), lacY (permease, transports
lactose into the cell), and lacA (transacetylase). These structural genes are transcribed as a single
polycistronic mRNA.

The operon includes regulatory elements: a promoter (RNA polymerase binding site) and an operator
(repressor binding site) overlapping the promoter. The lac repressor protein, encoded by the regulatory
gene lacl, binds the operator in the absence of lactose, physically blocking RNA polymerase and
preventing transcription. This negative regulation prevents wasteful enzyme production when lactose is
unavailable.

Lactose induces operon expression. Actually, allolactose (lactose metabolite) functions as the inducer.
Allolactose binds the lac repressor, causing conformational changes that release the repressor from the
operator. RNA polymerase can then transcribe the structural genes. This inducible system ensures enzyme
production only when substrate is present.
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Catabolite repression adds another regulatory layer. When glucose is present, lac operon expression is
reduced even with lactose available—glucose is the preferred carbon source. Low glucose raises cAMP
levels. cAMP binds catabolite activator protein (CAP, also called CRP). The cAMP-CAP complex binds
near the promoter, enhancing RNA polymerase binding and increasing transcription. This positive
regulation ensures maximal expression only when glucose is absent but lactose is present.

The system creates a hierarchy:

e Glucose present, lactose absent: No expression (repressor bound, CAP inactive)

e Glucose present, lactose present: Low expression (repressor unbound, CAP inactive)

e Glucose absent, lactose absent: No expression (repressor bound, CAP active but doesn't help)
e Glucose absent, lactose present: High expression (repressor unbound, CAP active)

This ensures efficient resource use—bacteria preferentially metabolize glucose (no induction needed) and
only produce lactose-metabolizing enzymes when necessary.

Researchers investigated lac operon regulation:
Experiment 1: Repressor function

e  Wild-type strain, no lactose: lacZ expression = 0.1% maximum
e Wild-type strain, + lactose: lacZ expression = 100%

e lacl” mutant (no repressor), no lactose: lacZ expression = 100%
e lacl” mutant, + lactose: lacZ expression = 100%

e Repressor prevents transcription in lactose absence

Experiment 2: Operator mutations

e lacO" (normal operator): Inducible expression
e lacOe (constitutive, repressor can't bind): Constitutive expression regardless of lactose
e lacO¢ produces constant transcription

Experiment 3: Glucose effects

o Lactose present, glucose present: Expression = 10% maximum
o Lactose present, glucose absent: Expression = 100%

o cAMP (glucose absent): Expression = 100%

o cAMP (glucose present): Expression = 50%
e cAMP-CAP enhances transcription
Experiment 4: CAP mutants

e CAP", glucose absent, lactose present: Expression = 100%
e CAP mutant, same conditions: Expression = 10%
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e crp (CAP gene): Low expression even with lactose, no glucose
o Positive regulation by CAP is necessary for high expression

Experiment 5: Merodiploid analysis
e lacl lacZ* / lacI" lacZ™ (partial diploid)
o Without lactose: No -galactosidase (repressor acts in trans on both operators)
o With lactose: B-galactosidase produced
o Demonstrates repressor can act on any operator molecule (trans-acting)
48. The lacI” mutant showing constitutive expression demonstrates:
A. RNA polymerase requires the repressor for promoter recognition
B. Lactose is necessary for structural gene transcription initiation
C. The repressor normally prevents transcription in inducer absence
D. Operator sequences encode the repressor protein directly
49. lacO¢ mutations causing constitutive expression regardless of repressor suggests:
A. The operator mutation produces non-functional structural enzymes
B. Constitutive mutations prevent RNA polymerase from binding promoters
C. Loss of repressor binding site prevents transcriptional regulation
D. Operator sequences directly catalyze lactose metabolism reactions
50. Reduced expression when glucose is present despite lactose availability indicates:
A. Glucose directly binds and inactivates B-galactosidase enzymes
B. Catabolite repression ensures preferential glucose utilization
C. Lactose cannot induce the operon when glucose is present
D. RNA polymerase is completely inactive in glucose presence
51. cAMP-CAP complex enhancing transcription represents:

A. Negative regulation where CAP binding represses gene expression

B. Constitutive expression independent of environmental conditions
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C. Positive regulation where activator increases transcription initiation

D. Post-transcriptional control of mRNA stability in the cell

52. The lacI/lacI* merodiploid being inducible demonstrates:

A. Repressor acts in cis, only affecting genes on same DNA molecule

B. lacI* produces diffusible repressor acting in trans on both chromosomes
C. Two functional lacl alleles are required for any repression

D. Lactose metabolism genes must be adjacent to regulatory genes

PASSAGE 9: Photosynthesis and Carbon Fixation

Photosynthesis converts light energy into chemical energy, producing glucose from CO: and H2O. The
process occurs in two stages: light reactions (light-dependent) and the Calvin cycle (light-independent).
Light reactions capture energy; the Calvin cycle fixes carbon into organic molecules.

Light reactions occur in thylakoid membranes. Photosystem II (PSII) absorbs light, exciting electrons to
higher energy states. These electrons pass through an electron transport chain to Photosystem I (PSI),
which absorbs additional light energy. Electrons ultimately reduce NADP* to NADPH. Simultaneously,
water oxidation at PSII replaces lost electrons, releasing O.. Electron transport pumps H* into the thylakoid
lumen, creating a proton gradient that drives ATP synthesis via ATP synthase (photophosphorylation).

The Calvin cycle occurs in the stroma, fixing CO: into 3-carbon sugars. The cycle has three phases: carbon
fixation, reduction, and regeneration. Ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO)
catalyzes the rate-limiting step: CO:. combines with ribulose-1,5-bisphosphate (RuBP, 5-carbon)
producing two 3-phosphoglycerate (3-PG, 3-carbon) molecules. ATP and NADPH from light reactions
reduce 3-PG to glyceraldehyde-3-phosphate (G3P). Some G3P exits for glucose synthesis; remaining G3P
regenerates RuBP.

Three CO: fixed through three Calvin cycles produce one G3P exported for glucose synthesis. The
stoichiometry requires 9 ATP and 6 NADPH per three CO: fixed. Glucose synthesis (CsH120s) requires
two G3P molecules, thus six CO-, 18 ATP, and 12 NADPH.

RuBisCO inefficiency presents challenges. This enzyme catalyzes both carboxylation (CO: fixation) and
oxygenation (O: addition to RuBP). Oxygenation initiates photorespiration—a process consuming ATP
and releasing CO., directly counteracting carbon fixation. High O2/CO: ratios favor oxygenation, reducing
photosynthetic efficiency.

Cs and CAM plants evolved mechanisms minimizing photorespiration. Cs plants spatially separate initial
CO: fixation (mesophyll cells) from the Calvin cycle (bundle-sheath cells). Mesophyll cells fix CO: into
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4-carbon oxaloacetate via PEP carboxylase (which doesn't catalyze oxygenation). Oxaloacetate converts
to malate, which moves to bundle-sheath cells. There, malate releases CO: near RuBisCO, creating high

CO: concentrations that minimize photorespiration.

CAM plants temporally separate CO: fixation from the Calvin cycle. At night, stomata open and CO: is
fixed into malate, which accumulates in vacuoles. During day, stomata close (conserving water), and
stored malate releases CO: for the Calvin cycle. This allows photosynthesis while minimizing water loss

in arid environments.
Researchers investigated photosynthetic mechanisms:
Experiment 1: Light requirement

e Chloroplasts + light: ATP and NADPH produced, O: released
e Chloroplasts + dark: No ATP, NADPH, or O production

e ATP and NADPH in dark: Calvin cycle proceeds, CO: fixed
o Light reactions provide energy for carbon fixation

Experiment 2: RuBisCO activity

e High CO., low O2: Predominantly carboxylation, maximal G3P production
e Low COz, high O2: Increased oxygenation, photorespiration, reduced G3P

e Atmospheric conditions (0.04% CO-, 21% O:): Significant photorespiration
e RuBisCO's dual activity reduces efficiency

Experiment 3: Cs vs. Cs comparison

e Gsplant, 25°C, normal light: Photosynthesis rate = 20 umol CO2/m?*/s

e (Caplant, same conditions: Photosynthesis rate =40 pmol CO2/m?/s

e Gsplant, 40°C: Photosynthesis = 10 umol CO2/m?*’s (photorespiration increased)
e Caplant, 40°C: Photosynthesis = 35 umol CO2/m?/s (minimal photorespiration)

Experiment 4: Isotope labeling

e (s plant + *COz: First labeled compound is 3-PG (3-carbon)
e Caplant + CO:: First labeled compound is oxaloacetate (4-carbon)
o Confirms different initial fixation pathways

Experiment 5: CAM plant water use

o CAM plant: Stomata open at night, closed during day, low water loss
e (s plant: Stomata open during day, high water loss per CO- fixed

e CAM efficiency: 50 g H.O/g CO: fixed

e (s efficiency: 500 g H.O/g CO: fixed

o Temporal separation conserves water
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53. Providing ATP and NADPH to isolated chloroplasts in darkness allowing CO: fixation
demonstrates:

A. Light reactions and Calvin cycle both require direct light energy

B. ATP synthesis occurs independently of light through substrate-level phosphorylation

C. Chlorophyll directly catalyzes carbon fixation reactions in the stroma

D. Calvin cycle uses light reaction products but doesn't directly require light

54. RuBisCO catalyzing both carboxylation and oxygenation reduces efficiency because:
A. Oxygenation reactions produce additional ATP for cellular processes

B. Both reactions occur at identical rates under all environmental conditions

C. Carboxylation is always favored over oxygenation regardless of conditions

D. Oxygenation initiates photorespiration, releasing CO- and consuming energy

55. C4 plants maintaining higher photosynthesis rates at elevated temperatures reflects:
A. Complete elimination of RuBisCO from C. plant physiology

B. CO: concentration mechanisms reducing photorespiration at high O./CO: ratios

C. Enhanced water loss through open stomata during daytime heat

D. Bundle-sheath cells lacking chloroplasts and photosynthetic capabilities

56. CAM plants using significantly less water per CO: fixed is because:

A. Stomatal closure during daylight reduces transpirational water loss

B. CAM plants completely lack functional stomata on leaf surfaces

C. Night temperatures are always lower than daytime temperatures

D. Malate storage requires water molecules for vacuolar accumulation

DISCRETE QUESTIONS (57-59)

57. Negative feedback in endocrine systems typically functions to:
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A. Amplify hormone secretion continuously once initiated

B. Maintain constant maximal hormone levels regardless of conditions

C. Eliminate all hormonal responses to environmental changes

D. Stabilize physiological parameters by inhibiting excessive hormone secretion
58. Genetic drift has the strongest effect on:

A. Large populations with high migration rates

B. Populations under strong directional selection pressure

C. Small populations where chance events significantly alter allele frequencies
D. Populations with extremely high mutation rates

59. Competitive inhibition of an enzyme can be overcome by:

A. Decreasing substrate concentration to below Km values

B. Adding non-competitive inhibitors to block alternative sites

C. Increasing substrate concentration to outcompete the inhibitor

D. Reducing temperature to slow all molecular interactions

79



Psychological, Social, and Biological Foundations of Behavior

Time Questions

95 minutes 59

PASSAGE 1: Attachment Theory and Adult Relationships

Attachment theory, originally developed to explain infant-caregiver bonds, has been extended to
understand adult romantic relationships. Early attachment experiences with caregivers create internal
working models—mental representations of self, others, and relationships that guide expectations and
behavior in subsequent relationships. These models, while not deterministic, show considerable stability
across the lifespan and influence adult relationship patterns.

Mary Ainsworth's Strange Situation procedure identified three primary infant attachment styles based on
reunion behavior after brief separation. Secure infants use caregivers as secure bases for exploration, show
distress at separation, and are easily comforted upon reunion. Anxious-ambivalent infants show
heightened distress, difficulty being soothed, and simultaneous seeking and resistance to contact. Avoidant
infants show minimal distress during separation and ignore or avoid caregivers during reunion, though
physiological measures reveal underlying stress.

Adult attachment styles parallel these infant patterns. Securely attached adults are comfortable with
intimacy and independence, trust partners, and maintain relatively stable, satisfying relationships. They
have positive views of self and others, communicate needs effectively, and regulate emotions adaptively
during conflict. Anxiously attached adults fear abandonment, seek high levels of closeness and
reassurance, and experience relationship anxiety. They show hyperactivating strategies—amplifying
attachment behaviors to maintain proximity. Avoidant adults feel uncomfortable with closeness, value
independence highly, and suppress attachment needs. They employ deactivating strategies—minimizing
emotional expression and maintaining distance.

These attachment styles influence multiple relationship domains. Partner selection shows assortative
mating—secure individuals tend to pair with other secure individuals, while insecure individuals often
pair with other insecure individuals, though specific pairings vary. Communication patterns differ
markedly: secure individuals engage in constructive conflict resolution, anxious individuals pursue during
conflict, and avoidant individuals withdraw. Caregiving behavior also varies—secure individuals provide
responsive support, anxious individuals give compulsive or intrusive care, and avoidant individuals offer
reluctant or distancing care.

Neurobiological research reveals attachment has biological substrates. The oxytocin system, involved in
social bonding, shows different functioning across attachment styles. Secure individuals show appropriate
oxytocin responses to intimacy, anxious individuals show heightened oxytocin sensitivity, and avoidant
individuals show blunted responses. Brain imaging studies find attachment style correlates with
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differential activation in emotion regulation regions (prefrontal cortex) and threat detection areas
(amygdala) during relationship-relevant stimuli.

Attachment styles show some malleability. Significant relationship experiences—particularly long-term
partnerships with secure individuals—can shift working models toward security. Conversely, relationship
traumas or losses can shift security toward insecurity. Psychotherapy, especially approaches targeting
attachment patterns, can modify internal working models, though change requires sustained work
addressing core beliefs about self-worth and others' availability.

Researchers investigated attachment and relationship functioning:
Study 1: Attachment classification in adults

e 500 adults completed attachment questionnaires assessing anxiety and avoidance dimensions
e Secure (low anxiety, low avoidance): 60%

e Anxious (high anxiety, low avoidance): 20%

e Avoidant (low anxiety, high avoidance): 15%

o Fearful (high anxiety, high avoidance): 5%

o Distribution shows security is modal but insecurity is common

Study 2: Attachment and relationship satisfaction

e Secure individuals: Mean satisfaction = 8.2/10

e Anxious individuals: Mean satisfaction = 5.8/10

e Avoidant individuals: Mean satisfaction = 6.1/10

e Secure individuals report significantly higher relationship satisfaction
o Both insecure groups show elevated relationship distress

Study 3: Conflict behavior observation
e Couples engaged in videotaped conflict discussions
o Secure-secure dyads: High mutual engagement, effective problem-solving
e Anxious-avoidant dyads: Demand-withdraw pattern (anxious pursues, avoidant withdraws)
e Avoidant-avoidant dyads: Mutual withdrawal, minimal emotional expression
e Attachment patterns predict specific interactional dynamics

Study 4: Physiological responses during separation
e Avoidant adults showed elevated cortisol despite reporting minimal distress
e Secure adults showed moderate cortisol with corresponding subjective distress
e Anxious adults showed elevated cortisol and high subjective distress
o Physiological measures reveal avoidant suppression of distress

Study S: Attachment stability and change

e 70% maintained attachment classification over 4 years
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o Changes toward security associated with positive relationship experiences
e Changes toward insecurity associated with relationship loss or trauma
e Moderate stability with possibility for experience-dependent change

1. Internal working models in attachment theory function as:

A. Permanent personality traits determined entirely by genetic inheritance patterns
B. Observable behaviors that can be directly measured without inference

C. Cognitive-affective schemas guiding expectations and behavior in relationships
D. Conscious decision-making strategies deliberately chosen in each interaction

2. Avoidant infants showing minimal distress behaviorally but elevated cortisol physiologically
demonstrates:

A. Deactivating strategies that suppress behavioral expression while stress responses remain active
B. Complete absence of attachment bonds between infant and caregiver

C. Successful emotional regulation superior to other attachment patterns

D. Measurement error in cortisol assessment rather than genuine stress

3. The demand-withdraw pattern observed in anxious-avoidant couples reflects:

A. Random communication difficulties unrelated to attachment orientations

B. Genetic incompatibility between partners causing unavoidable conflict

C. Temporary situational stress that disappears in different contexts

D. Complementary attachment strategies where pursuit triggers withdrawal and vice versa

4. Changes in attachment classification associated with relationship experiences suggests:

A. Genetic factors play no role in attachment pattern development

B. Working models show some plasticity in response to significant relationships
C. Attachment classifications are completely unstable and meaningless constructs
D. Early childhood experiences have no lasting influence on development

5. The finding that secure individuals report higher relationship satisfaction than insecure
individuals could alternatively be explained by:

A. Measurement bias where secure individuals have different response styles
B. Reverse causation where satisfying relationships produce security rather than vice versa

C. Both measurement artifact and the causal direction proposed by attachment theory
D. Genetic confounds creating spurious correlations between security and satisfaction

DISCRETE QUESTIONS (6-8)

6. The hypothalamus regulates multiple homeostatic functions including:
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A. Conscious decision-making and executive function planning
B. Temperature regulation, hunger, thirst, and circadian rhythms
C. Fine motor coordination and balance during movement

D. Processing visual information from the retina to cortex

7. In classical conditioning, spontaneous recovery refers to:

A. Extinction permanently eliminating the conditioned response

B. Unconditioned stimuli losing effectiveness over repeated presentations

C. New learning completely replacing previously extinguished associations

D. Reappearance of extinguished responses after rest periods without retraining

8. The demographic transition model describes how populations shift from:

A. High birth and death rates to low birth and death rates

B. Rural agricultural societies to urban industrial economies
C. Traditional extended families to nuclear family structures
D. Religious cultural values to secular scientific worldviews

PASSAGE 2: The Bystander Effect and Diffusion of
Responsibility

The murder of Kitty Genovese in 1964, reportedly witnessed by numerous neighbors who failed to
intervene, catalyzed research on bystander intervention. While the original case details were later revealed
to be partly inaccurate, the incident inspired Darley and Latané's systematic investigation of helping
behavior. Their research demonstrated the bystander effect—the counterintuitive finding that individuals
are less likely to help in emergencies as the number of bystanders increases.

Darley and Latané proposed that helping requires progressing through a decision-making sequence. First,
individuals must notice the event. Second, they must interpret it as an emergency requiring intervention.
Third, they must assume personal responsibility for helping. Fourth, they must decide how to help. Fifth,
they must implement the helping decision. Failure at any stage prevents helping. The bystander effect
primarily operates through stages two and three.

Pluralistic ignorance affects emergency interpretation. In ambiguous situations, people look to others'
reactions to determine appropriate responses. When everyone remains calm (monitoring others while
suppressing their own concern), each person interprets others' composure as evidence that intervention is
unnecessary. This social influence process leads groups to collectively misinterpret situations as non-
emergencies despite individual uncertainty.

Diffusion of responsibility operates at the third stage. When multiple bystanders are present, responsibility

for action becomes psychologically distributed across all witnesses. Each person feels less personal
obligation because "someone else" could help. This diffusion reduces likelihood that any particular
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individual will act. Notably, diffusion occurs even when bystanders cannot see each other—mere
knowledge of others' presence suffices.

Research methodology has evolved beyond early laboratory experiments. Darley and Latané's seminal
studies used confederate emergencies in controlled settings—staged seizures, smoke-filled rooms, and
distressed individuals. These experiments established the phenomenon but raised ecological validity
questions. More recent research examines real-world helping in naturalistic settings through field
experiments and archival analysis of actual emergency responses, confirming laboratory findings
generalize to real situations.

Several factors moderate the bystander effect. Relationship to the victim matters—people help
acquaintances more than strangers regardless of bystander number. Perceived competence influences
intervention—individuals with relevant expertise (medical training, emergency response experience) help
more consistently. Danger level has complex effects—extreme danger inhibits helping but also clarifies
emergency status, reducing pluralistic ignorance. Cultural factors also matter—collectivist cultures show
weaker bystander effects than individualist cultures.

The bystander effect has practical implications. Emergency training emphasizes directly assigning
responsibility to specific individuals ("You in the blue shirt, call 911") rather than general requests
("Someone call 911"). Public awareness campaigns aim to overcome pluralistic ignorance by educating
about the phenomenon itself. Some researchers advocate for "bystander intervention" training teaching
skills for recognizing emergencies and strategies for coordinating group action.

Recent extensions examine cyberbullying and online harassment contexts. The bystander effect appears
in digital environments—witnesses to online harassment often fail to intervene, with increasing numbers
of witnesses associated with reduced individual intervention likelihood. However, the dynamics differ
somewhat—online contexts involve persistent evidence and lower immediate danger, potentially altering
cost-benefit calculations.

Researchers conducted studies on bystander intervention:
Experiment 1: Seizure emergency simulation

o Participants hear confederate having apparent seizure via intercom
e Alone condition: 85% helped within 2 minutes

e One other person present: 62% helped within 2 minutes

e Four others present: 31% helped within 2 minutes

o Helping decreases systematically with group size

Experiment 2: Smoke-filled room

o Participants complete questionnaires when room fills with smoke

e Alone: 75% reported smoke within 6 minutes

e Three participants together: 38% reported smoke within 6 minutes

o With two passive confederates: 10% reported smoke within 6 minutes
o Passive confederates create strong pluralistic ignorance effect
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Experiment 3: Relationship and helping

o Staged theft in coffee shop with accomplice and victim present
e Victim stranger: 25% intervention rate with 5 bystanders

e Victim friend: 68% intervention rate with 5 bystanders

o Relationship substantially overrides bystander effect

Experiment 4: Expertise and intervention

o Simulated medical emergency in various settings

e Medical professionals: 80% intervention regardless of bystander number
o Non-professionals: Strong bystander effect (75% alone, 25% with others)
e Perceived competence reduces diffusion of responsibility

Experiment 5: Assigned responsibility

e Emergency with multiple bystanders present

e Generic request ("Someone call 911"): 40% compliance
e Specific assignment ("You, call 911"): 95% compliance
o Direct responsibility assignment eliminates diffusion

9. The bystander effect demonstrates that helping behavior:

A. Always increases with group size as more resources become available

B. Depends entirely on personality traits like altruism regardless of context

C. Remains constant across situations regardless of bystander number

D. Decreases paradoxically as more witnesses share responsibility psychologically

10. Pluralistic ignorance in emergency interpretation occurs when:

A. All witnesses correctly recognize emergencies through social consensus

B. Individuals misinterpret calm reactions as evidence situations are non-emergencies
C. Bystanders deliberately ignore emergencies they know require intervention

D. Emergency situations are genuinely ambiguous with no objective danger

11. The finding that direct responsibility assignment increases helping indicates:
A. Diffusion of responsibility can be overcome by individuating accountability

B. Generic requests are more effective than specific assignments

C. Personal responsibility is irrelevant to helping behavior

D. Individuals prefer ambiguous responsibility in emergency situations

12. Medical professionals showing reduced bystander effects suggests:

A. Professional training eliminates all social influence on behavior
B. Expertise irrelevant to emergency intervention likelihood
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C. Perceived competence reduces diffusion by clarifying one's responsibility
D. Non-professionals are inherently less helpful than professionals

13. The smoke-filled room study's finding that passive confederates reduced reporting to 10%
demonstrates:

A. Participants correctly assessed smoke as harmless after observing others

B. Social proof alone cannot influence emergency interpretation

C. Informational influence where others' calm behavior shaped situation interpretation
D. Participants were unable to perceive the smoke due to attention limits

PASSAGE 3: Memory Consolidation and Sleep

Memory consolidation—the process of stabilizing newly acquired information into long-term storage—
occurs both during wakeful rest and sleep. Sleep-dependent consolidation has become increasingly
recognized as critical for optimal memory function. Different sleep stages appear to consolidate different
memory types, suggesting specialized neural mechanisms operate during distinct sleep phases.

Sleep consists of two main categories: non-rapid eye movement (NREM) sleep and rapid eye movement
(REM) sleep. NREM sleep includes three stages (N1, N2, N3), with N3 representing slow-wave sleep
(SWS) characterized by high-amplitude, low-frequency delta waves. REM sleep shows brain activity
resembling wakefulness, with characteristic rapid eye movements, muscle atonia, and vivid dreaming.
Sleep cycles approximately every 90 minutes, with NREM dominating early night and REM increasing
toward morning.

The dual-process hypothesis proposes that declarative memories (facts and events) consolidate primarily
during SWS, while procedural memories (skills and habits) consolidate during REM sleep. During SWS,
hippocampal-cortical dialogue transfers memories from hippocampus to neocortex for long-term storage.
Sharp-wave ripples in hippocampus replay learned patterns, while cortical slow oscillations and sleep
spindles coordinate this transfer. This dialogue strengthens synaptic connections encoding memories
while pruning irrelevant connections.

REM sleep consolidation involves different mechanisms. For procedural learning—motor skills,
perceptual learning—REM sleep enhances performance beyond wake-dependent improvement. Brain
regions active during initial learning (motor cortex, visual cortex) show reactivation during REM,
potentially strengthening skill-related neural circuits. Neurotransmitter changes during REM—
particularly high acetylcholine and low norepinephrine—may facilitate synaptic plasticity necessary for
skill consolidation.

Emotional memory shows complex sleep effects. Emotional memories consolidate during both REM and
SWS, but qualitatively differently. REM sleep preferentially consolidates emotional aspects while
attenuating physiological reactivity—preserving memory content while reducing emotional intensity. This
"sleep to remember, sleep to forget" function may be therapeutically relevant for trauma processing. SWS
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consolidation of emotional memories integrates them into existing semantic networks, extracting meaning
while maintaining emotional significance.

Sleep deprivation impairs consolidation selectively. Total sleep deprivation after learning impairs both
declarative and procedural consolidation. Selective SWS deprivation (awakening during N3) impairs
declarative memory without affecting procedural learning. Selective REM deprivation impairs procedural
learning, though findings are mixed regarding emotional memory effects. These selective deficits support
the dual-process hypothesis, though some researchers argue for more integrated models.

The synaptic homeostasis hypothesis offers an alternative perspective. This theory proposes that waking
experience strengthens synapses globally (learning increases connection strength), while sleep downscales
synaptic weights proportionally. This downscaling serves two functions: preventing synaptic saturation
(maintaining capacity for new learning) and improving signal-to-noise ratio (strengthening important
memories relative to weak ones through competitive processes). Evidence includes decreased synaptic
markers and spine size after sleep.

Active systems consolidation theory emphasizes sleep's role in reorganizing memories. Rather than
passive storage, consolidation during sleep integrates new information with existing knowledge,
extracting rules and patterns, and creating new associations. This generalization process explains sleep's
enhancement of insight, problem-solving, and creativity. Morning eureka moments may reflect overnight
reorganization making implicit connections explicit.

Researchers investigated sleep-dependent consolidation:
Study 1: Declarative memory and SWS

o Participants learned word pairs in evening

e Testing occurred 12 hours later (sleep vs. wake)
e Sleep group (with SWS): 85% retention

o Wake group: 60% retention

e SWS duration correlated with retention (r = 0.71)

Study 2: Procedural learning and REM

e Motor sequence task learned in evening

o Sleep group: 20% improvement by morning

o Wake group: 5% improvement (practice alone)
e REM duration predicted improvement (r = 0.58)

Study 3: Selective sleep stage deprivation
e Three groups: Normal sleep, SWS deprived, REM deprived
e Declarative task: Normal (85%) > SWS-deprived (62%) = REM-deprived (61%)

e Procedural task: Normal (20% improvement) = SWS-deprived (18%) > REM-deprived (6%)
o Selective deficits support stage-specific consolidation
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Study 4: Emotional memory consolidation

o Participants viewed emotional and neutral images

e Testing 12 hours later with emotional reactivity measured

e Sleep group: High memory accuracy, reduced physiological reactivity
o Wake group: Lower accuracy, maintained reactivity

e Sleep preserved content while reducing emotional arousal

Study 5: Sleep and insight

e Number reduction task with hidden rule enabling shortcut
o Immediate testing: 20% discovered rule

e After 8 hours wake: 23% discovered rule

o After 8 hours sleep: 59% discovered rule

o Sleep tripled insight frequency

14. The dual-process hypothesis predicts that selectively depriving:

A. SWS would impair declarative but not procedural consolidation
B. REM sleep would eliminate all forms of memory consolidation
C. Any sleep stage would equally impair all memory types

D. Sleep entirely would have no effect on memory formation

15. Study 3's selective deprivation findings support the dual-process hypothesis because:

A. All groups showed identical memory performance across tasks

B. Normal sleep was unnecessary for any memory consolidation

C. SWS deprivation specifically impaired declarative while REM deprivation impaired procedural
memory

D. Both deprivations equally impaired both memory types indicating non-specific effects

16. Sleep reducing emotional reactivity while preserving memory suggests:

A. Sleep impairs emotional memory by weakening all memory traces

B. Consolidation separates informational content from affective components

C. Emotional memories cannot be effectively consolidated during sleep

D. Reduced reactivity indicates memory degradation rather than adaptive processing
17. The sleep group showing tripled insight compared to wake group indicates:
A. Conscious deliberation during wake is more effective than sleep

B. Sleep has no role in problem-solving or creative thinking

C. Insufficient time was allowed for wake group problem-solving

D. Sleep reorganization facilitates pattern extraction and novel associations

18. The synaptic homeostasis hypothesis explains sleep's function as:
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A. Strengthening all synapses equally to enhance all learning uniformly

B. Preventing new learning by freezing synaptic weights permanently

C. Eliminating all memories formed during prior waking period

D. Downscaling synapses to maintain plasticity capacity and improve signal clarity

DISCRETE QUESTIONS (19-21)

19. Weber's Law states that the just noticeable difference is:

A. Constant across all stimulus intensities for a given sensory modality
B. Larger for high-intensity stimuli than for low-intensity baseline levels
C. Proportional to the intensity of the original stimulus being judged

D. Independent of the sensory modality being measured in experiments

20. In operant conditioning, a variable ratio schedule produces:

A. Rapid extinction when reinforcement is discontinued completely
B. Steady, persistent responding highly resistant to extinction

C. Responding only at fixed intervals matching reinforcement timing
D. Complete cessation of behavior between reinforcement deliveries

21. According to the Health Belief Model, health behavior change requires:

A. Genetic predisposition toward healthy lifestyle choices

B. Complete absence of social and environmental barriers

C. Strong social support networks exclusively from family

D. Perceived susceptibility, severity, benefits, and self-efficacy beliefs

PASSAGE 4: Social Class and Health Disparities

Socioeconomic status (SES) represents the strongest predictor of health outcomes in developed nations,
showing a linear gradient where each increment in social class corresponds to improved health. This
gradient persists even in countries with universal healthcare, indicating that access alone cannot explain
class-based health disparities. Multiple mechanisms operate simultaneously, creating cumulative
disadvantage across the lifespan.

Material resources directly affect health through access to healthcare, nutrition, safe housing, and hazard-
free work environments. Lower-SES individuals face greater exposure to environmental toxins,
occupational hazards, and neighborhood violence. Housing quality affects health through overcrowding,
poor ventilation, and pest exposure. Food deserts in low-income neighborhoods limit access to fresh
produce while fast food proliferates. These material factors create differential exposure to health risks.
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Psychosocial stress represents another pathway. Lower-SES individuals experience greater chronic stress
from financial insecurity, job instability, discrimination, and lack of control over life circumstances.
Chronic stress activates the hypothalamic-pituitary-adrenal (HPA) axis repeatedly, producing sustained
cortisol elevation. This chronic activation causes wear and tear on physiological systems—termed
allostatic load. High allostatic load predicts cardiovascular disease, metabolic disorders, and accelerated

aging.

Early-life SES has particularly profound effects. Childhood poverty affects brain development, with
lower-SES children showing reduced gray matter volume in regions supporting language, executive
function, and memory. These structural differences correlate with cognitive performance gaps. Toxic
stress during sensitive developmental periods can permanently alter stress response systems, creating
biological embedding of social disadvantage. The Adverse Childhood Experiences (ACE) framework
documents how childhood adversity—more common in lower-SES contexts—predicts adult disease
decades later.

Health behaviors vary by class, partly explaining disparities. Smoking, poor diet, and physical inactivity
are more prevalent in lower-SES groups. However, behavior differences reflect constrained choices rather
than simple preferences. Financial constraints, time poverty from multiple jobs, unsafe neighborhoods
limiting outdoor activity, and marketing targeting all shape behavioral patterns. Additionally, stress affects
decision-making, with chronic stress promoting immediate gratification over long-term health planning.

Social capital—networks, norms of reciprocity, and trust—varies by SES and affects health. Lower-SES
communities often have less bridging capital (connections across groups) while maintaining bonding
capital (within-group solidarity). Limited bridging capital restricts access to information, opportunities,
and resources flowing through weak ties. Social support buffers stress effects, but support networks in
low-SES contexts are often themselves stressed, limiting buffering capacity.

The fundamental cause theory argues that SES affects health regardless of specific diseases or risk factors
because SES determines access to resources preventing disease and death. As medical knowledge
advances and new health threats emerge, high-SES individuals mobilize resources—knowledge, money,
power, prestige, beneficial connections—to avoid risks and adopt protective behaviors. This produces
persisting gradients even as specific diseases change. Historical analysis supports this: SES-mortality
gradients existed before germ theory and persist despite medical advances.

Interventions targeting health disparities face challenges. Individual-level interventions (health education,
behavior change programs) show limited effectiveness without addressing structural determinants.
Community-level interventions show more promise but require sustained investment. Policy
interventions—minimum wage increases, earned income tax credits, universal healthcare, housing
vouchers—address root causes but face political barriers. Some argue only fundamental economic
restructuring can eliminate health disparities rooted in inequality.

Researchers investigated SES-health relationships:

Study 1: SES gradient in mortality

e 20-year follow-up of civil servants (Whitehall Study)
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o Lowest grade: Mortality rate = 3.2 per 1000 person-years

e Middle grades: Mortality rate = 1.8 per 1000 person-years
o Highest grade: Mortality rate = 1.0 per 1000 person-years
o Linear gradient despite universal healthcare access

Study 2: Childhood SES and adult health

o Participants categorized by childhood SES, health assessed at age 50
e Low childhood SES: 35% prevalence of chronic disease

e Middle childhood SES: 22% prevalence

e High childhood SES: 14% prevalence

o Early-life SES predicts adult health independent of adult SES

Study 3: Allostatic load by SES

o Biomarkers measured: blood pressure, cortisol, inflammation, metabolism
o Low SES: High allostatic load (4+ risk factors) = 52%

o Middle SES: High allostatic load = 28%

o High SES: High allostatic load = 12%

o Physiological wear accumulates with lower SES

Study 4: Neighborhood environment and health behaviors

o Walkable neighborhoods: 45% meet activity recommendations

o Unwalkable neighborhoods: 18% meet recommendations

e Independent of individual SES, suggesting environmental constraints
e Built environment shapes behavior beyond individual choice

Study 5: Intervention effectiveness

e Health education alone: Minimal reduction in disparities

e Education + subsidized gym access: Modest reduction

o Conditional cash transfers + healthcare: Substantial reduction

o Structural interventions more effective than individual approaches

22. The SES-health gradient persisting in universal healthcare countries indicates:

A. Healthcare access alone eliminates all socioeconomic health disparities

B. Non-medical factors like stress, environment, and behavior contribute substantially
C. Genetic factors fully explain observed social class health differences

D. Measurement error rather than real differences produces apparent gradients

23. Childhood SES predicting adult health independent of adult SES suggests:

A. Adult socioeconomic position has no influence on health outcomes
B. Social mobility completely eliminates early disadvantage effects
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C. Only current circumstances matter for health, not historical exposures
D. Early-life conditions have lasting biological embedding affecting later health

**24. The fundamental cause theory predicts that SES-health gradients will:

k3k

A. Disappear once specific disease mechanisms are fully understood

B. Strengthen during medical progress benefiting all classes equally

C. Persist despite changing disease profiles because SES determines resource access
D. Only exist for diseases without effective treatments or preventions

25. Built environment effects on physical activity independent of individual SES demonstrate:

A. Personal choice fully determines health behaviors regardless of context
B. Individual characteristics outweigh environmental constraints on behavior
C. SES operates exclusively through individual knowledge and motivation
D. Structural factors constrain behavioral options beyond personal agency

26. Structural interventions showing greater effectiveness than education suggests:

A. Individual knowledge and behavior are irrelevant to health outcomes

B. Education programs should be completely abandoned as intervention strategies

C. Addressing material and social determinants proves more impactful than information
D. Personal responsibility has no role in health behavior change

PASSAGE 5: Stereotype Threat and Academic Performance

Stereotype threat—the risk of confirming negative stereotypes about one's group—can impair
performance in stereotype-relevant domains. When situational cues make group membership and
associated stereotypes salient, anxiety about confirming stereotypes interferes with optimal performance.
This phenomenon helps explain persistent achievement gaps and has implications for education,
workplace settings, and testing contexts.

Claude Steele and colleagues' seminal research demonstrated stereotype threat effects on women's math
performance and African American students' academic performance. In studies where tests were described
as diagnostic of ability (making stereotypes relevant), stereotyped groups underperformed compared to
controls. When the same tests were described as non-diagnostic or when stereotype activation was
reduced, performance gaps disappeared. This situational manipulation indicated that performance
differences reflected contextual factors rather than ability differences.

Multiple psychological mechanisms mediate stereotype threat effects. Physiological stress arousal diverts
working memory resources needed for optimal performance on difficult tasks. Vigilance toward threat
cues creates monitoring burden, reducing processing capacity. Attempts to suppress stereotype-related
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thoughts ironically make those thoughts more accessible, creating mental intrusion. Performance worries
trigger anxiety spirals, where initial anxiety impairs performance, confirming fears and intensifying
anxiety.

Moderators affect stereotype threat susceptibility. Domain identification matters—individuals highly
identified with domains show stronger threat effects because performance matters more to self-concept.
Stereotype endorsement isn't necessary; mere awareness of stereotypes suffices. Chronic versus acute
threat experiences matter—single exposures cause temporary performance decrements while chronic
threat can lead to domain disidentification, where individuals protect self-esteem by devaluing threatened
domains.

Neuroimaging research reveals stereotype threat's neural mechanisms. Threat increases activity in brain
regions associated with emotional processing and vigilance (amygdala, anterior cingulate cortex) while
decreasing activity in regions supporting executive function and problem-solving (dorsolateral prefrontal
cortex). This neural pattern reflects how threat redirects cognitive resources from task-relevant processing
toward threat monitoring and regulation.

Interventions to reduce stereotype threat have shown promise. Self-affirmation exercises—reflecting on
important personal values—buffer threat by broadening self-concept beyond threatened domain
performance. Teaching incremental theories of intelligence (growth mindset)—that abilities are malleable
rather than fixed—reduces threat by reframing challenges as learning opportunities. Role model exposure
showing diversity in achievement combats stereotypes. Reframing physiological arousal as facilitative
rather than debilitative improves performance.

Institutional practices can either trigger or reduce threat. Test instructions emphasizing fairness reduce
threat. Diversifying environmental cues—posters, photos showing successful ingroup members—creates
belonging. Reducing stereotype relevance of evaluation settings helps. Critical mass matters—being the
solo minority member in settings amplifies threat, while sufficient representation reduces it. These
findings inform interventions from changing classroom composition to redesigning testing contexts.

Stereotype threat extends beyond academics to multiple domains. Women face threat in mathematics,
science, and leadership contexts. Racial minorities experience threat in academic and workplace settings.
Elderly individuals face threat regarding memory and cognitive tasks. Poor individuals experience threat
regarding intellectual ability. Low-SES students face threat in elite educational environments. The
phenomenon's generality indicates it reflects fundamental social identity processes rather than group-
specific factors.

Critics raise validity concerns. Some argue effect sizes are smaller than initially reported, with meta-
analyses showing medium effects that are statistically significant but potentially overstated in early
studies. Publication bias may have inflated estimates. Replication failures for some specific findings raise
questions. However, the basic phenomenon replicates across labs, contexts, and groups, supporting
construct validity despite debate about magnitude.

Researchers conducted stereotype threat studies:

Experiment 1: Math performance by gender
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e Women and men complete difficult math test

o "Diagnostic of ability" condition: Men score 20% higher than women
e "Problem-solving exercise" condition: No gender difference

e Framing manipulation eliminates performance gap

Experiment 2: Working memory capacity under threat
e African American participants: Stereotype threat vs. reduced threat
e Threat condition: 30% reduction in working memory span
e Reduced threat: Normal working memory performance

e Threat consumes cognitive resources

Experiment 3: Domain identification and threat susceptibility

Participants categorized by math identification (high vs. low)
High identification women: Large threat effect (25% decrement)
Low identification women: Minimal threat effect (5% decrement)
Threat impacts those for whom domain is important

Experiment 4: Self-affirmation intervention

Control group: Standard achievement gap observed
Self-affirmation group: 40% reduction in achievement gap
Effects persisted over semester beyond single intervention
Brief intervention produced sustained benefits

Experiment 5: Neural activation during threat

o fMRI during math problems under threat vs. no threat
e Threat increased: Amygdala activation (+35%), ACC activation (+28%)
o Threat decreased: DLPFC activation (-22%)

¢ Neural evidence for emotional interference with executive function

27. The finding that framing tests as "problem-solving exercises" eliminates performance gaps
suggests:

A. Ability differences between groups cause all observed performance gaps

B. Test descriptions irrelevant to performance outcomes in stereotype domains

C. Group differences are genetically determined and invariant across contexts

D. Situational cues activating stereotype awareness can create temporary performance deficits

28. Working memory reduction under stereotype threat indicates that threat effects operate
through:

A. Permanent cognitive deficits in stereotyped groups unrelated to situations
B. Motivational disengagement where individuals deliberately perform poorly
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C. Deliberate sabotage by members of stereotyped groups
D. Cognitive interference where threat-related thoughts consume processing resources

29. Higher domain-identified individuals showing stronger threat effects occurs because:

A. Low-identified individuals possess superior coping resources unavailable to others
B. Performance outcomes matter more for self-concept when domains are valued

C. Domain identification eliminates stereotype awareness in testing situations

D. High identification always produces optimal performance regardless of context

30. Self-affirmation reducing stereotype threat demonstrates that interventions can:

A. Eliminate all group achievement differences by changing test instructions
B. Buffer threat by expanding self-concept beyond single domain performance
C. Prove that all performance gaps result purely from stereotype effects

D. Replace the need for addressing systemic barriers and structural inequalities

31. The neural activation pattern during stereotype threat—increased amygdala, decreased
DLPFC—suggests:

A. Stereotyped groups have permanent structural brain differences causing deficits
B. Threat eliminates all emotional responses leaving only cognitive processing

C. Neural activity remains identical under threat and non-threat conditions

D. Threat shifts resources toward emotional monitoring away from executive control

DISCRETE QUESTIONS (32-34)

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

A. Physiological arousal and emotional experience occur simultaneously without sequence
B. Cognitive appraisal determines both arousal and emotion independently

C. Emotional experience results from interpreting physiological arousal patterns

D. Emotions exist independently of any physiological changes in the body

33. Groupthink is most likely to occur when:

A. Group members hold diverse opinions and frequently disagree
B. Groups lack time pressure and can deliberate extensively

C. Group cohesion is low and members feel minimal commitment

D. Cohesive groups face external threats and directive leaders

34. The evolutionary explanation for altruistic behavior emphasizes:
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A. Conscious calculation of genetic relatedness in all helping decisions
B. Kin selection and reciprocal altruism as mechanisms favoring helping
C. Pure selflessness as the only motivation for prosocial behavior

D. Cultural learning as the sole determinant of altruistic acts

PASSAGE 6: The Medicalization of Deviance

Medicalization describes the process by which non-medical conditions become defined and treated as
medical problems requiring medical intervention. Behaviors, experiences, and characteristics previously
considered moral failings, personality variations, or normal human diversity increasingly fall under
medical jurisdiction. This transformation has profound implications for social control, individual identity,
and healthcare resource allocation.

Historical analysis reveals medicalization's expansion. In the 19th century, alcoholism transformed from
moral weakness to disease. Homosexuality was medicalized as mental illness before demedicalization
after activism and research challenged that classification. ADHD medicalization expanded dramatically
since the 1980s, with diagnosis rates rising from 3% to 11% of U.S. children. Menopause shifted from
natural transition to hormone-deficiency requiring treatment. Each transformation involved complex
negotiations among physicians, pharmaceutical companies, patient advocates, and social institutions.

Multiple factors drive medicalization. The medical profession's jurisdiction expansion serves professional
interests by increasing patient populations and physician authority. Pharmaceutical industry interests
accelerate medicalization—treating conditions requires medications, creating markets. Direct-to-
consumer advertising promotes medical definitions by suggesting symptoms require pharmaceutical
intervention. Insurance reimbursement structures incentivize medical diagnoses for coverage.
Biotechnology advances enable detection of previously invisible variations, creating new diagnostic
categories.

Consumer demand also drives medicalization. Patients seek medical solutions for life problems, preferring
biological explanations to moral judgments. Medical diagnosis provides legitimacy, transforming
stigmatized conditions into diseases deserving treatment. Diagnosis creates community through patient
organizations and online forums. For parents of struggling children, ADHD diagnosis offers explanations
and treatment options, relieving guilt while providing intervention. Medical frameworks shift
responsibility from individuals to biology.

Critics identify medicalization's problems. It pathologizes normal human variation, defining increasingly
narrow ranges as healthy. Pharmaceutical companies profit from expanding patient populations for
chronic treatment. Medical definitions obscure social determinants—ADHD rates correlate with poverty,
suggesting environmental factors, yet treatment remains individualized medication. Medicalization
creates "disease mongering," where pharmaceutical marketing invents conditions requiring treatment. The
DSM's expanding diagnostic criteria progressively include more behaviors as disorders.

However, medicalization has benefits. Medical definitions reduce stigma by attributing conditions to
biology rather than character. Diagnosis enables access to treatment, educational accommodations, and
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disability protections. For genuinely debilitating conditions, medical care improves quality of life. Patient
advocacy groups embrace medical definitions to secure resources and recognition. Many individuals
report relief at receiving diagnoses explaining their experiences.

The biomedicalization concept extends medicalization analysis. Rather than passive medicalization,
biomedicalization involves active technoscientific transformation of bodies through enhancement,
optimization, and customization. Cosmetic neurology (cognitive enhancement drugs), anti-aging
medicine, and performance enhancement represent biomedicalization—using medical technology for
improvement beyond disease treatment. This shifts medicine from restoring health to optimizing human
capabilities.

Social constructionist perspectives emphasize that disease categories aren't simply discovered but actively
constructed through social processes. What counts as disease versus normal variation reflects values,
power relations, and historical contexts rather than purely biological facts. This doesn't mean diseases are
imaginary—suffering is real—but diagnostic categories are human creations involving choices about
classification thresholds and boundaries.

Alternative frameworks propose different responses to medicalization. Some advocate demedicalization,
returning conditions to non-medical jurisdiction. Others support remedicalization under different terms
(addiction as "substance use disorder" rather than disease or moral failing). Critical psychiatry questions
psychiatric medicalization while acknowledging need for mental health support. These debates reflect
tensions between respecting human diversity, reducing suffering, and avoiding harmful labeling.

Researchers examined medicalization processes:
Study 1: ADHD diagnosis rates over time

e 1980: 3% of children diagnosed with ADHD

e 2000: 7% diagnosed

e 2020: 11% diagnosed

o Dramatic increase unlikely to reflect biological changes alone
o Suggests diagnostic expansion and medicalization process

Study 2: Pharmaceutical marketing and diagnosis

e Analysis of direct-to-consumer advertising

e Ads preceded diagnosis increases by 2-3 years

e Areas with heavier advertising showed higher diagnosis rates
e Marketing shapes demand and medical definitions

Study 3: Social class and ADHD
e Low-income children: 15% diagnosis rate
e Middle-income children: 10% diagnosis rate

o High-income children: 7% diagnosis rate
o Inverse relationship suggests environmental factors
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e Yet treatment remains primarily pharmaceutical
Study 4: Patient responses to diagnosis

e 75% reported relief at receiving psychiatric diagnosis

e 68% felt diagnosis reduced stigma they experienced

e 58% gained access to treatments and accommodations

e Mixed but predominantly positive subjective responses

Study 5: DSM diagnostic criteria changes

DSM-I (1952): 106 diagnostic categories

DSM-III (1980): 265 diagnostic categories

DSM-5 (2013): 157 diagnostic categories (reorganization, not true reduction)
Expanding definitions progressively include more experiences

35. The rising ADHD diagnosis rates despite no evidence of biological prevalence increases
suggests:

A. Biological changes in child neurodevelopment over recent decades
B. Improved detection of previously unrecognized existing conditions
C. Diagnostic expansion and changed thresholds defining the disorder
D. Complete fabrication of ADHD as a nonexistent condition

36. Pharmaceutical marketing temporally preceding diagnosis increases indicates that:

A. Diagnosis changes have no relationship to commercial interests

B. Commercial promotion shapes medical definitions and diagnostic patterns
C. Pharmaceutical companies have no influence on medical practice

D. Advertising purely educates without affecting demand or diagnosis

37. The inverse relationship between socioeconomic status and ADHD diagnosis while treatment
remains pharmaceutical suggests:

A. Poverty directly causes biological ADHD through genetic mechanisms

B. Wealthy families effectively prevent ADHD through superior parenting

C. Medical interventions ignore potential environmental and social determinants
D. Diagnosis rates accurately reflect true ADHD prevalence distributions

38. The majority of patients reporting relief and reduced stigma after psychiatric diagnosis
demonstrates that medicalization can:

A. Universally benefit all individuals regardless of specific circumstances
B. Eliminate all stigma associated with mental health conditions

C. Provide legitimacy and access to resources despite potential drawbacks
D. Prove that all diagnosed conditions are purely biological diseases
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39. The social constructionist perspective on disease categories emphasizes that:

A. All suffering is imaginary and exists only through social labeling

B. Biological realities play no role in disease classification systems

C. Diagnostic boundaries reflect values and social processes beyond biology
D. Disease categories are purely objective discoveries independent of context

PASSAGE 7: Prejudice Reduction and Intergroup Contact

Gordon Allport's contact hypothesis proposed that interpersonal contact between group members reduces
prejudice when certain conditions are met: equal status, common goals, intergroup cooperation, and
institutional support. This framework has generated extensive research examining when and how contact
improves intergroup attitudes. Modern research confirms contact's effectiveness while revealing
complexities in translating contact to broader prejudice reduction.

Meta-analyses demonstrate contact robustly reduces prejudice across contexts. Studies examining racial,
religious, sexual orientation, and age-based prejudice show consistent positive effects. Effect sizes are
moderate—meaningful but not transformative. Contact reduces prejudice against specific encountered
outgroup members, with weaker generalization to the entire outgroup. Extended contact effects (knowing
ingroup members who have outgroup friends) also reduce prejudice through vicarious experience.

The mechanisms underlying contact effects involve multiple processes. Intergroup anxiety—discomfort
during intergroup interaction—decreases with positive contact, reducing avoidance. Empathy and
perspective-taking increase, fostering understanding of outgroup experiences. Increased outgroup
knowledge challenges stereotypes through disconfirmation. Self-disclosure promotes personalization,
seeing outgroup members as individuals rather than group representatives. These mechanisms operate
simultaneously, with their relative importance varying by context.

However, contact doesn't always reduce prejudice. Negative contact experiences can increase prejudice,
and negative interactions weigh more heavily than positive ones. Segregation limits natural contact
opportunities, requiring deliberate integration efforts. Even when contact occurs, Allport's optimal
conditions are rarely met—status inequalities persist, competition outweighs cooperation, institutions may
not support contact. Contact under suboptimal conditions produces limited or backfiring effects.

Recent research identifies moderators affecting contact efficacy. Contact quantity matters—brief
superficial encounters show smaller effects than sustained meaningful interaction. Friendship potential—
whether contact allows relationship development—predicts stronger effects than superficial acquaintance.
Voluntary contact shows larger effects than mandatory contact, possibly because voluntary participants
have less prejudice initially (selection bias). Cross-group friendships show particularly strong prejudice
reduction.

The contact-prejudice relationship raises causality questions. Does contact reduce prejudice, or does low
prejudice lead to seeking contact? Longitudinal studies suggest bidirectional effects—initial prejudice
predicts subsequent contact, and contact predicts prejudice change. However, cross-sectional studies
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cannot determine causality. Field experiments randomly assigning roommates provide causal evidence:
students assigned cross-racial roommates show prejudice reduction compared to same-race roommate
controls.

Generalization from individual outgroup members to the entire outgroup presents challenges. Subtyping—
categorizing encountered individuals as exceptions—Ilimits generalization. To promote generalization,
contact should highlight group membership (not just individual characteristics) while also personalizing.
This creates tension—emphasizing group membership risks increasing salience of differences, while de-
emphasizing it limits generalization. The optimal balance involves acknowledging group membership
while revealing individuality.

Institutional integration efforts based on contact theory show mixed results. School desegregation
produced uneven outcomes—benefits depended heavily on implementation. When schools tracked
students by ability (creating de facto segregation), employed hostile climates, or failed to structure
cooperative activities, contact benefits didn't materialize. Successful integration required proactive efforts
creating optimal contact conditions. Workplace diversity programs show similar patterns—representation
alone proves insufficient without fostering positive interaction.

Prejudice reduction through contact may not translate to addressing structural inequality. Even individuals
with positive outgroup attitudes may support policies perpetuating inequality. Contact-induced attitude
change focuses on interpersonal harmony while potentially obscuring systemic injustice. Critics argue
contact theory promotes assimilationist approaches requiring minorities to interact with majority members
rather than challenging power structures. Collective action for social justice may require maintaining
intergroup boundaries and conflict rather than harmonious contact.

Researchers investigated contact and prejudice:

Study 1: Contact quantity and prejudice

No outgroup friends: Mean prejudice = 5.8 (high prejudice)

One outgroup acquaintance: Mean prejudice = 5.1

Multiple outgroup friends: Mean prejudice = 3.2 (low prejudice)
Dose-response relationship between contact and prejudice

Study 2: Random roommate assignment

e Students randomly assigned same-race vs. cross-race roommates
e Cross-race roommates: 35% prejudice reduction after one year

e Same-race roommates: No change in prejudice levels

o Causal evidence for contact effects

Study 3: Contact conditions and outcomes
e Optimal conditions (equal status, cooperation): Large prejudice reduction

e Suboptimal conditions (unequal status, competition): No reduction or increase
o Conditions matter substantially for contact effectiveness
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Study 4: Generalization limits

Positive contact with individual: Large attitude improvement toward that person
Attitude toward entire outgroup: Small improvement

Subtyping: 45% viewed positive outgroup member as exception

Generalization presents major challenge

Study 5: Negative vs. positive contact effects

e One negative interaction: Increased prejudice (effect size = 0.45)
e One positive interaction: Decreased prejudice (effect size = 0.21)
o Negative contact has larger effects than positive

e Asymmetry complicates contact interventions

40. Meta-analyses showing moderate contact effects across contexts indicates:

A. Contact universally eliminates all prejudice regardless of circumstances

B. Contact produces consistent, meaningful though not transformative reduction
C. Contact increases prejudice more than reduces it in most situations

D. Research findings are entirely inconsistent preventing any conclusions

41. The random roommate assignment study demonstrating prejudice reduction provides:

A. Correlational evidence unable to establish causality or direction

B. Proof that prejudice causes people to avoid cross-group contact

C. Evidence that personality entirely determines prejudice levels

D. Causal evidence that contact reduces prejudice controlling for selection

42. Contact under optimal conditions reducing prejudice substantially while suboptimal contact
doesn't suggests:

A. Allport's proposed conditions are irrelevant to contact outcomes

B. Context and implementation quality critically determine intervention success
C. Any intergroup contact benefits outweigh any implementation details

D. Contact always reduces prejudice regardless of situational factors

43. The finding that negative contact has larger effects than positive contact indicates:
A. Positive contact is completely ineffective at reducing prejudice

B. Interventions should create negative contact to enhance awareness

C. Negativity bias creates asymmetry complicating prejudice reduction efforts

D. Equal numbers of positive and negative interactions have identical effects

44. Subtyping leading 45% to view positive outgroup members as exceptions demonstrates:
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A. Contact with individuals guarantees attitude generalization to entire groups

B. Individual positive experiences automatically change categorical prejudice

C. Categorizing individuals as exceptional limits attitude generalization to outgroups
D. Subtyping never occurs when people encounter counterstereotypical individuals

DISCRETE QUESTIONS (45-47)

45. Long-term potentiation (LTP) in the hippocampus involves:

A. Temporary weakening of synaptic connections after brief stimulation

B. No changes in synaptic strength regardless of activity patterns

C. Permanent elimination of synapses between frequently active neurons

D. Strengthening of synaptic connections following high-frequency stimulation

46. According to Piaget, the concrete operational stage is characterized by:

A. Inability to understand conservation of quantity across transformations
B. Logical thinking about concrete objects but not abstract hypotheticals

C. Pure sensory-motor interaction without mental representations

D. Abstract hypothetical reasoning about possibilities not directly observed

47. Social epidemiology examines how:

A. Infectious disease transmission occurs through direct physical contact
B. Genetic factors determine all population health outcome distributions
C. Social conditions and inequalities shape population health patterns

D. Medical treatments affect individual patients in clinical settings

PASSAGE 8: Attribution Theory and Fundamental Attribution
Error

Attribution theory examines how people explain behavior—their own and others'—by attributing causes
to dispositions (personality, abilities, attitudes) versus situations (circumstances, context, external
pressures). These causal explanations shape subsequent emotions, expectations, and behaviors. However,
systematic biases affect attributions, with the fundamental attribution error representing one of social
psychology's most robust findings.

The fundamental attribution error (FAE)—also called correspondence bias—describes the tendency to

overattribute others' behavior to dispositions while underweighting situational factors. When observing
someone act rudely, we conclude they're a rude person rather than considering situational pressures. This
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error is "fundamental" because it's pervasive, occurs even when situational information is available, and
affects judgments about strangers and acquaintances alike.

Multiple factors produce FAE. Perceptual salience explains part of the effect—when observing others, the
person is figural (foreground) while situation is ground (background), directing attention to the actor.
Cognitive efficiency favors dispositional attribution—personality explanations are simpler and more
stable than analyzing complex situational factors. Two-stage models propose spontaneous dispositional
inferences occur automatically, with situational correction requiring additional cognitive effort that may
not occur when resources are limited.

The actor-observer bias extends FAE. People attribute their own behavior more to situations ("I failed
because the test was unfair") while attributing others' identical behavior more to dispositions ("They failed
because they're incompetent"). This asymmetry reflects information differences—we experience our own
situational variations across contexts while observing others in limited situations. Self-serving motives
also contribute—situational attributions for own failures protect self-esteem.

Cultural differences moderate attribution tendencies. Individualist cultures (emphasizing personal
autonomy, independence) show stronger dispositional bias than collectivist cultures (emphasizing social
context, interdependence). East Asian participants show weaker FAE, more often considering situational
constraints. These differences emerge early—cultural models of personhood shape how people attend to
and process social information. However, differences are relative—FAE occurs cross-culturally, though
less pronounced in collectivist contexts.

Self-serving attribution bias describes taking credit for successes (internal attribution) while blaming
failures on external factors. This pattern maintains self-esteem and creates positive self-presentations.
Students attribute good grades to intelligence and hard work, poor grades to unfair testing. Athletes credit
skill for victories, bad luck for defeats. However, self-serving bias shows individual differences—
depressed individuals show reduced or reversed self-serving bias, attributing failures internally and
successes externally.

Attributions have important consequences. In achievement contexts, ability attributions for failure
(internal, stable) produce learned helplessness—reduced effort and performance. Effort attributions
(internal, unstable) maintain motivation—if trying harder helps, persistent effort makes sense. Teachers'
attributions affect students—viewing struggling students as lazy (internal) leads to punishment, viewing
them as under-supported (external) leads to additional help. These attribution-driven responses affect
student outcomes.

In relationships, attributions predict satisfaction and stability. Happy couples make relationship-enhancing
attributions—crediting positive behaviors to partner's disposition ("She's thoughtful") while explaining
negative behaviors situationally ("She's stressed"). Distressed couples show opposite patterns—situational
attributions for positive behaviors ("He only helped because I nagged") and dispositional attributions for
negative behaviors ("He's selfish"). These attribution patterns precede relationship deterioration and
predict dissolution.

Legal contexts reveal attribution's real-world impact. Jurors' verdict decisions reflect attributions about
defendants' responsibility. Dispositional attributions increase blame and punishment, situational
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attributions reduce them. Defendant characteristics affect attributions—attractive defendants receive more
lenient situational attributions, minorities receive harsher dispositional attributions. These biases
contribute to systemic disparities in criminal justice outcomes.

Researchers investigated attribution processes:
Experiment 1: Essay attitude attribution
o Participants read essay written under no-choice condition (assigned position)
o Despite knowing assignment, 70% inferred writer's true attitude matched essay
o FAE persists even when situational constraints are explicit
Experiment 2: Actor-observer differences
o Participants describe own and friend's behavior reasons
e Own behavior: 68% situational attributions
o Friend's behavior: 38% situational attributions
e Perspective affects causal explanation patterns
Experiment 3: Cultural differences in attribution
e American participants: 74% dispositional attribution for behavior
e Chinese participants: 42% dispositional attribution
e Japanese participants: 38% dispositional attribution
e Collectivist cultures show weaker dispositional bias
Experiment 4: Self-serving bias in students
e Success (good grade): 89% internal attribution
o Failure (poor grade): 31% internal attribution
e Asymmetry protects self-esteem through attributional patterns
Experiment 5: Attributions and relationship satisfaction
» Happy couples: Positive behaviors attributed internally (92%)
o Distressed couples: Positive behaviors attributed internally (35%)
e Attribution patterns distinguish satisfied from dissatisfied relationships
48. The fundamental attribution error demonstrates that observers tend to:
A. Accurately balance dispositional and situational factors when explaining behavior
B. Overemphasize personality while underweighting contextual influences on actions
C. Exclusively consider situations ignoring all dispositional factors

D. Make perfectly rational causal inferences without any systematic biases

49. Participants inferring essay writers' attitudes despite knowing position assignment shows:
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A. People correctly recognize when situational forces constrain behavior

B. Dispositional inferences occur even when situational information is explicit
C. Situational attributions always override dispositional inferences

D. The fundamental attribution error only occurs without situational information

50. The actor-observer bias occurring because actors experience situational variability while
observers see limited contexts suggests:

A. Information availability and perspective systematically affect causal attributions
B. Actors and observers have identical information about behavioral causes

C. Perspective differences produce no systematic attribution asymmetries

D. All attribution differences reflect motivational biases rather than information

51. Collectivist cultures showing weaker dispositional bias indicates that:

A. Attribution processes are entirely culturally determined with no universals
B. Cultural models of personhood shape attention and explanation patterns
C. Individualist cultures make more accurate attributions than collectivists
D. Fundamental attribution error never occurs in any collectivist societies

52. Relationship-enhancing attributions in happy couples predicting relationship stability
demonstrates:

A. Attribution patterns have no consequences for relationship outcomes

B. Relationship satisfaction causes specific attribution patterns exclusively

C. How partners explain behaviors affects relationship trajectory and longevity
D. All couples make identical attributions regardless of satisfaction

PASSAGE 9: The Biological Basis of Addiction

Addiction involves compulsive drug-seeking despite harmful consequences, with neurobiological changes
creating powerful drive toward drug use. Understanding addiction's biological mechanisms has shifted
perspectives from viewing it purely as moral failure toward recognizing it as a brain disorder involving
disrupted reward, motivation, and self-control systems. This neurobiological perspective informs
treatment approaches emphasizing medical intervention alongside behavioral change.

The mesolimbic dopamine system—the brain's reward pathway—plays central roles in addiction.
Dopamine neurons in the ventral tegmental area (VTA) project to nucleus accumbens and prefrontal
cortex. This pathway normally signals reward prediction and motivates goal-directed behavior for natural
rewards (food, sex, social interaction). Addictive drugs hijack this system, producing dopamine surges far
exceeding natural rewards. Cocaine and amphetamines directly increase dopamine, opioids indirectly
increase it by inhibiting GABAergic interneurons that normally suppress VTA dopamine neurons, and
alcohol affects multiple neurotransmitter systems including dopamine.
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Repeated drug exposure causes neuroadaptations creating tolerance and dependence. Tolerance requires
increasing doses for equivalent effects, resulting from downregulation—receptor expression decreases
and receptor sensitivity declines. Dependence involves withdrawal symptoms when drug use stops,
reflecting adaptive changes opposing drug effects. For example, chronic opioid use downregulates
endogenous opioid systems and upregulates opposing stress systems. When opioids are withdrawn, the
unopposed stress systems create dysphoria, anxiety, and physical discomfort driving continued use.

Addiction involves more than reward pathway changes. The prefrontal cortex, supporting executive
function and impulse control, shows altered activity in addiction. Chronic drug use reduces prefrontal
activity, impairing decision-making and behavioral control. This hypofrontality contributes to continued
use despite knowing consequences. Additionally, stress systems become sensitized—corticotropin-
releasing factor (CRF) in extended amygdala increases, creating negative emotional states during
withdrawal that drive drug-seeking to alleviate discomfort.

Opponent process theory explains addiction development. Initial drug use produces euphoria (a-process)
followed by mild negative rebound (b-process). With repeated use, euphoria diminishes (tolerance to a-
process) while negative rebound intensifies and persists (sensitization of b-process). Eventually,
motivation shifts from pursuing pleasure to escaping withdrawal dysphoria. Users continue not for
euphoria but to feel normal, illustrating addiction's transitional nature.

Incentive sensitization theory offers alternative explanation. Rather than tolerance to pleasure, this theory
proposes that drug-associated cues become sensitized with repeated use. Brain regions mediating
"wanting" (incentive salience) become hypersensitive to drug cues, creating powerful craving despite
reduced "liking" of drug effects. This explains why recovered addicts experience intense craving when
encountering drug cues (places, people, paraphernalia) long after stopping use—cue reactivity persists
even when acute drug effects no longer provide pleasure.

Genetic factors contribute substantially to addiction vulnerability. Twin studies show heritability estimates
of 40-60% for various substances. Specific genetic variations affect addiction risk—polymorphisms in
dopamine receptors, metabolizing enzymes, and stress response systems influence vulnerability. Gene-
environment interactions matter—genetic risk factors have stronger effects in high-stress environments.
However, no single addiction gene exists; vulnerability reflects polygenic influence across multiple
systems.

Environmental and developmental factors also matter. Adverse childhood experiences predict later
addiction risk through multiple pathways—stress system dysregulation, early substance initiation, and
coping pattern development. Adolescent substance use carries particular risk because brain development
continues into mid-20s. The prefrontal cortex matures last, while reward systems mature earlier, creating
an imbalance favoring impulsive reward-seeking. Early drug exposure during this developmental window
may cause lasting changes increasing addiction liability.

Treatment approaches reflect neurobiological understanding. Medications target specific systems—
methadone and buprenorphine provide opioid receptor stimulation preventing withdrawal, naltrexone
blocks opioid receptors preventing reward, and disulfiram creates aversive reactions to alcohol.
Behavioral interventions help establish new reward associations and cognitive strategies. Combining
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medication and behavioral therapy produces best outcomes, suggesting addressing both neurobiological
and psychological factors is necessary.

Researchers investigated addiction neurobiology:
Study 1: Dopamine release by substance

e Natural rewards (food): Dopamine increase = 50-100%
e Nicotine: Dopamine increase = 150%

e Cocaine: Dopamine increase = 300%

e Methamphetamine: Dopamine increase = 1200%

e Drugs produce supranormal dopamine surges

Study 2: Dopamine receptor changes with chronic use
e Baseline: D2 receptor availability = 100%
e After 6 months regular cocaine use: D2 availability = 65%
e After 1 year: D2 availability = 50%
e Chronic use downregulates receptor expression
Study 3: Prefrontal activity in addiction
e Control participants during impulse control task: PFC activation = 100%
o Individuals with cocaine addiction: PFC activation = 62%

o Hypofrontality correlates with continued use despite consequences

Study 4: Cue reactivity in recovered users

Neutral images: Minimal craving, modest dopamine response
Drug-related images: Intense craving, 200% dopamine increase
Cue-induced craving persists long after stopping use
Demonstrates incentive sensitization phenomenon

Study 5: Treatment outcomes by approach

Behavioral therapy alone: 30% sustained abstinence
Medication alone: 35% sustained abstinence
Combined treatment: 58% sustained abstinence
Multimodal approaches most effective

53. Addictive drugs producing dopamine surges exceeding natural rewards explains why:

A. Natural rewards remain more reinforcing than drug rewards always

B. Drugs lose all motivational value immediately after first use

C. Drugs create powerful reinforcement hijacking normal reward mechanisms
D. Dopamine plays no role in drug reward or addiction processes
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54. Downregulation of dopamine receptors with chronic drug use producing tolerance
demonstrates:

A. Neuroadaptive changes opposing drug effects require increased doses
B. Drug effects remain constant regardless of use duration

C. Receptors increase with repeated exposure enhancing sensitivity

D. Tolerance reflects psychological rather than biological changes

55. Prefrontal cortex hypoactivity in individuals with addiction contributing to continued use
despite consequences suggests:

A. Executive control systems remain fully functional during addiction

B. Impaired prefrontal function reduces impulse control and decision-making
C. Prefrontal cortex activity increases during addiction states

D. Cognitive function plays no role in addiction maintenance

56. Cue-induced craving persisting in recovered users long after stopping demonstrates:

A. Drug-associated cues lose all motivational significance upon cessation
B. Incentive sensitization creates lasting cue reactivity despite abstinence
C. Craving immediately disappears once acute withdrawal ends

D. Environmental cues have no influence on relapse risk

DISCRETE QUESTIONS (57-59)

57. According to the Gate Control Theory of pain:

A. Pain signals travel unmodulated from periphery directly to cortex
B. Psychological factors have no influence on pain perception

C. All pain experiences are identical regardless of context

D. Spinal mechanisms can modulate ascending pain signals to brain

58. The frustration-aggression hypothesis proposes that:

A. Aggression results exclusively from genetic predispositions

B. Frustration occurs only after aggressive acts are completed

C. All aggression results from prosocial helping behaviors

D. Frustration from blocked goals increases aggression likelihood

59. Ethnic enclaves in urban areas provide immigrants with:

A. Complete isolation from host society preventing all integration
B. No economic or social resources relevant to adaptation
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C. Social capital, cultural maintenance, and economic opportunities
D. Barriers that universally prevent socioeconomic mobility
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SECTION 1: ANSWER EXPLANATIONS

1. D - Competitive inhibitor because Vmax remains unchanged while apparent Km increases

Compound A shows the hallmark features of competitive inhibition: Vmax remains at 100 umol/min
(unchanged from no-inhibitor conditions) while apparent Km increases from 10 mM to 30 mM.
Competitive inhibitors bind the active site, competing with substrate. At high substrate concentrations,
substrate outcompetes inhibitor, restoring maximum velocity. The increased Km reflects that more
substrate is needed to achieve half-maximal velocity due to competition.

2. B - Substrate can outcompete Compound A at high concentrations, characteristic of competitive
inhibition

The data shows that at very high substrate concentration (120 mM), velocity reaches 80 umol/min—close
to the normal high-substrate velocity. This "surmountability" is the defining characteristic of competitive
inhibition: because inhibitor and substrate compete for the same binding site, sufficiently high substrate
concentration can outcompete and displace the inhibitor, restoring near-normal activity. This wouldn't
occur with noncompetitive inhibition, where inhibitor binding is independent of substrate.

3. A - Explaining its ability to bind the active site and compete with substrate

Competitive inhibitors work by structurally resembling the substrate, allowing them to bind the enzyme's
active site. If Compound A structurally resembles substrate X, this structural similarity explains its
competitive mechanism—it "fools" the enzyme by mimicking substrate structure, binding the active site
and physically blocking substrate access. This structural relationship between substrate and competitive
inhibitor is common in enzyme inhibition and drug design.

4. C - It reduces Vmax without changing Km, indicating binding to a site distinct from the active
site

Compound B shows characteristics opposite to Compound A: Vmax decreases (100 — 60 umol/min)
while Km remains unchanged (10 mM). This pattern indicates noncompetitive inhibition. The inhibitor
binds an allosteric site (not the active site), reducing catalytic efficiency without competing for substrate
binding. Because binding is non-competitive, high substrate concentrations cannot overcome inhibition—
Vmax is permanently reduced. Unchanged Km indicates substrate affinity is unaffected.

5. D - X-intercept moves toward zero (less negative), y-intercept unchanged, slope increases

On Lineweaver-Burk plots (1/v vs 1/[S]), competitive inhibition produces characteristic changes: the y-
intercept (1/Vmax) remains constant because Vmax is unchanged; the x-intercept (-1/Km) moves toward
zero (becomes less negative) because apparent Km increases; the slope (Km/Vmax) increases. Lines
converge at the y-axis (same Vmax) but have different x-intercepts (different Km values). This pattern
distinguishes competitive from noncompetitive inhibition graphically.

6. B - 2 protons and 2 neutrons
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An alpha particle (*He?") is a helium nucleus consisting of 2 protons and 2 neutrons (mass number 4 = 2
+ 2). The 2+ charge indicates it has lost its 2 electrons. Alpha particles are emitted during radioactive
decay of heavy elements, and their composition makes them relatively massive (compared to beta
particles) but easily stopped by paper or skin due to their large size and charge.

7. D - For an exothermic reaction, increasing temperature shifts equilibrium LEFT (toward
reactants), decreasing Keq.

For exothermic reactions (AH < 0), heat is a product. Increasing temperature shifts equilibrium away from
products (left), favoring the endothermic reverse reaction. This decreases Keq. The correct principle:
exothermic reactions are favored at lower temperatures; endothermic reactions are favored at higher
temperatures.

8. D - Cysteine

Cysteine contains a thiol (-SH) group in its side chain. Two cysteine residues can undergo oxidation,
forming a disulfide bond (cystine, -S-S-). These disulfide bridges provide covalent cross-links that
stabilize protein tertiary and quaternary structures, particularly in extracellular proteins. Methionine also
contains sulfur but in a thioether group that cannot form disulfide bonds.

9. C - Its pKa (7.2) is close to the target pH, providing optimal buffering capacity

Buffers work most effectively when the target pH is close to the pKa of the buffering system (pH = pKa
+ 1). The phosphate buffer's pKa of 7.2 is only 0.2 units from the target pH of 7.0, placing it in the optimal
buffering range. At this pH, significant concentrations of both acid and conjugate base exist, maximizing
the buffer's capacity to neutralize added acids or bases with minimal pH change.

10. D - 0.63:1 (or about 2:3)

Using the Henderson-Hasselbalch equation: pH = pKa + log([AJ/[HA]) 7.0 = 72 +
log([HPO+*"]/[H2PO47]) -0.2 = log([HPO+*]/[H2PO47]) 107(-0.2) = 0.63

The ratio [HPO4+*]/[H2PO47] = 0.63:1, or approximately 2:3. This means slightly more acid than conjugate
base is needed. When pH < pKa, the acid form predominates, which makes sense since 7.0 is below the
pKa of 7.2.

11. B - The conjugate base (HPO+*) neutralizes added H*, forming more weak acid (H:PO+)

Buffer action works through equilibrium shifts. When HCI (strong acid) is added, the H" ions are
neutralized by the conjugate base component of the buffer:

HPO+> + Ht — H:PO4

This converts conjugate base to weak acid, consuming the added H" with minimal pH change. The weak
acid doesn't significantly dissociate, preventing large pH drops. Similarly, added base would be
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neutralized by the weak acid component. This dual capacity to neutralize both acids and bases defines
buffer function.

12. A - Hyperventilating to decrease pCO: and reduce carbonic acid concentration, raising pH
toward normal

Patient A has metabolic acidosis (low pH 7.25, low bicarbonate 15 mEq/L). The low pCO: (28 mmHg vs.
normal 40) indicates respiratory compensation: the patient is hyperventilating to "blow off" CO..
Reducing CO: decreases carbonic acid (H-COs) concentration, shifting the equilibrium to consume H* and
raising pH back toward normal. This compensation is incomplete (pH still below 7.40) but demonstrates
the respiratory system's rapid response to metabolic acid-base disturbances.

13. C - Its pKa is too far from target pH (>2 units away), providing negligible buffering capacity at
pH 7.0

Acetate buffer has pKa = 4.8, which is 2.2 units below the target pH of 7.0. Buffers only work effectively
within about £1 pH unit of their pKa. At pH 7.0, the acetate system would be almost completely
deprotonated (>99% acetate, <1% acetic acid), leaving essentially no weak acid component to neutralize
added base. The buffer would have negligible capacity at this pH, making it inappropriate for the
application.

14. A - Zn is oxidized at the anode, electrons flow from Zn to Cu, and E°cell =1.10 V

In the Zn-Cu galvanic cell, zinc has the more negative (less positive) reduction potential (-0.76 V vs. +0.34
V for Cu), making it the better reducing agent. Zn is oxidized at the anode (Zn — Zn*" + 2¢"), releasing
electrons that flow through the external circuit to the Cu cathode, where Cu** is reduced (Cu*" + 2™ —
Cu). The cell potential E°cell = E°cathode - E°anode = 0.34 - (-0.76) = 1.10 V, confirming spontaneous
electron flow from Zn to Cu.

15. C - Decreasing product concentration (Zn**) shifts equilibrium toward products, increasing
driving force and cell potential

The Nernst equation shows that cell potential increases when product concentration decreases or reactant
concentration increases. In Cell 2, [Zn?>"] = 0.01 M (much lower than standard 1.0 M) while [Cu*] = 1.0
M. The reaction Zn + Cu** — Zn?*" + Cu becomes more favorable when Zn** (product) concentration is
low—Le Chatelier's principle shows the equilibrium shifts right, increasing the driving force and thus cell
potential to 1.16 V.

16. D - Copper is oxidized because it has lower reduction potential, making it the better reducing
agent

In the Ag-Cu system, comparing reduction potentials: Ag*/Ag = +0.80 V and Cu?*"/Cu = +0.34 V. The
species with lower (less positive) reduction potential is more easily oxidized. Copper, with E° =+0.34 V,
is oxidized (Cu — Cu?' + 2¢") at the anode, while silver with E° = +0.80 V is reduced (Ag" + e — Ag)
at the cathode. The spontaneous reaction is Cu + 2Ag* — Cu?*" + 2Ag with E°cell = 0.46 V.
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17. B - The forward reaction as written is non-spontaneous under standard conditions; the reverse
reaction would be spontaneous

A negative E°cell (-0.21 V) indicates the reaction as written is non-spontaneous (AG > 0). The spontaneous
reaction proceeds in the reverse direction: Fe — Fe?" + 2¢~ (oxidation at anode) and Ni** + 2e- — Ni
(reduction at cathode), with E°cell = +0.21 V for the reverse process. The sign of E°cell determines
spontaneity—positive indicates spontaneous, negative indicates non-spontaneous.

18. A - Decrease as the reaction quotient Q increases, making the cell less favorable
thermodynamically

As the cell operates, [Zn*'] increases (product forms) and [Cu?'] decreases (reactant consumed). The
Nernst equation E = E° - (0.0592/n)log(Q) shows that as Q = [Zn*"]/[Cu?'] increases, the log(Q) term
becomes larger and more positive, making the subtracted term larger, thus decreasing E. As products
accumulate and reactants deplete, the cell becomes less thermodynamically favorable, reducing voltage
until equilibrium (E = 0) is reached.

19. D - Refract away from the normal and possibly undergo total internal reflection at large angles

Light traveling from a denser medium (water, n = 1.33) to a less dense medium (air, n = 1.00) refracts
away from the normal. Snell's law: nisin(61) = nzsin(02). Since ni > n2, sin(02) > sin(6:), meaning 0. > 6:—
the refracted ray bends away from the normal. At sufficiently large incident angles (beyond the critical
angle Oc = sin"'(n2/n1) = 49° for water-air), total internal reflection occurs and no light refracts into air.

20. C - Proceeds through a carbocation intermediate, with rate = k[substrate]

The SNI1 (substitution nucleophilic unimolecular) mechanism proceeds in two steps: (1) slow, rate-
determining ionization forming a carbocation intermediate, and (2) fast nucleophile attack on the
carbocation. The rate depends only on the first step: rate = k[substrate], making it first-order. The
carbocation intermediate is planar, allowing nucleophile attack from either face, producing racemization.
SN is favored by tertiary substrates (stable carbocations), polar protic solvents, and weak nucleophiles.

21. B - Real, inverted, and located 15 cm from the lens on the opposite side

Using the thin lens equation: 1/f= 1/do + 1/di 1/10 = 1/30 + 1/di 1/di = 1/10 - 1/30 = 3/30 - 1/30 = 2/30
di=15cm

Positive di indicates a real image on the opposite side of the lens. For converging lenses, when the object

is beyond the focal point (do > f), the image is real, inverted, and on the opposite side. Magnification m =
-di/do = -15/30 = -0.5, indicating the image is inverted (negative sign) and reduced (jm| < 1).

22. B - The positive TAS term eventually exceeds the positive AH term at high temperatures, making
AG negative
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For Reaction A: AG = AH - TAS = (+572 kJ) - T(+0.327 kJ/K). Both AH and AS are positive. At low
temperatures, the AH term dominates and AG is positive (non-spontaneous). As temperature increases,
the TAS term grows larger. Eventually, TAS exceeds AH, making AG negative (spontaneous). This occurs
above the crossover temperature (~1750 K). High-entropy reactions become spontaneous at high
temperatures even if endothermic.

23. A - Less favorable because the negative TAS term (entropy decrease) becomes more negative at
higher temperatures, partially offsetting the favorable AH

For Reaction B: AG = AH - TAS = (-890 kJ) - T(-0.242 kJ/K) = -890 + 0.242T. Both terms are negative
(AH < 0, AS <0). At 25°C, AG = -818 kJ/mol (very favorable). As temperature increases, the +0.242T
term grows, making AG less negative. At 1500 K, AG = -527 kJ/mol—still spontaneous but less favorable.
Exothermic reactions with entropy decreases become less favorable at higher temperatures and may
eventually become non-spontaneous.

24. D - Products strongly favored at equilibrium, consistent with negative AG°

A large equilibrium constant (Keq = 6.8 x 10°) indicates products are strongly favored over reactants at
equilibrium. The relationship AG® = -RT In(Keq) shows that large Keq corresponds to negative AG®: AG°
= -(8.314)(298) In(6.8 x 10°) = -33 kJ/mol. Large Keq (>>1) means products predominate; small Keq
(<<I) means reactants predominate. The calculated negative AG® confirms spontaneity and product
favorability.

25. C - The favorable AG® of ATP hydrolysis (-30.5 kJ/mol) overcomes the unfavorable AG® of
glucose phosphorylation (+13.8 kJ/mol)

Coupled reactions have additive AG values. Glucose phosphorylation alone is unfavorable (AG® = +13.8
kJ/mol, non-spontaneous). Coupling it with ATP hydrolysis (AG® =-30.5 kJ/mol) gives: AG°total =+13.8
+ (-30.5) = -16.7 kJ/mol. The overall coupled process is spontaneous because the favorable ATP
hydrolysis more than compensates for the unfavorable phosphorylation. This demonstrates how cells drive
unfavorable biosynthetic reactions by coupling them to ATP hydrolysis.

26. B - Approximately 1,750 K, where TAS equals AH

The crossover temperature where spontaneity changes occurs when AG=0: 0=AH - TASTAS=AHT
=AH/AS =572kJ/0.327 kJ/K=1,750 K

Below this temperature, AH dominates and AG > 0 (non-spontaneous). Above this temperature, TAS
dominates and AG < 0 (spontaneous). This crossover temperature calculation predicts when reactions with
AH and AS of the same sign switch spontaneity.

27. C - Inversion of configuration (Walden inversion) due to backside attack
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SN2 reactions proceed through backside attack—the nucleophile approaches from the opposite side of the
leaving group, passing through a trigonal bipyramidal transition state. This geometry necessitates
inversion of configuration at the stereocenter. (R)-2-bromobutane becoming (S)-2-butanol demonstrates
this inversion. The stereochemistry flips like an umbrella turning inside-out. This predictable inversion is
diagnostic of SN2 mechanism and allows synthetic control of stereochemistry.

28. D - SN1 mechanism with nucleophile attacking planar carbocation from both faces equally

The racemic product (zero optical rotation) from an optically active starting material indicates
racemization. In SN1 mechanisms, the carbocation intermediate is planar (sp? hybridized), with no
chirality. The nucleophile (water) can attack from either face with equal probability, producing equal
amounts of R and S products—a racemic mixture. Complete racemization (50:50 R:S) is diagnostic of
SN1 proceeding through fully formed carbocations, though partial retention sometimes occurs due to ion-
pair effects.

29. A - SN2 mechanism involving both species in the rate-determining transition state

The bimolecular rate law (rate = k[substrate][nucleophile]) indicates both substrate and nucleophile are
involved in the transition state of the rate-determining step. This is characteristic of SN2, where the single
concerted step involves both molecules simultaneously. Doubling either concentration doubles the rate.
In contrast, SN1 has rate = k[substrate] only, since nucleophile attack is not rate-determining—only the
ionization step determines rate.

30. C - Steric hindrance preventing SN2 backside attack, while tertiary carbocations are stabilized
by hyperconjugation

Tertiary substrates have three alkyl groups surrounding the reactive carbon. This creates severe steric
hindrance, blocking the backside approach required for SN2. However, tertiary carbocations are highly
stabilized by hyperconjugation (electron donation from adjacent C-H bonds) and inductive effects from
alkyl groups, making SN1 favorable. Primary substrates show the opposite: SN2 favored (accessible,
unstable carbocations); tertiary substrates: SN1 favored (inaccessible, stable carbocations).

31. C - The stereospecificity of elimination—substrate stereochemistry determines product alkene
geometry

E2 elimination requires antiperiplanar geometry: the B-hydrogen and leaving group must be 180° apart
(anti-coplanar) in the transition state. This geometric requirement makes E2 stereospecific—the
stereochemistry of the starting material determines which hydrogen can adopt anti geometry with the
leaving group, thereby determining the geometry of the resulting alkene (E vs. Z). Different stereoisomers
of the substrate produce different alkene stereoisomers.

32.A-c=Av
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The relationship between wavelength (L), frequency (v), and speed of light (c) is: ¢ = Av. This fundamental
equation shows that wavelength and frequency are inversely proportional—higher frequency means
shorter wavelength, and vice versa. The speed of light in vacuum is constant (¢ = 3.00 x 10® m/s), so as
one parameter increases, the other must decrease to maintain constant c. This relationship applies to all
electromagnetic radiation.

33. D - Sodium reabsorption and potassium excretion in the kidney

Aldosterone is a mineralocorticoid hormone secreted by the adrenal cortex. It acts on the distal tubule and
collecting duct of the nephron, promoting sodium reabsorption (and water follows osmotically) while
increasing potassium excretion. This regulates blood volume, blood pressure, and electrolyte balance.
Aldosterone secretion is stimulated by angiotensin II (renin-angiotensin-aldosterone system) and elevated
blood potassium, and it's suppressed by atrial natriuretic peptide.

34. B - sp? with trigonal planar geometry

Carbonyl carbons (C=0) are sp? hybridized. The carbon uses three sp? hybrid orbitals for three o bonds
(one to oxygen, two to other groups) arranged in trigonal planar geometry (120° bond angles). The
remaining unhybridized p orbital forms the © bond with oxygen. This sp? hybridization and planar
geometry are characteristic of C=C double bonds, C=O carbonyls, and other trigonal planar carbons.

35. D - Massive total cross-sectional area of all capillaries combined (continuity equation: velocity
inversely proportional to total area)

The continuity equation (Aivi = A2v2) shows that velocity is inversely proportional to total cross-sectional
area for constant flow rate. While individual capillaries are tiny (4 pm radius), millions exist in parallel.
Their combined cross-sectional area (2,500 cm?) far exceeds the aorta (3.14 cm?). By continuity, velocity
must decrease proportionally: v(capillaries) = (A(aorta)/A(capillaries)) x v(aorta) = (3.14/2,500) x 26.5 =
0.033 cm/s. Slow capillary flow facilitates gas and nutrient exchange.

36. B - 1/16 (6.25%) of normal due to r* dependence

Poiseuille's law shows flow rate depends on radius to the fourth power: Q o« r*. Reducing radius by 50%
means r(new) = 0.5r(original). The new flow rate: Q(new) = (0.5)* x Q(original) = 0.0625 x Q(original)
= 6.25% of normal, or 1/16. This dramatic r* dependence means small changes in vessel diameter
profoundly affect blood flow—a 50% stenosis reduces flow to 1/16, explaining why arterial narrowing
causes significant ischemia.

37. C - Their small radius and ability to vasoconstrict, creating high resistance (R « 1/r%)

Arterioles are the primary resistance vessels because: (1) they have small radii, and resistance R o¢ 1/r*—
small radius creates enormous resistance, and (2) they have smooth muscle allowing
vasoconstriction/vasodilation, actively regulating resistance and controlling blood distribution to tissues.
The data shows arterioles have the largest pressure drop (85 — 40 mmHg), confirming they account for
~60% of total peripheral resistance. This makes them crucial for blood pressure and flow regulation.
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38. D - Increased velocity but decreased pressure

Bernoulli's principle states that total energy is conserved in fluid flow. In a stenosis (narrowing), continuity
equation requires velocity to increase. By Bernoulli's equation, increased kinetic energy (72pv?) must be
offset by decreased pressure energy (P). The data confirms this: velocity increases from 20 to 80 cm/s
while pressure decreases from 100 to 87 mmHg. This Venturi effect explains why stenotic heart valves
produce characteristic pressure gradients.

39. D - 2.4x baseline (1/0.8%)

Vasoconstriction decreasing radius by 20% means r(new) = 0.8r(original). Resistance R « 1/r%, so: R(new)
=1/(0.8)* x R(original) = 1/0.4096 x R(original) = 2.4 x R(original)

A mere 20% decrease in radius increases resistance ~2.4-fold. This demonstrates the powerful effect of
vasoconstriction on vascular resistance and blood pressure regulation. Arterioles exploit this r*
relationship to rapidly control blood flow distribution and systemic vascular resistance.

40. B - Exist primarily as a zwitterion with slight negative bias

AtpH 7.0, glycine (pl = 5.97) is slightly above its isoelectric point, meaning it has a slight negative charge.
The carboxyl group (pKa = 2.34) is fully deprotonated (-COO"), and the amino group (pKa = 9.60) is
mostly protonated (+NHs*), giving the zwitterion. However, since pH > pl, there's slightly more
deprotonation of the amino group than expected at pl, creating a small negative charge. The amino acid
isn't completely neutral but has a slight anionic character.

41. D - At pH 6 >> pl (2.95), aspartic acid is strongly negatively charged and attracted to positive
electrode

Aspartic acid has pl = 2.95. At pH 6.0 (>>pl), the molecule is well above its isoelectric point and carries
a strong negative charge. Both carboxyl groups (a-carboxyl and side chain carboxyl) are deprotonated (-
COO"), while the amino group is protonated (+NHs*), giving net charge =~ -1. Negatively charged
molecules migrate toward the anode (positive electrode) during electrophoresis. The large difference
between pH and pl produces strong negative charge and rapid migration.

42. D - The amino acid has no net charge (zwitterion predominates)
The isoelectric point (pl) is the pH at which an amino acid has zero net charge. At this pH, positive charges
(protonated amino groups) exactly balance negative charges (deprotonated carboxyl groups), producing

the zwitterionic form with no net charge. Below pl, the amino acid is positively charged; above pl, it's
negatively charged. At pl, the molecule is electrically neutral and won't migrate in an electric field.

43. C - Planar peptide bonds with trans configuration strongly favored
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Peptide bonds exhibit partial double-bond character due to resonance between C-N single bond and C=N
double bond structures. This resonance delocalizes electrons, creating ~40% double-bond character that
restricts rotation around the C-N bond. The peptide bond maintains planarity (all six atoms—Cau, C, O,
N, H, Co>—in one plane), and the trans configuration (R groups on opposite sides) is strongly favored
over cis (~99% trans) due to steric clash in cis. This rigidity constrains protein conformations.

44. B - Forming covalent cross-links that constrain structure and stabilize folded conformations

Disulfide bonds form when two cysteine residues undergo oxidation: 2 Cys-SH — Cys-S-S-Cys + 2H" +
2e". These covalent bonds provide strong stabilization, cross-linking different parts of a polypeptide or
different chains. Disulfide bonds are particularly important in extracellular proteins exposed to oxidizing
environments, where they prevent unfolding. Reducing agents like B-mercaptoethanol break disulfide
bonds, often causing protein denaturation, demonstrating their structural importance.

45. C - Is constant and independent of concentration

First-order reactions have rate = k[A], and half-life ti/> = 0.693/k. Notably, ti/> depends only on the rate
constant k, not on initial concentration [AJo. This means that regardless of starting concentration, the time
required to reduce concentration by half remains constant. For example, going from 1.0 M to 0.5 M takes
the same time as 0.5 M to 0.25 M. This constant half-life is diagnostic of first-order kinetics. In contrast,
zero-order reactions have concentration-dependent half-lives.

46. A - Carbonyl group (C=0) bonded to two carbon atoms

Ketones contain a carbonyl group (C=0) bonded to two carbon atoms (R-CO-R"). This distinguishes them
from: aldehydes (carbonyl bonded to one carbon and one hydrogen, R-CHO), carboxylic acids (carbonyl
bonded to -OH, R-COOH), esters (carbonyl bonded to -OR, R-COOR"), and amides (carbonyl bonded to
nitrogen, R-CONH:). Common ketones include acetone (CH3-CO-CHs) and cyclohexanone.

47.D - w = -nRT In(V2/V1), which is negative for expansion (V2> Vi)

For isothermal (constant temperature) expansion of an ideal gas, the work done by the gas is: w = -Jpdv
=-nRT ln(Vz/V 1)

For expansion, V2> Vi, so In(V2/V1) > 0, making w negative. Negative work means the system does work
on surroundings (energy leaves the system). During isothermal expansion, AE = 0 (internal energy
constant), so q = -w: heat flows into the gas to maintain temperature while it does work expanding. The
negative sign reflects the thermodynamic convention that work done BY the system is negative.

48. A - Presence of carbonyl group (C=0), confirming ketone or aldehyde

The strong, sharp IR absorption at 1715 cm™ is characteristic of C=0O stretch vibrations in ketones and
aldehydes. This is one of the most diagnostic IR absorptions—carbonyl stretches appear in the 1650-1750
cm ' region with high intensity due to the large dipole moment change during vibration. Combined with
the molecular formula C4sHsO (one degree of unsaturation, consistent with C=0) and absence of O-H
stretch (ruling out alcohol or carboxylic acid), this confirms a ketone or aldehyde functional group.
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49. C - Ethyl group (CHs-CH:-) with triplet from CHs (two neighbors on CH:) and quartet from
CH: (three neighbors on CHs)

The coupling pattern follows the n+1 rule: n equivalent neighboring protons produce n+1 peaks. The
triplet at & 1.0 ppm (3H) arises from CHs with 2 neighboring protons on the adjacent CHz, producing 2+1
= 3 peaks. The quartet at d 2.4 ppm (2H) arises from CH: with 3 neighboring protons on the adjacent CHs,
producing 3+1 = 4 peaks. This triplet-quartet pattern is diagnostic of an ethyl group (CHsCH>-).

50. B - Carboxylic acid functional group with exchangeable acidic proton

The signal at 6 11.5 ppm is far downfield, characteristic of carboxylic acid protons (COOH). Carboxylic
acid protons appear at 6 10-13 ppm due to deshielding by the electron-withdrawing carbonyl and hydroxyl
groups. The signal's disappearance upon D-O addition confirms an exchangeable proton: RCOOH + DO
— RCOOQOD + HOD. Exchangeable protons (OH, NH, COOH) are replaced by deuterium in D-O, causing
their signals to disappear. This exchange is diagnostic of acidic protons.

51. D - Extended conjugation decreases HOMO-LUMO energy gap, requiring lower-energy (longer
wavelength) photons

Conjugated systems (alternating single and double bonds) have overlapping p orbitals creating delocalized
n systems. Extended conjugation stabilizes the HOMO (highest occupied molecular orbital) less than it
stabilizes the LUMO (lowest unoccupied molecular orbital), decreasing the HOMO-LUMO energy gap.
Smaller energy gaps require less energetic photons for electronic transitions: E = hc/A, so smaller E means
longer A. This red-shift explains why extended conjugation produces color—absorption moves from UV
toward visible wavelengths.

52. A - Doubles

The Beer-Lambert law states A = ebc. If absorbance (A) doubles while molar absorptivity () and path
length (b) remain constant:

2A=gxbxc

where ¢' is the new concentration. Since the original equation was A = gbc:

2(ebc) =ebc' 2c =¢'

The concentration must double to produce double absorbance. This linear relationship between absorbance

and concentration (at constant € and b) is fundamental to spectrophotometric quantification and forms the
basis of many analytical techniques.

53. D - The reaction is exothermic, and heat addition shifts equilibrium left (toward reactants)
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For the exothermic reaction N> + 3H. & 2NHs (AH® = -92 kJ/mol), heat is a product. Increasing
temperature adds heat to the system. By Le Chatelier's principle, the system shifts to consume added heat,
favoring the endothermic direction—the reverse reaction (decomposition of NHs). Equilibrium shifts left
toward reactants, decreasing Keq. The data confirms: Keq decreases from 0.5 at 400°C to 0.15 at 500°C.
Exothermic reactions are disfavored at higher temperatures.

54. B - The system responds to increased [N:] by consuming it (Le Chételier), but Keq depends only
on temperature

Adding nitrogen increases [N:], disturbing equilibrium. By Le Chatelier's principle, the system shifts to
consume the added reactant, shifting right and producing more NHs. However, Keq = [NH3]?/([Nz][H2]?)
depends only on temperature—it's a constant at constant temperature. The system adjusts concentrations
to maintain constant Keq: [N:] increases but [H:] decreases and [NHs] increases such that the ratio equals
unchanged Keq. The shift changes concentrations but not the equilibrium constant.

55. C - Systems shift toward the side with fewer gas moles to reduce pressure

For 2502 + O2 = 2S0:s, there are 3 moles of gas on the left (2 + 1) and 2 moles on the right. Increasing
pressure stresses the system. By Le Chatelier's principle, the system shifts to reduce pressure, favoring the
side with fewer gas moles—the right (products). This reduces total moles of gas, partially relieving
pressure increase. The data shows [SOs]/[SO:] ratio increases from 2.0 at 1 atm to 4.5 at 10 atm,
confirming the shift toward products.

56. B - Equal moles of gas on both sides mean pressure changes don't favor either direction

For Hz + I. = 2HI, there are 2 moles of gas on both left and right. Pressure changes affect equilibria only
when there's a difference in gas moles between sides. With equal moles, increasing or decreasing pressure
doesn't favor either direction—both sides are affected equally. Le Chatelier's principle has nothing to drive
the equilibrium shift. The equilibrium position (concentration ratios) remains unchanged regardless of
pressure, though Keq can still be affected by temperature changes.

57. B - Greater than 7 because the conjugate base of the weak acid produces basic solution

At the equivalence point of weak acid-strong base titration, all weak acid (HA) has been neutralized to
form its conjugate base (A"). The solution contains only A~, which is a weak base that hydrolyzes water:

A~ +H.0 = HA + OH
This produces OH~, making the solution basic (pH > 7). The exact pH depends on the Kb of the conjugate

base. This contrasts with strong acid-strong base titrations where equivalence point pH = 7, and weak
base-strong acid titrations where equivalence point pH < 7.

58. C - Tetrahedral with 109.5° bond angles
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Methane (CH4) has a carbon atom bonded to four hydrogen atoms with no lone pairs. Carbon is sp?
hybridized, using four equivalent sp* hybrid orbitals to form four ¢ bonds arranged in tetrahedral geometry
to minimize electron repulsion. The H-C-H bond angles are 109.5°—the tetrahedral angle. This geometry
maximizes distance between bonding electron pairs, consistent with VSEPR theory.

59. D - Two pyruvate molecules with net production of 2 ATP and 2 NADH

Glycolysis converts one glucose (6C) into two pyruvate molecules (3C each). The net energy yield is: 2
ATP (4 produced in payoff phase minus 2 consumed in investment phase) and 2 NADH (from two G3P
oxidations). Under aerobic conditions, pyruvate enters mitochondria for complete oxidation via citric acid
cycle and electron transport. Under anaerobic conditions, pyruvate is reduced to lactate (or ethanol in
yeast), regenerating NAD™ for glycolysis continuation.
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SECTION 2: ANSWER EXPLANATIONS

1. C - Pursuing authenticity is paradoxical because selfhood is constituted through social interaction

The passage's central thesis appears in the opening and is developed throughout: authenticity is
paradoxical because "if the self is inherently social, then 'being yourself' necessarily involves internalizing
and performing social roles." The author argues that contemporary social theory shows "the self...emerges
through social interaction"—there's no authentic core underneath social influence. This makes the pursuit
of authenticity self-contradictory.

Wrong answers: (A) focuses only on corporate marketing, which is one illustration but not the main
argument; (B) misses the paradox—the author argues trying harder to be authentic doesn't solve the
fundamental problem; (D) suggests authenticity was once genuine but got corrupted, contradicting the
author's claim that the concept itself is problematic.

2. A - Taking responsibility for choices and confronting mortality rather than following collective
norms

The passage explicitly states: "For Heidegger, authentic existence involves confronting one's mortality
and taking responsibility for one's choices rather than drifting along with social expectations." This
contrasts with "das Man" (the They)—conformist crowd behavior.

Wrong answers: (B) misrepresents Heidegger's view—he didn't advocate rejecting all social roles; (C)
about introspection isn't mentioned in Heidegger's description; (D) anachronistically applies consumer
culture to existentialist philosophy.

3. D - Both conformist and rebellious identities rely on socially available cultural materials

The passage states: "The hipster who rejects mainstream culture by cultivating obscure tastes is no less
socially determined than the conformist; both construct identity through cultural materials, merely
selecting from different repertoires." This illustrates that rebellion and conformity are equally socially
constructed.

Wrong answers: (A) contradicts the passage—mneither achieves authenticity; (B) is too strong—the author
doesn't say rebellion is inherently inauthentic, just that it's equally socially determined; (C) makes a moral
claim the passage doesn't support.

4. B - Framing socially constrained outcomes as freely chosen individual expressions

The passage explains: "The imperative to authentic self-expression can legitimate inequality by framing

socially determined outcomes as individual choices." When people "authentically" embrace backgrounds
shaped by constraint, this obscures structural inequality by making it appear to be personal choice.
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Wrong answers: (A) is close but emphasizes blame rather than framing; (C) about luxury goods is too
narrow—one example but not the mechanism described; (D) contradicts the passage's discussion of
privilege and travel.

5. C - Accepting multiple, contextual identities without seeking an essential core self

The resolution appears clearly: "Rather than seeking some essential self beneath social influence, we might
embrace the reality that identity is constructed, multiple, and contextual—that we are different selves in
different situations without any being more 'authentic' than others."

Wrong answers: (A) contradicts the resolution—the author rejects seeking a "true self"; (B)
misrepresents—the author says this doesn't mean "total relativism"; (D) contradicts the author's critique
of existentialism's assumptions.

6. A - Analytically critical while acknowledging the concept's psychological resonance

The passage systematically critiques authenticity while recognizing why people find it appealing
("exhausting performance of being 'real" acknowledges the emotional burden). The author analyzes

critically but doesn't dismiss the concept's psychological appeal.

Wrong answers: (B) is too harsh—the author acknowledges appeal; (C) is too positive—significant
critique throughout; (D) overstates neutrality—clear evaluative stance present.

7. B - Examine gift-giving from multiple disciplinary perspectives to explain its persistence

The passage systematically presents economic analysis (Waldfogel's efficiency critique), anthropological
perspectives (Mauss's social bonds), and contemporary functions, ultimately arguing each provides partial
insight. The purpose is analyzing gift-giving's complexity across frameworks.

Wrong answers: (A) contradicts the passage—economic irrationality is noted but challenged; (C) opposes
the passage's sympathetic treatment of gift-giving; (D) doesn't claim disciplinary hierarchy—uses multiple
perspectives.

8. D - Gift-giving creates economic value loss when recipients value items below cost

The passage states: "gifts appear inefficient: the giver spends money on an item the recipient values less
than the cash equivalent, creating 'deadweight loss.! Joel Waldfogel's research quantified this

inefficiency."

Wrong answers: (A) contradicts Waldfogel's findings; (B) would reduce inefficiency—not his conclusion;
(C) shifts to social bonds—Waldfogel focused on economic efficiency.

9. A - How ceremonial gift exchange establishes reciprocal social networks
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The passage explains: "The Kula ring of Trobriand Islanders...involved ceremonial exchanges of shell
valuables that created networks of reciprocal obligation spanning vast distances." This illustrates Mauss's
theory about gifts creating social bonds.

Wrong answers: (B) imposes negative judgment the passage doesn't make; (C) mischaracterizes—shells
weren't currency but ceremonial; (D) overstates—the passage integrates rather than opposes economics
and anthropology.

10. C - Maintain the costly signaling value that demonstrates relationship commitment
The passage explains: "gift receipts are often discarded, preventing efficient correction through returns.
Preserving inefficiency maintains signaling value—if gifts could be easily converted to cash, they'd lose

symbolic meaning."

Wrong answers: (A) doesn't explain function; (B) is possible but not mentioned; (D) inverts the logic—
receipts are discarded to prevent returns.

11. B - Concern that market logic transforms meaningful exchange into obligatory consumption
The passage states: "The pressure to purchase gifts at designated times...can transform meaningful
exchange into obligatory consumption" and "When market logic dominates gift-giving, the social meaning

risks reduction to price tags."

Wrong answers: (A) contradicts critical tone; (C) overstates—clear evaluative stance; (D) too extreme—
suggests reform, not elimination.

12. D - Expand human nature models beyond economic rationality to include relational needs
The passage concludes: "Understanding this requires expanding our model of human nature beyond homo
economicus to include homo socialis—the social animal for whom relationships constitute fundamental

needs, not merely instrumental means to individual satisfaction."

Wrong answers: (A) too strong—expands rather than replaces; (B) introduces theoretical concept, not
evolutionary theory; (C) overstates—acknowledges rather than completely rejects rational choice.

13. D - Photography actively constructs memory rather than passively preserving experience

The central argument appears early: "photographs don't merely record experience—they alter it." The
passage develops how photography "interposes itself between perception and memory" and how "the
photograph may replace the memory rather than supplement it."

Wrong answers: (A) focuses only on manipulation—broader argument about construction; (B) narrowly

emphasizes performance—part of larger claim; (C) contradicts the passage—photography complicates
rather than enhances memory.
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14. B - Interposes itself between perception and memory, altering our experience

The passage explicitly states: "Susan Sontag argued that photographs don't merely record experience—
they alter it. The camera interposes itself between perception and memory, fundamentally changing our
relationship to the past."

Wrong answers: (A) contradicts Sontag's argument about alteration; (C) misrepresents—Sontag critiques
but doesn't advocate abandonment; (D) discusses democratization but not as Sontag's main argument.

15. C - Photographs often replace original memories rather than supplementing them

The passage states: "Later, the photograph may replace the memory rather than supplement it. The tourist
remembers the photograph more vividly than the actual moment—or remembers the moment only through
the photograph's mediation."

Wrong answers: (A) overstates—photography becomes goal but not more important than all experience;
(B) introduces professional comparison not in passage; (D) makes policy recommendation the passage
doesn't.

16. A - Photographs convey meaning through both analyzable content and unexplainable affect
The passage explains: "Roland Barthes distinguished the photograph's studium (its cultural, linguistic,
informational content) from its punctum (the unexpected detail that 'punctures' the viewer, creating

personal emotional response)." These represent analyzable and affective dimensions.

Wrong answers: (B) contradicts the distinction—both matter; (C) too narrow—punctum can occur in any
photograph; (D) inverts objective/subjective—studium is cultural/analyzable, punctum is personal.

17. D - Undermining the evidential certainty photographs previously provided
The passage states: "When photographs are routinely edited...their relationship to reality becomes tenuous.
The photograph no longer certifies 'this existed'...but rather 'this could exist' or 'this was constructed.' The

evidential weight photographs once carried erodes."

Wrong answers: (A) doesn't address evidential status; (B) misses the point about evidence; (C) true but
not the main effect discussed.

18. B - Recognition of potential benefits while noting dependence on authentic connection

The passage states photo therapy "encourages patients to document their lives" and "Looking at
photographs can trigger memories and emotions," acknowledging benefits. But adds: "Yet this therapeutic
potential depends on the photograph's connection to authentic experience. If the photograph replaced

rather than recorded experience, therapy examines constructed representations rather than lived reality."

Wrong answers: (A) too positive—includes significant caveat; (C) too negative—acknowledges benefits;
(D) includes clear evaluation, not neutral.
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19. A - It poses accountability and fairness challenges requiring human oversight in critical domains

The passage argues that "algorithmic decision-making systems...promise objectivity" but "this promise of
neutrality obscures how algorithms can perpetuate and amplify existing inequities while evading
accountability." The conclusion advocates "limiting their application" and "maintaining human oversight
in consequential decisions."

Wrong answers: (B) too extreme—advocates limitation, not elimination; (C) contradicts the critique
throughout; (D) focuses only on transparency, missing accountability and oversight arguments.

20. C - Algorithms can inherit and systematize biases present in training data
The passage explains: "algorithms learn from historical data reflecting past human decisions—which
themselves embody systematic biases." The Amazon tool "discriminated against women because it

learned from the company's male-dominated hiring history."

Wrong answers: (A) too deterministic—problem is possible, not inevitable; (B) too broad—advocates
limits, not prohibition; (D) mischaracterizes—problem is systemic bias, not inherent disadvantage.

21. B - Affected individuals cannot examine the reasoning behind consequential decisions

The passage states: "Many contemporary systems use machine learning techniques...that function as 'black
boxes." Even their creators cannot fully explain why they produce particular outputs...the reasoning
remains opaque. Traditional decision-making allows appeals based on examining the logic; algorithmic

decisions resist such scrutiny."

Wrong answers: (A) about speed isn't the opacity problem; (C) suggests deliberate concealment—passage
indicates technical limitation; (D) about hardware misses the interpretability issue.

22. D - Once identified, algorithmic bias can be corrected across all applications simultaneously
The passage presents the defense: "algorithmic bias, once identified, can be corrected in all cases
simultaneously—fixing the code fixes every application. Human bias requires individual reeducation and

produces inconsistent improvement."

Wrong answers: (A) overstates—defenders note human arbitrary influences, not that algorithms never err;
(B) too extreme—not the defense presented; (C) goes beyond the defense discussed.

23. B
Wrong answers: (A) about algorithms being less accurate contradicts the 95% accuracy example; (C)

about deliberate manipulation isn't what statistical injustice means here; (D) about lack of rigor
mischaracterizes the concept.
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24. C - Transparency alone is insufficient and can enable gaming of systems

The passage states: "But transparency alone doesn't solve accountability problems. Even with full access
to code, technical expertise is required to evaluate algorithmic fairness. Most affected individuals lack
such expertise. Moreover, transparency can be weaponized: bad actors can game transparent systems."

Wrong answers: (A) contradicts the passage; (B) opposes the transparency advocacy; (D) doesn't match
the argument about transparency's limitations.

25. C - Their decline has serious consequences for democratic participation and community

The opening establishes that third places "serve as democracy's infrastructure, enabling casual social
interaction" and are "essential for civic engagement, community formation, and psychological well-
being." The conclusion reinforces: "Their decline weakens the social fabric that makes self-governance

possible."

Wrong answers: (A) contradicts the passage's critique of digital platforms; (B) misses the main
argument—author addresses but rejects this; (D) contradicts criticism of suburban development.

26. A - Informal public gathering spaces distinct from home and workplace

The passage explicitly defines: "Oldenburg coined the term 'third places' to describe informal public
gathering spaces distinct from home (first place) and work (second place)."

Wrong answers: (B) adds government operation not in definition; (C) emphasizes commerce—passage
notes third places are distinct from purely commercial; (D) describes digital platforms, not Oldenburg's
concept.

27. B - Eliminating walkable, dense areas where informal gathering spaces naturally develop

The passage states: "Suburban development patterns prioritize private space and automobile dependence,
eliminating the dense, walkable neighborhoods where third places naturally flourish."

Wrong answers: (A) contradicts—suburbs often less diverse; (C) opposes the critique; (D) inverts the
problem—suburbs increase rather than reduce car dependence.

28. B - Recognition of benefits while noting important qualitative differences

The passage acknowledges: "Online communities provide virtual third places" and "During the COVID-
19 pandemic, digital platforms allowed essential social connections." But adds: "Yet online interaction
differs qualitatively from face-to-face encounter" and discusses selective association, lack of embodiment,

and commercialization.

Wrong answers: (A) too positive—significant critique present; (C) too negative—acknowledges benefits;
(D) includes clear evaluation throughout.
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29. C - Eliminating routine social contact and community member identities

The passage explains: "Third places offer belonging without the intensity of close relationships...They
provide routine social contact, combating isolation...Regular customers develop identities as community
members...These identities matter psychologically, offering social recognition and integration. Their loss
contributes to epidemic loneliness."

Wrong answers: (A) inverts the problem; (B) mischaracterizes—Iloss is problem, not benefit; (D) opposes
the argument about retreat into private life.

30. B - The solution is democratizing third places rather than abandoning them
The passage states: "This critique has merit yet misses something crucial. The solution to exclusionary
third places is not their elimination but their democratization. The answer to discriminatory bars and cafes

is integrated, welcoming public spaces—not retreat into privatized isolation."

Wrong answers: (A) strawman—not the exclusion critique; (C) mischaracterizes—author takes exclusion
seriously; (D) contradicts—isolation increases rather than increases integration.

31. B - They must acknowledge their colonial origins and transform their practices accordingly
The conclusion states: "museums can no longer claim innocent neutrality. They must confront their
colonial foundations and reimagine their roles in a postcolonial world." Throughout, the author argues for
transformation, not elimination.

Wrong answers: (A) too absolute—author acknowledges practical complexities; (C) contradicts the
critique of collaborative curation as potentially insufficient; (D) contradicts the critique of Western
scholarly authority.

32. D - Colonial hierarchies that classified non-Western objects as anthropological specimens

The passage explains: "Ethnographic museums traditionally presented non-Western objects as 'artifacts'
illustrating 'primitive' cultures, while Western art appeared in fine art museums as 'masterpieces' created
by individual genius...This taxonomy isn't neutral but reflects colonial constructions of civilization and

savagery."

Wrong answers: (A) claims objectivity the passage rejects; (B) introduces practical concerns not
discussed; (C) attributes to preferences rather than power structures.

33. C - Critical view that it legitimates Western centralized control over global heritage
The passage states: "The 'universal museum' means museums in Western capitals holding the world's
treasures—universalism as another name for centralized Western control." The author characterizes it as

selective and serving Western dominance.

Wrong answers: (A) contradicts critical stance; (B) overstates neutrality; (D) opposes the critique.
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34. B - May constitute performative inclusion that legitimates continued Western possession
The passage states: "Critics counter that collaboration within fundamentally colonial institutions is
insufficient...Collaborative curation risks becoming performative inclusion that legitimates continued

Western possession."

Wrong answers: (A) contradicts the "insufficient" critique; (C) opposes the discussion of community
knowledge; (D) claims uniformity unsupported by passage.

35. C - The assumption of superior Western capacity reflects colonial paternalist attitudes
The passage argues: "More fundamentally, the assumption that Western institutions offer superior
preservation suggests non-Western countries lack capacity—an assumption rooted in colonial

paternalism. Many countries have excellent museums and conservation facilities."

Wrong answers: (A) claims the passage rejects; (B) overstates—passage says many countries have
facilities, not all adequate; (D) opposes the justice concerns raised.

36. D - Confronting colonial foundations and potentially creating entirely new institutions

"Confronting colonial foundations and potentially creating entirely new institutions"—this aligns with the
passage's openness to the possibility that reform may be insufficient.

Wrong answers: (A) too superficial—more than label changes needed; (B) too extreme—doesn't advocate
complete closure; (C) about aesthetics misses the decolonization focus.

37. D - It commodifies human experience in ways that undermine autonomy and flourishing
The opening establishes: "Contemporary capitalism increasingly commodifies attention" and "attention is
not merely an economic input—it constitutes human experience itself." The conclusion reinforces: "The

current system serves corporate interests while undermining human flourishing."

Wrong answers: (A) contradicts critique of individual solutions; (B) too extreme—advocates regulation
and change, not bans; (C) opposes the passage's critique of market failures.

38. B - Advertising revenue requires maximizing attention extraction rather than user benefit

The passage explains: "Companies like Facebook, YouTube, and TikTok provide 'free' services funded
by advertising. Their products are not their services but rather our attention, sold to advertisers. Platforms
maximize profit by maximizing engagement...The system doesn't optimize for user well-being but for

attention extraction."

Wrong answers: (A) contradicts the passage—engagement and well-being conflict; (C)
mischaracterizes—services appear free; (D) about low quality misses the optimization problem.
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39. C - Attributing outcomes to individual choice ignores systematic behavioral manipulation

The passage states: "This is analogous to addressing tobacco addiction by emphasizing personal
responsibility while ignoring industry efforts to maximize nicotine delivery and addict customers." The
comparison highlights how both industries manipulate while blaming individuals.

Wrong answers: (A) about identical practices overstates the analogy; (B) claims equivalence not made;
(D) inverts the point—personal responsibility is inadequate in both cases.

40. B - Undermine informed citizenship by optimizing for engagement over substantive discourse

The passage explains: "Democracy requires informed citizens capable of sustained deliberation on
complex issues. The attention economy undermines both conditions...Platforms optimize for engagement,
not truth, creating incentives for sensationalism and polarization...Citizens are trained for snap judgments
rather than patient analysis."

Wrong answers: (A) contradicts the polarization argument; (C) claims minimal effects the passage rejects;
(D) suggests positive use unsupported.

41. B - Embracing boredom and disconnection as contexts for meaningful experience

The passage states: "Reclaiming attention may require embracing boredom, solitude, and disconnection—
recognizing that some of life's most meaningful experiences occur precisely when we're not being
stimulated."

Wrong answers: (A) contradicts the reclaiming attention argument; (C) too extreme—doesn't advocate
complete rejection; (D) focuses narrowly on meditation—broader cultural shift needed.

42. B - It involves necessary trade-offs and productive transformations despite inevitable losses

The opening establishes: "Translation involves betrayal...Each choice involves loss. Yet translation also
creates possibilities." The conclusion reinforces: "translation's impossibility makes it necessary" and
discusses "making them productive, using translation's inevitable transformation to generate new
understanding."

Wrong answers: (A) advocates one approach the passage questions; (C) too extreme—translation is
necessary despite problems; (D) contradicts discussion of aesthetic and cultural dimensions.

43. C - Translators face impossible choices between formal accuracy and target-language
convention

The passage explains: "An English translator faces immediate problems. English and Urdu have different
phonological systems and metrical possibilities. The ghazal's formal features that create meaning in Urdu
may be impossible to reproduce in English. Should the translator preserve the form imperfectly or abandon
it for English poetic conventions?"
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Wrong answers: (A) too absolute—difficulty doesn't mean impossibility; (B) claims superiority
unsupported; (D) about translator understanding misses the structural problem.

44. A - Creating aesthetically effective target-language poems over strict formal reproduction

The passage states: "Functionalists counter that poetry's purpose is aesthetic effect, not formal
reproduction. If maintaining source-language structures creates clunky English, readers encounter failed
poetry rather than cultural difference. Better to create effective English poems conveying something of

the original's spirit if not its letter."

Wrong answers: (B) describes formalists' position; (C) about footnotes is mentioned as problem, not
functionalist solution; (D) about literal translation doesn't capture aesthetic priority.

45. B - Resist cultural imperialism by preserving linguistic and cultural difference
The passage explains: "Lawrence Venuti advocates such strategies to resist cultural imperialism—the
tendency of powerful languages to assimilate foreign texts to domestic norms. Foreignizing translation

acknowledges linguistic and cultural difference rather than pretending texts are transparently universal."

Wrong answers: (A) contradicts foreignizing's emphasis on difference; (C) overstates—aims at resistance,
not proving impossibility; (D) about academic texts is a criticism, not Venuti's goal.

46. C - Translation patterns between dominant and marginal languages differ systematically

The passage states: "Translations from dominant languages into less powerful languages typically
domesticate, adapting foreign texts to local conventions. Translations from marginal languages into
dominant ones often foreignize, treating source cultures as exotic others. These patterns reflect and

reinforce global hierarchies."

Wrong answers: (A) claims equivalence the passage rejects; (B) attributes intent unsupported—passage
discusses patterns, not deliberate domination; (D) contradicts the passage's argument about power effects.

47. A - Pragmatic flexibility adapting strategies to specific texts and contexts
The passage concludes: "Perhaps good translation requires pragmatic flexibility rather than theoretical
consistency. Different texts and contexts call for different strategies... Translators must judge case-by-case

what to prioritize. This means accepting that no single approach is universally correct."

Wrong answers: (B) advocates one approach the passage questions; (C) too extreme—doesn't reject theory
entirely; (D) contradicts case-by-case judgment emphasis.

48. B - It is historically specific ideology rather than accurate description of history

The opening establishes: "progress is neither universal nor inevitable; it is a historically specific idea that
emerged in Enlightenment Europe and spread through colonialism. Examining progress critically reveals
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it as ideology rather than description—a worldview serving particular interests while obscuring
alternatives."

Wrong answers: (A) contradicts the entire critique; (C) mischaracterizes—passage doesn't claim pre-
modern superiority; (D) contradicts technology's ambiguity discussion.

49. D - Framing domination as civilizing mission that brought advancement to backward peoples
The passage explains: "This progress ideology justified colonialism. Europeans portrayed empire as
civilizing mission—bringing progress to benighted peoples. Colonial domination was reframed as

generous assistance."

Wrong answers: (A) about accuracy misses the ideological critique; (B) claims acknowledgment
unsupported; (C) contradicts the hierarchical imposition described.

50. B - Historical progress is contingent and reversible rather than guaranteed or linear
The passage uses Rome to illustrate: "The assumption that history moves in one direction...also
misrepresents reality. Civilizations collapse; rights are lost; knowledge disappears. The fall of Rome

destroyed technological capabilities and literacy that took centuries to recover."

Wrong answers: (A) claims inevitability the passage rejects; (C) about inferiority unsupported; (D) inverts
the point—regression occurred.

51. C - Progress for some groups can coincide with regression for others
The passage states: "what counts as progress is contested and culturally specific...Similarly, feminist
historians note that certain "progressive' periods involved women's rights contraction. Progress for some

occurred through oppression of others."

Wrong answers: (A) contradicts the contraction point; (B) claims primacy unsupported; (D) advocates
replacement not suggested.

52. B - It treats innovation as automatic improvement rather than complex transformation
The passage explains: "Technology changes conditions without automatically improving them. Yet
technological determinism—the belief that technology drives inevitable change—treats innovation as

progress rather than transformation with complex eftfects."

Wrong answers: (A) too extreme—passage notes benefits alongside problems; (C) advocates resistance
unsupported; (D) about machine domination not discussed.
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53. A - Accepting that changes improve some conditions for some people while worsening others
The passage concludes: "Perhaps the solution is discriminating progress—accepting that some changes
improve some conditions for some people while worsening others, and that overall assessments require

value judgments rather than claiming neutral historical laws."

Wrong answers: (B) mischaracterizes—requires value judgments; (C) contradicts context-specific
approach; (D) about cyclical time is mentioned as alternative but not advocated solution.
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SECTION 3: ANSWER EXPLANATIONS

1. B - Feedback inhibition that prevents excessive product formation when energy is abundant

ATP acting as both substrate (required for the reaction) and allosteric inhibitor demonstrates feedback
inhibition—a classic regulatory mechanism. When ATP is abundant (high energy state), excess ATP binds
an allosteric site on PFK-1, reducing activity to prevent wasteful glucose breakdown when energy is
already sufficient. This negative feedback maintains cellular energy homeostasis.

Wrong answers: (A) describes competitive inhibition—ATP binds both active and allosteric sites, not just
active site; (C) allosteric regulation is reversible, not irreversible covalent modification; (D) inverts the
regulation—ATP inhibits rather than enhances activity.

2. D - The enzyme integrates signals about cellular energy status through opposing regulators

The passage shows AMP reverses ATP inhibition, restoring 80% activity. This demonstrates that PFK-1
integrates opposing signals: ATP (abundant energy) inhibits, while AMP (depleted energy) activates. The
enzyme thus responds to the ATP/AMP ratio, matching glycolytic activity to cellular energy needs. This
integration of multiple signals allows fine-tuned metabolic control.

Wrong answers: (A) about same binding site isn't established—they likely bind different regulatory sites;
(B) changes are reversible, not permanent; (C) inverts the effect—AMP increases substrate affinity.

3. A - Modifies substrate affinity rather than catalytic efficiency or enzyme concentration

The data shows F-2,6-BP decreases Km (from 1.0 to 0.2 mM) without changing Vmax. Km reflects
substrate affinity (lower Km = higher affinity); Vmax reflects maximum catalytic rate (related to enzyme
concentration and catalytic efficiency). F-2,6-BP increases substrate binding affinity without affecting the
maximum rate, characteristic of allosteric activation.

Wrong answers: (B) competitive inhibitors would increase Km, not decrease it; (C) changing Vmax would
suggest altered enzyme concentration, which didn't occur; (D) allosteric modification is reversible, not
permanent covalent modification.

4. C - Covalent modification providing rapid, reversible control of enzyme activity

The experiment shows glycogen phosphorylase converts from b (dephosphorylated, less active) to a
(phosphorylated, active) form during exercise within minutes, demonstrating rapid response. Phosphatase
treatment reverses this, confirming reversibility. Phosphorylation/dephosphorylation provides

intermediate-term regulation faster than transcription but longer-lasting than allosteric control.

Wrong answers: (A) allosteric regulation doesn't involve covalent modification; (B) transcriptional control
takes hours, not minutes; (D) the modification is reversible as shown by phosphatase treatment.
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5. B - A small hormonal signal produces rapid, large-scale metabolic response

The calculation shows one epinephrine molecule ultimately activates 10 million glycogen phosphorylase
molecules through the cascade (100 x 1000 x 10 x 10). This amplification is biologically important
because it allows small amounts of hormone to produce large metabolic effects rapidly—a few epinephrine
molecules can mobilize massive glucose reserves during fight-or-flight responses.

Wrong answers: (A) amplification enhances sensitivity to small signals, not prevents it; (C) regulation
ensures context-appropriate responses, not continuous breakdown; (D) cascades accelerate rather than
slow responses.

6. C - The contraction phase when blood is ejected into arteries

Ventricular systole is the contraction phase when ventricles contract, increasing pressure and ejecting
blood through open semilunar valves into the aorta and pulmonary artery. During systole, AV valves are
closed (preventing backflow to atria) and semilunar valves are open (allowing ejection into arteries).

Wrong answers: (A) describes diastole (filling phase); (B) describes diastole when ventricles relax; (D)
too vague—resting between beats doesn't specify ventricular systole.

7. A - On ribosomes attached to the rough endoplasmic reticulum

Proteins destined for secretion contain signal sequences that direct ribosomes to the ER during translation.
These signal sequences are recognized by signal recognition particles (SRP), which guide the ribosome-
mRNA complex to the ER membrane. Translation continues, inserting the growing polypeptide into the
ER lumen. From there, proteins move through the Golgi for processing and eventual secretion.

Wrong answers: (B) smooth ER lacks ribosomes and doesn't synthesize proteins; (C) Golgi modifies but
doesn't synthesize proteins; (D) secreted proteins are synthesized in cytoplasm on ER-bound ribosomes,
not nucleus.

8. D - Remove one amino acid while preserving the reading frame

Three nucleotides encode one codon (one amino acid). Deleting three consecutive nucleotides removes
exactly one codon, deleting one amino acid from the protein. Importantly, this maintains the reading
frame—downstream codons remain in-frame and are translated correctly. The protein is shortened by one

amino acid but otherwise normal downstream.

Wrong answers: (A) frameshifts require deletions/insertions not divisible by three; (B) deletion of three
nucleotides is unlikely to create a stop codon; (C) reading frame is preserved, not altered.

9. A - Transport involves specific carrier proteins with limited capacity
Saturable kinetics (reaching a plateau, following Michaelis-Menten kinetics) with defined Km and Vmax

indicate carrier-mediated transport. Simple diffusion shows linear kinetics (no saturation). The plateau
occurs when all carrier proteins are occupied—increasing substrate concentration further doesn't increase
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transport rate. This demonstrates specific, protein-mediated facilitated diffusion, not simple diffusion
through the lipid bilayer.

Wrong answers: (B) simple diffusion shows linear, not saturable kinetics; (C) temperature effects are
mentioned in Experiment 2; (D) GLUT transporters use facilitated diffusion, not ATP.

10. C - Protein-mediated transport is temperature-sensitive unlike simple diffusion

Glucose uptake drops to 10% at 4°C while oxygen diffusion remains unchanged. Simple diffusion depends
mainly on concentration gradients and temperature affects it minimally (slower molecular movement but
not protein function). Protein-mediated transport requires conformational changes in carrier proteins,
which are dramatically slowed at low temperatures. This temperature sensitivity distinguishes facilitated
diffusion from simple diffusion.

Wrong answers: (A) lipid bilayers remain fluid at 4°C (don't solidify); (B) some ATP is still available, but
GLUT]1 doesn't require ATP; (D) they use different mechanisms, which the experiment reveals.

11. B - Primary active transport directly coupling ATP hydrolysis to ion movement

The passage states Na*/K*-ATPase "directly couples ATP hydrolysis to transport,"” exporting 3 Na* and
importing 2 K* per ATP. The experiment shows ouabain or ATP depletion causes gradients to dissipate,
confirming ATP-dependent transport against electrochemical gradients. This defines primary active
transport.

Wrong answers: (A) describes passive transport—Na/K*-ATPase moves ions against gradients; (C)
describes secondary active transport using pre-existing gradients; (D) ions cannot cross lipid bilayers
through simple diffusion.

12. D - Secondary active transport coupling glucose to ion gradient energy

SGLTTI uses the Na* concentration gradient (created by Na*/K*-ATPase) to drive glucose uptake against
its concentration gradient. This is secondary active transport—indirectly using ATP energy stored in the
Na" gradient rather than directly hydrolyzing ATP. The symporter couples Na" movement down its
gradient to glucose movement up its gradient.

Wrong answers: (A) primary active transport directly hydrolyzes ATP—SGLT1 doesn't; (B) simple
diffusion can't move substances against gradients; (C) facilitated diffusion moves both substances down
gradients—SGLT1 moves glucose up its gradient.

13. B - SGLT]1 requires the Na* gradient maintained by Na*/K*-ATPase activity
Ouabain inhibits Na*/K*-ATPase, causing the Na* gradient to gradually dissipate. As the Na* gradient
decreases, SGLTI loses the driving force for glucose transport. This demonstrates that secondary active

transport depends on the gradient established by primary active transport. Without the pump maintaining
the gradient, secondary transporters fail.
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Wrong answers: (A) ouabain inhibits the pump, not SGLT1 directly—effect is indirect; (C) SGLTI
depends on ATP indirectly through the Na* gradient; (D) ouabain inhibits rather than enhances transport.

14. D - Discontinuous lagging strand synthesis in Okazaki fragments

DNA polymerase can only add nucleotides to 3'-OH groups, requiring 5' to 3' synthesis. At the replication
fork, the two template strands are antiparallel (running in opposite directions). The leading strand template
allows continuous 5' to 3' synthesis toward the fork. The lagging strand template runs in the "wrong"
direction, requiring discontinuous synthesis in short Okazaki fragments (each synthesized 5' to 3' but away
from the fork).

Wrong answers: (A) only leading strand is synthesized continuously toward the fork; (B) mechanisms
differ (continuous vs. discontinuous); (C) all DNA polymerases require primers.

15. B - 3' to 5' exonuclease proofreading substantially reduces incorporation errors

The data shows normal DNA Pol III has error rate 1 x 1077, but exonuclease-deficient mutant has 1 x
10°—a 100-fold increase. This demonstrates that 3' to 5' exonuclease activity (proofreading) corrects
approximately 99% of initial errors, reducing the error rate by 100-fold. Proofreading removes incorrectly
incorporated nucleotides before synthesis continues.

Wrong answers: (A) geometric selectivity alone gives ~107° error rate (as shown by mutant); (C) mismatch
repair is a separate system; (D) DNA polymerase has 3' to 5' exonuclease, not 5' to 3'.

16. C - Mismatch repair provides an additional error-correction layer

Wild-type E. coli has mutation rate 1 x 107°, while MutS-deficient strain has 1 x 1077 (100-fold higher).
This shows mismatch repair reduces errors by another 100-fold beyond polymerase selectivity and
proofreading. Multiple layers of error correction (selectivity: 107>, proofreading: 107, mismatch repair:

107°) achieve the extremely low final error rate.

Wrong answers: (A) polymerase selectivity still functions; (B) proofreading still works—mismatch repair
is an additional layer; (D) replication proceeds but with higher errors.

17. B - The system to identify and correct the newly synthesized strand

Methylation distinguishes parental (methylated) from newly synthesized (unmethylated) strands. This
allows mismatch repair to identify which strand contains the error (always the new strand, since the
template is correct). The system excises nucleotides from the unmethylated strand and resynthesize

correctly, avoiding random correction that might "fix" the template instead.

Wrong answers: (A) contradicts the passage—system does distinguish strands; (C) system corrects only
new strand; (D) system prevents errors rather than allowing accumulation.

18. D - Ligase forms phosphodiester bonds between adjacent DNA fragments
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DNA ligase catalyzes formation of phosphodiester bonds, sealing nicks between Okazaki fragments. The
experiment shows ligase-deficient mutants accumulate nicks—the gaps between fragments are filled but
not sealed. This confirms ligase's specific function: joining adjacent DNA segments by catalyzing bond
formation between 3'-OH and 5'-phosphate groups.

Wrong answers: (A) DNA Pol I removes primers, not ligase; (B) DNA Pol I fills gaps, not ligase; (C)
helicase unwinds DNA, not ligase.

19. B - Independent assortment of two genes on separate chromosomes

The 9:3:3:1 phenotypic ratio is the classic dihybrid cross ratio, indicating two genes assorting
independently (Mendel's second law). When two heterozygotes are crossed (AaBb x AaBb), independent
assortment produces the 9:3:3:1 ratio (9 A B _, 3 A bb, 3 aaB_, 1 aabb). This occurs when genes are on
separate chromosomes or far apart on the same chromosome.

Wrong answers: (A) complete linkage produces parental phenotypes only, not 9:3:3:1; (C) incomplete
dominance alters ratios; (D) sex-linkage produces different ratios in males vs. females.

20. C - Anaphase I when homologs move to opposite cell poles

During meiosis I, homologous chromosome pairs (bivalents) separate. This occurs during anaphase [ when
spindle fibers pull homologous chromosomes to opposite poles. This reduces chromosome number from
diploid (2n) to haploid (n). Sister chromatids remain attached and don't separate until anaphase II.

Wrong answers: (A) prophase I involves crossing over but not separation; (B) metaphase I involves
alignment but not separation; (D) telophase I occurs after separation is complete.

21. C - Reduced pH or increased temperature decreasing oxygen affinity

A rightward shift of the oxygen-hemoglobin dissociation curve indicates decreased oxygen affinity
(hemoglobin releases O: more readily). This occurs with: decreased pH (Bohr effect—H" stabilizes
deoxygenated hemoglobin), increased temperature, or increased 2,3-BPG. These conditions exist in
metabolically active tissues, facilitating oxygen delivery where it's needed most.

Wrong answers: (A) increased affinity is leftward shift; (B) CO- binding causes rightward shift but isn't
the direct meaning; (D) decreased 2,3-BPG causes leftward shift (increased affinity).

22. C - Calcium influx into presynaptic terminals triggers vesicle fusion
When extracellular Ca** is removed, EPSPs are abolished despite action potentials reaching the terminal.
This demonstrates that Ca** influx (through voltage-gated channels opened by depolarization) is essential

for neurotransmitter release. Ca®" binds synaptic proteins (synaptotagmin), triggering vesicle fusion with
the plasma membrane and neurotransmitter exocytosis.
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Wrong answers: (A) action potentials propagate using Na® and K, not Ca*; (B) Ca?" is needed
presynaptically for release, not postsynaptically for binding; (D) neurotransmitter synthesis is independent
of Ca*.

23. A - Ionotropic receptors directly gating ion channels unlike G protein-coupled pathways

Nicotinic receptors (ionotropic) show onset <5 ms and duration ~20 ms. Muscarinic receptors
(metabotropic) show onset ~100 ms and duration of seconds. Ionotropic receptors are ligand-gated ion
channels—neurotransmitter binding directly opens channels, producing rapid responses. Metabotropic
receptors activate G proteins, which activate enzymes producing second messengers—multiple steps
produce slower responses.

Wrong answers: (B) about affinity doesn't explain kinetic differences; (C) location doesn't account for the
dramatic speed difference; (D) both require similar neurotransmitter concentrations.

24. D - Enzymatic degradation normally limits ACh signal duration

Neostigmine inhibits acetylcholinesterase (AChE), and this prolongs ACh signaling from 5 ms to >100
ms. This demonstrates that enzymatic degradation by AChE normally terminates ACh signals rapidly.
Without AChE, ACh remains in the cleft longer, continuing to activate receptors. This confirms enzymatic
breakdown as a major termination mechanism.

Wrong answers: (A) neostigmine inhibits degradation, not synthesis; (B) reuptake contributes but isn't the
primary mechanism for ACh—enzymatic degradation dominates; (C) Ca?* doesn't inactivate ACh.

25. A - AMPA receptors mediate baseline transmission while NMDA receptors trigger plasticity

APV blocking LTP while not preventing normal transmission indicates NMDA receptors aren't required
for baseline synaptic transmission (mediated by AMPA receptors) but are essential for inducing plasticity.
During high-frequency stimulation, strong depolarization relieves Mg** block of NMDA receptors,
allowing Ca*' influx that triggers LTP mechanisms. This functional specialization allows normal
transmission while enabling activity-dependent strengthening.

Wrong answers: (B) NMDA receptors aren't required for baseline transmission; (C) LTP requires
activating, not blocking NMDA receptors; (D) action potentials are generated independently of NMDA
receptors.

26. B - The increased distance from threshold requires stronger excitatory input
GABA hyperpolarizes the membrane from -65 mV to -75 mV. Action potential threshold is -55 mV.
Normal resting potential is 10 mV below threshold (-65 to -55 = 10 mV difference). After GABA,

membrane is 20 mV below threshold (-75 to -55 = 20 mV difference). The neuron must depolarize twice
as much to reach threshold, requiring stronger excitatory stimulation to fire action potentials.
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Wrong answers: (A) hyperpolarization moves away from threshold, not closer; (C) GABA opens CI
channels, causing hyperpolarization not depolarization; (D) hyperpolarization doesn't permanently
inactivate channels.

27. C - Signal transduction amplifying hormonal effects on cellular metabolism

Insulin binding its receptor activates intracellular signaling cascades (phosphorylation events) that
promote GLUT4 vesicle translocation to the plasma membrane. One insulin molecule activating its
receptor can trigger movement of many GLUT4 transporters, representing signal amplification through
transduction pathways. This demonstrates how hormonal signals are amplified to produce large cellular
responses.

Wrong answers: (A) hexokinase phosphorylates glucose, not insulin; (B) GLUT4 translocation is insulin-
dependent; (D) GLUT#4 trafficking is regulated, not constitutive.

28. A - Muscle lacks glucose-6-phosphatase to produce free glucose

Glucose-6-phosphatase catalyzes the final step of gluconeogenesis and glycogen breakdown, producing
free glucose that can exit cells. Liver expresses this enzyme and can release glucose into blood. Muscle
lacks glucose-6-phosphatase—glucose-6-phosphate from glycogen breakdown is trapped and must be
metabolized within muscle cells. This prevents muscle from directly contributing glucose to blood.

Wrong answers: (B) ATP levels don't determine glucose release capability; (C) glycogen content doesn't
explain the inability to release glucose; (D) while true, the enzymatic difference (choice A) is the more
fundamental explanation.

29. B - Second messenger amplification of extracellular hormonal signals

Glucagon binds G protein-coupled receptors, activating adenylyl cyclase to produce cAMP (second
messenger). One activated adenylyl cyclase produces many cAMP molecules; each cAMP-activated PKA
phosphorylates many target enzymes. This cascade amplifies the initial glucagon signal, allowing small
hormonal amounts to produce large metabolic effects—characteristic of second messenger systems.

Wrong answers: (A) glucagon acts through G proteins and second messengers, not directly; (C) this is
signal amplification, not negative feedback; (D) these are rapid post-translational effects, not
transcriptional.

30. C - Cellular insulin resistance reducing responsiveness to the hormone

Type 2 diabetes shows high insulin levels yet elevated glucose, indicating cells don't respond adequately
to insulin despite its presence. This is insulin resistance—reduced sensitivity of insulin receptors or
impaired downstream signaling. Tissues require higher insulin concentrations for normal glucose uptake,

but even elevated insulin doesn't normalize blood glucose.

Wrong answers: (A) describes Type 1 diabetes (no insulin); (B) describes Type 1 diabetes (autoimmune
destruction); (D) insulin resistance involves reduced signaling, not excessive receptor expression.
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31. C - Coordinated metabolic direction preventing opposing pathways from operating
simultaneously

Reciprocal regulation ensures glycogen synthesis and breakdown don't occur simultaneously—during
feeding, synthase is active and phosphorylase inactive (storage); during fasting, synthase is inactive and
phosphorylase active (breakdown). This prevents futile cycles where synthesis and breakdown occur
simultaneously, wasting ATP without net metabolic effect. Coordinated regulation ensures efficient
energy use.

Wrong answers: (A) reciprocal regulation prevents simultaneous operation; (B) preventing futile cycles
conserves rather than wastes energy; (D) the regulation creates a clear relationship—opposing regulation.

32. D - Common ancestry with subsequent adaptive divergence

Homologous structures have similar underlying anatomy (bones, arrangement) despite serving different
functions—vertebrate forelimbs (human arms, whale flippers, bat wings) share skeletal patterns but serve
different purposes. This indicates common ancestry (inherited structure from common ancestor) with
subsequent modification for different functions through adaptive evolution in different environments.

Wrong answers: (A) convergent evolution produces analogous (similar function, different structure), not
homologous structures; (B) homologous structures exist even in distantly related species; (C) describes
analogous structures, not homologous.

33. B - Ribosomal RNA (rRNA) acting as a ribozyme in the peptidyl transferase center

Peptide bond formation during translation is catalyzed by the ribosome's peptidyl transferase center, which
is composed of ribosomal RNA (23S rRNA in prokaryotes, 28S in eukaryotes). The rRNA acts as a
ribozyme (catalytic RNA), not protein enzymes. This discovery was crucial for understanding RNA world
hypothesis and earned the 2009 Nobel Prize.

Wrong answers: (A) aminoacyl-tRNA synthetases attach amino acids to tRNAs (earlier step); (C) mRNA
provides information, not catalytic activity; (D) elongation factors position tRNAs but don't catalyze
peptide bonds.

34. C - Generate an osmotic gradient allowing concentrated urine production

The countercurrent multiplier in the loop of Henle creates an increasing osmotic gradient in the renal
medulla (highest concentration at the inner medulla). The descending limb loses water, concentrating
filtrate; the ascending limb actively transports salts out. This countercurrent arrangement multiplies the
osmotic gradient. The collecting duct passes through this gradient, allowing water reabsorption (when
ADH is present) to produce concentrated urine.

Wrong answers: (A) the system concentrates rather than dilutes urine; (B) creates a gradient, not equalizes
concentrations; (D) primarily about urine concentration, not blood pressure.
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35. B - Conserved microbial structures allow broad detection without prior exposure

PAMPs are molecular patterns found in many microbes but not in host cells—LPS in gram-negative
bacteria, peptidoglycan, flagellin, viral nucleic acids. PRRs recognize these conserved patterns, allowing
innate immunity to detect broad classes of pathogens without prior exposure or generating specific
receptors for each pathogen. This provides immediate response while adaptive immunity develops.

Wrong answers: (A) each TLR recognizes a class of PAMPs, not unique individual pathogens; (C) innate
immunity uses germline-encoded receptors, not somatic recombination; (D) PAMPs are microbial, not
host structures.

36. C - Memory B cells generated during primary response enable rapid reactivation

The secondary response is faster (3 days vs. 7 days to appearance) and stronger (higher titer) because the
primary response generates memory B cells expressing antigen-specific receptors. Upon re-exposure,
memory cells rapidly proliferate and differentiate into plasma cells, producing antibodies much faster than
naive B cells require for activation. Memory explains immunological memory and vaccine effectiveness.

Wrong answers: (A) primary antibodies decline over time—memory cells, not circulating antibodies,
persist; (B) pathogens don't weaken after exposure; (D) dose doesn't determine secondary response
strength.

37. B - Peptide-MHC complexes providing the recognition signal for T cell activation

The experiment shows MHC class I blocking prevents CTL-mediated lysis, demonstrating that CTLs
require MHC class I presentation to recognize infected cells. T cells (unlike B cells) don't recognize free
antigens—they recognize peptide-MHC complexes. The T cell receptor (TCR) binds both the peptide
antigen and the MHC molecule simultaneously. This MHC restriction ensures T cells only recognize
antigens on cell surfaces.

Wrong answers: (A) T cells require MHC presentation, don't recognize free antigen; (C) CD8" T cells
recognize MHC class I (not class II), and intracellular antigens are correctly presented on MHC I; (D)
CTLs don't require antibodies for recognition.

38. C - Antibodies eliminating pathogens through diverse complementary mechanisms

The experiment demonstrates antibodies have multiple effector functions working through different
mechanisms: opsonization enhances phagocytosis, complement activation causes lysis, neutralization
prevents infection. This functional diversity means antibodies can eliminate pathogens through multiple
complementary pathways, increasing effectiveness. Different antibody classes (IgG, IgM, IgA, IgE) have
specialized functions for different contexts.

Wrong answers: (A) individual antibodies can perform multiple functions; (B) different classes have

distinct structures and functions; (D) overstates—phagocytes can function without antibodies (innate
immunity), though opsonization enhances efficiency.
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39. A - Central tolerance mechanisms establishing self-non-self discrimination during development

Choice A correctly describes negative selection as central tolerance (in thymus during development) that
eliminates self-reactive T cells, establishing self-non-self discrimination. This prevents autoimmunity by
removing potentially dangerous cells before they enter circulation.

Wrong answers: (B) negative selection occurs centrally (thymus/bone marrow), not solely peripherally;
(C) self-reactive cells are eliminated, not persistent; (D) positive selection removes cells that CAN'T
recognize self-MHC (opposite).

40. C - Glucose oxidation requires cytoplasmic glycolysis before mitochondrial metabolism

Mitochondria produce minimal ATP from glucose because they lack glycolytic enzymes (glycolysis is
cytoplasmic). When provided pyruvate (glycolysis product), mitochondria produce substantial ATP
through pyruvate oxidation, citric acid cycle, and oxidative phosphorylation. This demonstrates that
complete glucose oxidation requires both cytoplasmic (glycolysis) and mitochondrial (everything else)
processes working together.

Wrong answers: (A) mitochondria lack glycolytic enzymes; (B) citric cycle produces 2 GTP via substrate-
level phosphorylation but most ATP comes from oxidative phosphorylation; (D) oxidative
phosphorylation produces ~26-28 ATP while glycolysis produces only 2 ATP net.

41. D - Respiratory control linking ATP synthesis to continued electron flow

Oligomycin inhibits ATP synthase, preventing H* from flowing through to synthesize ATP. This causes
H" to accumulate in the intermembrane space, increasing the gradient. The large gradient opposes further
H* pumping by the electron transport chain, slowing electron transport and O: consumption. This
demonstrates respiratory control—electron transport rate depends on ATP synthesis rate (ADP
availability). When ATP synthesis is blocked, electron transport slows.

Wrong answers: (A) oligomycin doesn't uncouple—it blocks ATP synthase; (B) correct that synthase
inhibition slows transport, but the mechanism is through gradient accumulation; (C) electron transport
slows, doesn't continue normally.

42. C - Proton gradient dissipation allows electron transport without ATP synthesis

DNP is an uncoupler—it makes membranes permeable to H*, allowing protons to cross without going
through ATP synthase. This dissipates the gradient, eliminating the back-pressure that normally limits
electron transport. Electrons flow rapidly (high O: consumption), but without a gradient, ATP synthase
can't synthesize ATP. Energy is released as heat instead of being captured in ATP. This is uncoupling—
electron transport without phosphorylation.

Wrong answers: (A) DNP doesn't inhibit complexes—it uncouples transport from phosphorylation; (B)

DNP makes ATP synthase irrelevant by bypassing it; (D) oxygen remains available—consumption
actually increases.
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43. B - FADH: entering at Complex II, bypassing Complex I proton pumping

NADH donates electrons to Complex I, which pumps H* while transferring electrons to ubiquinone.
FADH?: donates electrons to Complex II (succinate dehydrogenase), which doesn't pump H* but transfers
electrons to ubiquinone. FADH: electrons bypass Complex I's pumping site, generating a smaller proton
gradient and thus less ATP (~1.5 vs. ~2.5 ATP per electron pair).

Wrong answers: (A) both contain similar energy—difference is entry point; (C) quantity doesn't affect
ATP per molecule; (D) FADH: oxidation produces ATP, doesn't consume it.

44. A - Cells maintaining ATP production when oxidative phosphorylation is unavailable

Under anaerobic conditions, oxidative phosphorylation can't function (no terminal electron acceptor).
Glycolysis rate increases 10-fold (10 — 100 pmol/min), producing lactate through fermentation. This
compensates for lost oxidative phosphorylation, maintaining ATP production through substrate-level
phosphorylation in glycolysis. The Pasteur effect ensures cells meet energy needs even when O: is
unavailable.

Wrong answers: (B) oxygen inhibits fermentation (doesn't activate glycolysis); (C) aerobic respiration
produces ~15 times more ATP per glucose than fermentation; (D) complete oxidation requires oxygen.

45. B - Increased water reabsorption during dehydration to concentrate urine

ADH (antidiuretic hormone/vasopressin) regulates collecting duct water permeability by promoting
aquaporin-2 insertion into the apical membrane. During dehydration, high ADH increases water
reabsorption from collecting duct filtrate, producing concentrated urine and conserving water. During
hydration, low ADH reduces water reabsorption, producing dilute urine. This allows flexible urine
concentration matching hydration status.

Wrong answers: (A) ADH varies urine osmolarity based on conditions; (C) ADH affects water, not sodium
transport; (D) glucose is reabsorbed in proximal tubule, not collecting duct, and isn't ADH-regulated.

46. C - Gametes with either extra or missing chromosomes

Nondisjunction during meiosis I means homologous chromosomes fail to separate, both going to one pole.
This produces two gametes with an extra chromosome (n+1) and two gametes missing that chromosome
(n-1). Fertilization with normal gametes produces trisomy (2n+1) or monosomy (2n-1). In humans, this

causes conditions like Down syndrome (trisomy 21) or Turner syndrome (monosomy X).

Wrong answers: (A) nondisjunction produces abnormal gametes; (B) describes deletion, not
nondisjunction; (D) describes point mutations, not chromosomal nondisjunction.

47. B - Rapid gas exchange through short diffusion distances

Alveoli have thin walls (one cell thick) surrounded by dense capillary networks. This creates extremely
short diffusion distances (<1 um in some places) between alveolar air and blood. Combined with large
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surface area (~70 m? in humans), this allows rapid O: and CO: exchange by simple diffusion down
concentration gradients. Fick's law shows diffusion rate is inversely proportional to distance.

Wrong answers: (A) gas exchange occurs by diffusion, not bulk flow; (C) gases move by diffusion down
gradients, not active transport; (D) capillaries lack smooth muscle and don't contribute to ventilation.

48. C - The repressor normally prevents transcription in inducer absence

The lacI” mutant (no functional repressor) shows constitutive expression (100%) even without lactose,
while wild-type shows minimal expression (0.1%) without lactose. This demonstrates the repressor's
function: binding the operator and blocking transcription when inducer is absent. Loss of repressor allows
unregulated transcription, confirming repressor normally prevents expression.

Wrong answers: (A) RNA polymerase binds without repressor assistance; (B) lactose induces but isn't
necessary if repressor is absent; (D) repressor is encoded by lacl gene, not operator.

49. C - Loss of repressor binding site prevents transcriptional regulation

lacO¢ (constitutive operator) mutations alter the operator sequence so repressor can't bind. Without
repressor binding, transcription proceeds constitutively regardless of lactose availability. This
demonstrates the operator is the repressor binding site—mutations preventing binding eliminate negative
regulation.

Wrong answers: (A) operator doesn't encode enzymes—it's a regulatory sequence; (B) operator doesn't
affect polymerase binding (that's the promoter); (D) operator is DNA sequence for regulation, not
catalytic.

50. B - Catabolite repression ensures preferential glucose utilization

When glucose is present, expression is only 10% even with lactose. This glucose effect (catabolite
repression) ensures bacteria use preferred carbon source (glucose) first. Glucose lowers cAMP, reducing
cAMP-CAP complex formation, decreasing lac operon transcription. This metabolic hierarchy prevents
wasteful enzyme production when a better sugar is available.

Wrong answers: (A) glucose doesn't directly inactivate (-galactosidase; (C) lactose can still induce
(remove repressor), but without CAP activation, expression remains low; (D) RNA polymerase functions
but at reduced efficiency without CAP.

51. C - Positive regulation where activator increases transcription initiation

The cAMP-CAP complex binds near the promoter and enhances RNA polymerase binding, increasing
transcription. This is positive regulation (activator increases expression) as opposed to negative regulation
(repressor decreases expression). The lac operon uses both: negative control by the repressor and positive
control by CAP. Maximum expression requires both repressor removal (lactose) and CAP activation (low
glucose).
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Wrong answers: (A) CAP activates rather than represses; (B) CAP activity depends on cAMP levels
(glucose-regulated); (D) this is transcriptional control, not post-transcriptional.

52. B - lacI" produces diffusible repressor acting in trans on both chromosomes

The merodiploid has one chromosome with functional lacI* (making repressor) and defective lacZ~, and
another chromosome with lacI™ (no repressor) but functional lacZ*. Without lactose, no B-galactosidase is
produced, indicating the lacl* repressor acts on both operators (including the one on the lacl”
chromosome). This demonstrates repressor is a diffusible protein (trans-acting factor) that can regulate
any operator molecule in the cell.

Wrong answers: (A) repressor acts in trans (diffusible), not cis (only on same DNA molecule); (C) one
functional lacl is sufficient; (D) genes don't need to be adjacent—repressor diffuses through cytoplasm.

53. D - Calvin cycle uses light reaction products but doesn't directly require light

Providing ATP and NADPH to isolated chloroplasts in darkness allows CO: fixation, demonstrating the
Calvin cycle itself doesn't require light—it requires ATP and NADPH, which light reactions produce.
Light reactions are light-dependent; Calvin cycle is light-independent (though it requires light reaction
products). This explains why Calvin cycle is also called "dark reactions"—not because they occur in
darkness, but because they don't directly require light.

Wrong answers: (A) Calvin cycle doesn't directly require light; (B) ATP in Calvin cycle comes from light
reactions, not substrate-level phosphorylation; (C) chlorophyll is in thylakoids for light reactions, not
Calvin cycle in stroma.

54. D - Oxygenation initiates photorespiration, releasing CO: and consuming energy

RuBisCO's oxygenase activity adds O: to RuBP instead of CO:, producing one 3-PG and one 2-
phosphoglycolate. Phosphoglycolate is metabolized through photorespiration, which consumes ATP,
releases CO2, and produces no sugars. This directly opposes carbon fixation—CO: is released rather than
fixed, and ATP is consumed rather than invested in sugar production. High O»/CO: ratios favor this
wasteful process.

Wrong answers: (A) oxygenation consumes rather than produces ATP; (B) rates depend on O»/CO: ratio;
(C) carboxylation is favored at high CO2/low O, opposite at high O..

55. B - CO: concentration mechanisms reducing photorespiration at high O./CQO: ratios

Ca plants use PEP carboxylase for initial fixation (which has no oxygenase activity), concentrating CO-
in bundle-sheath cells where RuBisCO operates. At 40°C, O2/CO: ratio increases (O: solubility exceeds
CO: solubility at high temperature), favoring photorespiration in Cs plants. Ca plants maintain high CO-
around RuBisCO, minimizing photorespiration even at elevated temperatures. This explains their
photosynthetic advantage in hot environments.
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Wrong answers: (A) Ca plants still use RuBisCO in bundle-sheath cells; (C) Cas plants close stomata to
conserve water, reducing disadvantage; (D) bundle-sheath cells have chloroplasts and conduct Calvin
cycle.

56. A - Stomatal closure during daylight reduces transpirational water loss

CAM plants open stomata at night (when temperature is lower and humidity is higher), fixing CO: into
malate. During day, stomata close, preventing water loss while stored malate releases CO. for
photosynthesis. This temporal separation minimizes transpirational water loss. The experiment shows
CAM uses 50 g H20 per g CO2 while Cs uses 500 g H20 per g CO>—10-fold difference reflecting stomatal
behavior.

Wrong answers: (B) CAM plants have functional stomata that open at night; (C) night temperatures
contribute but aren't the main reason; (D) malate storage doesn't require extra water.

57. D - Stabilize physiological parameters by inhibiting excessive hormone secretion

Negative feedback is the primary homeostatic mechanism in endocrine systems. When a hormone's effects
raise some parameter (e.g., thyroid hormone raising metabolism), the elevated parameter inhibits further
hormone secretion (thyroid hormone inhibits TSH and TRH), preventing excessive levels. This creates
stable set-points—parameters are maintained within narrow ranges through self-correcting loops.

Wrong answers: (A) negative feedback reduces rather than amplifies secretion; (B) negative feedback
creates regulation, not constant maximal levels; (C) feedback enables appropriate responses, doesn't
eliminate them.

58. C - Small populations where chance events significantly alter allele frequencies

Genetic drift refers to random changes in allele frequencies due to chance events (which individuals
reproduce, survive). The effect is strongest in small populations where sampling effects are large—loss of
even a few individuals can substantially change frequencies. In large populations, random effects average
out and drift is weak. This explains why endangered species (small populations) lose genetic diversity
through drift.

Wrong answers: (A) large populations minimize drift effects; (B) strong selection overwhelms drift; (D)
mutation introduces variation but doesn't make drift stronger.

59. C - Increasing substrate concentration to outcompete the inhibitor

Competitive inhibitors bind the active site, competing with substrate. At low substrate concentrations,
inhibitor effectively competes, reducing reaction rate. Increasing substrate concentration allows substrate
to outcompete inhibitor for active site binding, restoring velocity toward Vmax. This is diagnostic of
competitive inhibition—inhibition can be overcome by sufficient substrate, unlike noncompetitive
inhibition.
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Wrong answers: (A) decreasing substrate worsens competitive inhibition; (B) noncompetitive inhibitors
don't help overcome competitive inhibition; (D) reducing temperature slows both substrate binding and
inhibitor binding proportionally.
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SECTION 4: ANSWER EXPLANATIONS

1. C - Cognitive-affective schemas guiding expectations and behavior in relationships

Internal working models are mental representations—cognitive schemas containing beliefs about self-
worth, others' trustworthiness, and relationship expectations, combined with emotional components.
These models guide behavior semi-automatically, shaping how people interpret partner actions, respond
to conflict, and approach intimacy. They function as frameworks for processing relationship information
rather than deliberate decision-making strategies or directly observable behaviors.

Wrong answers: (A) working models show some malleability with experience, not permanent genetic
traits; (B) they're mental representations requiring inference, not directly observable; (D) they operate
largely outside conscious awareness, not deliberate choices.

2. A - Deactivating strategies that suppress behavioral expression while stress responses remain
active

Avoidant infants show minimal behavioral distress (deactivating attachment behaviors) but elevated
cortisol reveals underlying physiological stress. This dissociation demonstrates that deactivating strategies
suppress behavioral expression without eliminating stress responses. The strategy minimizes proximity-
seeking that historically didn't elicit caregiver responsiveness, but the biological stress system still
activates. This pattern illustrates defense mechanisms operating at behavioral but not physiological levels.

Wrong answers: (B) attachment bonds exist—suppression doesn't equal absence; (C) elevated cortisol
contradicts successful regulation; (D) cortisol measures are reliable—the dissociation is genuine.

3. D - Complementary attachment strategies where pursuit triggers withdrawal and vice versa

The demand-withdraw pattern reflects complementary maladaptive strategies: anxious partners pursue
closeness (hyperactivating strategies) because they fear abandonment, while avoidant partners withdraw
(deactivating strategies) because they're uncomfortable with intimacy. Each partner's behavior triggers
and reinforces the other's—pursuit increases withdrawal (feeling smothered), withdrawal increases pursuit
(fearing abandonment). This creates self-perpetuating negative cycles characteristic of anxious-avoidant
pairings.

Wrong answers: (A) patterns systematically relate to attachment orientations; (B) genetic incompatibility
lacks evidence; (C) patterns persist across contexts reflecting attachment styles.

4. B - Working models show some plasticity in response to significant relationships
The study shows 30% of participants changed attachment classifications over 4 years, with changes
associated with relationship experiences (positive relationships — security; losses — insecurity). This

demonstrates working models aren't completely fixed but show moderate stability with capacity for
change through significant experiences. The finding balances stability (70% unchanged) with plasticity
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(30% changed), supporting attachment theory's view of working models as relatively stable but
modifiable.

Wrong answers: (A) 40-60% heritability shows genetic factors matter; (C) 70% stability contradicts
complete instability; (D) early experiences influence but don't determine—plasticity allows change.

5. C - Both measurement artifact and the causal direction proposed by attachment theory

This question asks about alternative explanations. While attachment theory proposes security —
satisfaction (working models guide relationship behavior affecting outcomes), reverse causation
(satisfaction — security) is plausible—satisfying relationships could shift working models toward
security. Additionally, measurement bias is possible—secure individuals might consistently rate
experiences more positively (response style). Both explanations could partially account for correlations
alongside the theoretical explanation. Acknowledging multiple potential explanations demonstrates
critical thinking about correlational findings.

Wrong answers: (A) only notes one alternative (measurement); (B) only notes reverse causation; (D)
genetic confounds are possible but less central than measurement and directionality issues.

6. B - Temperature regulation, hunger, thirst, and circadian rhythms

The hypothalamus is the brain's master regulator of homeostasis, controlling temperature
(thermoregulation through autonomic responses), hunger and satiety (via feeding centers), thirst
(osmoreceptors detecting fluid balance), and circadian rhythms (suprachiasmatic nucleus as master clock).
These basic homeostatic and motivational functions define hypothalamic function.

Wrong answers: (A) executive functions are prefrontal cortex; (C) motor coordination is cerebellum; (D)
visual processing involves thalamus and occipital cortex.

7. D - Reappearance of extinguished responses after rest periods without retraining

Spontaneous recovery demonstrates that extinction doesn't erase original learning—after a conditioned
response 1s extinguished through repeated CS presentations without US, the CR reappears spontaneously
after a rest period without any additional training. This shows extinction involves new inhibitory learning
overlaying (not erasing) the original association, which can resurface.

Wrong answers: (A) extinction is temporary, not permanent; (B) describes habituation to US; (C)
extinction doesn't replace—it overlays original learning.

8. A - High birth and death rates to low birth and death rates
The demographic transition model describes population changes during economic development: Stage 1
has high birth/death rates (stable population); Stage 2 shows declining death rates while birth rates remain

high (population growth); Stage 3 sees declining birth rates (slowing growth); Stage 4 has low birth/death
rates (stable population). This transition characterizes industrialization's demographic effects.
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Wrong answers: (B) describes urbanization (related but different); (C) describes family structure changes
(consequence, not the model itself); (D) describes secularization (cultural, not demographic).

9. D - Decreases paradoxically as more witnesses share responsibility psychologically

The bystander effect's core finding is counterintuitive: helping decreases as bystander number increases.
The data show systematic declines (85% alone — 62% with one other — 31% with four others). This
occurs because responsibility diffuses psychologically across witnesses—each person feels less personally
obligated because "someone else" could help. The paradox is that more potential helpers produces less
actual helping.

Wrong answers: (A) helping decreases, not increases; (B) personality matters but doesn't eliminate
situational effects; (C) helping varies systematically with bystander number.

10. B - Individuals misinterpret calm reactions as evidence situations are non-emergencies

Pluralistic ignorance occurs when everyone monitors others while suppressing their own concern, leading
each person to interpret others' calm demeanor as indicating no emergency. This collective
misinterpretation happens despite individual uncertainty—everyone privately worries but publicly
appears calm, and everyone interprets others' public calm as genuine confidence. The smoke-filled room
study (10% reported with passive confederates) demonstrates how others' calm creates powerful
misinterpretation.

Wrong answers: (A) misinterpretation is the problem, not correct recognition; (C) pluralistic ignorance
involves misreading others, not deliberate ignoring; (D) emergencies are genuine—interpretation is
wrong.

11. A - Diffusion of responsibility can be overcome by individuating accountability

Direct assignment ("You, call 911") increases compliance to 95% versus 40% with generic requests. This
demonstrates that diffusion occurs when responsibility is unclear/shared, but assigning specific
responsibility to identified individuals eliminates diffusion by creating clear accountability. This has
practical implications for emergency training—individualizing responsibility counteracts the bystander
effect.

Wrong answers: (B) specific assignments are more effective, not less; (C) personal responsibility is
central—assignment proves this; (D) ambiguity reduces helping—clarity increases it.

12. C - Perceived competence reduces diffusion by clarifying one's responsibility

Medical professionals helped consistently (80%) regardless of bystander number, while non-professionals
showed strong bystander effects (75% alone — 25% with others). Expertise creates perceived competence
and responsibility—medical professionals feel uniquely qualified and obligated to intervene, reducing
diffusion. This suggests diffusion partially results from uncertainty about one's capability—when
competence is clear, responsibility is less diffused.
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Wrong answers: (A) professionals still experience social influence, just weaker effects; (B) expertise
clearly matters given the differential effects; (D) explains correlation but misses the competence
mechanism.

13. C - Informational influence where others' calm behavior shaped situation interpretation

Passive confederates remaining calm reduced reporting to 10% (versus 75% alone). Participants looked
to others to interpret ambiguous smoke—seeing calm confederates, they inferred no danger and didn't
report. This demonstrates informational social influence: using others' behavior as information about
reality. The smoke was objectively concerning, but social information (others' calm) overrode direct
perception.

Wrong answers: (A) smoke was dangerous—interpretation was incorrect; (B) social proof powerfully
influenced interpretation; (D) participants perceived smoke—interpretation, not perception, was affected.

14. A - SWS would impair declarative but not procedural consolidation

The dual-process hypothesis proposes stage-specific consolidation: declarative memories during SWS
(slow-wave sleep), procedural memories during REM. Therefore, selectively depriving SWS should
specifically impair declarative consolidation while leaving procedural consolidation (occurring during
intact REM) unaffected. This prediction is tested in Study 3, which confirms this selective deficit pattern.

Wrong answers: (B) REM deprivation would impair procedural, not all consolidation; (C) hypothesis
predicts selective, not uniform impairment; (D) sleep is critical for consolidation in the hypothesis.

15. C - SWS deprivation specifically impaired declarative while REM deprivation impaired
procedural memory

Study 3 shows dissociation: SWS deprivation reduced declarative performance (62%) without affecting
procedural (18% improvement), while REM deprivation reduced procedural performance (6%) without
affecting declarative. This double dissociation—each deprivation selectively impairing different memory
types—provides strong support for stage-specific consolidation mechanisms proposed by the dual-process
hypothesis.

Wrong answers: (A) groups differed systematically; (B) sleep was necessary—deprivation impaired
performance; (D) selective, not equal impairments support the hypothesis.

16. B - Consolidation separates informational content from affective components

Sleep preserved emotional memory accuracy while reducing physiological reactivity. This demonstrates
that consolidation can dissociate memory content (what happened) from emotional intensity (how it feels).
REM sleep particularly processes emotional memories by maintaining informational aspects while
attenuating emotional arousal—"sleep to remember, sleep to forget." This has therapeutic implications for
trauma processing.
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Wrong answers: (A) memory was preserved, not impaired; (C) emotional memories consolidate
effectively during sleep; (D) reduced reactivity represents adaptive processing, not degradation.

17. D - Sleep reorganization facilitates pattern extraction and novel associations

The insight task showed 59% discovered the hidden rule after sleep versus 23% after wake (tripled rate).
Sleep didn't provide more time for conscious problem-solving but allowed unconscious reorganization
revealing implicit patterns. This supports active systems consolidation theory—sleep integrates
information and extracts rules, facilitating insight. Morning "aha" moments reflect overnight cognitive
restructuring making implicit connections explicit.

Wrong answers: (A) sleep was more effective than wake; (B) sleep clearly contributed to problem-solving;
(C) equal time was provided—sleep, not time, made the difference.

18. D - Downscaling synapses to maintain plasticity capacity and improve signal clarity

The synaptic homeostasis hypothesis proposes that waking strengthens synapses (learning increases
connections), while sleep globally downscales synaptic weights proportionally. This serves two functions:
(1) preventing synaptic saturation—maintaining capacity for new learning by reducing overall strength;
(2) improving signal-to-noise ratio—important memories (strong connections) survive downscaling better
than weak ones, enhancing relative differences. Evidence includes decreased synaptic markers after sleep.

Wrong answers: (A) describes strengthening, opposite of downscaling; (B) downscaling maintains rather
than prevents plasticity; (C) memories are strengthened relatively, not eliminated.

19. C - Proportional to the intensity of the original stimulus being judged

Weber's Law states that the just noticeable difference (JND) is a constant proportion of the stimulus
intensity: Al/I =k (constant). For example, if you need 1 ounce difference to detect weight change with a
10-ounce weight, you'll need 2 ounces to detect change with a 20-ounce weight. The absolute difference

increases with stimulus intensity, but the proportion remains constant.

Wrong answers: (A) absolute difference increases with intensity; (B) correct relationship but wrong
comparison; (D) Weber's Law applies within modalities with different constants for different senses.

20. B - Steady, persistent responding highly resistant to extinction

Variable ratio schedules (reinforcement after unpredictable numbers of responses—Ilike slot machines)
produce the highest, most stable response rates and greatest resistance to extinction. The unpredictability
maintains responding because the next response could be reinforced. This explains gambling

persistence—variable ratio reinforcement creates powerful behavioral maintenance.

Wrong answers: (A) variable ratio shows slowest, not fastest extinction; (C) describes fixed interval
responding; (D) variable ratio maintains continuous responding.

21. D - Perceived susceptibility, severity, benefits, and self-efficacy beliefs
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The Health Belief Model proposes that health behavior change requires: (1) perceived susceptibility to the
health threat, (2) perceived severity if the threat occurs, (3) perceived benefits outweighing costs of action,
and (4) self-efficacy—belief in one's capability to perform the behavior. Additionally, cues to action
trigger behavior. These cognitive-perceptual factors determine health behavior adoption.

Wrong answers: (A) genetic predisposition isn't part of the model; (B) the model emphasizes perceived
barriers but not complete absence; (C) social support helps but isn't the model's focus—individual
perceptions are central.

22. B - Non-medical factors like stress, environment, and behavior contribute substantially

The SES-health gradient persists in countries with universal healthcare (Whitehall Study showed gradient
among civil servants with equal access). This indicates that healthcare access alone cannot explain
disparities—non-medical factors must contribute substantially. These include chronic stress,
environmental exposures, health behaviors, social capital, and early-life conditions. The finding
demonstrates health determinants extend beyond medical care.

Wrong answers: (A) gradient persists despite access; (C) genetic factors contribute but don't explain
socioeconomic gradients; (D) gradients are real, well-documented phenomena.

23. D - Early-life conditions have lasting biological embedding affecting later health

Study 2 shows childhood SES predicting adult health independent of adult SES—Iow childhood SES
associated with 35% chronic disease at age 50 even controlling for current socioeconomic position. This
demonstrates that early-life conditions have lasting effects beyond their correlation with adult
circumstances. Biological embedding—toxic stress affecting brain development, HPA axis programming,
epigenetic changes—creates enduring health impacts from childhood adversity.

Wrong answers: (A) adult SES matters but doesn't eliminate early effects; (B) mobility helps but doesn't
completely erase early impacts; (C) early-life clearly matters given independent effects.

24. C - Persist despite changing disease profiles because SES determines resource access

Fundamental cause theory argues SES-health gradients persist regardless of specific diseases because SES
provides flexible resources (knowledge, money, power, connections) applicable to avoiding risks and
adopting protective behaviors as medical knowledge evolves. Historical analysis shows gradients existed
before modern medicine and persist despite changing disease patterns—high-SES individuals mobilize

resources to avoid current threats, maintaining gradients across eras.

Wrong answers: (A) theory predicts persistence, not disappearance; (B) progress may widen gaps if high-
SES benefit first; (D) gradients exist even for treatable diseases.

25. D - Structural factors constrain behavioral options beyond personal agency

Study 4 shows walkable neighborhoods have 45% meeting activity recommendations versus 18% in
unwalkable neighborhoods, independent of individual SES. This demonstrates that built environment
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shapes behavior beyond personal choice—even motivated individuals face constraints from unsafe
neighborhoods, lack of sidewalks, or absence of parks. Structural factors create differential opportunities,
showing health behaviors reflect constrained choices within environments, not purely individual
decisions.

Wrong answers: (A) context clearly matters given neighborhood effects; (B) environmental constraints
substantially affect behavior; (C) SES operates partly through structural factors, not exclusively individual
characteristics.

26. C - Addressing material and social determinants proves more impactful than information

Study 5 shows education alone produces minimal reduction while conditional cash transfers plus
healthcare produce substantial reduction. This indicates that addressing root causes (material resources,
access, economic conditions) is more effective than individual-level information. Structural interventions
change contexts enabling healthier behaviors, while education alone doesn't overcome resource
constraints. This supports social determinants framework emphasizing upstream factors.

Wrong answers: (A) behavior matters but information alone is insufficient; (B) education has some value,
just less than structural change; (D) personal responsibility matters but within structural constraints.

27. D - Situational cues activating stereotype awareness can create temporary performance deficits

The manipulation (diagnostic framing created gap, non-diagnostic framing eliminated it) demonstrates
that performance differences resulted from test framing, not stable ability differences. When stereotypes
were made salient through diagnostic framing, threat created performance deficits. When stereotypes were
deactivated through non-diagnostic framing, the gap disappeared. This shows stereotype threat effects are
situational—activated by contexts making stereotypes relevant—rather than reflecting actual ability
differences.

Wrong answers: (A) ability differences don't explain why framing matters; (B) test descriptions clearly
affected outcomes; (C) genetic explanations can't account for situational malleability.

28. D - Cognitive interference where threat-related thoughts consume processing resources

Study 2 shows 30% working memory reduction under threat. This occurs because stereotype threat
triggers worry about confirming stereotypes, attempts to suppress stereotype-related thoughts (which
ironically make them more intrusive), and vigilance for threat cues. These threat-related processes
consume limited working memory capacity, reducing resources available for task performance. The

mechanism is cognitive interference, not permanent deficits or deliberate underperformance.

Wrong answers: (A) effects are situational, not permanent deficits; (B) individuals try to perform well but
threat interferes; (C) no deliberate sabotage—threat is unwanted interference.

29. B - Performance outcomes matter more for self-concept when domains are valued
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Study 3 shows high-identified individuals showing 25% threat decrement versus 5% for low-identified
individuals. Domain identification reflects how central a domain is to self-concept. For high-identified
individuals, performance matters greatly to self-worth, so threat about poor performance triggers anxiety.
Low-identified individuals care less about performance in that domain, so threat has minimal impact. This
explains why threat affects those for whom the domain is important.

Wrong answers: (A) identification affects threat magnitude, not coping resources specifically; (C)
identification doesn't eliminate awareness—it amplifies threat effects; (D) high identification creates
vulnerability to threat.

30. B - Buffer threat by expanding self-concept beyond single domain performance

Study 4 shows self-affirmation producing 40% reduction in achievement gaps with sustained effects. Self-
affirmation works by having individuals reflect on important values, broadening self-concept beyond
threatened domain. This reduces threat because poor performance in one domain doesn't threaten entire
self-worth when other valued aspects are salient. The intervention doesn't eliminate threat entirely but
buffers its effects by providing alternative bases for self-integrity.

Wrong answers: (A) affirmation reduces but doesn't eliminate all gaps; (C) overstates—gaps reflect
multiple factors beyond threat alone; (D) affirmation is helpful but doesn't replace systemic change—both
are needed.

31. D - Threat shifts resources toward emotional monitoring away from executive control

Study 5 shows increased amygdala/ACC activation (emotion processing, threat detection) and decreased
DLPFC activation (executive function) under threat. This neural pattern demonstrates that threat redirects
cognitive resources from task-relevant processing (supported by DLPFC) toward threat monitoring and
emotional regulation (amygdala/ACC). This reallocation creates the working memory deficit and
performance impairment observed behaviorally.

Wrong answers: (A) changes are state-dependent, not permanent structural differences; (B) emotional
responses increase, not decrease; (C) activation patterns differ substantially between conditions.

32. C - Emotional experience results from interpreting physiological arousal patterns

James-Lange theory proposes that emotional experience results from perceiving physiological changes.
The sequence is: stimulus — physiological response — perception of physiological changes — emotional
experience. We feel sad because we cry, afraid because we tremble. This contrasts with common-sense
view that emotion causes physiological response. The theory emphasizes bodily feedback creating

emotional feeling.

Wrong answers: (A) describes Cannon-Bard (simultaneous); (B) describes Schachter-Singer two-factor
theory; (D) emotions involve physiological changes in James-Lange theory.

33. D - Cohesive groups face external threats and directive leaders
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Groupthink occurs when group cohesion, external pressure, and directive leadership combine to suppress
dissent and critical thinking. Highly cohesive groups value harmony, external threats create stress
promoting quick consensus, and directive leaders signal preferred outcomes. These conditions produce
premature consensus, incomplete information search, and failure to consider alternatives—groupthink
symptoms leading to poor decisions.

Wrong answers: (A) diversity and disagreement prevent groupthink; (B) time pressure contributes but isn't
necessary—cohesion and leadership matter more; (C) high cohesion, not low, is a groupthink
precondition.

34. B - Kin selection and reciprocal altruism as mechanisms favoring helping

Evolutionary explanations emphasize two mechanisms: (1) kin selection—helping genetic relatives
increases inclusive fitness by helping genes identical by descent; (2) reciprocal altruism—helping non-
relatives who may reciprocate provides long-term benefits. These mechanisms explain how altruistic
behavior could evolve despite short-term costs. Hamilton's rule (rB > C) formalizes kin selection—helping
occurs when relatedness x benefit > cost.

Wrong answers: (A) helping evolved through unconscious mechanisms, not conscious calculation; (C)
evolutionary approach explains selfless acts through inclusive fitness, not pure selflessness; (D) evolution
and culture both contribute—not solely cultural.

35. C - Diagnostic expansion and changed thresholds defining the disorder

ADHD diagnosis rates tripling (3% — 11%) without biological prevalence changes suggests diagnostic
criteria broadened or application changed. This could involve: lowered diagnostic thresholds, increased
awareness leading to more diagnoses of existing cases, or true diagnostic expansion capturing behaviors
previously considered normal variation. The rapid increase unlikely reflects biological changes—
genetic/environmental changes occur slowly. Medicalization framework views this as social process
expanding diagnostic boundaries.

Wrong answers: (A) unlikely biological changes explain rapid increases; (B) improved detection explains
some increase but not tripling; (D) ADHD exists but diagnostic boundaries are socially constructed.

36. B - Commercial promotion shapes medical definitions and diagnostic patterns

Study 2 shows advertising temporally preceding diagnosis increases—marketing came first, diagnoses
followed. Advertising increases awareness but also suggests symptoms require treatment, potentially
lowering thresholds for seeking diagnosis. This demonstrates pharmaceutical industry influence on
medicalization—commercial interests shape which conditions become recognized and treated. Direct-to-

consumer advertising particularly drives demand for diagnoses enabling medication prescriptions.

Wrong answers: (A) temporal relationship shows connection; (C) marketing clearly correlates with
diagnosis patterns; (D) advertising both educates and creates demand.

37. C - Medical interventions ignore potential environmental and social determinants
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Study 3 shows inverse SES-ADHD relationship (15% in low-income versus 7% in high-income),
suggesting environmental factors like poverty-related stress, nutrition, or educational resources contribute.
However, treatment remains primarily pharmaceutical (methylphenidate, amphetamines) targeting
individual neurobiology while ignoring social determinants. This reflects medicalization's tendency to
individualize problems with biological solutions rather than addressing structural factors.

Wrong answers: (A) correlation doesn't prove direct causation; (B) parenting differences don't fully
explain socioeconomic gradient; (D) inverse relationship contradicts random distribution.

38. C - Provide legitimacy and access to resources despite potential drawbacks

Study 4 shows 75% felt relief, 68% experienced reduced stigma, and 58% gained access to
treatments/accommodations. This demonstrates medicalization's benefits: diagnosis provides
explanations for difficulties, medical framing reduces moral judgment, and diagnosis enables access to
interventions and institutional support. However, acknowledging benefits doesn't negate concerns about
overdiagnosis or pharmaceutical influence. Medicalization has complex effects—both positive and
negative.

Wrong answers: (A) benefits aren't universal—some experience negative labeling; (B) stigma reduces but
doesn't disappear entirely; (D) subjective benefits don't prove purely biological etiology.

39. C - Diagnostic boundaries reflect values and social processes beyond biology

Social constructionism emphasizes that disease categories involve choices about where to draw
boundaries between normal and pathological. These decisions reflect values (what dysfunction matters?),
power relations (whose definitions count?), and social context (what's considered normal varies culturally
and historically). This doesn't deny biological reality of suffering but notes that translating continuous
variation into discrete diagnoses involves social construction.

Wrong answers: (A) constructionism doesn't claim suffering is imaginary; (B) biology matters but
boundaries involve social processes; (D) categories involve discovery and construction—not purely
objective.

40. B - Contact produces consistent, meaningful though not transformative reduction

Meta-analyses show contact effects are (1) consistent across contexts—replicate across racial, religious,
age-based prejudice, and (2) moderate in size—effect sizes around d = 0.2-0.4, statistically significant and
practically meaningful but not enormous. Contact reliably reduces prejudice but doesn't eliminate it.
Effects are robust enough to support interventions but realistic expectations acknowledge limitations. The

consistency supports contact hypothesis while effect size prevents overstating impact.

Wrong answers: (A) contact doesn't eliminate all prejudice—effects are moderate; (C) contact typically
reduces, not increases prejudice; (D) findings are consistent across studies.

41. D - Causal evidence that contact reduces prejudice controlling for selection

158



Study 2's random assignment eliminates selection bias—can't be that low-prejudice students chose cross-
race roommates. Students were randomly assigned, so any prejudice differences result from roommate
exposure, not pre-existing differences. Cross-race roommates showed 35% reduction versus no change
for same-race roommates. Random assignment allows causal inference: contact caused prejudice
reduction. This addresses major limitation of correlational studies where causality is ambiguous.

Wrong answers: (A) random assignment enables causal inference, not just correlation; (B) random
assignment prevents this reverse causation; (C) personality was randomized across conditions.

42. B - Context and implementation quality critically determine intervention success

Study 3 shows optimal conditions (equal status, cooperation) produce large prejudice reduction, while
suboptimal conditions (unequal status, competition) produce no reduction or increases. This demonstrates
that how contact is implemented matters enormously—contact isn't automatically beneficial. Allport's
conditions are empirically supported—they distinguish effective from ineffective or harmful contact. This
has practical implications: interventions must create optimal conditions, not just bring groups together.

Wrong answers: (A) conditions clearly matter given differential outcomes; (C) suboptimal contact can fail
or backfire; (D) conditions substantially moderate outcomes.

43. C - Negativity bias creates asymmetry complicating prejudice reduction efforts

Study 5 shows negative contact (effect = 0.45) has larger impact than positive contact (effect = 0.21). This
asymmetry reflects general negativity bias—negative information weighs more heavily than positive. For
prejudice reduction, this means one negative encounter can undo several positive ones. This complicates
interventions—not only must positive contact be created, but negative encounters must be prevented. The
asymmetry makes prejudice reduction more challenging than symmetry would suggest.

Wrong answers: (A) positive contact works but smaller effects than negative; (B) negative contact should
be prevented, not created; (D) negative has larger, not equal effects.

44. C - Categorizing individuals as exceptional limits attitude generalization to outgroups

Study 4 shows 45% viewed positive outgroup members as exceptions ("subtyping"), limiting
generalization to the entire outgroup. When encountering counterstereotypical individuals, people can
either revise group stereotypes or categorize individuals as exceptions preserving stereotypes. Subtyping
protects existing beliefs—"they're not like the rest of their group"—preventing individual positive
experiences from changing categorical attitudes. This explains limited generalization despite positive
contact.

Wrong answers: (A) subtyping prevents generalization; (B) individual experiences don't automatically
generalize; (D) subtyping occurs frequently—45% is substantial.

45. D - Strengthening of synaptic connections following high-frequency stimulation
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Long-term potentiation (LTP) is the persistent strengthening of synapses following high-frequency
stimulation (e.g., 100 Hz tetanus). LTP in hippocampus is a primary cellular mechanism of learning and
memory. High-frequency activation increases synaptic strength through increased neurotransmitter
release, receptor insertion, and structural changes. LTP can last hours to days, providing a mechanism for
long-term information storage.

Wrong answers: (A) describes depression, not potentiation; (B) LTP involves strengthening, not no
change; (C) synapses strengthen, don't eliminate.

46. B - Logical thinking about concrete objects but not abstract hypotheticals

Concrete operational stage (ages 7-11) is characterized by logical thinking about concrete, tangible objects
and situations. Children master conservation, classification, and seriation with physical objects. However,
they struggle with abstract hypothetical reasoning ("What if gravity didn't exist?"), which emerges in
formal operational stage. Concrete operations represent major cognitive advance but with limitations—
logic applies to tangible, not abstract.

Wrong answers: (A) conservation is mastered in concrete operational; (C) describes sensorimotor stage
(0-2 years); (D) describes formal operational stage (11+ years).

47. C - Social conditions and inequalities shape population health patterns

Social epidemiology examines how social factors—socioeconomic status, discrimination, social support,
neighborhood conditions—create health disparities and population patterns. It extends beyond individual-
level factors to examine social determinants and how inequality produces health inequality. The field
investigates how social structures become embodied as biological differences, creating systematic health
gradients across social groups.

Wrong answers: (A) describes infectious disease epidemiology specifically; (B) genetics contribute but
social epidemiology emphasizes social factors; (D) describes clinical medicine, not population-level
patterns.

48. B - Overemphasize personality while underweighting contextual influences on actions

The fundamental attribution error (FAE) is the tendency to overattribute others' behavior to dispositions
(personality, character) while underestimating situational factors (circumstances, pressures). When
someone cuts us off in traffic, we think "rude person" rather than "maybe they're rushing to emergency."
This bias is "fundamental" because it's pervasive, robust, and affects judgments about strangers and
acquaintances. The error involves imbalanced weighting—not ignoring situations entirely, but giving
insufficient weight to them.

Wrong answers: (A) FAE involves systematic bias, not accuracy; (C) FAE overweights dispositions,
doesn't ignore them; (D) FAE represents systematic bias, not rationality.

49. B - Dispositional inferences occur even when situational information is explicit
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Study 1 shows 70% inferred essay writers' true attitudes despite knowing writers were assigned positions
with no choice. This demonstrates FAE's power—even explicit situational information (forced
compliance) doesn't eliminate dispositional inference. People "know" situations constrained behavior but
still make personality inferences. This occurs because dispositional inferences happen
spontaneously/automatically, while situational correction requires additional cognitive effort that may not
occur.

Wrong answers: (A) participants didn't correctly adjust for known constraints; (C) situational information
didn't override dispositional inferences; (D) FAE persists even with situational information present.

50. A - Information availability and perspective systematically affect causal attributions

Study 2 shows actors attribute their own behavior situationally (68%) while attributing friends' behavior
dispositionally (38%). This asymmetry reflects information differences—actors experience their own
behavioral variability across situations and internal states, while observers see others in limited contexts.
Perspective affects what information is available: actors know their own situational pressures and mental
states, observers don't have this access. Information availability creates systematic attribution differences.

Wrong answers: (B) information differs systematically by perspective; (C) actor-observer bias is a robust
asymmetry; (D) both information and motivation contribute—not exclusively motivation.

51. B - Cultural models of personhood shape attention and explanation patterns

Study 3 shows Americans making 74% dispositional attributions versus 42% for Chinese and 38% for
Japanese. Collectivist cultures emphasize social context and relationships, individualist cultures
emphasize personal autonomy. These cultural models shape attention (what people notice about behavior)
and explanation (how they interpret causes). Cultural differences demonstrate attribution processes aren't
purely universal—culture shapes cognition. However, differences are relative—collectivists still make
dispositional attributions, just less strongly.

Wrong answers: (A) cultural differences exist but some universals remain—FAE occurs cross-culturally
though weaker in collectivist cultures; (C) accuracy isn't assessed—different, not better; (D) FAE occurs
in collectivist cultures, though less pronounced.

52. C - How partners explain behaviors affects relationship trajectory and longevity

Study 5 shows happy couples making relationship-enhancing attributions (92% internal for positives)
while distressed couples make distress-maintaining attributions (35% internal for positives). Attributions
both reflect and shape relationships—satisfaction influences attributions, but attributions also affect
responses to partner behavior, creating feedback loops. Partners who explain positive behaviors
situationally may underappreciate partners, while dispositional explanations for negatives create
resentment. Attribution patterns predict dissolution.

Wrong answers: (A) attributions affect satisfaction and relationship outcomes; (B) bidirectional effects

exist—satisfaction — attributions AND attributions — satisfaction; (D) attribution patterns differ
systematically by satisfaction level.
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53. C - Drugs create powerful reinforcement hijacking normal reward mechanisms

Study 1 shows drugs produce dopamine increases far exceeding natural rewards (food = 50-100%, cocaine
= 300%, methamphetamine = 1200%). The mesolimbic dopamine system evolved to motivate adaptive
behaviors (eating, reproduction) through reward signaling. Drugs hijack this system, producing
supraphysiological dopamine surges that create powerful reinforcement. This explains addiction's
strength—drugs activate reward circuitry more intensely than natural rewards, making them powerfully
reinforcing.

Wrong answers: (A) drugs are more reinforcing than natural rewards; (B) drugs remain motivationally
powerful with repeated use; (D) dopamine is central to drug reward and addiction.

54. A - Neuroadaptive changes opposing drug effects require increased doses

Study 2 shows chronic cocaine use reducing D2 receptor availability from 100% to 50%. Downregulation
compensates for repeated overstimulation—reducing receptor expression restores baseline signaling.
However, this creates tolerance: now the same drug dose produces less effect (fewer receptors to activate),
requiring higher doses for equivalent effects. Neuroadaptation opposes drug effects, creating the need for
dose escalation characteristic of addiction.

Wrong answers: (B) tolerance reflects biological adaptation, not constant effects; (C) receptors decrease,
not increase; (D) tolerance has biological substrate—receptor changes.

55. B - Impaired prefrontal function reduces impulse control and decision-making

Study 3 shows 38% reduction in prefrontal cortex activation during impulse control in individuals with
cocaine addiction. The prefrontal cortex supports executive functions—planning, impulse control,
considering consequences. Hypofrontality impairs these functions, reducing ability to inhibit drug-seeking
despite knowing consequences. This explains continued use despite negative outcomes—executive
control systems that normally restrain impulsive behavior are compromised by chronic drug exposure.

Wrong answers: (A) prefrontal function is impaired, not intact; (C) prefrontal activity decreases, not
increases; (D) cognitive function is central to addiction maintenance—impaired control perpetuates use.

56. B - Incentive sensitization creates lasting cue reactivity despite abstinence

Study 4 shows drug cues producing intense craving and 200% dopamine increase in recovered users.
Incentive sensitization theory proposes that drug-associated cues become hypersensitive with repeated
use—brain regions mediating "wanting" become sensitized. Even after stopping use and without acute
drug effects, cues trigger powerful craving through conditioned associations. This explains relapse
vulnerability—cue exposure activates wanting systems even long after physical dependence resolves.

Wrong answers: (A) cues retain motivational significance, creating relapse risk; (C) craving can persist
for years after acute withdrawal; (D) environmental cues are major relapse triggers.
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57. D - Spinal mechanisms can modulate ascending pain signals to brain

Gate Control Theory proposes that "gates" in the spinal cord dorsal horn can modulate pain signal
transmission to the brain. Large-diameter sensory fibers can close the gate (reducing pain), while small-
diameter pain fibers open it. Descending pathways from brain can also influence gating. This explains
why: rubbing injuries reduces pain (mechanical stimulation closes gate), psychological factors affect pain
(descending modulation), and pain varies with context. The theory revolutionized pain understanding by
showing modulation, not direct transmission.

Wrong answers: (A) describes direct transmission, opposite of Gate Control; (B) psychological factors
modulate pain in Gate Control; (C) Gate Control explains pain variability across contexts.

58. D - Frustration from blocked goals increases aggression likelihood

The frustration-aggression hypothesis proposes that frustration (blocked goals, thwarted expectations)
increases aggression likelihood. When goal-directed behavior is impeded, frustration builds, creating
readiness for aggressive response. Modern versions acknowledge frustration doesn't always cause
aggression (other responses possible) and other factors beyond frustration cause aggression, but frustration
remains an important aggression trigger.

Wrong answers: (A) frustration-aggression is environmental, not purely genetic; (B) frustration precedes
and can trigger aggression; (C) aggression results from frustration, not prosocial behavior.

59. C - Social capital, cultural maintenance, and economic opportunities

Ethnic enclaves provide immigrants multiple resources: (1) social capital through networks providing
information, job referrals, and mutual support; (2) cultural maintenance preserving language, customs,
and identity; (3) economic opportunities through ethnic economies, co-ethnic hiring, and
entrepreneurship. While enclaves involve some separation, they facilitate adaptation by providing
supportive environments. Research shows enclaves can support rather than hinder mobility by providing
resources and opportunities.

Wrong answers: (A) enclaves involve some separation but not complete isolation—residents engage with

broader society; (B) enclaves provide substantial economic and social resources; (D) enclaves can
facilitate mobility through networks and opportunities.
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