MCAT BONUS - PRACTICE TEST 2

Chemical And Physical Foundations of Biological Systems

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-5): Acid-Base Equilibria and Buffer
Systems

Biological systems require precise pH control for optimal enzyme function and cellular processes. The
Henderson-Hasselbalch equation describes the relationship between pH, pKa, and the ratio of conjugate
base to weak acid in buffer solutions: pH = pKa + log([A"]/[HA]). When [A"] = [HA], pH = pKa,
representing the buffer's optimal operating point where resistance to pH change is maximal.

Buffers resist pH changes through the common ion effect and Le Chatelier's principle. When acid is
added to a buffer, the conjugate base neutralizes H": A~ + H* — HA. When base is added, the weak acid
neutralizes OH: HA + OH™ — A~ + H:O. Buffer capacity—the amount of acid or base a buffer can
neutralize before significant pH change—depends on buffer concentration and the ratio of components.
Maximum capacity occurs when pH = pKa.

The bicarbonate buffer system maintains blood pH at 7.40: CO2 + H>O = H.COs; = H* + HCOs". The
pKa of carbonic acid (H2COs) is 6.1, yet this system effectively buffers at pH 7.4 because: (1) CO2
concentration is regulated by respiration (respiratory compensation), and (2) HCOs™ concentration is
regulated by the kidneys (metabolic compensation). The normal ratio is [HCOs ]/[H2COs] = 20:1.

Respiratory acidosis occurs when CO: retention (hypoventilation) increases H.COs, lowering pH.
Metabolic acidosis occurs when excess acid accumulates or HCOs™ is lost, also lowering pH. The body
compensates through the opposite system: respiratory acidosis triggers increased HCOs™ reabsorption by
kidneys, while metabolic acidosis triggers hyperventilation to expel COs.

The phosphate buffer system (H.PO+ /HPO.*", pKa = 7.2) is important in intracellular fluid and urine.
Proteins also function as buffers because amino acid side chains contain ionizable groups: carboxyl
groups (—COOH, pKa ~2-3), amino groups (-NHs*, pKa ~9-10), and ionizable side chains like histidine
(pKa ~6).



Experimental data:
Buffer comparison study:

Buffer A: 0.10 M acetic acid/0.10 M acetate (pKa = 4.76)
Buffer B: 0.10 M phosphate H.PO+/0.10 M HPO+*~ (pKa =7.2)
Buffer C: 0.050 M acetic acid/0.050 M acetate

Added 0.01 mol HCl to 1.0 L of each buffer

Buffer A: pH decreased from 4.76 to 4.67

Buffer B: pH decreased from 7.2 to 7.11

Buffer C: pH decreased from 4.76 to 4.58

Blood gas analysis:

Normal: pH = 7.40, pCO2 = 40 mmHg, [HCOs|] = 24 mEq/L

Patient 1: pH = 7.30, pCO2 = 60 mmHg, [HCO57] =29 mEq/L
Patient 2: pH = 7.30, pCO2 = 30 mmHg, [HCO:7] = 15 mEq/L
Patient 3: pH = 7.52, pCO2 =25 mmHg, [HCO;7] =20 mEq/L

Titration data:

e 50 mL of 0.10 M acetic acid titrated with 0.10 M NaOH

e At (0 mL NaOH added: pH = 2.88

e At 25 mL NaOH added: pH = 4.76 (half-equivalence point)
e At 50 mL NaOH added: pH = 8.72 (equivalence point)

1. A buffer solution contains 0.10 M acetic acid (pKa = 4.76) and 0.10 M sodium acetate. What is
the pH of this buffer?

A.3.76
B.4.76
C.5.76
D. 7.40

2. Buffer C showed a larger pH change than Buffer A when the same amount of acid was added
because:

A. Buffer C has a higher pKa

B. Buffer C has half the concentration, giving it lower buffer capacity
C. Buffer C is more acidic

D. Acetic acid is a stronger acid in Buffer C

3. Patient 1's blood gas values (pH 7.30, pCO: 60 mmHg, HCOs™ 29 mEq/L) are most consistent
with:



A. Respiratory acidosis with partial metabolic compensation
B. Metabolic acidosis with respiratory compensation

C. Respiratory alkalosis

D. Normal acid-base balance

4. At the half-equivalence point of the acetic acid titration, pH = pKa because:

A. All the acetic acid has been neutralized

B. [CH:COOH] = [CH3COOQO], making the log term zero
C. The solution contains only CH;:COO~

D. NaOH concentration equals acetic acid concentration

5. The bicarbonate buffer system can effectively maintain blood pH at 7.4 despite having pKa =
6.1 because:

A. The pKa value is incorrect

B. Respiratory and renal regulation maintain a 20:1 [HCOs ]/[H2COs] ratio
C. Blood pH is actually 6.1

D. Bicarbonate is a strong base

PASSAGE 2 (Questions 6-10): Calorimetry and
Thermochemistry

Calorimetry measures heat transfer during chemical reactions and physical processes. The first law of
thermodynamics states that energy is conserved: AE = q + w, where q is heat and w is work. For
constant pressure processes (most biological and laboratory conditions), enthalpy change (AH) equals
heat transferred: AH = q,. Exothermic reactions release heat (AH < 0), while endothermic reactions
absorb heat (AH > 0).

Heat capacity (C) is the energy required to raise temperature by 1°C. Specific heat (c) is heat capacity
per gram: q = mcAT. Water's high specific heat (4.184 J/g-°C) makes it an excellent biological
temperature regulator and calorimeter medium. Bomb calorimeters measure combustion reactions at
constant volume, where AE = q,. The heat capacity of the calorimeter (Ccal) must be determined
through calibration.

Hess's law states that enthalpy change for a reaction equals the sum of enthalpy changes for individual
steps, regardless of pathway. This allows calculation of AH for reactions that cannot be measured
directly. Standard enthalpy of formation (AH®f) is the enthalpy change when one mole of compound
forms from elements in standard states. For any reaction: AH°rxn = £ AHf(products) - £
AH°f(elements).

Bond enthalpy—energy required to break one mole of bonds—allows estimation of reaction enthalpies:
AH°rxn = X(bonds broken) - £(bonds formed). Breaking bonds requires energy (endothermic), while



forming bonds releases energy (exothermic). Reactions are exothermic when stronger bonds form than
break.

Biological calorimetry measures metabolic rates through direct calorimetry (measuring heat production)
or indirect calorimetry (measuring O: consumption and CO- production). The respiratory quotient (RQ =
CO: produced/O: consumed) indicates fuel source: RQ = 1.0 for carbohydrates, ~0.7 for fats, ~0.8 for
proteins.

Experimental measurements:
Coffee cup calorimetry:

e 100.0 g of water at 25.0°C in a Styrofoam cup

5.00 g of NH4NO:s dissolved in the water

Final temperature: 20.5°C

Assume solution has same specific heat as water (4.184 J/g-°C)
Assume calorimeter absorbs negligible heat

Bomb calorimetry:

e 1.000 g glucose (CsH1206) combusted in bomb calorimeter
Calorimeter heat capacity: 9.08 kJ/°C

Initial temperature: 20.00°C

Final temperature: 22.75°C

Molecular weight glucose: 180 g/mol

Metabolic calorimetry:

e Subject resting for 1 hour

e O:zconsumed: 15.0 L

e (CO:2produced: 12.0 L

o Energy equivalent: 20 kJ per liter O: (average for mixed fuel)

Hess's law calculation:

¢ Given reactions and AH values:

o C(s)+ 02g) — CO2(g) AH = -394 kJ/mol

o Ha(g) + %202(g) — H20(1) AH = -286 kJ/mol

o C2HsOH(1) + 302(g) — 2CO2(g) + 3H20(1) AH = -1367 kJ/mol
e (Calculate: AH for 2C(s) + 3Hz(g) + 202(g) — C:HsOH(I)

6. The dissolution of NH4sNOs in water is:

A. Exothermic, because temperature decreased
B. Endothermic, because temperature decreased



C. Exothermic, because temperature increased
D. Neither exothermic nor endothermic

7. What is the heat of combustion of glucose in kJ/mol based on the bomb calorimeter data?

A. -450 kJ/mol
B. -2520 kJ/mol
C. -4500 kJ/mol
D. -25 kJ/mol

8. The respiratory quotient (RQ) for this subject is:

A.0.80
B. 1.00
C.1.25
D. 0.67

9. Using Hess's law and the given data, what is AH for the formation of ethanol from its elements?

A. -278 kJ/mol

B. +278 kJ/mol
C. -1367 kJ/mol
D. -2047 kJ/mol

10. The heat absorbed by the water when NH4NOs dissolves is:

.+1880J
.-1880J
.1+2090 J
.-2090J
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PASSAGE 3 (Questions 11-15): Coordination Chemistry and
Transition Metals

Transition metals form coordination complexes with Lewis bases (ligands) that donate electron pairs to
the metal center. The coordination number—typically 4 or 6—determines geometry: tetrahedral or
square planar for coordination number 4, octahedral for coordination number 6. Ligands bind through
coordinate covalent bonds where both electrons come from the ligand.

Crystal field theory explains color and magnetic properties of coordination complexes. Ligands create an
electrostatic field that splits the five degenerate d orbitals into groups of different energies. In octahedral
complexes, d orbitals split into lower-energy t-g (dxy, dxz, dyz) and higher-energy eg (dz?, dx*-y?) sets.
The energy gap (Ao) determines whether complexes are high-spin or low-spin.



Strong field ligands (CN-, CO) cause large Ao, favoring electron pairing in lower orbitals (low-spin).
Weak field ligands (I, Br) cause small Ao, favoring maximum unpaired electrons (high-spin) following
Hund's rule. The spectrochemical series ranks ligands by field strength: I" < Br- < Cl" <F < H.O < NHs
<en<NO: <CN = CO.

Color arises when complexes absorb visible light, promoting electrons from t-g to eg orbitals. The
absorbed wavelength corresponds to Ao: E = hc/A = Ao. Complexes appear the complementary color of
absorbed light. For example, [Ti(H20)s]** absorbs yellow-green light (~500 nm) and appears purple.

Chelate effect: multidentate ligands (bidentate, tridentate) bind more strongly than monodentate ligands
due to favorable entropy change. Ethylenediamine (en, bidentate) forms more stable complexes than two
ammonia molecules because replacing multiple monodentate ligands with fewer chelating ligands
increases disorder.

Biological applications include hemoglobin (iron-porphyrin complex), vitamin B2 (cobalt-corrin
complex), and cisplatin (platinum anticancer drug). Hemoglobin's iron(II) reversibly binds Oz when in
the deoxy (high-spin, 5 coordinate) state. O2 binding converts it to low-spin octahedral geometry.

Experimental observations:
Complex characterization:

e Complex A: [Co(NHs)s]** - yellow, paramagnetic (0 unpaired electrons)
e Complex B: [CoFs]*" - blue, paramagnetic (4 unpaired electrons)

e Complex C: [Co(en)s]*" - yellow, paramagnetic (0 unpaired electrons)

e (Co* electron configuration: [Ar] 3d®

Spectroscopy data:

e [Ti(H20)s]*" absorbs at 500 nm (green)
e [Ti(H20)s]*" appears purple in solution
e Ti* configuration: [Ar] 3d!

Stability constant comparison:

o [Ni(NHs)6]*": Kf=5.5 x 10®

e [Ni(en)s]*: Kf=2.1 x 10'®

o Both are octahedral nickel(II) complexes
Hemoglobin oxygen binding:

e Deoxyhemoglobin: Fe** is high-spin, 5-coordinate

e Oxyhemoglobin: Fe?" is low-spin, 6-coordinate
e O2 binding shifts Fe** into plane of porphyrin ring



11. Complex B (JCoFs]*) has 4 unpaired electrons while Complex A (JCo(NHs)s]**) has 0 unpaired
electrons because:

A. Fis a weak field ligand causing high-spin configuration, while NHjs is strong field causing low-spin
B. F~ is a strong field ligand

C. Co*" has different electron configurations in the two complexes

D. The complexes have different geometries

12. [Ti(H20)¢]** appears purple because:

A. It emits purple light

B. It absorbs purple light and transmits green light

C. It absorbs green light (~500 nm) and transmits purple (complementary color)
D. Titanium is naturally purple

13. [Ni(en)s]** has a much larger formation constant than [Ni(NHs)s]** because:

A. Ethylenediamine is a stronger base than ammonia

B. The chelate effect: replacing 6 monodentate ligands with 3 bidentate ligands increases entropy
C. Nickel prefers ethylenediamine

D. The formation constant was measured incorrectly

14. When O: binds to deoxyhemoglobin, the iron changes from high-spin to low-spin because:

A. O2 1s a strong field ligand that increases Ao, causing electron pairing
B. O: oxidizes Fe** to Fe**

C. The porphyrin ring changes geometry

D. Oxygen is paramagnetic

15. In an octahedral complex with 6 d electrons, how many electrons occupy the eg orbitals in a
low-spin configuration?
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PASSAGE 4 (Questions 16-20): Phase Diagrams and Phase
Transitions
Phase diagrams map the stable phases of substances as functions of temperature and pressure. The lines

separating phases represent equilibrium conditions where two phases coexist. The triple point is the
unique temperature and pressure where all three phases (solid, liquid, gas) coexist in equilibrium. The



critical point represents the temperature and pressure above which the liquid and gas phases become
indistinguishable (supercritical fluid).

The Clausius-Clapeyron equation relates vapor pressure to temperature: In(P2/P:) = -(AHvap/R)(1/T= -
1/Th). This explains why vapor pressure increases exponentially with temperature. Substances with
stronger intermolecular forces have higher AHvap and lower vapor pressures at given temperatures.

Phase transitions involve enthalpy changes without temperature changes at the transition point. Melting
(fusion) requires heat input (AHfus > 0), as does vaporization (AHvap > 0). The entropy increases in
these transitions (AS > 0) because molecular disorder increases. At equilibrium: AG = AH - TAS =0, so
T = AH/AS at the phase transition temperature.

Water exhibits unusual properties: the solid-liquid equilibrium line has negative slope, meaning ice
melts under pressure. This occurs because ice is less dense than liquid water—pressure favors the denser
liquid phase. Most substances show normal behavior with positive slopes (solid is denser than liquid).

Colligative properties depend on solute particle number, not identity. Boiling point elevation (ATb =
Kbm) and freezing point depression (ATf = Kfm) result from vapor pressure lowering by nonvolatile
solutes. The presence of solute particles reduces the liquid's vapor pressure, requiring higher temperature
to reach atmospheric pressure (elevated boiling point) and lower temperature for solid-liquid equilibrium
(depressed freezing point).

Phase diagram data:

Water phase diagram:
e Triple point: 0.01°C, 0.006 atm
e Normal freezing point: 0°C at 1 atm
e Normal boiling point: 100°C at 1 atm
o Critical point: 374°C, 218 atm

e Solid-liquid line: negative slope

Carbon dioxide phase diagram:

Triple point: -56.6°C, 5.1 atm
Sublimation temperature at 1 atm: -78.5°C
Critical point: 31.1°C, 73 atm

Solid-liquid line: positive slope

Clausius-Clapeyron calculation:

e Substance X vapor pressure: 100 mmHg at 25°C
e Substance X vapor pressure: 400 mmHg at 50°C
e (Calculate AHvap for substance X

e R =8.314 J/(mol-K)



Freezing point depression:

e Pure water freezes at 0.00°C

e Solution A: 1.0 mol NaCl in 1.0 kg water

e Solution B: 1.0 mol glucose in 1.0 kg water
o Kf for water = 1.86 °C-kg/mol

16. CO: at 1 atm pressure cannot exist as a liquid because:

A. 1 atm is below the triple point pressure of 5.1 atm
B. CO: is always a gas

C. The critical temperature is too high

D. COs: is too heavy

17. Ice skating works partly because pressure melts ice underneath the skate blade. This is
possible because:

A. The solid-liquid line for water has negative slope—pressure favors the denser liquid phase
B. Ice is warmer than liquid water

C. Friction generates heat

D. Ice has a positive slope solid-liquid line

18. Using the Clausius-Clapeyron equation and the data provided, what is the approximate AHvap
for substance X?

A. 15 kJ/mol
B. 30 kJ/mol
C. 45 kJ/mol
D. 60 kJ/mol

19. The freezing point of Solution A (NaCl) will be:

A. Lower than Solution B because NaCl dissociates into 2 particles per formula unit
B. The same as Solution B

C. Higher than Solution B

D. Exactly -1.86°C

20. At the critical point:

A. All three phases coexist

B. The liquid and gas phases become indistinguishable
C. The substance can only exist as a solid

D. Temperature equals 0 K



PASSAGE 5 (Questions 21-25): Electrochemical Cells and Redox
Reactions

Electrochemical cells convert chemical energy to electrical energy (galvanic/voltaic cells) or use
electrical energy to drive non-spontaneous reactions (electrolytic cells). In both cell types, oxidation
occurs at the anode and reduction occurs at the cathode. Mnemonic: "An Ox" (anode oxidation), "Red
Cat" (reduction cathode).

Cell potential (E°cell) indicates spontaneity. Positive E°cell corresponds to spontaneous reactions (AG <
0), while negative E°cell indicates non-spontaneous reactions requiring external voltage. The
relationship between AG and E°cell is: AG® = -nFE°cell, where n is moles of electrons transferred and F
is Faraday's constant (96,485 C/mol ¢").

Standard reduction potentials (E°) are measured relative to the standard hydrogen electrode (SHE, E° =
0.00 V). More positive E° indicates stronger oxidizing agent (better electron acceptor); more negative E°
indicates stronger reducing agent (better electron donor). To calculate E°cell: E°cell = E°cathode -
E°anode.

The Nernst equation relates cell potential to concentration: E = E° - (RT/nF)In(Q) = E° -
(0.0592/n)log(Q) at 25°C. As reactions proceed toward equilibrium (Q increases), E decreases. At
equilibrium, E =0 and Q =K. This gives: E° = (0.0592/n)log(K).

Concentration cells have identical electrodes but different ion concentrations. They generate voltage
from concentration gradients, analogous to biological membrane potentials. The Nernst equation for
concentration cells simplifies to: E = (0.0592/n)log([dilute]/[concentrated]).

Faraday's laws of electrolysis relate charge passed to mass deposited: charge (C) = current (A) X time
(s), and moles deposited = charge/(nF). This allows calculation of reaction extent from current and time.

Electrochemical data:
Standard reduction potentials (E° in volts):

e Fixg)+2e > 2F:+2.87V

e MnOs +8H"+ 5¢” — Mn*" + 4H20: +1.51 V
e Clg)+2e —2CI:+1.36 V

e O2g) +4H" +4e — 2H.0: +1.23 V

e Agt+te — Ag(s): +0.80 V

e Cu*+2e — Cu(s):+0.34V

e 2H*"+2e — H2(g): 0.00 V (by definition)

o 7/Zn**+2¢ — Zn(s):-0.76 V

e Li"+e — Li(s):-3.05V
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Galvanic cell experiment:

Cell constructed: Zn(s) | Zn*"(1.0 M) || Cu?*(1.0 M) | Cu(s)
Measured E°cell =+1.10 V

After reaction proceeds: [Zn*"] =2.0 M, [Cu*]=0.10 M
Calculate new Ecell using Nernst equation

Electrolysis experiment:

o Electrolysis of molten NaCl

e Current: 10.0 A

e Time: 965 seconds (16.08 minutes)
e Calculate mass of Na(s) produced
e Na atomic mass: 23 g/mol

Concentration cell:

e Ag|Ag"(0.01 M) | Ag"(1.0M)|Ag
e (Calculate cell potential

21. Which is the strongest oxidizing agent among the species listed?

A. F2
B. Li*
C.Zn?*"
D.Cl"

22. For the Zn/Cu galvanic cell under standard conditions, what is E°cell?

A.+042V
B.+1.10 V
C.+186V
D.-042V

23. After the reaction proceeds with [Zn*] = 2.0 M and [Cu?*] = 0.10 M, the new Ecell is
approximately:

A.+1.48V
B.+1.10 V
C.+1.07V
D.+0.72 V

24. In the electrolysis of molten NaCl for 965 seconds at 10.0 A, what mass of Na(s) is produced?

A. 115¢g
B.230¢g
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C.4.60 g
D.230¢

25. For the silver concentration cell, the cell potential is:

A. 0.00 V (identical electrodes)
B.+0.118 V

C.-0.118 V

D.+0.80 V

PASSAGE 6 (Questions 26-30): Organic Reaction Mechanisms

Organic reactions proceed through characteristic mechanisms determined by electron movement.
Curved arrow notation tracks electron flow: arrows originate from electron-rich sites (nucleophiles) and
point to electron-poor sites (electrophiles). Understanding mechanism allows prediction of products and
stereochemistry.

Nucleophilic substitution reactions occur through two mechanisms. SN2 (substitution nucleophilic
bimolecular) proceeds in one step with backside attack, causing inversion of configuration (Walden
inversion). Rate = k[substrate][nucleophile]. SN2 is favored by strong nucleophiles, primary substrates,
polar aprotic solvents, and good leaving groups.

SN1 (substitution nucleophilic unimolecular) proceeds in two steps: (1) slow ionization forming
carbocation, (2) fast nucleophile attack. Rate = k[substrate], independent of nucleophile concentration.
SN1 is favored by weak nucleophiles, tertiary substrates (stable carbocations), polar protic solvents, and
good leaving groups. Racemization occurs because the planar carbocation can be attacked from either
face.

Elimination reactions compete with substitution. E2 (elimination bimolecular) occurs in one step with
anti-periplanar geometry: base removes proton while leaving group departs. E1 (elimination
unimolecular) proceeds through carbocation intermediate like SN1. Zaitsev's rule: elimination produces
the more substituted (more stable) alkene as major product.

Factors favoring elimination over substitution include: strong bases (especially bulky bases like t-
butoxide), heat, and more substituted substrates. Small, strong nucleophiles favor substitution; large,
strong bases favor elimination.

Carbonyl chemistry involves nucleophilic addition or nucleophilic acyl substitution. Aldehydes and
ketones undergo nucleophilic addition: nucleophile attacks electrophilic carbonyl carbon, n-bond breaks,
forming tetrahedral intermediate. Carboxylic acid derivatives undergo nucleophilic acyl substitution:
addition followed by elimination, regenerating C=0.
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Experimental observations:
Kinetics study:

e Reaction: (CHs);CBr + OH™ — (CH3);:COH + Br~

e Varied [OH]: no change in rate

e Varied [(CHs):CBr]: rate doubled when concentration doubled
e Rate law: Rate = k[(CH3)sCBr]

Stereochemistry experiment:

e (R)-2-bromooctane reacted with NaOH in ethanol
e Product: (S)-2-octanol (inverted configuration)
o Rate proportional to both [substrate] and [OH]

Competition experiment:

e 2-bromo-2-methylpropane with NaOCHs in methanol at 25°C: 99% substitution
e 2-bromo-2-methylpropane with NaOCHj3 in methanol at 65°C: 60% elimination
e 2-bromo-2-methylpropane with NaOC(CHzs)s at 65°C: 90% elimination

Product distribution:

e 2-bromopentane treated with strong base
e Product A: 2-pentene (80%, more substituted)
e Product B: 1-pentene (20%, less substituted)

26. The reaction of (CH5)sCBr with OH™ proceeds by:

A. SN2 mechanism because rate depends on nucleophile concentration
B. SN1 mechanism because tertiary substrate forms stable carbocation
C. E2 mechanism
D. E1 mechanism

27. The conversion of (R)-2-bromooctane to (S)-2-octanol demonstrates:
A. SN1 mechanism with racemization

B. SN2 mechanism with inversion of configuration

C. No stereochemical change

D. E2 mechanism

28. Increasing temperature and using bulky base (t-butoxide) increased elimination because:

A. Heat and steric hindrance favor E2 over SN2
B. Temperature has no effect on mechanism



C. Bulky bases are better nucleophiles
D. SN is favored at high temperature

29. The predominance of 2-pentene over 1-pentene in the elimination reaction is explained by:

A. Hammond postulate

B. Markovnikov's rule

C. Zaitsev's rule: more substituted alkene is more stable
D. Anti-Markovnikov addition

30. In nucleophilic addition to a carbonyl group, the nucleophile attacks the carbonyl carbon
because:

A. The carbon is electron-rich

B. The carbon is electrophilic (6+) due to oxygen's electronegativity
C. Oxygen is a better nucleophile

D. The n-bond is very strong

PASSAGE 7 (Questions 31-35): Solutions and Colligative
Properties

Solutions form when solute particles disperse uniformly throughout a solvent. The dissolution process
involves three enthalpy changes: (1) breaking solute-solute interactions (AH: > 0, endothermic), (2)
breaking solvent-solvent interactions (AHz > 0, endothermic), and (3) forming solute-solvent
interactions (AHs < 0, exothermic). The overall enthalpy of solution: AHsoln = AH: + AH> + AHs.

Solubility depends on intermolecular forces: "like dissolves like." Polar solutes dissolve in polar
solvents; nonpolar solutes dissolve in nonpolar solvents. Water dissolves ionic compounds when ion-
dipole interactions (AHs) exceed lattice energy (AH:). Hydration strongly favors dissolution for small,
highly charged ions.

Henry's law describes gas solubility: C = kHP, where C is concentration, P is partial pressure, and kH is
Henry's constant. Gas solubility increases with pressure (scuba diving, carbonated beverages) and
decreases with temperature (thermal pollution reducing dissolved O:).

Raoult's law relates vapor pressure to mole fraction: Psolution = Xsolvent-P°solvent. Adding nonvolatile
solute lowers vapor pressure proportionally to solute mole fraction. This causes boiling point elevation
(ATb = Kb-m-i) and freezing point depression (ATf= Kf-m-1), where i is the van't Hoff factor (number
of particles per formula unit).

Osmotic pressure (1 = MRT"1) drives water movement across semipermeable membranes from low to
high solute concentration. Osmosis is crucial in biology: cells in hypertonic solutions lose water
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(crenation), while cells in hypotonic solutions gain water (hemolysis). Isotonic solutions (0.9% NacCl,
5% glucose) match cellular osmotic pressure.

Solution experiments:
Vapor pressure lowering:

e Pure water vapor pressure at 25°C: 23.8 mmHg
e Solution: 1.0 mol glucose in 9.0 mol water
e Measured vapor pressure: 21.4 mmHg

Boiling point elevation:

e Solution A: 1.0 mol glucose in 1.0 kg water
e Solution B: 1.0 mol NaCl in 1.0 kg water

e Kb for water: 0.512 °C-kg/mol

e Pure water boils at 100.0°C

Osmotic pressure:

e Red blood cells in:
o 0.9% NaCl: cells maintain normal shape
o 0.2% NaCl: cells swell and some lyse
o 2.0% NaCl: cells shrink (crenate)
e (Calculate osmotic pressure of 0.9% NaCl at 37°C
e Assume complete dissociation, density = 1 g/mL

Gas solubility:
e O:solubility in water at 25°C, 1 atm: 1.3 x 103 M

e Deep sea diver at 4 atm total pressure (air is 21% Ox)
e Calculate blood O: concentration

31. The vapor pressure of the glucose solution (21.4 mmHg) is lower than pure water (23.8 mmHg)
because:

A. Glucose molecules occupy surface area, reducing water molecules' escape rate
B. Glucose increases vapor pressure

C. Temperature decreased

D. Glucose is volatile

32. The boiling point of Solution B (NaCl) will be:

A. The same as Solution A
B. Higher than Solution A because NaCl dissociates into 2 ions (i = 2)
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C. Lower than Solution A
D. Exactly 100.512°C

33. Red blood cells in 0.2% NaCl swell and lyse because:

A. The solution is hypertonic, water enters cells by osmosis
B. The solution is hypotonic, water enters cells by osmosis
C. The solution is isotonic

D. NaCl is toxic to cells

34. Using Henry's law, the O: concentration in the diver's blood at 4 atm (assuming 21% O) is
approximately:

A. 1.3 x 10 M (unchanged)
B. 1.1 x10° M
C.52x10°*M
D. 1.1 x102M

35. The osmotic pressure of 0.9% NaCl solution at 37°C (310 K) is approximately:

A.0.15 atm
B. 1.5 atm
C.7.6 atm
D. 15 atm

PASSAGE 8 (Questions 36-40): Molecular Orbital Theory

Molecular orbital (MO) theory describes bonding through linear combinations of atomic orbitals
(LCAO). Atomic orbitals combine to form bonding (lower energy) and antibonding (higher energy)
molecular orbitals. Electrons fill MOs following the Aufbau principle, Pauli exclusion principle, and
Hund's rule.

Bond order quantifies bond strength: bond order = '2(bonding electrons - antibonding electrons). Bond
order of 1, 2, and 3 corresponds to single, double, and triple bonds. Higher bond order means shorter
bond length and greater bond strength. Zero or negative bond order predicts unstable molecules.

Sigma (o) molecular orbitals form from end-to-end overlap of orbitals (s-s, s-p, p-p along internuclear
axis). Pi () molecular orbitals form from side-to-side overlap of p orbitals perpendicular to the
internuclear axis. All single bonds are ¢ bonds; double bonds contain one ¢ and one m bond; triple bonds
contain one ¢ and two © bonds.

Paramagnetic substances contain unpaired electrons and are attracted to magnetic fields. Diamagnetic
substances have all electrons paired and are weakly repelled by magnetic fields. MO theory correctly
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predicts O paramagnetism (two unpaired electrons in n* orbitals), which valence bond theory cannot
explain.

Homonuclear diatomic molecules (Hz, N2, Oz, F2) show systematic trends. For B2 through Ne., the MO
energy ordering is: 6(2s) < 6*(2s) < n(2p) < o(2p) < m*(2p) < 6*(2p). Notable: m(2p) orbitals are
degenerate (equal energy) and fill before (2p) according to Hund's rule.

Heteronuclear diatomics (CO, NO, HF) have asymmetric MO diagrams because atoms differ in
electronegativity. More electronegative atoms contribute more to bonding MOs (lower energy), while
less electronegative atoms contribute more to antibonding MOs.

MO theory predictions:
Diatomic molecules electron configuration and properties:
e Hoa: (cls)* BO =1, diamagnetic
e He:: (c1s)*(c*1s)> BO = 0, does not exist
o N2: (625)%(6*2s)*(n2p)*(c2p)* BO = 3, diamagnetic
e 02 (02s)X(02s)*(c2p)*(m2p)*(x2p)* BO = 2, paramagnetic
o Fa: (625)X(02s)%(02p)(72p)*(x2p)* BO = 1, diamagnetic
Photoelectron spectroscopy:
e O:ionization: Oz + hv — O2" + e~
e O2": loses one electron from n*2p

e Predict bond order and bond length change

Bond length comparison:

e N2: 110 pm
e 02121 pm
o F2: 143 pm

Magnetic measurements:

e O attracted to magnetic field
e N not attracted to magnetic field

36. O: is paramagnetic because:

A. It has two unpaired electrons in ©*2p antibonding orbitals
B. It has no unpaired electrons

C. Oxygen atoms are magnetic

D. All molecules are paramagnetic

37. When O: is ionized to form O:", the bond order:
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A. Decreases from 2 to 1.5

B. Increases from 2 to 2.5 and bond length decreases
C. Stays the same

D. Increases from 2 to 3

38. The bond length trend (N: < O: < F>) correlates with:

A. Decreasing bond order (3>2>1)
B. Increasing atomic size

C. Increasing electronegativity

D. Decreasing number of electrons

39. He: does not exist as a stable molecule because:

A. Helium is a noble gas

B. Bond order = 0 (equal bonding and antibonding electrons)
C. Helium atoms are too small

D. Helium cannot form molecular orbitals

40. In CO (carbon monoxide), the bonding molecular orbitals are:

A. Equally distributed between C and O

B. Primarily localized on oxygen (more electronegative)
C. Primarily localized on carbon

D. Only & orbitals exist

PASSAGE 9 (Questions 41-45): Fluid Dynamics and the
Circulatory System

Fluid dynamics describes liquid and gas motion. Pressure in a static fluid increases with depth: P = Po +
pgh, where p is density, g is gravitational acceleration, and h is depth. This hydrostatic pressure explains
why blood pressure in feet exceeds that in the brain when standing.

The continuity equation expresses mass conservation in flowing fluids: Aivi = Azv2, where A is cross-
sectional area and v is velocity. Fluid flows faster through narrow regions (stenotic blood vessels) and
slower through wide regions (capillaries). Volume flow rate Q = Av remains constant along a tube.

Bernoulli's equation applies energy conservation to flowing fluids: P + Y2pv? + pgh = constant. This
explains the Venturi effect: pressure decreases where velocity increases. Applications include airplane
lift, atomizer sprayers, and aneurysm risk (high velocity blood flow creates low pressure, potentially
rupturing weakened vessel walls).
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Poiseuille's law describes laminar flow through cylindrical tubes: Q = (nr*AP)/(8nL), where r is radius,
AP is pressure difference, 1) is viscosity, and L is length. Flow rate depends strongly on radius (r* term):
halving radius decreases flow 16-fold. This explains why atherosclerotic plaques dramatically reduce
blood flow.

Resistance to flow: R = 8nL/(nr*), so AP = QR (analogous to Ohm's law: V = IR). Total resistance for
parallel vessels (capillary beds): 1/Rtotal = 1/R: + 1/R2 + ... Parallel arrangement decreases total
resistance, explaining low resistance in extensive capillary networks despite narrow individual
capillaries.

Turbulent flow occurs at high velocities or in rough vessels, increasing resistance and creating sounds
(bruits in stenotic arteries). Reynolds number predicts flow type: Re = pvD/1. Re <2000 indicates
laminar flow; Re > 4000 indicates turbulent flow.
Circulatory system data:
Blood pressure measurements:

e Lying down: ankle pressure = brain pressure = 100 mmHg

o Standing upright: ankle pressure = 180 mmHg, brain pressure = 60 mmHg

e Height difference: 130 cm= 1.3 m

e Blood density: 1.06 g/cm?
Aortic stenosis:

e Normal aorta: diameter = 3.0 cm, velocity = 30 cm/s

e Stenotic region: diameter = 1.5 cm, velocity = ?

o Calculate velocity in stenotic region using continuity equation
Atherosclerotic vessel:

e Normal vessel radius: 3 mm

e Plaque reduces radius to 1.5 mm

e Calculate change in flow rate (assuming constant pressure difference)
Capillary network:

o Single capillary resistance: 1000 mmHg-s/mL

o Capillary bed contains 1 billion parallel capillaries

e Calculate total resistance

41. The ankle pressure (180 mmHg) exceeds brain pressure (60 mmHg) when standing because:

A. The heart pumps harder to the feet
B. Hydrostatic pressure increases with depth: AP = pgh
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C. Feet contain more blood
D. Gravity has no effect on pressure

42. Using the continuity equation, the blood velocity in the stenotic region (diameter 1.5 cm) is:

A. 15 cm/s
B. 30 cm/s
C. 60 cm/s
D. 120 cm/s

43. When radius decreases from 3 mm to 1.5 mm, the flow rate:

A. Decreases to "> of original
B. Decreases to Y4 of original
C. Decreases to 1/16 of original
D. Increases

44. The total resistance of 1 billion parallel capillaries is:

A. 1000 mmHg-s/mL

B. 1.0 x 10°* mmHg-s/mL

C. 1.0 x 10 mmHg-s/mL

D. 1 billion x 1000 mmHg-s/mL

45. According to Bernoulli's equation, in the stenotic region where velocity is high:

A. Pressure increases

B. Pressure decreases

C. Pressure remains constant
D. Energy is created

PASSAGE 10 (Questions 46-50): Sound Waves and Doppler
Effect

Sound waves are longitudinal mechanical waves requiring a medium for propagation. Wave speed in a
medium: v = V(B/p), where B is bulk modulus (stiffness) and p is density. Sound travels faster in solids
(high B) than liquids than gases. In air at 20°C, vsound =~ 343 m/s.

Wave properties relate through: v = fA, where f is frequency and A is wavelength. Human hearing ranges

from 20 Hz to 20,000 Hz. Ultrasound (f > 20 kHz) is used medically for imaging. Infrasound (f < 20 Hz)
includes seismic waves.
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Intensity (power per unit area) decreases with distance squared: I = P/(4nr?). Intensity level in decibels:
B =10 log(I/Io), where Io = 10> W/m? (threshold of hearing). Every 10 dB increase represents 10-fold
intensity increase. Conversational speech = 60 dB, pain threshold = 120 dB.

The Doppler effect describes frequency shifts when source or observer moves relative to the medium.
Approaching sources/observers perceive higher frequency: f' = f(v & vo)/(v + vs), where v is sound
speed, vo is observer velocity, and vs is source velocity. Use upper signs when motion decreases source-
observer distance.

Medical ultrasound uses Doppler effect to measure blood flow velocity. Transmitted frequency reflects
off moving red blood cells, returning with shifted frequency. The frequency shift Af =
2fov_blood-cos(0)/vsound, where 0 is angle between ultrasound beam and flow direction.

Resonance occurs when forcing frequency matches natural frequency, causing large amplitude
oscillations. Wind instruments and vocal cords use resonance. Standing waves in tubes: open tubes
support wavelengths A = 2L/n (n =1, 2, 3...), while closed tubes support A.=4L/n (n=1, 3, 5..., odd
only).

Acoustic experiments:
Doppler radar measurement:
o Police radar frequency: 10.0 GHz
e Car approaching at 30 m/s
e Speed of electromagnetic waves: 3.0 x 10® m/s
e (alculate observed frequency shift
Ultrasound Doppler:
e Transmitted frequency: 5.0 MHz
o Blood flow velocity: 0.5 m/s toward transducer (6 = 0°)
e Speed of sound in tissue: 1540 m/s
e (Calculate frequency shift
Sound intensity:
e Concert measures 110 dB at 10 m from speaker
e Calculate intensity at 10 m
e Calculate intensity at 20 m
Pipe resonance:
e Open tube length: 0.50 m

e (Calculate fundamental frequency (first harmonic)
e Speed of sound: 343 m/s
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46. The Doppler frequency shift for the approaching car is approximately:

A.1Hz
B. 100 Hz
C.1kHz
D.2 MHz

47. The ultrasound frequency shift (Af) for blood flowing toward the transducer at 0.5 m/s is
approximately:

A. 0 Hz (no shift)

B.3.2Hz

C.3.2kHz

D. 5.0 MHz (same as transmitted)

48. The intensity at 10 m from the 110 dB source is:

A. 102 W/m?
B. 107! W/m?
C.1 W/m?
D. 10 W/m?

49. The fundamental frequency of the 0.50 m open tube is:

A. 171 Hz
B. 343 Hz
C. 686 Hz
D. 857 Hz

50. At 20 m from the speaker (double the distance), the intensity:

A. Decreases to % the value at 10 m
B. Decreases to ¥ the value at 10 m
C. Remains the same

D. Decreases to 1/8 the value at 10 m

DISCRETE QUESTIONS (51-59)
51. The most acidic hydrogen in CHs:COOH (acetic acid) is:

A. One of the methyl hydrogens

B. The hydroxyl hydrogen on the carboxyl group

C. All hydrogens are equally acidic

D. The carbonyl carbon has the most acidic hydrogen
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52. Which quantum number describes the shape of an atomic orbital?

A. Principal quantum number (n)

B. Angular momentum quantum number (1)
C. Magnetic quantum number (ml)

D. Spin quantum number (ms)

53. A reaction has AH® = -50 kJ/mol and AS° =-100 J/(mol-K). At what temperature does this
reaction become non-spontaneous?

A.250 K

B. 500 K

C. 1000 K

D. Never (always spontaneous)

54. What is the hybridization of the central nitrogen in NHs?

A.sp
B. sp?
C. sp?
D. spd

55. Isotopes of an element differ in:

A. Number of protons

B. Number of neutrons
C. Number of electrons
D. Chemical properties

56. A first-order reaction has a half-life of 20 minutes. How long does it take for 75% of the
reactant to decompose?

A. 20 minutes
B. 30 minutes
C. 40 minutes
D. 60 minutes

57. Which of the following molecules is nonpolar despite containing polar bonds?

A. H20
B. NH3
C. CO:
D. HCI
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58. The work done by a gas during expansion at constant pressure is:

A.w=-PAV

B. w=+PAV
C.w=nRT ll’l(Vz/Vl)
D.w=0

59. Which element has the highest electronegativity?

A. Fluorine
B. Oxygen

C. Nitrogen
D. Chlorine
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Cnitical Analysis and Reasoning Skills (CARS)

Time Questions

90 minutes 53

PASSAGE 1 (Questions 1-6): The Ethics of Memory
Manipulation

Recent advances in neuroscience have made targeted memory modification theoretically possible.
Researchers can now identify and alter specific neural pathways associated with traumatic memories in
animal models, and preliminary human trials suggest similar techniques might alleviate post-traumatic
stress disorder. Yet this technological capability raises profound ethical questions that extend far beyond
medical applications.

Memory is fundamental to personal identity. The philosopher John Locke argued that psychological
continuity—particularly memory—constitutes personal identity across time. If we are the sum of our
memories, then altering those memories might alter who we fundamentally are. A person whose
traumatic memories have been erased or modified may be psychologically healthier, but are they the
same person? Critics worry that memory modification represents a kind of "self-murder," where we
destroy a previous version of ourselves.

Defenders of memory modification argue this concern overstates memory's role in identity. We already
forget vast amounts of our experiences, yet we don't consider this a threat to selthood. Moreover,
traumatic memories often imprison people, preventing them from living fully. If a veteran's PTSD
memories prevent normal functioning, removing those memories might liberate rather than destroy their
identity. The philosopher David DeGrazia suggests we should focus on narrative identity—the story we
tell about ourselves—rather than raw memory. As long as the modified person can maintain a coherent
self-narrative, identity persists.

However, memory modification raises additional ethical concerns beyond identity. Memories, even
painful ones, may have moral value as testimony to wrongs suffered. Holocaust survivors often feel
moral obligations to remember, viewing their memories as bearing witness to atrocity. Erasing such
memories might constitute a kind of moral betrayal, both of oneself and of others who suffered.

Furthermore, memory modification could be abused. Authoritarian governments might use it to erase
dissident memories. Corporations might require it of whistleblowers. Even in voluntary contexts, social
pressure might coerce people into erasing memories that make others uncomfortable. A victim might be
pressured to forget an assault to avoid "dwelling on the past." Such scenarios suggest that memory
rights—including the right to one's own memories—deserve protection.
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The debate also involves competing conceptions of authenticity. Some ethicists argue that genuine
human experience requires accepting life's full emotional spectrum, including pain. Constantly editing
our memories to maintain psychological comfort might produce shallow, inauthentic lives. Others
counter that this romanticizes suffering. Pain doesn't ennoble; it often merely damages. Why privilege
"authentic" suffering over modified well-being?

Perhaps the key ethical question is not whether memory modification should ever occur, but rather: who
decides, and under what circumstances? Strict medical protocols might permit modification only for
severe trauma under voluntary consent, with safeguards against abuse. Yet even seemingly clear cases
involve difficult questions. Should children's memories be modified? What about memories of crimes—
may perpetrators forget their guilt? Each case requires weighing competing values: autonomy,
authenticity, well-being, moral responsibility, and justice.

1. The passage suggests that John Locke would most likely view memory modification as:

A. A medical treatment with no philosophical implications

B. A potentially identity-altering intervention requiring careful consideration
C. An improvement to human psychology that strengthens identity

D. Irrelevant to questions of personal identity

2. The author's reference to Holocaust survivors' memories primarily serves to:

A. Argue that traumatic memories should never be modified

B. Illustrate the potential moral value of even painful memories

C. Demonstrate that memory modification technology is dangerous
D. Show that memories are unreliable testimony

3. According to the passage, DeGrazia's conception of narrative identity differs from Locke's view
in that DeGrazia:

A. Believes identity depends on memory continuity

B. Focuses on the coherence of one's self-story rather than raw memory retention
C. Argues that memory is irrelevant to personal identity

D. Claims that memory modification always destroys identity

4. Which of the following scenarios would most strengthen the argument that memory
modification threatens authenticity?

A. A patient with depression uses memory modification to forget childhood trauma and subsequently
reports increased life satisfaction

B. A society where most people routinely modify memories to avoid any psychological discomfort,
resulting in emotional shallowness

C. A veteran successfully treats PTSD through memory modification and resumes normal relationships
D. Parents modify their children's painful memories with the children's later approval
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5. The passage implies that even voluntary memory modification might be ethically problematic
because:

A. All memory loss damages personal identity

B. Social pressure could make "voluntary" consent less than fully autonomous
C. Technology is inherently dangerous

D. Painful memories are always morally valuable

6. The author's attitude toward memory modification can best be described as:

A. Strongly opposed, viewing it as a threat to human dignity

B. Enthusiastically supportive, viewing it as medical progress

C. Philosophically complex, recognizing competing ethical considerations
D. Indifferent, treating it as a purely technical question

PASSAGE 2 (Questions 7-12): The Paradox of Abstract Art

Abstract art poses a unique challenge to traditional theories of artistic representation. When Wassily
Kandinsky created the first purely abstract painting in 1910, he severed art from its millennia-old
obligation to depict recognizable objects. Yet this raises a puzzling question: if abstract art doesn't
represent anything, what makes it art rather than mere decoration?

The philosopher Arthur Danto argued that art must possess "aboutness"—it must be about something
beyond itself. A painting of a sunset is about that sunset. But what is a Jackson Pollock drip painting
about? Formalist critics respond that abstract art is about formal properties: color relationships,
compositional balance, spatial tension. When we view a Rothko color field painting, we experience the
interaction of hues and forms. This is sufficient for aesthetic experience; representation is unnecessary.

However, this formalist defense seems to concede too much. If art is merely about formal properties,
why shouldn't a well-designed fabric pattern or an aesthetically pleasing mathematical equation count as
art? The formalist might respond that context matters—Rothko's paintings belong to an institutional art
world with galleries, critics, and histories. But this seems arbitrary. Why should institutional context
transform one arrangement of colors into art while another remains decoration?

A deeper defense of abstract art appeals to expression theory. Expressionists argue that art
communicates emotional or spiritual states. Kandinsky himself believed his abstract paintings expressed
inner spiritual realities that representational art could never capture. When we view his compositions, we
don't see depicted objects but experience emotional qualities—serenity, turmoil, joy—directly embodied
in the visual forms. The painting isn't about an external object; it's about an internal state.

Yet expression theory faces difficulties. First, many abstract works seem emotionally neutral or

ambiguous. Mondrian's geometric grids appear intellectually cool rather than emotionally expressive.
Second, even if abstract art can express emotion, why consider this distinctly artistic? Music expresses
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emotion but uses non-representational sound. Perhaps abstract painting is simply visual music—pleasant
but not genuinely representational art.

A more radical defense denies that art requires either representation or expression. Clement Greenberg
argued that abstract art represents art's evolution toward self-reference. Painting becomes "about"
painting itself—about flatness, color, and the material properties of paint. Abstract Expressionism
represents not external objects but rather the act of painting. This self-referentiality, Greenberg argued,
is painting's ultimate achievement, distinguishing it from all other media.

Critics charge that Greenberg's theory is circular: painting is valuable because it's "about" being
painting. This seems to make art a hermetically sealed activity, cut off from life and meaning. Indeed,
the disconnect between abstract art and ordinary viewers suggests something has gone wrong. If art
requires professional training to appreciate, hasn't it failed as a human activity?

Perhaps the paradox dissolves if we reject the assumption that art must be "about" something. Maybe art
is simply something we make and experience, and asking what it represents or expresses is the wrong
question. A sunset isn't "about" anything, yet we find it beautiful. Perhaps abstract art similarly offers
direct visual experience without needing to be about anything beyond that experience. This deflates art's
pretensions but might better capture what abstract art actually achieves.

7. The passage suggests that Danto would most likely view pure decoration as:

A. Equivalent to abstract art in all respects

B. Lacking the "aboutness" required for art

C. Superior to abstract art because more accessible
D. Irrelevant to discussions of artistic value

8. According to the passage, which of the following is a weakness of expression theory as applied to
abstract art?

A. Some abstract works appear emotionally neutral rather than expressive
B. Expression theory applies only to representational art

C. Emotions cannot be visual

D. Artists don't intend to express emotions

9. Greenberg's theory of self-referential art is criticized as circular because:
A. It applies only to Abstract Expressionism

B. It values art for being about art itself, which seems to lack external justification
C. It contradicts formalist theory

D. It requires viewers to understand art history

10. The author's comparison of abstract painting to music primarily serves to:

A. Prove that abstract art is superior to music
B. Demonstrate that all art is fundamentally abstract
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C. Suggest a potential problem for expression theory if non-representational forms can also express
emotion
D. Argue that music and painting are identical art forms

11. Which scenario would most challenge the passage's suggestion that institutional context alone
cannot distinguish art from decoration?

A. A fabric pattern exhibited in a museum is widely praised as art, while an identical pattern in a
furniture store is dismissed as decoration

B. An artist creates a work that is appreciated equally in museums and homes

C. A mathematical equation is displayed in a gallery but viewers don't consider it art

D. A child's painting is hung in a home but not in a museum

12. The author's final suggestion that we might reject the requirement that art be "about"
something implies:

A. A return to traditional representational art

B. A pragmatic approach valuing direct aesthetic experience over theoretical requirements
C. That abstract art has failed

D. That beauty doesn't matter in art

PASSAGE 3 (Questions 13-18): The Historian's Dilemma

Historical scholarship faces an inherent tension between narrative and analysis. Historians aim to
explain past events, yet explanation requires both recounting what happened (narrative) and analyzing
why it happened (interpretation). These aims sometimes conflict, as compelling narratives and rigorous
analysis operate under different logics.

Narrative history emphasizes story: characters, events, drama, and temporal flow. Readers engage with
narrative history as they would literature, following protagonists through crises toward resolutions.
Barbara Tuchman's The Guns of August exemplifies this approach, recounting World War I's outbreak
through vivid personalities and decisive moments. Such narratives make history accessible and
memorable. However, critics charge that narrative history sacrifices analytical rigor for readability. By
focusing on colorful individuals and dramatic events, narrative historians may neglect deeper structural
forces—economic conditions, social systems, cultural assumptions—that actually drive historical
change.

Analytical history, conversely, prioritizes explanation over story. Economic historians examine
aggregate data, social historians analyze class structures, and cultural historians study collective
mentalities. The French Annales school pioneered this approach, investigating "longue durée" historical
processes rather than individual events. Fernand Braudel's magisterial study of the Mediterranean world
analyzed geography, climate, economics, and demography rather than political narratives. This produces
deeper understanding but often results in prose that numbs readers with statistics and abstractions.
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The tension reflects a deeper epistemological question: what constitutes historical explanation? For
narrative historians, explanation emerges through understanding human actions and intentions. We
explain why Henry VIII broke with Rome by understanding his desire for a male heir and his
personality. This follows the "verstehen" tradition, which holds that human events are explained by
understanding meanings and motivations. Analytical historians, following natural science models, seek
law-like generalizations. They explain events through causes—economic pressures, social forces,
demographic trends—that operate independently of individual intentions.

Yet both approaches face difficulties. Pure narrative risks reducing history to a series of accidents and
individual choices, neglecting systematic patterns. If Henry VIII caused the English Reformation, why
did similar church-state conflicts emerge across Europe simultaneously? Some underlying causes must
transcend individual agency. Conversely, pure analysis risks eliminating human agency entirely.
Reducing the Reformation to economic forces and social tensions makes actual human choices seem
epiphenomenal—mere surface manifestations of deeper structures.

Some historians attempt synthesis, combining narrative and analysis. Simon Schama's Citizens narrates
the French Revolution through individual experiences while analyzing structural factors. Jill Lepore
employs intimate biographies while interrogating broader cultural patterns. Yet synthesis proves
difficult. Analysis interrupts narrative flow, while narrative particularity undermines analytical
generalization. Readers seeking story feel burdened by digression; readers seeking analysis feel
distracted by anecdotes.

Perhaps the dilemma is irresolvable because history itself operates at multiple levels. Major historical
changes result from both systemic forces and individual decisions, structure and agency, long-term
trends and short-term contingencies. The English Reformation occurred because of both Henry's divorce
and because England's economy and religious culture had evolved to where such a break became
possible. Full historical understanding requires both narrative (showing how events unfolded) and
analysis (explaining why that unfolding occurred). The challenge is recognizing that different questions
require different approaches—and that no single account captures historical complexity completely.

13. According to the passage, the Annales school's approach to history would most likely:

A. Focus on kings and battles

B. Emphasize individual biographical narratives

C. Analyze long-term geographical and demographic patterns
D. Reject all forms of explanation

14. The passage suggests that ""verstehen' historical explanation differs from natural science
explanation in that verstehen:

A. Relies on understanding human meanings and intentions rather than discovering causal laws
B. Refuses to explain anything

C. Applies only to ancient history

D. Avoids using any evidence
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15. The author's example of similar church-state conflicts emerging across Europe simultaneously
primarily serves to:

A. Prove that the Reformation was inevitable

B. Demonstrate that Henry VIII's actions were irrelevant

C. Suggest that pure narrative focusing on individual choices may miss systematic patterns
D. Argue that analysis is always superior to narrative

16. Which of the following best describes the relationship between narrative and analytical history
as presented in the passage?

A. Narrative is inferior and should be abandoned

B. Analysis is unnecessary for historical understanding

C. Each approach has strengths and limitations, and both are necessary for full understanding
D. The two approaches are completely incompatible and cannot coexist

17. The passage implies that historians attempting synthesis between narrative and analysis face
the challenge that:

A. Synthesis is impossible in any field

B. The two approaches operate under different logics that resist combination
C. Readers reject all complex historical work

D. Historical events are too simple for complex treatment

18. If a historian explained the American Civil War entirely through the personal animosity
between Lincoln and Jefferson Davis, this would exemplify the limitation of:

A. Analytical history's neglect of human agency

B. The Annales school's focus on structures

C. Narrative history's risk of reducing history to individual choices
D. The synthesis approach's combination of methods

PASSAGE 4 (Questions 19-25): The Attention Economy

Contemporary capitalism increasingly operates as an "attention economy" where human attention has
become the scarcest and most valuable resource. In traditional economies, scarcity involved material
goods—food, shelter, manufactured products. Today's economy increasingly concerns information,
which unlike material goods can be infinitely reproduced at near-zero cost. When information is
abundant, attention becomes scarce. The challenge is not producing content but capturing minds.

This shift transforms economic logic. Traditional manufacturers profit by selling products to customers.

Attention economy businesses—social media platforms, content sites, apps—offer services free,
profiting instead by selling user attention to advertisers. Users become both customer (receiving free
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service) and product (attention sold to advertisers). This creates incentives to maximize engagement
through whatever psychological mechanisms work—regardless of user welfare.

Platforms employ sophisticated techniques to capture attention. Infinite scroll eliminates natural
stopping points. Variable rewards (you might see something interesting) create addictive checking
behavior. Notification badges trigger anxiety. Recommendation algorithms optimize for engagement,
which research shows means promoting outrage and conflict rather than accuracy or insight. The
business model requires keeping users scrolling, watching, clicking—the quality of their experience
matters only insofar as it affects engagement.

Critics argue this constitutes a kind of exploitation. Humans evolved psychological mechanisms suited
to small-scale social environments. We're vulnerable to supernormal stimuli that hijack these
mechanisms. Just as modern food engineering exploits our evolved preferences for sugar and fat,
producing obesity, attention engineering exploits our social instincts and curiosity, producing attention
poverty—an inability to focus deeply or think reflectively.

Defenders respond that this overstates the harm while understating user agency. People choose to use
these platforms because they derive value—connection, information, entertainment. If platforms cause
harm, why do billions voluntarily use them daily? Moreover, concerns about new media corrupting
minds recur throughout history. Socrates worried that writing would destroy memory. Television was
supposed to create passive zombies. Perhaps social media criticism is similarly alarmist.

However, this defense ignores power asymmetries. Tech companies employ thousands of engineers,
designers, and psychologists optimizing products to maximize engagement. Users, individually, cannot
resist these sophisticated manipulation techniques any more than individual consumers could address
industrial pollution. The problem is collective, requiring collective solutions—regulation, rather than
expecting individuals to resist corporate behavior modification.

Furthermore, attention extraction creates externalities beyond individual harms. Political polarization
may partly result from engagement algorithms amplifying outrage. Journalism struggles economically
because attention flows to viral content rather than expensive investigative reporting. Democracy
requires informed citizens capable of sustained deliberation; an attention economy undermines this by
fragmenting consciousness into bite-sized dopamine hits.

Some propose reforming the attention economy through alternative business models. Subscription-based
services align provider and user interests—providers profit by offering services users value enough to
pay for, rather than by extracting engagement. Yet this risks creating information inequality, where only
the wealthy access quality content while others remain in manipulative free platforms.

Perhaps the fundamental question is whether attention can or should be commodified. Human
consciousness may be inappropriately reduced to an economic resource. Attention is how we engage
with reality, form relationships, and construct meaning. Treating it as merely something to be captured
and sold may damage the very foundations of human flourishing—even if done with consent and even if
economically efficient.
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19. According to the passage, attention economy businesses differ from traditional manufacturers
in that attention economy businesses:

A. Sell products directly to customers

B. Provide free services while selling user attention to advertisers
C. Don't employ sophisticated business techniques

D. Focus exclusively on material goods

20. The passage suggests that platform algorithms optimize for engagement rather than accuracy
because:

A. Accuracy is impossible to measure

B. Users prefer false information

C. The business model requires maximizing the time users spend on platforms
D. Algorithms cannot detect accuracy

21. The author's comparison between food engineering and attention engineering serves to:

A. Prove that both are equally harmful

B. Suggest that both exploit evolved human vulnerabilities for commercial purposes
C. Argue that food engineering is worse than attention engineering

D. Demonstrate that all engineering is unethical

22. According to the passage, defenders of social media argue that historical worries about new
media (writing, television) suggest:

A. All new technologies are harmful

B. Current concerns about social media may be overblown as past concerns proved
C. Socrates was correct about writing

D. Technology never improves

23. The passage's discussion of power asymmetries between tech companies and users implies
that:

A. Individual user choice alone cannot address problems created by sophisticated corporate
manipulation

B. Users are helpless victims with no agency

C. Regulation is impossible

D. Tech companies don't employ psychology in product design

24. Which of the following scenarios would best support the argument for subscription-based
alternatives to attention economy platforms?

A. A subscription news service provides high-quality journalism that users value, without needing to

maximize engagement
B. A free platform successfully moderates content without harming engagement
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C. Users abandon all social media voluntarily
D. Advertising becomes more ethical through industry self-regulation

25. The author's final suggestion that attention might be "inappropriately reduced to an economic
resource' implies:

A. All economic activity is inherently wrong

B. Some human capacities may be wrongly commodified even if profitable
C. Attention economy is more efficient than traditional economy

D. Economic efficiency should always be the primary value

PASSAGE 5 (Questions 26-31): Jazz and American Identity

Jazz occupies a peculiar position in American cultural identity—simultaneously celebrated as America's
classical music and marginalized in contemporary popular culture. This paradox reflects deeper tensions
about race, culture, and national identity that jazz has embodied throughout its history.

Jazz emerged from African American communities in the early twentieth century, synthesizing African
rhythms, blues tonality, and European harmonic structures. This hybrid origin makes jazz
quintessentially American in one sense—a new form arising from the collision and mixture of cultures
in the American context. Jazz couldn't have developed in Europe or Africa but required America's
particular racial dynamics.

Yet jazz's celebration as "American music" involves a troubling irony. The form was created by African
Americans, often in conditions of segregation and poverty. Early jazz musicians faced discrimination,
performing in venues that wouldn't serve them as customers. The music's appropriation by white
musicians—who often achieved greater commercial success than Black innovators—exemplifies
broader patterns of cultural exploitation. When we celebrate jazz as American, whose America do we
mean?

The bebop revolution of the 1940s partly responded to this appropriation. Charlie Parker, Dizzy
Gillespie, and Thelonious Monk created music of such technical sophistication that it resisted
commercial exploitation. Bebop wasn't dance music for white audiences but art music for serious
listeners—a deliberate reclamation of the form's artistic integrity and Black ownership. The bebop
stance declared: this is our music, our art form, not entertainment for your consumption.

However, bebop's very sophistication contributed to jazz's cultural marginalization. By becoming art
music requiring trained appreciation, jazz lost its popular audience. While rock and later hip-hop
remained accessible popular forms, jazz became institutionalized in conservatories and festivals—
appreciated but not widely heard. Today's jazz education programs, predominantly in universities, have
made jazz more technically accomplished but arguably less culturally vital than in its popular heyday.

Some critics charge that jazz's institutionalization as "America's classical music" represents a kind of
domestication—taking a revolutionary Black art form and neutering it by making it respectable museum
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music. Jazz began as transgressive, improvisatory, dangerous; conservatory training risks making it safe
and technically perfect but spiritually dead. When Jazz at Lincoln Center performs the classical jazz
repertoire in formal concerts, has the music been honored or embalmed?

Defenders argue this criticism romanticizes jazz's past while denigrating present achievements.
Contemporary jazz musicians are more technically skilled than early pioneers, with deeper harmonic
understanding and broader stylistic range. Institutions preserve the tradition, train new generations, and
ensure jazz survives rather than fading into obscurity. Without conservatory programs, jazz might
disappear entirely—a victim of changing popular tastes.

Perhaps the issue is what we mean by jazz being "alive." Music lives in multiple ways: as popular
expression, as artistic tradition, as commercial product, as site of innovation. Early jazz was
commercially successful popular music; bebop was artistic innovation; contemporary jazz is primarily
an educational and concert hall tradition. Each represents a different kind of vitality. The question may
not be whether jazz is alive but rather: what does its current institutional form reveal about American
culture's relationship to its artistic traditions—particularly traditions rooted in Black creativity?

The jazz paradox thus mirrors broader American paradoxes around race and culture. America celebrates
jazz as national heritage while the Black communities that created it remain marginalized. Jazz is taught
as high art in elite institutions while commercial success in music goes to other forms. We've preserved
jazz institutionally while arguably losing something of its original spirit—a transaction that may reflect
America's tendency to honor Black cultural contributions in the abstract while failing to address concrete
inequalities.

26. According to the passage, bebop musicians created complex music partly in order to:

A. Make jazz more accessible to popular audiences

B. Resist commercial appropriation and reclaim artistic ownership
C. Imitate European classical music

D. Simplify jazz performance techniques

27. The passage suggests that jazz's "hybrid origin'" makes it quintessentially American in that:

A. It was created only by European Americans

B. It emerged from the mixing of diverse cultural traditions in the American context
C. It sounds like European music

D. It originated in Africa

28. Critics who charge that jazz has been ""domesticated" in conservatories believe that:
A. All music education is valuable
B. Institutionalization has made jazz technically better but potentially less vital and transgressive

C. Jazz should never be taught
D. Early jazz musicians were not skilled
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29. The author's rhetorical question about whether Jazz at Lincoln Center performances '""honor
or embalm" jazz primarily serves to:

A. Definitely conclude that such performances kill jazz

B. Highlight the tension between institutional preservation and artistic vitality
C. Argue that all classical music is dead

D. Celebrate contemporary jazz institutions

30. According to the passage, defenders of jazz institutionalization argue that:

A. Popular jazz was never good

B. Technical sophistication is irrelevant

C. Without institutional support, jazz might disappear entirely
D. Jazz should return to dance halls

31. The passage's final paragraph suggests that jazz's institutional status while Black communities
remain marginalized reflects:

A. An unrelated coincidence

B. A broader American pattern of celebrating Black cultural contributions while failing to address
concrete inequalities

C. That jazz has no connection to Black culture

D. That institutional preservation is always wrong

PASSAGE 6 (Questions 32-37): The Psychology of Nostalgia

Nostalgia—the wistful longing for the past—was once classified as a medical disorder. Swiss physician
Johannes Hofer coined the term in 1688 to describe the debilitating homesickness experienced by Swiss
mercenaries. Nineteenth-century doctors prescribed leeches, emetics, and even threats of burial alive to
cure it. Today, psychologists view nostalgia differently: not as pathology but as a universal
psychological resource with adaptive functions.

Research reveals nostalgia's pervasiveness. Most people experience nostalgic feelings at least weekly,
often triggered by sensory cues—music, smells, photographs. The content of nostalgic memories
follows patterns: they typically involve social connection, particularly close relationships from youth.
People rarely feel nostalgic for solitary activities or recent events. Nostalgia seems to crystallize around
formative experiences of belonging.

Psychologist Constantine Sedikides argues nostalgia serves multiple psychological functions. First, it
bolsters social connectedness. By reminiscing about past relationships, people combat loneliness and
reinforce their sense of being embedded in social networks. Second, nostalgia enhances self-continuity.
Connecting present self to past experiences creates narrative coherence—a sense that one's life forms a
meaningful story rather than disconnected episodes. Third, nostalgia counters existential threat. When
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confronting mortality or meaninglessness, nostalgic memories provide evidence that one's life has had
significance and connection.

However, critics question whether nostalgia is genuinely adaptive or merely palliative. Clinical
psychologists note that excessive nostalgia correlates with depression and anxiety. People dwelling on
idealized pasts may avoid engaging present reality. The past's golden glow often reflects distortion
rather than accuracy—we forget past difficulties while remembering past joys. If nostalgia involves self-
deception, can it be truly healthy?

Defenders respond that nostalgia's distortions may be precisely what makes it functional. Humans
require positive illusions for psychological health. Totally accurate self-perception correlates with
depression. Somewhat inflated views of one's past, present, and future promote well-being. Nostalgia's
rose-tinted view of the past may help people maintain the optimism required for functioning.

Moreover, the fact that nostalgia can become problematic when excessive doesn't negate its normal
adaptive value. Exercise becomes unhealthy when obsessive, but this doesn't impugn moderate exercise.
Similarly, nostalgia may be adaptive in moderation while harmful in excess. The question is not whether
nostalgia can be pathological but whether it typically serves positive functions.

Yet nostalgia's social consequences extend beyond individual psychology. Collective nostalgia—shared
longing for a group's imagined past—can motivate political movements. "Make America Great Again"
appeals to collective nostalgia for a supposedly superior past. Such movements often involve selective
memory, romanticizing certain aspects of the past while ignoring injustices. Collective nostalgia
frequently serves conservative politics, resisting change by idealizing earlier conditions.

However, nostalgia need not be politically conservative. Progressives can feel nostalgic for past social
movements, drawing inspiration from civil rights struggles or labor organizing. The key may be whether
nostalgia orients toward restoration or inspiration—whether it seeks to return to the past or draws
motivation from past examples while moving forward.

Perhaps nostalgia's adaptiveness depends on how it's used. When nostalgia comforts without distorting
present perception, when it inspires without imprisoning, when it strengthens identity without
demonizing change, it may enhance well-being. The challenge is maintaining this balance—finding
value in memory without becoming trapped by it.

32. According to the passage, early medical views of nostalgia differed from contemporary
psychological views in that early views:

A. Correctly understood nostalgia's function

B. Treated nostalgia as a medical disorder to be cured
C. Recognized nostalgia's adaptive value

D. Never attempted to treat nostalgia

33. Sedikides's research suggests nostalgia enhances self-continuity by:
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A. Helping people forget their past

B. Creating narrative connections between present self and past experiences
C. Eliminating all negative memories

D. Focusing only on solitary experiences

34. The passage suggests that nostalgia's tendency to involve "distortion" of past reality:

A. Proves nostalgia is always harmful

B. May actually contribute to its psychological function, as positive illusions promote well-being
C. Means nostalgia should be eliminated

D. Shows that all memory is unreliable

35. The author's comparison of excessive nostalgia to obsessive exercise serves to argue that:

A. All nostalgia is harmful

B. Exercise is always bad

C. An activity's potential to be harmful in excess doesn't negate its value in moderation
D. Nostalgia and exercise are identical

36. According to the passage, collective nostalgia becomes politically problematic when it:

A. Remembers any aspect of the past

B. Romanticizes past while ignoring historical injustices
C. Inspires progressive movements

D. Strengthens social bonds

37. The passage's final paragraph implies that nostalgia's value depends on:

A. The specific content of memories

B. How it's used—whether it provides comfort and inspiration without distorting present reality
C. Complete accuracy of all memories

D. Avoiding all memory of the past

PASSAGE 7 (Questions 38-44): Market Mechanisms and Moral
Limits

Markets are remarkably efficient allocation mechanisms. By coordinating supply and demand through
price signals, markets can distribute resources without centralized planning. Yet some argue that certain
goods should not be bought and sold—that market logic has moral limits. Philosopher Michael Sandel
asks: what money can't buy, or shouldn't buy?

Consider kidney sales. A legal kidney market would likely increase supply, saving lives currently lost on
transplant waiting lists. Compensating donors would simply recognize their sacrifice. Economists argue
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this makes everyone better off: sellers gain money they need, buyers gain life-saving organs, both
voluntarily trade. Yet many find kidney markets intuitively repugnant despite their efficiency.

Critics raise several concerns. First, exploitation: poverty might coerce people into selling organs. While
technically voluntary, such "choices" occur under desperate circumstances. True autonomy requires
adequate alternatives. Second, commodification may wrongly treat body parts as mere objects. We have
a special relationship to our bodies; selling organs reduces them to commercial products. Third,
distributive justice: market allocation means organs flow to the wealthy rather than the needy, violating
healthcare justice principles.

Defenders respond that these objections are weak or apply equally to the current system. Regarding
exploitation: how does banning sales help poor people? We don't typically help people by removing
options. If someone needs money desperately enough to consider selling a kidney, we should address
their poverty—not ban kidney sales while leaving them poor. Moreover, we allow dangerous work for
pay (coal mining, military service) without considering it exploitation. Why single out organs?

On commodification: we already treat body parts commercially. Blood plasma, hair, sperm, and eggs
can be sold. Cadaver organs are allocated, though not sold. The body is already partially integrated into
market relations. The "sacred" body that should never be commodified may be a fiction. Furthermore,
what matters morally is whether transactions harm people. If compensated donation saves lives without
harming donors, objecting based on abstract commodification concerns seems to prioritize symbolism
over lives.

Regarding distribution: the current system also allocates unjustly. Wealthy people can travel
internationally for organs or receive better care that keeps them alive on waiting lists. A regulated
market could actually improve distribution by increasing supply dramatically and using some revenue to
subsidize poor recipients.

However, these defenses may miss a deeper concern: markets change the meaning of activities.
Economist Fred Hirsch distinguished positional goods (status markers) from material goods. Market
expansion into new domains can corrupt non-market values. Consider friendship. We value friendship
partly because it's freely given, not purchased. A "friend" who's paid isn't a real friend. Similarly, organ
donation may be valuable partly because it's altruistic. Converting it to market exchange might eliminate
the altruistic motivation, paradoxically reducing total supply if people stop donating once organs can be
sold.

Moreover, markets create social pressure. In a world of kidney markets, not selling a kidney to pay
medical bills might seem irresponsible. Market availability transforms what was supererogatory
(praiseworthy but not required) into expected. This could pressure the vulnerable, changing social norms
in problematic ways.

Perhaps the issue is not whether markets are ever inappropriate but rather recognizing that efficiency
isn't the only value. Some goods may require protection from market logic even at efficiency costs. The
question is which goods and why. Body parts? Human relationships? Political influence? Education?
Childcare? Each case requires weighing efficiency gains against moral costs of marketization.
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Sandel argues that these decisions cannot be made by economic analysis alone—they're fundamentally
moral and political choices about the kind of society we want. Do we want a society where everything
has a price, or do we want to preserve domains where non-market values predominate? Answering
requires moral deliberation, not merely cost-benefit analysis.

38. According to the passage, economists argue that kidney markets would be beneficial because:

A. They would eliminate all kidney disease

B. Both buyers and sellers would benefit from voluntary exchange, increasing organ supply
C. Markets are morally superior to alternatives in all cases

D. Kidney diseases are not serious

39. Critics who raise commodification concerns about kidney markets believe that:

A. All economic exchange is wrong

B. Body parts have special status that market treatment inappropriately reduces to mere commercial
objects

C. Kidneys have no value

D. Markets never work efficiently

40. Defenders of kidney markets respond to exploitation concerns by arguing that:

A. Poverty doesn't exist

B. Banning sales doesn't help poor people and we allow other dangerous work for pay
C. All transactions are exploitative

D. Exploitation is morally acceptable

41. The passage's example of paid friendship serves to illustrate:

A. That all friendships are purchased

B. Markets improve all relationships

C. That market logic can corrupt non-market values by changing the meaning of activities
D. Friendship is impossible

42. According to Hirsch's concept mentioned in the passage, ''positional goods" differ from
material goods in that positional goods:

A. Have no value

B. Derive value partly from status or position rather than purely material function
C. Are always superior to material goods

D. Cannot be purchased

43. The passage suggests that even if kidney markets increased supply, concerns remain because:

A. Efficiency is the only value that matters
B. Markets inevitably improve all social arrangements
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C. Efficiency isn't the only value; moral concerns about marketization may justify inefficiency
D. Organ supply is unlimited

44. Sandel's argument, as presented in the passage, implies that decisions about market limits:

A. Should be made purely through economic cost-benefit analysis

B. Are fundamentally moral and political choices requiring deliberation beyond economic efficiency
C. Are irrelevant because markets solve all problems

D. Should avoid considering social values

PASSAGE 8 (Questions 45-50): The Anthropology of Ritual

Rituals pervade human societies—religious ceremonies, graduation exercises, birthday celebrations,
even daily coffee routines. Anthropologists have long studied ritual to understand human culture and
social structure. Yet explaining ritual's ubiquity and function remains surprisingly difficult.

Early functionalist anthropologists viewed rituals as serving social cohesion. Emile Durkheim argued
that religious rituals unite participants into "moral communities" through shared symbolic experience.
By collectively performing sacred acts, individuals transcend their separateness and experience society
as something greater than themselves. Rituals renew social bonds and reinforce collective identity. This
explains rituals' persistence: societies that maintain rituals maintain cohesion; those that don't may
fragment.

However, functionalist explanations face problems. First, the "what it does" doesn't explain "why this
particular form." Ritual cohesion could theoretically be achieved through shared meals or collective
singing. Why do societies develop complex ceremonies with specific symbols, gestures, and sequences?
Second, functionalism struggles with harmful rituals. If rituals serve cohesion, what explains destructive
practices? Violent initiations, costly sacrifices, and excluding outsiders may bind the group but at
tremendous cost.

Symbolic anthropologists offered a different approach. Clifford Geertz argued that rituals aren't
primarily functional but expressive—they articulate and reinforce cultural meanings. A Balinese
cockfight isn't really about chickens; it's a text that tells participants about masculinity, status, and social
hierarchy. Rituals are "stories cultures tell themselves about themselves," making explicit the implicit
assumptions that structure experience.

Yet symbolic interpretation faces its own difficulties. Different observers produce wildly different
interpretations of the same ritual. Who decides what rituals "really" mean? Participants themselves often
cannot articulate symbolic meanings, suggesting symbols operate unconsciously. But if meanings are
unconscious, how can anthropologists access them? Symbolic interpretation risks becoming
unfalsifiable—whatever the anthropologist claims to see in the ritual becomes its "meaning."

Cognitive anthropologists approached ritual differently, examining ritual from evolutionary and
psychological perspectives. Pascal Boyer argues that rituals involve "minimally counterintuitive"
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elements—mostly intuitive actions with slight violations of expectations. Baptism involves normal
washing but with supernatural significance. Such minimal violations make rituals memorable and
transmissible while remaining comprehensible. Rituals persist because they're cognitively optimal for
cultural transmission—not too simple (boring) nor too complex (confusing).

This cognitive approach explains ritual forms but may neglect social functions. Understanding why
rituals are memorable doesn't explain why people perform them. Knowing that minimal
counterintuitiveness aids transmission doesn't tell us what rituals accomplish socially or psychologically.
Perhaps ritual serves multiple functions simultaneously—cognitive memorability, symbolic meaning,
social cohesion—and no single theory captures this complexity.

Contemporary anthropologists increasingly reject grand theories explaining all ritual. Instead, they
analyze specific rituals in context, examining how particular communities use ritual practically. Ritual
may have no universal function; different rituals may serve different purposes in different societies. The
Balinese cockfight may express status, while Christian communion creates community, and personal
meditation rituals provide psychological comfort. Seeking a theory of "ritual in general" may be
misguided.

Yet this pluralistic approach risks abandoning anthropology's theoretical ambitions. If each ritual must
be understood locally without generalizable principles, what distinguishes anthropology from
journalism? Perhaps the question shouldn't be "what do rituals do?" but rather "what is ritual?" Maybe
ritual is simply formalized, repeated, symbolic action—a basic human capacity for marking significance
through stylized behavior. Understanding why humans engage in such marking may require not
anthropological theory but philosophical or evolutionary inquiry into human nature itself.

45. According to the passage, Durkheim believed rituals serve primarily to:

A. Express individual creativity

B. Unite participants into moral communities through shared symbolic experience
C. Confuse participants

D. Waste time

46. The passage identifies which of the following as a problem for functionalist explanations of
ritual?

A. Functionalism explains ritual forms too well

B. Functionalism explains what rituals do but not why particular forms exist, and struggles with harmful
rituals

C. All rituals are beneficial

D. Rituals never serve cohesion

47. Geertz's symbolic approach to ritual views rituals as:

A. Meaningless actions
B. Purely functional social mechanisms
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C. Cultural texts that articulate implicit assumptions and meanings
D. Simple behaviors with no complexity

48. According to Boyer's cognitive approach, rituals persist because they:

A. Are completely conventional with no unusual elements

B. Involve minimally counterintuitive elements that make them memorable while remaining
comprehensible

C. Are extremely complex and difficult to understand

D. Have no cognitive properties

49. The passage suggests that contemporary anthropologists increasingly:

A. Embrace universal theories explaining all rituals

B. Analyze specific rituals in context rather than seeking grand theories
C. Reject studying ritual entirely

D. Believe all rituals are identical

50. The author's final suggestion that understanding ritual may require "philosophical or
evolutionary inquiry into human nature' implies:

A. Anthropology has nothing to contribute

B. The question of why humans engage in symbolic marking behavior may transcend specific
anthropological theories

C. Philosophy is superior to anthropology

D. Evolution doesn't exist

PASSAGE 9 (Questions 51-53): Copyright in the Digital Age

Copyright law faces an existential crisis in the digital age. The constitutional purpose of copyright is
promoting creativity by granting temporary monopolies. Creators receive exclusive rights to their works,
incentivizing production of new art, literature, and music. After copyright expires, works enter the
public domain, enriching collective culture. This balance between private incentive and public access
worked reasonably well for centuries.

Digital technology disrupts this balance fundamentally. Physical books naturally limit copying—
reproducing a book required printing presses, distribution networks, and retail stores. These barriers
gave publishers control and made unauthorized copying difficult. Copyright enforcement was relatively
straightforward. Digital files, conversely, can be copied infinitely at zero marginal cost and distributed
globally instantly. Every computer user becomes a potential publisher. Copyright enforcement becomes
nearly impossible without invasive surveillance.

Industry responded by lobbying for stronger copyright protections. Copyright terms extended from 14
years (1790) to life plus 70 years. The Digital Millennium Copyright Act criminalized circumventing

43



copy protection, even for legal purposes. Publishers increasingly use digital rights management (DRM)
to control what purchasers can do with files. These measures attempt to restore artificial scarcity in the
digital abundance.

However, critics argue this "analog thinking" fails. Attempting to enforce pre-digital copyright in a
digital world requires either abandoning enforcement (tolerated piracy) or implementing authoritarian
surveillance (monitoring all digital communication). Neither is desirable. Moreover, extended copyright
terms have created a permission culture that stifles creativity. Would-be creators must navigate complex
rights clearances, delaying or preventing new works. Much twentieth-century culture remains locked
away, unavailable because no one profits from licensing it but copyright hasn't expired.

Alternative models exist. Creative Commons licenses allow creators to share work while retaining some
rights. Open-source software demonstrates that creativity can flourish without traditional copyright.
Perhaps copyright should be dramatically shortened, returning quickly to public domain while relying on
first-mover advantages, patronage, and complementary goods (concerts, merchandise) for creator
compensation.

Yet dismantling copyright raises concerns. Professional creators—writers, musicians, filmmakers—may
struggle to make livings if works can be freely copied immediately. While internet optimists imagine
everyone becoming creators in a commons-based economy, most professional creative work requires
time and resources. Without copyright, how would full-time creators sustain themselves?

Perhaps the issue is recognizing that different creative works require different protections. Software
might thrive under open-source models while novels require traditional copyright. Music might work
with shorter terms while films need longer. Rather than uniform law, we might need a diverse ecosystem
of protections matched to creative forms and business models. The challenge is designing this system
thoughtfully rather than letting corporate lobbying or technological disruption determine outcomes.

51. According to the passage, the traditional purpose of copyright was to:

A. Permanently prevent anyone from using creative works

B. Provide temporary monopolies incentivizing creativity while eventually enriching public domain
C. Eliminate all copying

D. Benefit only corporations

52. The passage suggests that digital technology undermines traditional copyright because:

A. No one creates digital content

B. Digital files can be infinitely copied at near-zero cost, making enforcement nearly impossible

C. Copyright was never effective

D. Technology eliminates creativity

53. The author's suggestion that different creative works might need different protections implies:

A. All copyright should be abolished
B. Uniform copyright law may be less effective than diverse protections matched to specific creative
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forms
C. Copyright should be infinite
D. Creativity doesn't need protection
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Biological and Biochemical Foundations of Living Systems

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-5): Enzyme Kinetics and Allosteric
Regulation

Enzymes catalyze biochemical reactions by lowering activation energy, increasing reaction rates by
factors of 10° to 10'> compared to uncatalyzed reactions. Michaelis-Menten kinetics describes simple
enzyme behavior: v = (Vmax[S])/(Km + [S]), where v is reaction velocity, Vmax is maximum velocity,
[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.

Competitive inhibitors bind the active site, competing with substrate. They increase apparent Km
(reduced affinity) without affecting Vmax—at infinite substrate concentration, the inhibitor can be
outcompeted. Non-competitive inhibitors bind sites distinct from the active site, reducing Vmax without
affecting Km. Uncompetitive inhibitors bind only the enzyme-substrate complex, decreasing both Vmax
and Km proportionally.

Allosteric enzymes exhibit more complex regulation than Michaelis-Menten predictions. These enzymes
possess regulatory sites separate from active sites. Binding of allosteric effectors induces conformational
changes affecting catalytic activity. Positive cooperativity occurs when substrate binding at one active
site increases affinity at other sites, producing sigmoidal velocity curves rather than hyperbolic
Michaelis-Menten curves. This allows sharp activity transitions in response to substrate concentration
changes.

Phosphofructokinase-1 (PFK-1), a key glycolysis regulator, exemplifies allosteric control. PFK-1
catalyzes the committed step: fructose-6-phosphate + ATP — fructose-1,6-bisphosphate + ADP. ATP
serves as both substrate (providing phosphate) and negative allosteric regulator (signaling sufficient
energy). At low ATP concentrations, PFK-1 shows hyperbolic kinetics. At physiological ATP levels,
ATP binding to the allosteric site shifts the enzyme to low-affinity (T) state, producing sigmoidal
kinetics. AMP acts as positive allosteric effector, reversing ATP inhibition by stabilizing the high-
affinity (R) state.

Citrate (citric acid cycle intermediate) also allosterically inhibits PFK-1, signaling abundant biosynthetic
precursors. Fructose-2,6-bisphosphate, produced by a separate kinase when glucose is abundant,
powerfully activates PFK-1, overriding ATP inhibition. This multilayer regulation ensures glycolysis
responds appropriately to cellular energy status and biosynthetic needs.
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Experimental data:
PFK-1 Kkinetics under varying conditions:

e Control (low ATP): Hyperbolic curve, Vmax = 100 pmol/min, apparent Km = 0.5 mM

o High ATP (2.5 mM): Sigmoidal curve, apparent Km increases to 3.0 mM at V = 50 umol/min
e High ATP + AMP (0.1 mM): Curve shifts left, apparent Km decreases to 1.0 mM

e High ATP + fructose-2,6-bisphosphate: Near-normal hyperbolic curve, Km = 0.6 mM

Inhibitor study on generic enzyme:

e Inhibitor X: Doubles Km from 10 uM to 20 uM, Vmax unchanged at 50 nmol/s
e Inhibitor Y: Reduces Vmax from 50 to 25 nmol/s, Km unchanged at 10 uM
e Inhibitor Z: Reduces Km from 10 to 5 uM, reduces Vmax from 50 to 25 nmol/s

ATP/AMP ratios and glycolytic flux:

o High energy state: ATP/AMP = 100, PFK-1 activity = 10% maximum
e Moderate state: ATP/AMP = 20, PFK-1 activity = 50% maximum
e Low energy state: ATP/AMP = 5, PFK-1 activity = 90% maximum

1. Based on the experimental data, Inhibitor X is most likely:

A. A competitive inhibitor

B. A non-competitive inhibitor
C. An uncompetitive inhibitor
D. An allosteric activator

2. High ATP concentrations shift PFK-1 kinetics from hyperbolic to sigmoidal because:

A. ATP depletes substrate availability

B. ATP binding to the allosteric site stabilizes the low-affinity T state, introducing cooperativity
C. ATP is a competitive inhibitor

D. ATP increases enzyme degradation

3. The relationship between ATP/AMP ratio and PFK-1 activity suggests that:

A. High energy charge inhibits glycolysis while low energy charge activates it
B. ATP and AMP have no regulatory function

C. Glycolysis operates independently of energy status

D. AMP inhibits PFK-1

4. Fructose-2,6-bisphosphate's ability to override ATP inhibition and restore near-hyperbolic
kinetics indicates it:
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A. Competes with ATP for the active site

B. Stabilizes the high-affinity R state, counteracting ATP's T state stabilization
C. Degrades ATP

D. Is a substrate for PFK-1

5. An enzyme showing decreased Vmax with unchanged Km in the presence of an inhibitor
suggests that the inhibitor:

A. Binds the active site competitively

B. Binds a separate site, reducing catalytic efficiency without affecting substrate binding
C. Increases substrate affinity

D. Is an allosteric activator

PASSAGE 2 (Questions 6-10): Cellular Respiration and
Metabolic Integration

Cellular respiration oxidizes glucose to CO2 and H-O, capturing energy as ATP through substrate-level
phosphorylation and oxidative phosphorylation. Glycolysis (cytoplasm) converts glucose to two
pyruvate molecules, generating 2 ATP (net) and 2 NADH. Under aerobic conditions, pyruvate enters
mitochondria for oxidative metabolism. Under anaerobic conditions, pyruvate undergoes fermentation
(lactate in animals, ethanol in yeast), regenerating NAD" for continued glycolysis.

Pyruvate dehydrogenase complex (PDC) catalyzes the irreversible conversion: pyruvate + CoA + NAD*
— acetyl-CoA + CO: + NADH. This commits pyruvate to oxidation rather than gluconeogenesis. PDC
is inhibited by its products (acetyl-CoA, NADH) and by phosphorylation when ATP/ADP ratio is high.
PDC is activated by calcium (signaling energy demand) and by pyruvate itself.

The citric acid cycle (mitochondrial matrix) oxidizes acetyl-CoA to 2 CO-, generating 3 NADH, 1
FADH:, and 1 GTP per acetyl-CoA. Isocitrate dehydrogenase, the rate-limiting enzyme, is activated by
ADP and Ca*", inhibited by NADH and ATP. This coordinate regulation with PDC ensures carbon flow
matches energy needs.

The electron transport chain (inner mitochondrial membrane) oxidizes NADH and FADHz, transferring
electrons through protein complexes (I, II, III, IV) to Oz, forming H-O. Electron transfer releases energy
used to pump protons into the intermembrane space, creating an electrochemical gradient (proton-
motive force). Complex I pumps 4 H*, Complex III pumps 4 H*, and Complex IV pumps 2 H* per
NADH oxidized. FADH: enters at Complex II (doesn't pump protons), generating less proton-motive
force than NADH.

ATP synthase harnesses the proton gradient, allowing protons to flow back into the matrix while
catalyzing ATP synthesis. The P/O ratio (ATP produced per oxygen atom reduced) is approximately 2.5
for NADH and 1.5 for FADH:. Complete glucose oxidation yields approximately 30-32 ATP: 2 from
glycolysis, 2 from citric acid cycle (as GTP), and ~26-28 from oxidative phosphorylation.
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Uncoupling proteins (UCPs) dissipate the proton gradient without ATP synthesis, generating heat
instead. Brown adipose tissue expresses UCP1, allowing non-shivering thermogenesis in infants and
hibernating animals. Chemical uncouplers like 2,4-dinitrophenol (DNP) make membranes permeable to
protons, collapsing the gradient and preventing ATP synthesis while increasing O» consumption and
heat production—potentially lethal in excess.

Metabolic scenarios:
Scenario 1: Intense exercise (muscle)

e Glycolysis rate increases 100-fold

o Lactate production increases dramatically

o« NAD*/NADH ratio increases (via lactate dehydrogenase)
e Muscle pH decreases (lactic acid accumulation)

Scenario 2: Cyanide poisoning

e Cytochrome oxidase (Complex IV) inhibited
o Electron transport halts

e Oz consumption ceases despite O: availability
e NADH/NAD" ratio increases dramatically

e ATP production drops to glycolysis only

Scenario 3: DNP exposure

e Oz consumption increases
e ATP synthesis decreases

o Heat production increases
e Proton gradient collapses

Mitochondrial yield comparison:
e 1 glucose — 10 NADH (2 from glycolysis, 2 from PDC, 6 from citric acid cycle)
e 1 glucose — 2 FADH: (from citric acid cycle)
e Assuming 2.5 ATP/NADH and 1.5 ATP/FADHz: (10 x 2.5) + (2 x 1.5) = 28 ATP from oxidative
phosphorylation
6. Lactate production during intense exercise serves primarily to:
A. Generate additional ATP beyond aerobic metabolism
B. Regenerate NAD" for continued glycolysis when oxygen is limiting
C. Produce heat
D. Synthesize glucose

7. Cyanide poisoning prevents ATP synthesis by oxidative phosphorylation because:
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A. It inhibits glycolysis

B. It blocks Complex IV, preventing electron transfer to O and halting proton pumping
C. It destroys mitochondrial DNA

D. It directly inhibits ATP synthase

8. DNP increases O: consumption while decreasing ATP synthesis because:

A. It stimulates glycolysis

B. It uncouples electron transport from ATP synthesis by dissipating the proton gradient
C. It inhibits Complex I

D. It increases ATP hydrolysis

9. FADH: generates fewer ATP molecules than NADH because:

A. FADH: contains less energy

B. FADH: enters the electron transport chain at Complex II, bypassing Complex I's proton pumping
C. FADH: doesn't transfer electrons

D. FADH: inhibits ATP synthase

10. Pyruvate dehydrogenase complex inhibition by acetyl-CoA and NADH represents:

A. Competitive inhibition

B. Positive feedback activation

C. Product inhibition providing metabolic feedback control
D. Allosteric activation

PASSAGE 3 (Questions 11-14): DNA Replication and Repair

DNA replication must be extraordinarily accurate, as errors become permanent mutations transmitted to
daughter cells. The semiconservative replication mechanism, proven by Meselson-Stahl experiments,
produces two daughter molecules each containing one parental strand and one newly synthesized strand.
This occurs during S phase of the cell cycle.

DNA polymerases synthesize DNA in the 5' to 3' direction, adding nucleotides to the 3'-OH group of the
growing strand. This directionality creates asymmetry at replication forks: the leading strand is
synthesized continuously, while the lagging strand is synthesized discontinuously as Okazaki fragments
(100-200 nucleotides in eukaryotes, 1000-2000 in prokaryotes).

In eukaryotes, replication initiates at multiple origins of replication. DNA polymerase a-primase
synthesizes short RNA-DNA primers (~10 ribonucleotides + ~20 deoxyribonucleotides). DNA
polymerase 6 extends the lagging strand, while DNA polymerase € synthesizes the leading strand. Both
have 3' to 5' exonuclease activity for proofreading, removing incorrectly paired nucleotides. DNA
polymerase o lacks proofreading activity.
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Topoisomerases relieve supercoiling ahead of replication forks. Topoisomerase I creates transient
single-strand breaks, allowing DNA rotation. Topoisomerase Il creates transient double-strand breaks,
passing one DNA double helix through another. Anticancer drugs like etoposide and doxorubicin inhibit
topoisomerase I, trapping DNA with double-strand breaks.

DNA damage occurs constantly from endogenous sources (oxidative metabolism producing reactive
oxygen species) and exogenous sources (UV radiation, chemicals). Multiple repair pathways maintain
genome integrity. Mismatch repair corrects replication errors missed by proofreading. Base excision
repair removes damaged bases (DNA glycosylases remove the base, leaving an abasic site; AP
endonuclease cleaves the backbone; DNA polymerase fills the gap; ligase seals the nick). Nucleotide
excision repair removes bulky lesions like thymine dimers caused by UV radiation.

Defects in DNA repair cause disease. Hereditary nonpolyposis colorectal cancer (HNPCC) results from
mutations in mismatch repair genes (MLH1, MSH2), causing microsatellite instability and increased
cancer risk. Xeroderma pigmentosum results from defective nucleotide excision repair, causing extreme
UV sensitivity and skin cancer predisposition.

Experimental observations:

Meselson-Stahl experiment:

E. coli grown in "N medium (heavy DNA)

e Transferred to "“N medium (light DNA)

o After 1 generation: All DNA hybrid density (one heavy, one light strand)
e After 2 generations: 50% hybrid, 50% light DNA

Replication fidelity:

o Base pairing alone: 1 error per 10* nucleotides
e With proofreading: 1 error per 107 nucleotides
e With mismatch repair: 1 error per 10°-10'° nucleotides

Etoposide treatment:

o Topoisomerase II activity inhibited

o DNA double-strand breaks accumulate

o Rapidly dividing cells (cancer, bone marrow) most affected
e Cell cycle arrest and apoptosis

Xeroderma pigmentosum fibroblasts:
e UV exposure produces thymine dimers
e Normal cells: Dimers removed within 24 hours

o XP cells: Dimers persist, DNA replication stalls
e 1000x increased skin cancer risk
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11. The Meselson-Stahl results showing hybrid density DNA after one generation supports
semiconservative replication because:

A. Both strands are newly synthesized

B. Each daughter molecule contains one parental strand and one new strand
C. Conservative replication occurred

D. DNA doesn't replicate

12. Okazaki fragments are necessary on the lagging strand because:

A. DNA polymerase synthesizes only 5' to 3', and the lagging strand template runs 5' to 3'
B. RNA primers are required

C. The leading strand is synthesized first

D. Topoisomerases prevent continuous synthesis

13. Proofreading by DNA polymerase 3' to 5' exonuclease activity improves fidelity by:

A. Preventing all mutations

B. Removing incorrectly paired nucleotides from the 3' end before continuing synthesis
C. Adding nucleotides to the 5' end

D. Synthesizing RNA primers

14. Rapidly dividing cancer cells are particularly sensitive to topoisomerase II inhibitors because:

A. Cancer cells lack DNA

B. Frequent replication creates more supercoiling requiring topoisomerase II resolution; inhibition traps

lethal double-strand breaks
C. Cancer cells have more topoisomerase II
D. Normal cells don't replicate DNA

DISCRETE QUESTIONS (15-17)

15. Which structure is the site of ribosomal RNA (rRNA) synthesis?

A. Nucleolus

B. Rough endoplasmic reticulum
C. Golgi apparatus

D. Smooth endoplasmic reticulum

16. In the Calvin cycle of photosynthesis, CO: is fixed to:

A. Glucose
B. Ribulose-1,5-bisphosphate (RuBP)
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C. NADPH
D. ATP

17. An individual heterozygous for a reciprocal translocation between chromosomes 3 and 7 would
most likely:

A. Be phenotypically normal but have reduced fertility due to meiotic segregation problems
B. Have three copies of chromosome 3

C. Be unable to undergo mitosis

D. Have no chromosomal abnormalities

PASSAGE 4 (Questions 18-22): Cardiovascular Physiology and
Blood Pressure Regulation

The cardiovascular system delivers oxygen and nutrients to tissues while removing metabolic wastes.
Blood pressure—the force exerted by blood against vessel walls—must be precisely regulated. Mean
arterial pressure (MAP) = cardiac output (CO) x total peripheral resistance (TPR). Cardiac output equals
stroke volume x heart rate. Stroke volume depends on preload (venous return), contractility, and
afterload (resistance against which ventricles pump).

The cardiac cycle consists of systole (contraction) and diastole (relaxation). During ventricular systole,
the atrioventricular valves (tricuspid and mitral) close (S1 heart sound), and semilunar valves
(pulmonary and aortic) open, ejecting blood. During diastole, semilunar valves close (S2 heart sound),
and AV valves open, allowing ventricular filling. Normal blood pressure is approximately 120/80
mmHg (systolic/diastolic).

The Frank-Starling mechanism states that stroke volume increases with increased venous return
(preload) up to a maximum. Greater venous return stretches cardiac muscle, and stretched muscle
contracts more forcefully (up to optimal sarcomere length). This allows the heart to automatically match
output to venous return without neural control.

Baroreceptor reflexes provide short-term blood pressure regulation. Baroreceptors in the carotid sinus
and aortic arch detect pressure changes. Increased blood pressure stretches baroreceptors, increasing
firing rate to the medulla. The medulla responds by increasing parasympathetic (vagal) output to the
heart (decreasing heart rate) and decreasing sympathetic output (decreasing contractility and vascular
resistance). Conversely, decreased blood pressure reduces baroreceptor firing, triggering increased
sympathetic activity and decreased parasympathetic activity.

Long-term blood pressure regulation involves the kidneys through the renin-angiotensin-aldosterone
system (RAAS). Decreased renal perfusion stimulates juxtaglomerular cells to secrete renin. Renin
converts angiotensinogen (liver-produced) to angiotensin I. Angiotensin-converting enzyme (ACE) in
lung capillaries converts angiotensin I to angiotensin II. Angiotensin II causes vasoconstriction
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(increasing TPR), stimulates aldosterone release (increasing sodium and water retention, raising blood
volume), and stimulates ADH release (water retention).

ACE inhibitors (e.g., lisinopril, enalapril) block angiotensin II formation, reducing blood pressure by
decreasing vasoconstriction and aldosterone secretion. Angiotensin receptor blockers (ARBs like
losartan) block angiotensin II receptors directly. Both classes effectively treat hypertension and heart
failure.

Clinical scenarios:
Scenario 1: Orthostatic hypotension

o Patient stands suddenly

e Blood pressure drops from 120/80 to 85/60 mmHg

o Baroreceptor firing decreases

o Within seconds: Heart rate increases from 70 to 95 bpm, vasoconstriction occurs
e Blood pressure stabilizes at 110/75 mmHg

Scenario 2: Heart failure

e Reduced cardiac output due to weak contractility

e Compensatory mechanisms: Increased sympathetic tone, RAAS activation

e Chronic: Fluid retention, increased blood volume, pulmonary edema

e ACE inhibitor treatment reduces symptoms by decreasing afterload and preventing fluid
retention

Scenario 3: Hemorrhage

e Acute blood loss (1 liter)

e Blood pressure drops to 70/40 mmHg

e Baroreceptor reflex: Maximum sympathetic activation, heart rate 130 bpm

e RAAS activation within 30 minutes

o [funtransfused: Vasoconstriction maintains perfusion to vital organs (brain, heart) at expense of

periphery
Frank-Starling experiment:
o Isolated heart preparation
e Venous return increased from 50 mL/min to 100 mL/min
e End-diastolic volume increases from 120 mL to 140 mL
e Stroke volume increases from 70 mL to 90 mL

e Cardiac output increases from 3.5 L/min to 4.5 L/min

18. The baroreceptor reflex response to sudden standing (orthostatic change) demonstrates:
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A. Long-term blood pressure regulation

B. Negative feedback: Decreased pressure — decreased baroreceptor firing — sympathetic activation —

pressure restoration
C. Positive feedback amplifying pressure drop
D. Independent kidney function

19. ACE inhibitors reduce blood pressure by:

A. Increasing heart rate

B. Preventing angiotensin II formation, reducing vasoconstriction and aldosterone-mediated fluid
retention

C. Blocking beta-adrenergic receptors

D. Directly dilating arteries through calcium channel blockade

20. The Frank-Starling mechanism allows the heart to:

A. Increase output in response to increased venous return through length-dependent contractility
changes

B. Maintain constant output regardless of venous return

C. Decrease output when venous return increases

D. Function without neural input permanently

21. In hemorrhagic shock, compensatory vasoconstriction preferentially maintains perfusion to:

A. Skin and skeletal muscle

B. Gastrointestinal tract

C. Brain and heart (vital organs)
D. All tissues equally

22. Chronic heart failure activates RAAS, leading to:

A. Decreased blood volume

B. Fluid retention and increased afterload, potentially worsening heart failure
C. Improved cardiac contractility

D. Decreased blood pressure

PASSAGE 5 (Questions 23-26): Immune System and Antibody
Diversity
The adaptive immune system provides specific defense against pathogens through B lymphocytes

(producing antibodies) and T lymphocytes (cell-mediated immunity). The system must recognize
millions of potential antigens while avoiding autoimmunity. This specificity derives from clonal
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selection: each lymphocyte expresses unique antigen receptors; antigen binding triggers clonal
expansion of matching lymphocytes.

Antibodies (immunoglobulins) consist of four polypeptide chains: two identical heavy chains and two
identical light chains, connected by disulfide bonds. Each chain has variable (V) and constant (C)
regions. The variable regions form the antigen-binding site; constant regions determine antibody class
(IgG, IgM, IgA, IgD, IgE) and effector functions.

Antibody diversity arises through V(D)J recombination during B cell development in bone marrow.
Immunoglobulin genes contain multiple gene segments: variable (V), diversity (D), joining (J), and
constant (C). For heavy chains, random recombination joins one D segment to one J segment, then one
V segment to DJ, creating a unique VDJ exon. Light chains undergo VJ recombination (no D segment).
This combinatorial diversity generates millions of possible antibody specificities.

Additional diversity arises from junctional diversity: imprecise joining of gene segments adds or
removes nucleotides at junctions. Terminal deoxynucleotidyl transferase (TdT) randomly adds
nucleotides (N-nucleotides) at VDJ junctions. Together with combinatorial diversity, this creates an
antibody repertoire exceeding 10" specificities—more than the total number of B cells in the body.

After antigen encounter, activated B cells undergo somatic hypermutation in germinal centers,
introducing point mutations in V regions. B cells with improved antigen binding are selected through
competition for follicular dendritic cell-presented antigen and T cell help. This affinity maturation
increases antibody specificity and affinity during an immune response.

Class switching changes the constant region while preserving antigen specificity. Initially, B cells
produce IgM. Upon activation and T cell signals (CD40L, cytokines), B cells switch to IgG, IgA, or IgE
by deleting intervening DNA and joining VDIJ to a different constant region gene. This allows one
antigen specificity to mediate different effector functions: IgG for systemic immunity, [gA for mucosal
immunity, IgE for parasitic and allergic responses.

Immunological data:
Antibody gene segments (human):
e Heavy chain: ~51 V segments, ~27 D segments, ~6 J segments
e Light chain (x): ~40 V segments, ~5 J segments
e Combinatorial diversity: 51 x 27 x 6 x 40 x 5 = 1.6 x 10¢ combinations
e With junctional diversity: >10"" possible antibodies
B cell development:
e Bone marrow: V(D)J recombination — immature B cells expressing IgM
o Negative selection: Self-reactive B cells deleted or rendered anergic

e Spleen: Maturation to express both IgM and IgD
o Lymph nodes: Upon antigen encounter — clonal expansion and differentiation
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Primary vs. secondary immune response:

e Primary (first exposure): IgM predominates, low affinity, appears after 5-7 days

e Secondary (re-exposure): IgG predominates, high affinity (10-100x higher), appears after 2-3
days

e Memory B cells persist for years

Severe combined immunodeficiency (SCID):

e RAGI/RAG2 gene mutations prevent V(D)J recombination
e No functional B or T cells develop

e Absent adaptive immunity

o Fatal without bone marrow transplant or gene therapy

23. V(D)J recombination generates antibody diversity by:

A. Producing different constant regions

B. Randomly combining variable gene segments to create unique antigen-binding sites
C. Mutating all B cells identically

D. Eliminating all diversity

24. Affinity maturation during an immune response results from:

A. Somatic hypermutation introducing mutations in V regions, with selection for improved antigen
binding

B. Random antibody production

C. Decreased antibody specificity

D. Elimination of all B cells

25. Class switching allows:

A. One B cell to produce antibodies with different antigen specificities

B. The same antigen specificity to mediate different effector functions by changing constant regions
C. B cells to become T cells

D. Antibodies to lose antigen binding

26. SCID patients with RAG gene mutations lack adaptive immunity because:
A. They produce too many antibodies
B. V(D)J recombination cannot occur, preventing functional B and T cell receptor assembly

C. Their antibodies are too diverse
D. Class switching is hyperactive

DISCRETE QUESTIONS (27-29)
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27. During synaptic transmission, neurotransmitters are released via:

A. Simple diffusion through the presynaptic membrane

B. Exocytosis of synaptic vesicles triggered by calcium influx
C. Endocytosis

D. Active transport pumps

28. The primary function of the loop of Henle in the kidney is to:

A. Filter blood

B. Create a medullary osmotic gradient enabling water reabsorption and urine concentration
C. Secrete toxins

D. Reabsorb glucose

29. In prokaryotes, the lac operon is repressed when:

A. Lactose is present

B. Glucose is absent

C. The lac repressor binds the operator in the absence of allolactose
D. RNA polymerase is absent

PASSAGE 6 (Questions 30-34): Endocrine System and Hormone
Regulation

The endocrine system coordinates long-term physiological processes through hormones—chemical
messengers secreted into blood and acting on distant target cells. Hormones are classified by structure:
peptide hormones (insulin, glucagon, growth hormone), steroid hormones (cortisol, testosterone,
estradiol), and amino acid derivatives (epinephrine, thyroxine).

Peptide hormones are water-soluble and cannot cross cell membranes. They bind cell-surface receptors,
activating second messenger systems. For example, glucagon binding to hepatocyte receptors activates
adenylyl cyclase, producing cyclic AMP (cAMP). cAMP activates protein kinase A (PKA), which
phosphorylates enzymes, activating glycogen breakdown and inhibiting glycogen synthesis.

Steroid hormones are lipid-soluble and diffuse through cell membranes. They bind intracellular
receptors (cytoplasmic or nuclear), forming hormone-receptor complexes that bind DNA hormone
response elements, regulating transcription. Effects appear more slowly than peptide hormones (hours
vs. minutes) because protein synthesis is required.

Hormone secretion is regulated by negative feedback loops. The hypothalamic-pituitary-thyroid axis
exemplifies hierarchical control. Hypothalamic thyrotropin-releasing hormone (TRH) stimulates anterior
pituitary thyroid-stimulating hormone (TSH) secretion. TSH stimulates thyroid gland synthesis and
secretion of thyroxine (T4) and triiodothyronine (T3). T3 (the active form) increases metabolic rate in
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target tissues. Elevated T3/T4 inhibit TRH and TSH secretion (negative feedback), maintaining thyroid
hormone homeostasis.

Diabetes mellitus results from insulin deficiency or resistance. Type 1 diabetes involves autoimmune
destruction of pancreatic 3 cells, eliminating insulin production. Type 2 diabetes involves insulin
resistance: target cells respond poorly to insulin despite normal or elevated insulin levels. Both types
cause hyperglycemia because glucose uptake into muscle and adipose tissue decreases while hepatic
glucose production increases.

Insulin (secreted by B cells when blood glucose rises) promotes glucose uptake, glycogen synthesis,
lipogenesis, and protein synthesis—anabolic effects. Glucagon (secreted by a cells when blood glucose
falls) promotes glycogen breakdown, gluconeogenesis, and lipolysis—catabolic effects. The
insulin/glucagon ratio determines whether metabolism is anabolic or catabolic.

Growth hormone (GH) secreted by the anterior pituitary promotes growth through multiple mechanisms.
GH stimulates hepatic production of insulin-like growth factor-1 (IGF-1), which mediates most growth
effects. GH/IGF-1 promote protein synthesis, cell division, and bone lengthening at epiphyseal plates.
GH also has metabolic effects: increasing lipolysis and blood glucose (diabetogenic effect). Excess GH
in childhood causes gigantism; in adults (after epiphyseal plate closure) causes acromegaly—enlarged
hands, feet, facial features.

Clinical and experimental scenarios:
Scenario 1: Type 1 diabetes

e Absent insulin secretion

o Fasting glucose: 300 mg/dL (normal: 70-100)

o Ketone bodies elevated (fat breakdown — ketoacidosis)
o Treatment: Exogenous insulin injection

o Without treatment: Hyperglycemia, dehydration, coma

Scenario 2: Graves' disease (hyperthyroidism)

e Autoantibodies mimic TSH, stimulating thyroid

o Elevated T3/T4

e Suppressed TSH (negative feedback)

o Symptoms: Increased metabolic rate, weight loss, heat intolerance, tachycardia
o Treatment: Antithyroid drugs or radioactive iodine

Scenario 3: Cushing's syndrome
e Excess cortisol (from pituitary tumor secreting ACTH or adrenal tumor)

o Effects: Hyperglycemia, muscle wasting, fat redistribution, immune suppression
o Negative feedback suppresses hypothalamic CRH (if cortisol source is adrenal tumor)

59



Scenario 4: GH deficiency

o Child with short stature, proportionate features
e Low IGF-I levels

e GH stimulation test: Minimal GH response

e Treatment: Recombinant human GH

o Results: Normal growth velocity restored

Receptor experiment:

e Cell line A: Expresses insulin receptor

e Cell line B: Lacks insulin receptor

e Insulin added to both cell lines

e Cell line A: Glucose uptake increases 10-fold
e Cell line B: No change in glucose uptake

30. Steroid hormones produce slower but longer-lasting effects than peptide hormones because:

A. They have lower affinity for receptors

B. They act via intracellular receptors to alter gene transcription, requiring protein synthesis
C. They cannot enter cells

D. They are metabolized faster

31. In Graves' disease, TSH levels are suppressed despite elevated thyroid hormone because:

A. The pituitary is destroyed

B. Negative feedback from elevated T3/T4 inhibits TSH secretion
C. TSH receptor antibodies block all thyroid function

D. The hypothalamus is hyperactive

32. The insulin/glucagon ratio determines metabolic state because:

A. They have identical effects

B. Insulin promotes anabolic processes while glucagon promotes catabolic processes
C. Only insulin affects metabolism

D. They are both steroid hormones

33. The receptor experiment demonstrates that:

A. All cells respond to insulin equally

B. Insulin effects require specific cell-surface receptors
C. Insulin can enter cells without receptors

D. Cell line B produces more glucose
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34. GH causes gigantism in children but acromegaly in adults because:

A. Children have higher GH levels

B. Epiphyseal plates are open in children allowing longitudinal bone growth; in adults plates are closed
so excess GH enlarges existing structures

C. Adults are immune to GH

D. GH changes into a different hormone in adults

PASSAGE 7 (Questions 35-38): Mendelian Genetics and
Inheritance Patterns

Gregor Mendel's experiments with pea plants established fundamental inheritance principles. The law of
segregation states that diploid organisms possess two alleles for each gene; these alleles separate during
gamete formation, with each gamete receiving one allele. The law of independent assortment states that
alleles of different genes segregate independently (assuming genes are on different chromosomes or far
apart on the same chromosome).

Monohybrid crosses examine single-gene inheritance. Crossing two heterozygotes (Aa x Aa) produces a
3:1 phenotypic ratio (3 dominant : 1 recessive) and a 1:2:1 genotypic ratio (1 AA : 2 Aa: 1 aa).
Testcrosses (unknown genotype X homozygous recessive) reveal whether an individual showing
dominant phenotype is homozygous or heterozygous: AA produces all dominant offspring; Aa produces
1:1 dominant:recessive ratio.

Dihybrid crosses examine two-gene inheritance. Crossing individuals heterozygous for both genes
(AaBb x AaBb, with genes on different chromosomes) produces a 9:3:3:1 phenotypic ratio. This
assumes independent assortment and complete dominance at both loci.

However, many inheritance patterns deviate from simple Mendelian ratios. Incomplete dominance
produces intermediate phenotypes in heterozygotes (red x white — pink flowers). Codominance
involves both alleles fully expressed (ABO blood types: 1A 1"B individuals express both A and B
antigens). Multiple alleles exist when more than two alleles exist in the population (though individuals
carry only two), as in ABO blood types with three alleles: I"A, I"B, and 1.

Sex-linked inheritance involves genes on sex chromosomes, particularly X-linked genes. Females (XX)
can be homozygous or heterozygous; males (XY) are hemizygous (one allele). X-linked recessive traits
(hemophilia, color blindness) appear more frequently in males because one mutant allele causes the
phenotype, while females require two. Carrier females (heterozygotes) are usually unaffected but can
transmit the trait to sons.

Linked genes violate independent assortment because they're located on the same chromosome.
Recombination frequency between linked genes correlates with their distance: genes far apart recombine
more frequently (approaching 50%, indistinguishable from independent assortment) than closely linked
genes. One map unit (centimorgan) equals 1% recombination frequency.
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Genetic crosses:
Cross 1: Hemophilia (X-linked recessive)

e Mother: X*H X"h (carrier, normal phenotype)

o Father: X*H Y (normal)

e Offspring:
o Daughters: 1/2 X*H X*H, 1/2 X*H X”h (all phenotypically normal)
o Sons: 1/72 X*H'Y (normal), 1/2 X*h Y (hemophiliac)

Cross 2: Snapdragon flower color (incomplete dominance)

e C”R C"R =red, C"R C"W = pink, C"W C"W = white
e Pink x Pink (C"R C*"W x C"R C"W)
o Offspring: 1/4 red, 1/2 pink, 1/4 white (1:2:1 ratio)

Cross 3: Linked genes

e Genes A and B are 20 map units apart

e AaBb individual (AB/ab configuration) testcrossed to aabb
o Parental types (AB and ab): 80% (40% each)

e Recombinant types (Ab and aB): 20% (10% each)

Cross 4: ABO blood types

e Mother: ["A i (type A)
o Father: I”B 1 (type B)
o Possible offspring:
o 1/41"A 1"B (type AB)
1/4 1"A 1 (type A)
1/4 I"B 1 (type B)
1/4 i (type O)

O O O

3S. In the hemophilia cross, half the sons are affected while no daughters are affected because:

A. Females cannot inherit X-linked traits

B. Males are hemizygous (XY), requiring only one mutant allele, while females would need two mutant
alleles (homozygous recessive)

C.Y chromosome causes hemophilia

D. Males have two X chromosomes

36. The pink snapdragon phenotype in heterozygotes demonstrates:

A. Complete dominance
B. Incomplete dominance, where heterozygotes show an intermediate phenotype
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C. Codominance
D. Epistasis

37. The deviation from expected 9:3:3:1 ratio in the linked gene cross occurs because:

A. The genes are on different chromosomes

B. Genes are on the same chromosome; recombination frequency is less than 50% due to linkage
C. One gene doesn't exist

D. The genes are not linked at all

38. In the ABO blood type cross, type AB offspring demonstrate:

A. Incomplete dominance

B. Complete dominance

C. Codominance, where both I*A and I"B alleles are fully expressed
D. Sex linkage

DISCRETE QUESTIONS (39-41)

39. Which muscle type is characterized by voluntary control, multinucleated cells, and striations?

A. Smooth muscle
B. Cardiac muscle
C. Skeletal muscle
D. None of these

40. The sodium-potassium pump maintains cell membrane potential by:

A. Passively transporting 3 Na* out and 2 K* in

B. Actively transporting 3 Na* out and 2 K* in using ATP
C. Transporting equal amounts of Na* and K*

D. Transporting only Na*

41. In eukaryotic gene expression, alternative splicing allows:
A. DNA replication
B. One gene to produce multiple protein isoforms by including or excluding different exons

C. Transcription
D. DNA repair exclusively
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PASSAGE 8 (Questions 42-46): Neurobiology and Action
Potentials

Neurons transmit electrical signals (action potentials) over long distances. At rest, the neuronal
membrane maintains a potential of approximately -70 mV (inside negative). This resting potential
results from unequal ion distribution: high K* inside, high Na* outside, maintained by the Na*/K*-
ATPase (3 Na* out, 2 K* in per ATP). The membrane is permeable to K* through leak channels; K*
diffusion out creates negative interior charge approaching the potassium equilibrium potential
(calculated by Nernst equation: E K = -90 mV).

Action potentials are triggered when depolarization reaches threshold (approximately -55 mV). Voltage-
gated sodium channels open rapidly, allowing Na* influx down its electrochemical gradient. This
depolarizes the membrane toward E_Na (approximately +60 mV). At peak depolarization (+40 mV),
sodium channels inactivate while voltage-gated potassium channels open slowly. K* efflux repolarizes
the membrane, often producing hyperpolarization (undershoot below resting potential) before potassium
channels close.

The action potential exhibits all-or-none behavior: stimuli above threshold produce full-sized action
potentials; subthreshold stimuli produce no action potential. During the absolute refractory period
(sodium channels inactivated), no stimulus can trigger another action potential. During the relative
refractory period (some sodium channels recovered, excess K* permeability persists), only strong stimuli
trigger action potentials.

Action potentials propagate along axons without decrement. Depolarization at one region opens voltage-
gated sodium channels in adjacent regions, creating a wave of depolarization. The refractory period
ensures unidirectional propagation. Propagation velocity depends on axon diameter (larger = faster) and
myelination. Myelin (produced by Schwann cells in PNS, oligodendrocytes in CNS) insulates axons,
restricting ion channels to nodes of Ranvier. Action potentials jump between nodes (saltatory
conduction), dramatically increasing conduction velocity while reducing energy costs.

Local anesthetics like lidocaine block voltage-gated sodium channels, preventing action potential
generation in sensory neurons and eliminating pain sensation in the affected region. Certain toxins also
target ion channels: tetrodotoxin (TTX) from pufferfish irreversibly blocks sodium channels, causing
paralysis; batrachotoxin from poison dart frogs keeps sodium channels open, causing uncontrolled
depolarization and paralysis.

Multiple sclerosis involves autoimmune demyelination in the CNS. Lost myelin slows or blocks action
potential conduction, causing weakness, sensory disturbances, and coordination problems. Symptoms
vary depending on lesion location.

Electrophysiological data:

Ton concentrations:

e Intracellular: [K*] = 140 mM, [Na*] = 15 mM
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o Extracellular: [K*] =5 mM, [Na*] = 145 mM
e Calculated Nernst potentials: E K =-90 mV, E Na=+60 mV

Action potential phases:

o Resting potential: -70 mV
e Threshold: -55 mV

o Peak: +40 mV

e Hyperpolarization: -80 mV
e Return to rest: -70 mV

o Total duration: ~2 ms

Conduction velocity:

e Unmyelinated 1 um diameter axon: 0.5 m/s
e Unmyelinated 10 pm diameter axon: 5 m/s
e Myelinated 10 pm diameter axon: 50 m/s

TTX experiment:

e Control neuron: Normal action potentials

o TTX application: Action potentials eliminated

e Voltage-clamp shows: Sodium current blocked, potassium current normal
o Effect: Paralysis (sensory and motor)

Multiple sclerosis patient:
e Visual evoked potential: Delayed conduction in optic nerve

e Motor nerve conduction: Slowed velocity
e MRI: Multiple demyelinated plaques in brain and spinal cord

42. The resting membrane potential is closer to E_K (-90 mV) than E_Na (+60 mV) because:

A. Sodium channels are always open

B. The membrane is more permeable to K* than Na* at rest via leak channels
C. There is no Na* gradient

D. The Na*/K* pump doesn't function

43. During the action potential upstroke (depolarization phase):

A. Potassium channels open first

B. Voltage-gated sodium channels open, allowing Na* influx down its electrochemical gradient
C. The membrane hyperpolarizes

D. All ion channels close

44. Myelination increases conduction velocity by:
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A. Decreasing axon diameter

B. Enabling saltatory conduction where action potentials jump between nodes of Ranvier
C. Blocking all sodium channels

D. Eliminating action potentials

45. TTX causes paralysis by:

A. Opening potassium channels

B. Irreversibly blocking voltage-gated sodium channels, preventing action potential generation
C. Hyperpolarizing neurons

D. Destroying neurons

46. Multiple sclerosis patients experience neurological symptoms because:

A. Demyelination slows or blocks action potential conduction along affected axons
B. Too many neurons are produced

C. Action potentials conduct faster

D. Myelination increases

PASSAGE 9 (Questions 47-50): Kidney Function and Urine
Formation

The kidneys regulate fluid balance, electrolyte composition, and waste excretion while conserving
essential substances. Each kidney contains approximately one million nephrons—functional units
consisting of a glomerulus (capillary tuft) and renal tubule (proximal convoluted tubule, loop of Henle,
distal convoluted tubule, collecting duct).

Urine formation involves three processes: glomerular filtration, tubular reabsorption, and tubular
secretion. Blood enters the glomerulus via the afferent arteriole. High hydrostatic pressure drives
filtration across the glomerular membrane, producing filtrate with composition similar to plasma except
lacking proteins and blood cells. Glomerular filtration rate (GFR) averages 125 mL/min (180 L/day).
Filtration fraction (GFR/renal plasma flow) is approximately 20%.

The proximal tubule reabsorbs approximately 65% of filtered water, Na*, and CI~, and nearly 100% of
filtered glucose and amino acids. Glucose reabsorption occurs via Na*-glucose cotransporters (SGLT2
primarily) with a transport maximum. When plasma glucose exceeds approximately 200 mg/dL (renal
threshold), transporters saturate and glucose appears in urine (glucosuria), as in uncontrolled diabetes.

The loop of Henle establishes the medullary osmotic gradient essential for urine concentration. The
descending limb is permeable to water but not solutes; water exits via osmosis into the hypertonic
medullary interstitium. The ascending limb is impermeable to water but actively transports Na*, K*, and
CI” out (via Na*-K*-2Cl" cotransporter), diluting tubular fluid while concentrating the interstitium. This
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countercurrent multiplier creates increasing osmolarity from cortex (300 mOsm) to inner medulla (1200
mOsm).

The distal tubule and collecting duct fine-tune urine composition under hormonal control. Antidiuretic
hormone (ADH/vasopressin), secreted by the posterior pituitary in response to increased plasma
osmolarity or decreased blood volume, increases collecting duct water permeability by inserting
aquaporin-2 channels. Water reabsorption produces concentrated urine. Without ADH (diabetes
insipidus), water reabsorption decreases, producing large volumes of dilute urine.

Aldosterone, secreted by the adrenal cortex in response to low blood pressure or hyperkalemia, increases
distal tubule and collecting duct Na* reabsorption and K* secretion. Na* reabsorption creates osmotic
gradient for water reabsorption (raising blood pressure) and restores Na* balance.

Loop diuretics (furosemide) inhibit the Na*-K*-2Cl" cotransporter in the thick ascending limb,
preventing medullary hypertonicity and reducing water reabsorption, increasing urine output. These treat
hypertension and edema.

Clinical scenarios:
Scenario 1: Diabetes insipidus (central)

e ADH deficiency

e Urine output: 15 L/day (normal: 1-2 L/day)
e Urine osmolarity: 100 mOsm (very dilute)

e Plasma osmolarity: Elevated (dehydration)

o Water deprivation test: Urine remains dilute
e ADH injection: Urine becomes concentrated

Scenario 2: Uncontrolled diabetes mellitus

e Plasma glucose: 400 mg/dL (exceeds renal threshold)

e Glucosuria present

e Osmotic diuresis: Glucose in tubule prevents water reabsorption

e Polyuria (excessive urination), polydipsia (excessive thirst)
Scenario 3: Heart failure

e Reduced cardiac output — decreased renal perfusion

e Renin-angiotensin-aldosterone system activated

e Aldosterone increases Na" and water retention

e Consequence: Edema, increased blood volume

Scenario 4: Loop diuretic treatment

e Furosemide administration
e Na'™-K*-2CI" cotransporter blocked
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e Medullary osmotic gradient dissipates
e Urine output increases to 3 L/day
o Blood pressure decreases

Clearance calculations:

o Substance X freely filtered, not reabsorbed, not secreted

e Plasma concentration: 1 mg/mL

e Urine concentration: 125 mg/mL

e Urine flow rate: 1 mL/min

e Clearance = (U x V)/P = (125 x 1)/1 = 125 mL/min = GFR

47. The loop of Henle creates the medullary osmotic gradient by:

A. Reabsorbing equal amounts of water and solute

B. Countercurrent multiplication: ascending limb actively transports solutes out without water
movement, concentrating interstitium

C. Secreting water into the tubule

D. Filtering more plasma

48. Diabetes insipidus patients produce large volumes of dilute urine because:

A. They drink too much water

B. ADH deficiency reduces collecting duct water permeability, preventing water reabsorption
C. They produce too much glucose

D. Aldosterone is elevated

49. Glucosuria occurs in uncontrolled diabetes when:

A. Glucose reabsorption transporters are saturated due to plasma glucose exceeding renal threshold
B. Glucose is secreted into tubules

C. No glucose is filtered

D. Kidneys produce glucose

50. Loop diuretics reduce blood pressure by:

A. Increasing water reabsorption

B. Inhibiting Na*-K*-2CI" cotransport, reducing medullary hypertonicity and water reabsorption,
increasing urine output

C. Stimulating ADH release

D. Decreasing GFR
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DISCRETE QUESTIONS (51-59)

51. During meiosis I, homologous chromosomes separate during:

A. Prophase |
B. Metaphase |
C. Anaphase |
D. Telophase I

52. The primary structure of a protein refers to:

A. The a-helix and B-sheet formations
B. The linear amino acid sequence

C. The overall 3D shape

D. Subunit assembly

53. In the electron transport chain, the final electron acceptor is:

A.NADH

B. FAD

C. Cytochrome ¢
D. Oxygen (0O2)

54. Positive cooperativity in hemoglobin means that:

A. O2 binding to one subunit decreases affinity at other subunits
B. O: binding to one subunit increases affinity at other subunits
C. Hemoglobin binds only one Oz molecule

D. CO: inhibits O: binding

55. The rough endoplasmic reticulum is studded with ribosomes that synthesize:

A. Lipids exclusively

B. Proteins destined for secretion, membrane insertion, or organelles
C. DNA

D. Carbohydrates only

56. During translation elongation, the peptidyl transferase activity that forms peptide bonds is
performed by:

A. mRNA

B. tRNA

C. Ribosomal RNA (rRNA) in the large ribosomal subunit
D. DNA polymerase
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57. Natural selection acts on:

A. Genotype exclusively

B. Phenotype

C. Neutral mutations only

D. DNA sequences directly without regard to fitness

58. The fluid mosaic model of cell membranes describes:

A. A rigid, static structure

B. A lipid bilayer with embedded and peripheral proteins that can move laterally
C. Carbohydrate layers only

D. A protein-only structure

59. In an acid-base reaction, a Bronsted-Lowry acid is defined as:

A. An electron pair acceptor
B. A proton (H") donor

C. An electron donor

D. A hydroxide ion producer
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Psychological, Social, and Biological Foundations of Behavior

Time Questions

95 minutes 59

PASSAGE 1 (Questions 1-5): Memory Systems and Encoding
Processes

Memory is not a unitary system but comprises multiple distinct systems with different properties and
neural substrates. The modal model of memory distinguishes three stages: sensory memory (brief
retention of sensory information), short-term memory (limited-capacity active maintenance), and long-
term memory (relatively permanent storage with vast capacity).

Sensory memory preserves detailed sensory information for milliseconds to seconds. Iconic memory
(visual) persists approximately 250-500 milliseconds, while echoic memory (auditory) lasts 3-4 seconds.
George Sperling's partial report paradigm demonstrated that sensory memory capacity exceeds what can
be reported: participants shown a 3x4 grid of letters briefly could report approximately 4 items (whole
report), but when cued immediately to report one row, accuracy suggested 9-12 items were available but
decayed before full report was possible.

Short-term memory (STM) maintains information actively for approximately 15-30 seconds without
rehearsal. George Miller's classic research suggested STM capacity is approximately 742 items or
"chunks." However, chunking—organizing information into meaningful units—dramatically increases
effective capacity. The telephone number 1-800-flowers contains 11 digits but only 3 chunks. Working
memory, an elaboration of STM, includes multiple components: phonological loop (verbal information),
visuospatial sketchpad (visual-spatial information), episodic buffer (integrating information), and central
executive (attentional control and coordination).

Long-term memory (LTM) divides into explicit (declarative) and implicit (non-declarative) systems.
Explicit memory requires conscious recollection and includes episodic memory (personal experiences
with temporal-spatial context) and semantic memory (general knowledge and facts without specific
context). Implicit memory operates without conscious awareness and includes procedural memory
(skills and habits), priming (facilitated processing from prior exposure), and conditioning (learned
associations).

Encoding—transferring information from STM to LTM—benefits from several processes. The levels-
of-processing framework proposes that deeper, more meaningful processing produces stronger memory
traces than shallow processing. Structural encoding (appearance: "Is the word capitalized?") produces
poorest retention, phonological encoding (sound: "Does it rhyme with...?") is intermediate, and semantic
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encoding (meaning: "Does it fit in this sentence?") produces best retention. Elaborative rehearsal—
connecting new information to existing knowledge—surpasses maintenance rehearsal (simple repetition)
for LTM formation.

The encoding specificity principle states that retrieval is most effective when the retrieval context
matches the encoding context. Context-dependent memory demonstrates that recall improves when the
physical environment matches the study environment. State-dependent memory shows that recall
improves when internal states (mood, physiological state) match. Transfer-appropriate processing
suggests that the type of processing during encoding should match the type of processing required
during retrieval.

Experimental findings:

Sperling's partial report experiment:
e Whole report: 4.3 letters reported from 12-letter display
o Partial report (immediate cue): 9.1 letters available (76% accuracy per row X 3 rows)
o Partial report (1-second delay): Performance drops to whole-report levels

e Conclusion: Large-capacity iconic memory decays rapidly

Working memory span tasks:

Digit span: Average 7+2 digits

Letter span: Average 7+2 letters

Word span: Average 5+2 words

Sentence span (remembering words while comprehending sentences): Average 3-4 words
Expertise effect: Chess experts remember chess positions (25 pieces) better than novices (7
pieces) but only for legal game positions, not random arrangements

Levels of processing study:

o Structural encoding: "Is the word in capital letters?" — 15% recognition

o Phonological encoding: "Does it rhyme with 'train'?" — 47% recognition

e Semantic encoding: "Does it fit: 'The girl saved the from drowning'?" — 80% recognition
Context effects on memory:

e Scuba divers learning word lists underwater vs. on land

e Tested underwater: 40% better recall of underwater-learned words

o Tested on land: 40% better recall of land-learned words

o Context reinstatement improves recall even when physical context cannot be recreated

Patient H.M. case:

» Bilateral hippocampal removal to treat epilepsy
e Profound anterograde amnesia: Cannot form new explicit memories
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o Intact short-term memory: Normal digit span
o Intact implicit memory: Improves on mirror-drawing task despite no memory of practicing
o Remote memory gradient: Preserved older memories, impaired recent pre-surgery memories

1. Sperling's partial report results demonstrating that more information was available than could
be reported suggests:

A. Sensory memory capacity is limited to 4 items

B. Sensory memory has large capacity but information decays before it can all be transferred to STM
C. Long-term memory causes interference

D. Working memory has unlimited capacity

2. The finding that chess experts remember legal board positions better than novices, but not
random positions, best demonstrates:

A. Experts have larger working memory capacity

B. Chess positions require visual-spatial processing

C. Chunking based on meaningful patterns increases effective memory capacity
D. Implicit memory superiority in experts

3. Patient H.M.'s preserved ability to learn mirror-drawing despite having no memory of
practicing indicates:

A. The hippocampus is unnecessary for all types of memory

B. Implicit procedural memory is neurologically dissociable from explicit declarative memory
C. Short-term memory and long-term memory are identical

D. All memory systems require conscious awareness

4. According to the levels-of-processing framework, a student studying vocabulary would achieve
best retention by:

A. Repeatedly writing each word ten times (maintenance rehearsal)

B. Noting whether each word is printed in uppercase or lowercase (structural processing)

C. Creating sentences that connect new words to personal experiences (semantic/elaborative processing)
D. Reading the word list as quickly as possible

5. Context-dependent memory effects in the scuba diver experiment suggest that memory retrieval
is facilitated when:

A. Environmental cues present during encoding are also present during retrieval
B. Information is encoded in multiple contexts

C. Physical context never affects memory

D. Only semantic processing matters for retrieval
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DISCRETE QUESTIONS (6-8)

6. In Erikson's theory of psychosocial development, the primary crisis during adolescence (12-18
years) is:

A. Trust vs. Mistrust
B. Initiative vs. Guilt
C. Identity vs. Role Confusion
D. Generativity vs. Stagnation

7. The just-world hypothesis refers to the cognitive bias where people:

A. Believe the world is inherently fair and people get what they deserve
B. Always attribute success to internal factors

C. Show prejudice against out-groups

D. Conform to group norms

8. The neurotransmitter primarily associated with reward, motivation, and motor control is:

A. Serotonin

B. GABA

C. Dopamine

D. Acetylcholine

PASSAGE 2 (Questions 9-13): Attribution Theory and Social
Perception

Attribution theory examines how people explain the causes of behavior and events. Fritz Heider
distinguished between internal (dispositional) attributions—explaining behavior through personal
characteristics, traits, or intentions—and external (situational) attributions—explaining behavior through
environmental factors, social pressure, or circumstances. This distinction is fundamental to
understanding social perception and interpersonal judgment.

Harold Kelley's covariation model proposes that people make attributions by analyzing patterns across
three dimensions: consensus (do others behave similarly in this situation?), distinctiveness (does the
person behave differently in other situations?), and consistency (does the person behave this way across
time?). High consensus, high distinctiveness, and high consistency lead to external attribution. Low
consensus, low distinctiveness, and high consistency lead to internal attribution.

However, attribution processes are systematically biased. The fundamental attribution error
(correspondence bias) describes the tendency to overestimate internal factors and underestimate external
factors when explaining others' behavior. When someone fails an exam, observers often attribute failure
to laziness or low ability (internal) while discounting situational factors like exam difficulty or family
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crisis (external). This bias is stronger for negative than positive behaviors and stronger when explaining
others' behavior than one's own.

The actor-observer bias describes asymmetry in attributions: actors tend to attribute their own behavior
to situational factors ("I failed because the test was unfair"), while observers attribute the same behavior
to dispositional factors ("They failed because they're not smart"). This occurs because actors have more
information about situational pressures affecting themselves, while observers focus on the salient actor
rather than background context.

The self-serving bias involves taking credit for success (internal attribution: "I passed because I'm smart
and worked hard") while deflecting blame for failure (external attribution: "I failed because the
professor is unreasonable"). This bias protects self-esteem and maintains positive self-image. However,
depressed individuals often show reversed patterns, attributing failures internally and successes
externally.

Cultural differences profoundly affect attribution patterns. Western individualistic cultures show
stronger fundamental attribution error and self-serving bias compared to Eastern collectivistic cultures,
which make more situational attributions and show greater attention to context and relationships. These
differences reflect underlying cultural values: individualism emphasizes personal agency and
uniqueness, while collectivism emphasizes social roles and interdependence.

Attributions have important consequences. Relationship satisfaction correlates with benevolent
attributions: happy couples attribute partner's positive behaviors to stable, internal traits ("thoughtful")
and negative behaviors to temporary, external factors ("stressed"). Distressed couples show the opposite
pattern, attributing positive behaviors externally ("lucky") and negative behaviors internally ("selfish").
In achievement contexts, attributing failure to stable, internal factors ("I'm not smart enough") predicts
learned helplessness, while attributing failure to unstable, controllable factors ("I didn't study
effectively") promotes resilience.

Research findings:
Kelley's covariation experiment:

e Scenario: John laughs at a comedian

o High consensus (everyone laughs) + high distinctiveness (John rarely laughs at comedians) +
high consistency (John always laughs at this comedian) = 61% external attribution (comedian is
funny)

e Low consensus (only John laughs) + low distinctiveness (John laughs at most comedians) + high
consistency = 86% internal attribution (John likes comedy)

Fundamental attribution error study:
o Essay writing paradigm: Participants read essays arguing for/against Castro
o Some told writer freely chose position; others told position was assigned

o Even when informed position was assigned, 62% of participants attributed essay content to
writer's true beliefs
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o Effect stronger in U.S. participants than Chinese participants
Actor-observer experiment:

e Students explained why they chose their college major
e Own choice: 53% situational factors (interesting courses, job market)
o Best friend's choice: 44% dispositional factors (personality fit, natural talent)

Self-serving bias in classroom:

e After exam: Students who passed attributed success 75% to internal factors (ability, effort)
e Students who failed attributed failure 68% to external factors (unfair test, bad teaching)
e Teachers showed opposite pattern for student performance

Cultural attribution study:

e Americans and Japanese watch animated fish swimming

e Americans: "The big fish chased the small fish" (focal object, dispositional)

e Japanese: "The small fish swam in front of the big fish because it was threatened" (contextual,
situational)

o Eye-tracking confirms: Japanese attend more to background context

9. According to Kelley's covariation model, if everyone laughs at a comedian (high consensus),
John rarely laughs at other comedians (high distinctiveness), and John consistently laughs at this
comedian (high consistency), observers will most likely attribute John's laughter to:

A. John's personality (internal attribution)

B. The comedian being funny (external attribution)
C. Random chance

D. John's bad mood

10. The fundamental attribution error predicts that when observing someone fail an exam, people
will:

A. Overemphasize situational factors like test difficulty

B. Equally consider internal and external factors

C. Overemphasize dispositional factors like ability or effort
D. Make no attributions

11. A depressed individual who attributes their success on a project to "I got lucky' and their
failure to "I'm incompetent' is demonstrating:

A. Normal self-serving bias

B. Reversed self-serving bias characteristic of depression
C. Actor-observer bias

D. High self-esteem
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12. Cultural differences in attribution patterns, with individualistic cultures showing stronger
fundamental attribution error, suggest that:

A. Biology determines all attribution patterns

B. Cultural values and socialization influence cognitive processes and social perception
C. Western and Eastern cultures have identical attribution styles

D. Culture has no effect on cognition

13. In relationships, attributing a partner's positive behavior to internal, stable traits ("'they're
thoughtful'') rather than external factors (''they wanted something') is associated with:

A. Relationship distress

B. Relationship satisfaction

C. Increased conflict

D. Attribution patterns have no relationship to satisfaction

PASSAGE 3 (Questions 14-17): Neural Basis of Emotion and the
Limbic System

Emotions involve coordinated changes across multiple systems: subjective experience, physiological
arousal, cognitive appraisal, facial expression, and behavioral tendencies. Understanding emotion
requires examining both peripheral (autonomic nervous system) and central (brain) mechanisms.

The limbic system—a group of interconnected brain structures—plays a central role in emotion
processing. The amygdala, an almond-shaped structure in the medial temporal lobe, is crucial for
processing emotional significance, particularly fear and threat detection. The amygdala receives sensory
information via two pathways: a fast, subcortical "low road" directly from the thalamus enabling rapid
threat response, and a slower, cortical "high road" through sensory cortex enabling detailed analysis.
This dual-pathway system allows quick defensive reactions while more considered responses are
prepared.

Joseph LeDoux's research with fear conditioning in rats demonstrated the amygdala's essential role.
When a neutral tone is paired with electric shock, rats learn to freeze when hearing the tone alone.
Lesioning the amygdala prevents fear learning; rats show no fear response to the conditioned tone.
Stimulating the amygdala electrically produces fear behaviors even without threatening stimuli. In
humans, fMRI studies show amygdala activation when viewing fearful faces, even when faces are
presented subliminally (below conscious awareness threshold), indicating automatic processing.

The hippocampus, adjacent to the amygdala, is critical for contextual aspects of emotion. While the
amygdala processes simple fear associations (tone — shock), the hippocampus processes complex
contextual information (fear this room where shock occurred but not other rooms). Patient S.M., with
bilateral amygdala damage from Urbach-Wiethe disease, shows severely impaired fear recognition in
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facial expressions and inability to acquire conditioned fear, yet shows intact emotional experiences of
happiness, sadness, and disgust.

The prefrontal cortex, particularly the ventromedial prefrontal cortex (vmPFC), regulates emotional
responses through connections with the amygdala. The vmPFC is involved in emotion regulation,
extinction of conditioned fear, and integration of emotional information with decision-making. Damage
to vimPFC, as in the famous case of Phineas Gage, produces poor emotional regulation, impaired social
judgment, and difficulty learning from emotional consequences despite intact intellectual abilities.

The anterior cingulate cortex (ACC) monitors conflict and emotional distress. The ACC shows increased
activity during physical pain and social rejection ("social pain"), suggesting overlapping neural systems.
This may explain why social rejection is genuinely painful and why words like "heartbreak" describe
social experiences with physical metaphors.

The insula processes interoceptive awareness—awareness of internal body states. The insula activates
during disgust (both physical disgust at bad smells and moral disgust at ethical violations) and during
conscious feelings of emotions. Damage to the insula impairs disgust recognition and subjective
emotional experience.

The autonomic nervous system mediates peripheral emotional responses. The sympathetic division
activates during emotional arousal (increased heart rate, blood pressure, respiration, sweating, pupil
dilation; decreased digestion). The parasympathetic division restores baseline. However, different
emotions show somewhat similar autonomic patterns, suggesting peripheral arousal alone cannot fully
explain emotional experience. The James-Lange theory proposed that emotion IS the perception of
physiological changes ("we feel afraid because we run"), while the Cannon-Bard theory argued that
physiological arousal and subjective emotion occur simultaneously through thalamic activation. The
Schachter-Singer two-factor theory proposed that emotion requires both physiological arousal AND
cognitive labeling of that arousal.

Research findings:
LeDoux fear conditioning:

o Intact rats: Tone paired with shock — freezing response to tone alone

o Rats with amygdala lesions: No freezing response to conditioned tone

» Rats with auditory cortex lesions but intact amygdala: Normal fear learning (demonstrating low
road pathway)

Patient S.M. case:

o Bilateral amygdala damage

o Cannot recognize fear in faces (performs at chance level)

e (Cannot draw a fearful face

e Shows normal recognition of happiness, sadness, disgust, anger, surprise
e Reports never feeling fear in everyday life but experiences other emotions
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fMRI study of fear processing:

o Participants view fearful vs. neutral faces
e Amygdala activation correlates with fear intensity

o Fearful faces presented at 33ms (subliminal): Amygdala activation without conscious awareness

o Effect stronger for direct gaze than averted gaze
Phineas Gage and vmPFC patients:

o Intact intelligence, memory, language after vimPFC damage
o Impaired: Decision-making in social contexts, emotional regulation, learning from mistakes

e Jowa Gambling Task: vmPFC patients continue choosing from disadvantageous decks despite

losses
Social pain and ACC:

e Cyberball paradigm: Participants excluded from virtual ball-toss game

e ACC activation during exclusion correlates with self-reported distress

e Individual differences in ACC activation predict responses to social rejection

e Acetaminophen (Tylenol) reduces both ACC activation and self-reported social pain

14. The finding that rats with amygdala lesions cannot acquire conditioned fear responses
demonstrates:

A. The amygdala is unnecessary for emotion

B. Fear conditioning requires the amygdala for learning associations between stimuli and threat
C. All emotions require the amygdala

D. The hippocampus processes fear

15. Patient S.M.'s preserved ability to experience happiness and sadness despite inability to
experience fear suggests:

A. All emotions use identical neural systems

B. Different emotions rely on distinct neural substrates; the amygdala is specifically critical for fear
C. Emotions are purely psychological with no brain basis

D. S.M. has no emotional capacity

16. Amygdala activation in response to subliminally presented fearful faces indicates:

A. All emotional processing is conscious

B. Emotional processing can occur automatically without conscious awareness
C. The amygdala only responds to consciously perceived stimuli

D. Vision is unnecessary for emotion

17. The anterior cingulate cortex's activation during both physical pain and social rejection
suggests:
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A. Physical and social pain involve overlapping neural systems
B. Social rejection is not genuinely distressing

C. Physical pain has no neural basis

D. The ACC is unrelated to emotion

DISCRETE QUESTIONS (18-20)

18. According to Piaget's theory of cognitive development, the ability to think abstractly and
engage in hypothetical-deductive reasoning emerges during the:

A. Sensorimotor stage (0-2 years)

B. Preoperational stage (2-7 years)

C. Concrete operational stage (7-11 years)
D. Formal operational stage (11+ years)

19. In classical conditioning, the previously neutral stimulus that comes to elicit a conditioned
response after being paired with an unconditioned stimulus is called the:

A. Unconditioned stimulus
B. Conditioned stimulus
C. Unconditioned response
D. Conditioned response

20. The concept of the "looking-glass self"' proposed by Charles Cooley refers to:

A. Physical appearance

B. Self-concept formed through imagining how others perceive us
C. Mirror neurons

D. Optical illusions

PASSAGE 4 (Questions 21-25): Cognitive Development: Piaget's
Theory and Contemporary Perspectives

Jean Piaget proposed that children actively construct understanding through interaction with their
environment, progressing through qualitatively distinct stages. Cognitive development involves two
complementary processes: assimilation (incorporating new information into existing schemas) and
accommodation (modifying schemas to fit new information). Equilibration—the balance between
assimilation and accommodation—drives development forward.

The sensorimotor stage (birth to ~2 years) involves understanding the world through sensory
experiences and motor actions. Initially, infants lack object permanence—the understanding that objects
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continue to exist when unobserved. Piaget tested this by hiding toys; infants under 8 months show no
searching behavior, suggesting "out of sight, out of mind." By 18-24 months, infants demonstrate full
object permanence and deferred imitation (imitating previously observed behaviors).

The preoperational stage (~2-7 years) features symbolic thought but lacks operational thinking. Children
show egocentrism—difficulty taking others' perspectives. In the three-mountains task, children describe
what a doll sees from another position but report their own view, unable to mentally represent others'
perspectives. Preoperational children lack conservation—understanding that quantity remains constant
despite perceptual changes. In liquid conservation tasks, when liquid is poured from a short, wide glass
into a tall, narrow glass, preoperational children claim the tall glass contains more liquid, centering on
height while ignoring width.

The concrete operational stage (~7-11 years) brings logical thinking about concrete objects. Children
master conservation, understanding reversibility (operations can be reversed) and identity (quantity
remains constant). They overcome egocentrism but remain tied to concrete, tangible situations. Abstract
hypothetical thinking remains difficult.

The formal operational stage (~11+ years) enables abstract thought, hypothetical-deductive reasoning,
and systematic problem-solving. Adolescents can consider possibilities, test hypotheses systematically,
and think about thinking (metacognition). However, not all adults achieve formal operations in all
domains, and performance varies by expertise and cultural context.

Contemporary research challenges some Piagetian conclusions. Violation-of-expectation paradigms
using looking time suggest that even young infants have rudimentary object permanence and physical
understanding. Renée Baillargeon showed that 3.5-month-old infants look longer at physically
impossible events (solid object passing through another solid object), suggesting surprise and implicit
physical knowledge. However, performance on explicit tests (reaching for hidden objects) emerges later,
suggesting competence-performance distinction.

Lev Vygotsky offered an alternative emphasizing social and cultural factors. The zone of proximal
development (ZPD) is the gap between what a child can do independently and what they can do with
guidance. Scaffolding—providing structured support that's gradually removed—facilitates learning
within the ZPD. Vygotsky emphasized that cognitive development is fundamentally social, with
language and cultural tools (writing, mathematics, technology) shaping thought.

Theory of mind—understanding that others have beliefs, desires, and intentions different from one's
own—develops gradually. False-belief tasks assess this: children watch Sally place a marble in basket
A, then Sally leaves. Anne moves the marble to basket B. Where will Sally look for her marble? Three-
year-olds typically answer "B" (where the marble actually is), failing to represent Sally's false belief. By
age 4-5, most children correctly answer "A," understanding that Sally's behavior depends on her belief,
even though that belief is false.

Cross-cultural research reveals both universal patterns and cultural variations. Stage sequences appear

broadly universal, but ages of achievement vary. Conservation and formal operations emerge later in
cultures without formal schooling. Some abilities (spatial navigation in cultures requiring long-distance
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travel) exceed Western norms at similar ages. This suggests biological maturation provides constraints
while cultural contexts and practices shape specific developmental trajectories.

Experimental findings:
Object permanence (A-not-B error):

o 8-month-olds watch object hidden at location A, successfully retrieve it
e Object then hidden at location B while infant watches

o Infant searches at A (perseverative error)

o Suggests fragile object permanence; resolves by 12 months

Conservation of liquid task:

e Preoperational child (5 years): Agrees two glasses have equal water

e Water poured from wide glass into tall, narrow glass

e "Does this glass have more water, less water, or the same amount?"

o Preoperational: "The tall glass has more!"

o Concrete operational (8 years): "They're the same; you just poured it"

Baillargeon's drawbridge study:

e 4-month-old infants watch drawbridge rotate 180°

e Condition 1: Box placed behind drawbridge; drawbridge stops at 112° (possible event)

e Condition 2: Box placed behind drawbridge; drawbridge rotates full 180° (impossible event, box
should block)

o Infants look longer at impossible event, suggesting surprise

o Implies implicit understanding that solid objects can't pass through each other

False-belief task results:

e 3-year-olds: 20% correct ("Sally will look in basket A")
e 4-year-olds: 57% correct

e 5S-year-olds: 85% correct

e Autistic children show delay in passing false-belief tasks

Vygotskian scaffolding study:

e Children (5-7 years) build puzzles alone (baseline performance)

e Same children build puzzles with adult guidance (performance in ZPD)
e Performance with scaffolding exceeds independent performance

e After practice with scaffolding, independent performance improves

o Demonstrates learning within ZPD transfers to independent capability
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21. A S-year-old child who correctly states that two rows of coins have the same number, but then
claims one row has more after the coins are spread out (same number, increased spacing), is
demonstrating:

A. Conservation of number has been achieved

B. Lack of conservation, characteristic of preoperational stage
C. Formal operational thought

D. Object permanence failure

22. Baillargeon's finding that young infants look longer at physically impossible events suggests:

A. Infants have no physical understanding

B. Infants may possess implicit physical knowledge earlier than explicit behaviors indicate
C. Looking time is meaningless

D. Object permanence only emerges in adolescence

23. A 3-year-old who fails false-belief tasks, believing Sally will search where the marble actually
is rather than where Sally believes it is, demonstrates:

A. Fully developed theory of mind

B. Immature theory of mind; difficulty representing others' false beliefs
C. Autism definitively

D. No social understanding

24. Vygotsky's zone of proximal development refers to:

A. The gap between current independent ability and potential ability with guidance
B. Physical growth zones

C. Brain regions

D. Tasks a child can do independently

25. Cross-cultural research showing that conservation and formal operations emerge later in
cultures without formal schooling suggests:

A. Biology alone determines cognitive development

B. Cultural practices and education influence the rate and expression of cognitive development
C. Piaget's stages are completely wrong

D. Culture has no effect on development

PASSAGE 5 (Questions 26-29): Social Stratification and Health
Disparities
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Social stratification—the hierarchical arrangement of individuals into social classes—profoundly affects
health outcomes. Socioeconomic status (SES), typically measured by income, education, and
occupation, shows strong inverse correlations with morbidity and mortality: lower SES predicts higher
rates of cardiovascular disease, diabetes, cancer, infectious diseases, and earlier death. These gradients
exist across the entire SES spectrum, not just at extremes, suggesting continuous rather than threshold
effects.

Multiple mechanisms link SES to health. Material deprivation directly affects health through inadequate
nutrition, housing, healthcare access, and exposure to environmental hazards. Lower-SES
neighborhoods often lack healthy food options (food deserts) while having higher concentrations of fast-
food restaurants, liquor stores, and environmental toxins. Occupational hazards disproportionately affect
lower-SES workers, who face greater exposure to physical dangers, repetitive strain, and toxic
substances with less autonomy and control.

Beyond material factors, psychosocial mechanisms matter. Chronic stress from economic insecurity,
discrimination, and lack of control activates the hypothalamic-pituitary-adrenal (HPA) axis, producing
sustained cortisol elevation. Chronic stress impairs immune function, increases inflammation, promotes
cardiovascular disease, and accelerates cellular aging (shorter telomeres). The allostatic load model
describes cumulative physiological wear-and-tear from chronic stress, measured by biomarkers
including blood pressure, cortisol, inflammatory markers, and metabolic indices.

Health behaviors partially mediate SES-health relationships. Lower SES correlates with higher smoking
rates, lower physical activity, poorer diet, and less preventive healthcare utilization. However, these
behaviors explain only 25-40% of SES-health gradients, indicating that material and psychosocial
factors make independent contributions. Moreover, health behaviors themselves are shaped by social
contexts: stress promotes smoking and unhealthy eating; unsafe neighborhoods discourage physical
activity; time poverty from multiple jobs limits healthcare visits.

Healthcare access disparities compound these effects. Lower-SES individuals experience barriers
including lack of insurance, inability to afford copayments, transportation difficulties, inflexible work
schedules preventing appointments, and geographic distance from providers. Even with insurance,
lower-SES patients receive lower-quality care due to provider bias, communication barriers, and
concentration in underfunded facilities. The Affordable Care Act reduced but did not eliminate these
disparities.

Race and ethnicity intersect with SES creating additional disparities. Even controlling for SES,
racial/ethnic minorities experience worse health outcomes, suggesting discrimination adds unique
stressors. The weathering hypothesis proposes that cumulative discrimination and racial stress cause
premature aging and health decline in African Americans. Research demonstrates that perceived
discrimination predicts cardiovascular disease, hypertension, and psychological distress independent of
SES.

Social capital—resources available through social networks—provides protective effects. Strong social
connections buffer stress, provide instrumental support (help with transportation, childcare, finances),
and transmit health information. However, social capital varies by SES: lower-SES individuals often
have smaller, more geographically concentrated networks with fewer diverse resources.

84



Interventions targeting these mechanisms show promise. Conditional cash transfer programs providing
financial support contingent on health behaviors (prenatal care, vaccinations) improve health outcomes
in low-SES populations. Community interventions improving neighborhood safety, food access, and
recreational facilities reduce health disparities. However, addressing fundamental causes—income
inequality, educational opportunity, discrimination—requires policy changes beyond healthcare.

Epidemiological data:
SES gradients in mortality (U.S. data):

o Life expectancy gap between highest and lowest income quintiles: 10-15 years

e C(College graduates vs. high school dropouts: 13-year life expectancy gap for women, 12.7 years
for men

o Within-race SES gradients exceed between-race differences at equivalent SES

o Gradient exists at all levels: upper-middle-class health exceeds middle-class health

Whitehall Studies (British civil servants):

Mortality risk: Lowest employment grade = 2.9 higher than highest grade
Gradient evident despite universal healthcare access

Job control inversely related to cardiovascular disease

Even after controlling for health behaviors, significant gradient remains

Discrimination and health outcomes:

e Perceived discrimination correlates with: Hypertension (OR=1.5), depression (OR=2.4), poor
self-rated health (OR=1.9)

o Experiences of discrimination in healthcare predict medication non-adherence and appointment
non-attendance

o Implicit bias training for providers reduces disparities in pain management and treatment
recommendations

Neighborhood effects on health:
e Moving to Opportunity experiment: Families randomly assigned housing vouchers to move from
high-poverty to low-poverty neighborhoods
e 10-15 years later: Reduced obesity (-4.6%), diabetes (-3.8%), improved mental health
o Effects strongest for children moving before adolescence
Social capital and mortality:
e Prospective cohort: Social isolation (few connections) predicts 50-70% increased mortality risk

o Effect size comparable to smoking, exceeds obesity
e Mechanisms: Buffering stress, promoting health behaviors, providing instrumental support
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26. The finding that SES-health gradients persist across the entire socioeconomic spectrum rather
than just at poverty levels suggests:

A. Only the poorest individuals experience health problems

B. Relative social position and resources matter continuously for health, not just absolute deprivation
C. Wealth provides no health benefits

D. All health disparities are genetic

27. The weathering hypothesis explaining worse health outcomes for African Americans even after
controlling for SES proposes that:

A. All racial health disparities are due to genetic differences

B. Cumulative discrimination and racial stress cause premature health decline independent of SES
C. African Americans have worse health behaviors

D. Healthcare access fully explains disparities

28. The Whitehall Studies' finding that health gradients exist among British civil servants despite
universal healthcare access indicates:

A. Healthcare access is the only determinant of health

B. Material resources and psychosocial factors beyond healthcare access contribute substantially to
health disparities

C. SES doesn't affect health

D. Universal healthcare eliminates all health disparities

29. The Moving to Opportunity experiment demonstrating health improvements after moving to
low-poverty neighborhoods suggests:

A. Individual choices alone determine health

B. Neighborhood environments and social contexts causally affect health outcomes
C. Poverty has no health effects

D. Healthcare is unnecessary

DISCRETE QUESTIONS (30-32)

30. In operant conditioning, a stimulus that increases the likelihood of a behavior when removed
after the behavior occurs is called:

A. Positive reinforcement
B. Negative reinforcement
C. Positive punishment

D. Negative punishment
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31. According to Freud's psychoanalytic theory, the component of personality operating on the
reality principle and mediating between id and superego is the:

A.Id

B. Ego

C. Superego
D. Libido

32. The concept of "social facilitation" refers to:

A. Improved performance on simple/well-learned tasks in the presence of others
B. Decreased performance in all social situations

C. Group polarization

D. Conformity to group norms

PASSAGE 6 (Questions 33-36): Personality Psychology: Trait
Theories and the Five-Factor Model

Personality psychology seeks to identify stable individual differences in patterns of thinking, feeling,
and behaving. Trait theories propose that personalities can be described using measurable dimensions
that show consistency across situations and stability across time.

Gordon Allport distinguished three levels of traits: cardinal traits (rare, dominating characteristics
defining a person's entire life, like "Machiavellian"), central traits (5-10 general characteristics
describing personality, like "honest," "anxious"), and secondary traits (situation-specific tendencies).
Raymond Cattell used factor analysis of trait descriptors to identify 16 primary personality factors
measured by the 16PF questionnaire.

The Five-Factor Model (FFM), also called the "Big Five," emerged as a widely accepted framework.
Through lexical analysis (studying personality-descriptive terms in language) and factor analysis,
researchers consistently identified five broad dimensions: Openness to Experience, Conscientiousness,
Extraversion, Agreeableness, and Neuroticism (acronym: OCEAN)).

Openness to Experience encompasses imagination, creativity, intellectual curiosity, and preference for
variety. High scorers enjoy novel ideas, artistic experiences, and unconventional viewpoints. Low
scorers prefer familiarity, practical concerns, and traditional values. Openness predicts academic
interests (high openness — arts and sciences), political attitudes (high openness — liberalism), and
entrepreneurship.

Conscientiousness reflects organization, self-discipline, achievement-orientation, and reliability. High

scorers are organized, responsible, and goal-directed. Low scorers are spontaneous, flexible, sometimes
careless. Conscientiousness strongly predicts academic and job performance, health behaviors
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(conscientiousness inversely predicts smoking, predicts exercise and preventive healthcare), and
longevity.

Extraversion includes sociability, assertiveness, activity level, and positive emotionality. Extraverts seek
social stimulation, feel energized by interaction, and experience positive emotions frequently. Introverts
prefer solitude or small groups, find social situations draining, and have lower baseline positive affect.
Extraversion predicts leadership emergence, sales performance, and marital satisfaction.

Agreeableness involves cooperation, compassion, trust, and concern for social harmony. High scorers
are empathetic, helpful, and cooperative. Low scorers (antagonistic) are competitive, skeptical, and self-
focused. Agreeableness predicts relationship quality, prosocial behavior, and conflict resolution styles
but negatively predicts salary (agreeable people negotiate less aggressively).

Neuroticism (opposite: Emotional Stability) reflects tendency toward negative emotions—anxiety,
anger, depression, vulnerability to stress. High scorers experience emotional instability and distress.
Low scorers are calm, even-tempered, and stress-resilient. Neuroticism predicts psychological disorders,
relationship dissatisfaction, and health complaints.

Twin studies demonstrate substantial heritability of Big Five traits (~40-50% of variance attributable to
genetics), with remaining variance from non-shared environment (unique experiences) rather than
shared environment (family upbringing). This suggests that while family environment matters, siblings
develop different personalities through unique experiences, peer relationships, and gene-environment
interactions.

Cross-cultural research reveals both universal patterns and cultural differences. The Big Five structure
replicates in most cultures with written languages, suggesting biological basis. However, trait expression
and mean levels vary: collectivistic cultures show lower extraversion and higher agreeableness scores;
individualistic cultures show the reverse. Some cultures emphasize additional dimensions not captured
by the Big Five.

Situations matter alongside traits. The person-situation debate questioned trait consistency across
contexts. Walter Mischel argued that behavior varies more by situation than previously believed, with
cross-situation correlations typically around r=.30. However, aggregating behaviors across situations
shows stronger consistency. The current consensus interactionist perspective proposes that both traits
and situations matter: traits predict average tendencies, while situations provide opportunities or
constraints, and personality-situation fit determines optimal outcomes.

Research findings:

Twin study heritability estimates:
e Identical twins raised together: r = .50
o Identical twins raised apart: r = .45
o Fraternal twins raised together: r = .20

e Adopted siblings raised together: r = .05
o Interpretation: ~50% genetic, ~50% non-shared environment, minimal shared environment
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Conscientiousness and health outcomes:

o Longitudinal study over 20 years

o High conscientiousness: 30% lower mortality risk

e Mechanisms: Lower smoking rates, more exercise, better medication adherence, fewer accidents
o Effect independent of SES and education

Extraversion and occupational fit:

o Sales positions: Extraversion predicts performance (r = .25)

e Accountants and engineers: Extraversion shows near-zero correlation with performance
o Leadership positions: Extraversion predicts emergence as leader but not effectiveness

e Person-environment fit: Performance highest when personality matches job demands

Cross-cultural personality comparisons:

e Big Five structure identified in 50+ countries

e Mean differences: North Americans score higher on Extraversion (M = 3.2) than East Asians (M
=2.8)

o East Asians score higher on Agreeableness (M = 3.6) than North Americans (M = 3.1)

o  Within-culture variability exceeds between-culture differences

Situation strength and trait expression:

o Strong situations (funerals, job interviews): Behavior constrained, trait expression limited

o Weak situations (casual parties, free time): Trait expression maximized

o Trait-relevant situations: Extraversion predicts behavior at parties (r = .45) better than at libraries
(r=.12)

33. The Five-Factor Model's identification through lexical analysis and replication across cultures
suggests:

A. Personality is entirely socially constructed

B. Certain personality dimensions may be fundamental aspects of human individual differences with
biological bases

C. Culture has no influence on personality

D. Only five traits exist in all people

34. Twin studies showing 40-50% heritability of Big Five traits with minimal contribution from
shared family environment indicate:

A. Family upbringing has no influence on personality

B. Genetics explain some personality variance, with non-shared environmental experiences contributing
substantially

C. 100% of personality is genetic

D. Twins always have identical personalities
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35. High conscientiousness predicting better health outcomes and longevity operates primarily
through:

A. Genetic immunity to disease

B. Health behaviors like lower smoking, more exercise, and better medical adherence
C. Wealth accumulation

D. Avoidance of all social contact

36. The finding that extraversion predicts performance in sales but not accounting demonstrates:

A. Extraversion is meaningless

B. Person-environment fit matters; personality traits predict outcomes best when relevant to situational
demands

C. All jobs require the same personality

D. Introverts cannot succeed in any career

PASSAGE 7 (Questions 37-41): Culture, Socialization, and Social
Norms

Culture encompasses shared beliefs, values, norms, symbols, and practices transmitted across
generations within a society. Culture shapes perception, cognition, emotion, motivation, and behavior
through socialization—the process by which individuals internalize cultural knowledge and norms.

Values are deeply held beliefs about what is good, desirable, and important. Geert Hofstede identified
dimensions along which national cultures vary. Individualism-collectivism contrasts emphasis on
individual autonomy, achievement, and rights (individualistic cultures like U.S., Western Europe) versus
emphasis on group harmony, interdependence, and obligations (collectivistic cultures like East Asia,
Latin America). Power distance reflects acceptance of hierarchical power distribution: high power
distance cultures (Malaysia, Philippines) accept status inequality, while low power distance cultures
(Scandinavia) prefer egalitarian structures.

Norms are behavioral rules within cultures. Prescriptive norms specify appropriate behavior ("say please
and thank you"); proscriptive norms prohibit behaviors ("don't interrupt"). Folkways are informal norms
for everyday behavior (table manners, greeting customs) with mild social sanctions for violations. Mores
are serious norms with moral significance (prohibitions against theft, violence) with severe sanctions.
Laws are formal norms enforced by institutional sanctions.

Socialization occurs through multiple agents. Primary socialization in families establishes foundational
values, language, and basic social skills. Peer groups become increasingly important during childhood
and adolescence, transmitting age-appropriate norms and providing social comparison. Schools provide
formal education plus "hidden curriculum” teaching punctuality, obedience to authority, and
achievement orientation. Mass media transmit cultural information, models for behavior, and
increasingly shape cultural values themselves.
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Social construction of reality refers to the process by which shared meanings are created through social
interaction. What seems objectively "real" often reflects collective agreements. Gender, for example,
involves biological sex but also socially constructed gender roles—expectations about appropriate
behaviors, traits, and roles for males and females. These vary dramatically across cultures and historical
periods, demonstrating social construction rather than pure biological determination.

Cultural differences in self-concept illustrate socialization effects. Independent self-construal (common
in individualistic cultures) defines self as autonomous, bounded entity with stable internal traits.
Interdependent self-construal (common in collectivistic cultures) defines self relationally, emphasizing
connections to others and roles in social contexts. These self-construals affect cognition: independent
selves show self-serving biases and prioritize personal goals, while interdependent selves show modesty
and prioritize group harmony.

Attribution patterns reflect cultural values. As discussed earlier, individualistic cultures show stronger
fundamental attribution error (dispositional bias), while collectivistic cultures attend more to situational
and relational contexts. Analytical thinking (focusing on objects and their attributes, common in
Western cultures) contrasts with holistic thinking (focusing on relationships between objects and
contexts, common in East Asian cultures).

Cultural transmission isn't passive. Individuals actively interpret, negotiate, and sometimes resist
cultural messages. Subcultures develop distinct values within broader society (occupational subcultures,
regional subcultures, ethnic subcultures). Countercultures actively oppose mainstream values. Cultural
change occurs through invention, discovery, diffusion (spread between cultures), and assimilation
(adopting elements from other cultures).

Acculturation describes cultural change when groups with different cultures interact. Berry's
acculturation framework identifies four strategies. Integration maintains original cultural identity while
participating in host culture. Assimilation adopts host culture while relinquishing original culture.
Separation maintains original culture while avoiding host culture. Marginalization rejects both cultures.
Integration generally predicts best psychological outcomes, while marginalization predicts worst
outcomes.

Ethnocentrism—judging other cultures by one's own cultural standards—creates misunderstanding and
conflict. Cultural relativism—understanding behaviors within cultural contexts—provides alternative
perspective. However, absolute relativism faces ethical challenges: can any practice be justified as
"cultural"? Contemporary approaches seek balance: appreciating cultural differences while maintaining
some universal ethical principles (human rights).

Cultural research findings:
Hofstede's individualism-collectivism scores:
e Most individualistic: United States (91), Australia (90), United Kingdom (89)

e Most collectivistic: Guatemala (6), Ecuador (8), Pakistan (14)
e Correlates: GDP per capita (r = .60), urbanization (r = .50)
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Self-enhancement bias across cultures:

e North Americans rating themselves "better than average": 70%

e Japanese rating themselves "better than average": 30%

o Effect reverses for interdependent traits: Japanese show stronger self-enhancement on
"cooperative," "loyal"

Analytic vs. holistic thinking:

e Rod-and-frame task: Judge whether rod is vertical independent of frame orientation

e Americans: High accuracy, focus on rod

o East Asians: Lower accuracy, influenced by frame (attend to context)

o Eye-tracking: Americans fixate on focal objects; East Asians attend more to background

Acculturation and mental health:

o Integration strategy: Lowest depression rates (15%), highest life satisfaction
o Assimilation: Moderate depression (25%), moderate satisfaction

e Separation: Moderate depression (28%), lower satisfaction

e Marginalization: Highest depression (45%), lowest satisfaction

Cultural change and modernization:

Longitudinal study: 40-year follow-up in developing nations

Increasing individualism correlates with: urbanization, education, GDP growth
o However, value change lags structural change by 10-20 years

Regional and ethnic subcultures maintain distinctiveness despite modernization

37. The finding that gender roles vary dramatically across cultures and historical periods
demonstrates:

A. Biology determines all gender behavior

B. Gender roles are socially constructed rather than purely biologically determined
C. Culture has no effect on gender

D. All cultures have identical gender expectations

38. Collectivistic cultures showing weaker self-serving biases and stronger attention to social
contexts reflects:

A. Cognitive deficits

B. Cultural values shaping cognitive processes and self-perception
C. Genetic differences

D. Random variation

39. Berry's acculturation research showing that integration (maintaining original culture while
participating in host culture) predicts better mental health than marginalization suggests:



A. Complete assimilation is always optimal

B. Bicultural identity can provide psychological benefits
C. Original culture should be completely abandoned

D. Acculturation has no psychological effects

40. Eye-tracking studies showing that East Asians attend more to background contexts while
Americans focus on focal objects demonstrates:

A. All people perceive identically

B. Cultural differences in cognitive processing styles; holistic vs. analytic attention
C. One culture has superior vision

D. Culture has no effect on perception

41. The concept of "hidden curriculum" in schools refers to:

A. Secret classes

B. Informal lessons about punctuality, obedience, and achievement transmitted through school structure
and processes beyond formal content

C. Hidden locations

D. Only explicit academic content matters

DISCRETE QUESTIONS (42-44)

42. REM (rapid eye movement) sleep is characterized by:

A. Deep, slow brain waves and no dreaming

B. Paradoxical sleep with brain activity similar to waking and vivid dreams
C. The lightest stage of sleep

D. Sleepwalking

43. The General Adaptation Syndrome (GAS) proposed by Hans Selye describes three stages of
stress response:

A. Denial, anger, acceptance

B. Alarm, resistance, exhaustion

C. Conscious, preconscious, unconscious
D. Id, ego, superego

44. Observational learning, as demonstrated in Bandura's Bobo doll experiments, shows that:

A. Learning requires direct reinforcement

B. Learning can occur through watching others without direct experience or reinforcement
C. Aggression is entirely innate

D. Children never imitate adults

93



PASSAGE 8 (Questions 45-48): Learning Theories: Classical and
Operant Conditioning

Learning—relatively permanent behavioral change from experience—occurs through multiple
mechanisms. Classical conditioning (Pavlovian conditioning) and operant conditioning (instrumental
conditioning) represent fundamental learning processes studied extensively in psychology.

Ivan Pavlov discovered classical conditioning while studying digestion in dogs. An unconditioned
stimulus (UCS)—food—naturally elicits an unconditioned response (UCR)—salivation. A neutral
stimulus (tone) initially produces no salivation. Through repeated pairing (tone — food), the tone
becomes a conditioned stimulus (CS) eliciting a conditioned response (CR)—salivation. Key
phenomena include acquisition (learning the CS-UCS association), extinction (CR weakens when CS is
presented without UCS), spontaneous recovery (extinguished CR reappears after rest period),
generalization (similar stimuli elicit CR), and discrimination (learning to respond only to specific CS).

Higher-order conditioning occurs when an established CS serves as UCS for new learning. After tone —
food conditioning, light — tone pairing can produce light — salivation without ever pairing light with
food. This explains how initially neutral stimuli acquire motivational significance through association
chains.

Classical conditioning extends beyond salivation. John Watson and Rosalie Rayner's "Little Albert"
experiment conditioned fear: pairing white rat (CS) with loud noise (UCS) produced fear response (CR)
to rat and generalized to similar furry objects. This demonstrated that emotional responses can be
learned. Taste aversion learning occurs when novel food (CS) is followed by illness (UCS), producing
strong aversion after single pairing—violating the contiguity principle since hours may pass between
taste and illness.

Biological preparedness explains why some associations form easily while others don't. Taste aversions
form readily because this association was fitness-relevant in evolutionary history (avoiding poisonous
foods). Fear conditioning to evolutionarily relevant stimuli (snakes, spiders) occurs faster than to neutral
or modern stimuli (flowers, electrical outlets). This shows learning operates within biological
constraints.

B.F. Skinner pioneered operant conditioning research, demonstrating that consequences shape behavior.
Reinforcement increases behavior; punishment decreases behavior. Positive reinforcement presents
pleasant stimulus (paycheck increases working); negative reinforcement removes aversive stimulus
(taking aspirin removes headache, increases aspirin use). Positive punishment presents aversive stimulus
(speeding ticket decreases speeding); negative punishment removes pleasant stimulus (timeout removes
playtime, decreases misbehavior).

Reinforcement schedules affect learning and extinction. Continuous reinforcement (reinforcing every

response) produces rapid acquisition but rapid extinction. Intermittent (partial) reinforcement produces
slower acquisition but greater extinction resistance. Fixed-ratio schedules (reinforcement after fixed
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number of responses) produce high response rates with post-reinforcement pauses. Variable-ratio
schedules (reinforcement after unpredictable number of responses) produce highest, steadiest response
rates—explaining gambling persistence. Fixed-interval schedules (reinforcement for first response after
fixed time) produce scalloped response patterns with increased responding near interval end. Variable-
interval schedules produce moderate, steady responding.

Shaping trains complex behaviors through successive approximations—reinforcing closer and closer
approximations to target behavior. Organisms can be taught elaborate behavioral chains (multi-step
sequences) through chaining—reinforcing each step in sequence.

Cognitive processes matter in conditioning. Latent learning (Tolman's experiments) showed rats
developed cognitive maps even without reinforcement, demonstrating learning without performance.
Learned helplessness (Seligman) occurs when organisms experience uncontrollable aversive events:
dogs receiving inescapable shocks later failed to escape even when escape became possible, showing
learned expectation of helplessness. This models human depression.

Applications are extensive. Systematic desensitization treats phobias through gradual exposure paired
with relaxation. Token economies use operant principles in institutional settings. Applied behavior
analysis treats autism and developmental disabilities. Aversion therapy pairs undesired behaviors with
negative consequences.

Research findings:
Taste aversion learning:

o Rats drink saccharin-flavored water, then receive illness-inducing injection 6 hours later

o Single pairing produces strong aversion; rats avoid saccharin-flavored water

o Controls: Rats experiencing illness without prior novel taste show no aversion

o Specificity: Pairing sound/light with illness produces weak or no conditioning

e Demonstrates: Long CS-UCS delay doesn't prevent learning for biologically prepared
associations

Garcia effect and biological constraints:

o Rats easily learn: Taste — illness (internal consequence)

o Rats easily learn: Sound/light — shock (external consequence)
o Rats poorly learn: Taste — shock (violates preparedness)

o Rats poorly learn: Sound/light — illness (violates preparedness)

Skinner box experiments:
o Rats pressing lever for food on variable-ratio-5 schedule (average 5 presses per reinforcement):
Steady, high response rate (40-60 responses/min)

o Extinction after continuous reinforcement: Rapid cessation (<50 responses)
o Extinction after variable-ratio training: Prolonged responding (>500 responses before cessation)
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Learned helplessness paradigm:

o Phase 1: Dogs receive either escapable shock (pressing panel stops shock), inescapable shock (no
control), or no shock

o Phase 2: All dogs placed in shuttle box; jumping barrier escapes shock

o Escapable shock group: 90% learn to escape

e No shock group: 95% learn to escape

o Inescapable shock group: Only 35% learn to escape; others show passive acceptance despite
escape available

e Helpless dogs show: Reduced motivation, cognitive deficits, depressive-like symptoms

Latent learning (Tolman & Honzik):

o Rats explore maze with no food reward for 10 days

e Day 11: Food introduced at goal box

e Performance improves immediately to level matching rats rewarded from day 1

e Interpretation: Cognitive map formed during unrewarded exploration; performance emerges
when motivation provided

45. In Little Albert's conditioning, the white rat served as the:

A. Unconditioned stimulus
B. Conditioned stimulus
C. Unconditioned response
D. Conditioned response

46. Taste aversion learning violating the typical contiguity requirement (learning despite hours
between taste and illness) demonstrates:

A. Classical conditioning never works

B. Biological preparedness; evolution shaped learning mechanisms for fitness-relevant associations
C. All associations form equally easily

D. Learning is impossible with delays

47. Variable-ratio reinforcement schedules producing the highest, most resistant response rates
explains why:

A. Gambling behavior persists despite unpredictable payoffs
B. Fixed schedules are superior

C. Reinforcement is unnecessary

D. All behaviors extinguish immediately

48. Learned helplessness research showing that dogs exposed to inescapable shock later fail to
escape even when possible suggests:
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A. Dogs cannot learn

B. Experiencing uncontrollable aversive events can produce learned expectations of helplessness and
passive behavior patterns

C. Shock has no psychological effects

D. All learned behaviors are permanent

PASSAGE 9 (Questions 49-52): Social Movements and Collective
Behavior

Social movements are organized collective efforts to promote or resist social change. Understanding
social movements requires examining structural conditions enabling mobilization, framing processes
shaping interpretation, and mobilizing structures facilitating participation.

Resource mobilization theory emphasizes that grievances alone don't produce movements; successful
mobilization requires resources—money, people, organizational infrastructure, media access, and
legitimacy. The civil rights movement succeeded partly through organizational resources: established
churches provided meeting spaces, leadership, and communication networks; external funding from
northern foundations provided financial resources; legal organizations (NAACP) provided expertise.
Movements without resource access struggle regardless of grievance severity.

Political process theory adds that movements emerge when political opportunities open. These include:
elite divisions (disagreement among power holders), increased political access, declining repression, and
influential allies. The women's suffrage movement succeeded partly because WWI created labor
shortages, demonstrating women's capabilities, while progressive era politics opened reform
opportunities. Conversely, authoritarian regimes' severe repression closes political opportunities, making
movements difficult despite grievances.

Framing theory examines how movements construct meaning. Diagnostic framing identifies problems
and blames culprits. Prognostic framing proposes solutions. Motivational framing provides rationales for
action. Successful movements align frames with cultural values. Martin Luther King Jr.'s framing linked
civil rights to American ideals (democracy, equality, Christianity), making demands resonate with
mainstream values. Frames compete in cultural discourse; counterframing by opponents can
delegitimize movements.

Social movement participation follows distinct patterns. Early adopters (activists) have strong
ideological commitment and often personal grievances. Later participants join through social networks;
most people join movements through friends, family, or organizational connections rather than ideology
alone. The "biographical availability" concept notes that people with fewer commitments (students,
retirees) and flexible schedules participate more than those with demanding jobs and family
responsibilities.

Collective behavior includes less organized phenomena. Crowds range from casual (spontaneous
gathering) to conventional (planned gathering) to acting (emotionally charged, potentially violent). Le
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Bon's classical theory proposed that crowds produce deindividuation—Iloss of self-awareness and
personal responsibility—causing contagious, irrational behavior. However, this view pathologizes
collective action.

Contemporary perspectives emphasize rationality in crowds. Emergent norm theory proposes that
crowds develop situation-specific norms guiding behavior; behavior appears uniform not from
irrationality but from shared new norms. Value-added theory (Smelser) identifies conditions enabling
collective behavior: structural conduciveness (physical/social conditions allowing gathering), structural
strain (social problems creating tension), growth and spread of generalized belief (shared
understanding), precipitating factors (triggering events), mobilization for action (leadership emergence),
and social control failure (authorities unable to suppress).

Social media transforms social movements, enabling rapid mobilization, global coordination, and
circumventing traditional media gatekeepers. The Arab Spring, Occupy Wall Street, and Black Lives
Matter demonstrations leveraged Twitter, Facebook, and YouTube for organization and framing.
However, "slacktivism" concerns note that online participation (liking, sharing) may substitute for
costlier offline action. Authoritarian regimes increasingly monitor and manipulate social media, creating
challenges for digital activism.

Movement outcomes vary. Success requires multiple factors: resource mobilization, favorable political
opportunities, resonant framing, sustained participation, and often, receptive elites. Even "failed"
movements can achieve cultural impacts, shifting discourse and normalizing previously radical ideas
(marriage equality movement initially failed but eventually succeeded as frames gained acceptance).
Movements face co-optation risks when mainstream institutions adopt watered-down versions of
demands, potentially demobilizing activists while maintaining fundamental inequalities.

Movement case studies:
Civil rights movement success factors:

e Organizational resources: SCLC, NAACP, churches providing infrastructure

o Political opportunities: Cold War image concerns, northern Democratic Party support

e Framing: Christian morality, American values ("I Have a Dream" speech)

e Tactics: Nonviolent resistance creating moral contrast with violent opposition

e Media: Television broadcasting Bull Connor's police dogs and fire hoses to national audience

Occupy Wall Street (2011):

e Emergence: Following Arab Spring; financial crisis grievances

e Framing: "We are the 99%" highlighting inequality

e Mobilization: Social media coordination of simultaneous occupations

e Outcomes: No policy changes but shifted discourse about inequality; term "1%" entered
mainstream

o Challenges: Lack of formal leadership, specific demands; difficulty sustaining encampments
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Women's suffrage movement (1848-1920):

e Multiple waves over 70+ years

e Resource mobilization: NAWSA organizational structure, state-level organizations, wealthy
benefactors

o Political opportunities: Progressive era reforms, WWI demonstrating women's capabilities

o Framing shifts: Early emphasis on equality — later emphasis on women's special moral qualities

e Coalition building: Temperance movement alliance; labor movement connections

Black Lives Matter:

e Emergence: Trayvon Martin shooting (2012); Ferguson protests (2014)

e Social media: #BlackLivesMatter hashtag enabling decentralized coordination

o Framing: Police violence as systemic racism; "Say Their Names" personalizing victims

e Structure: Decentralized network model rather than hierarchical organization

e Outcomes: Policy reforms in some jurisdictions; increased awareness; backlash and
counterframing

Movement decline mechanisms:

e Repression: COINTELPRO FBI infiltration of 1960s movements

e Success: Goals achieved, demobilization (limited suffrage movements post-1920)

o Failure: Sustained lack of success demoralizes participants

o Co-optation: Mainstream institutions adopt symbolic changes without fundamental reform
o Factional conflict: Internal disagreements fragment movements

49. Resource mobilization theory's emphasis on organizational resources and infrastructure
rather than grievances alone suggests:

A. Grievances are irrelevant to movements

B. Successful movements require material and organizational resources, not just dissatisfaction
C. All grievances automatically produce movements

D. Resources are unimportant

50. The concept of "political opportunities' explaining why movements emerge at specific
historical moments indicates:

A. Movements occur randomly

B. Structural political conditions facilitate or constrain collective action
C. Politics never affects movements

D. Repression always strengthens movements

51. Framing theory's focus on how movements construct and communicate meaning suggests:

A. Only objective conditions matter
B. Cultural interpretation and meaning-making processes affect movement success
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C. Frames are irrelevant
D. All frames are equally effective

52. The observation that most people join movements through social networks rather than
ideology alone demonstrates:

A. Ideology is the only motivator

B. Social ties and interpersonal relationships facilitate recruitment and sustained participation
C. Networks are irrelevant

D. People join movements randomly

DISCRETE QUESTIONS (53-55)

53. Weber's concept of the "Protestant work ethic" refers to:

A. Religious attendance

B. Cultural values emphasizing hard work, thrift, and worldly success as signs of salvation
C. Protestantism causing poverty

D. Work being unnecessary

54. The "mere exposure effect" in social psychology refers to:

A. Increased liking for stimuli with repeated exposure
B. Dislike of familiar things

C. Fear of new experiences

D. Indifference to all stimuli

55. In signal detection theory, a "false alarm" occurs when:

A. Correctly detecting a signal present

B. Reporting a signal when none is present

C. Missing a signal that is present

D. Correctly reporting no signal when none is present

PASSAGE 10 (Questions 56-59): Psychological Disorders:
Classification and Treatment

The Diagnostic and Statistical Manual of Mental Disorders (DSM-5) provides standardized criteria for
diagnosing psychological disorders. The DSM uses a categorical approach, classifying disorders into
discrete categories, though dimensional approaches (viewing disorders on continua of severity) are
increasingly recognized.
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Major depressive disorder (MDD) involves depressed mood or anhedonia (loss of pleasure) plus
additional symptoms (sleep disturbance, appetite changes, fatigue, worthlessness, concentration
difficulties, psychomotor changes, suicidal ideation) lasting at least two weeks and causing significant
impairment. MDD shows 2:1 female:male ratio. Twin studies indicate ~40% heritability.
Neurotransmitter models emphasize serotonin and norepinephrine deficits. Cognitive theories (Beck)
highlight negative cognitive triad: negative views of self, world, and future. Learned
helplessness/hopelessness models link depression to perceived uncontrollability. Interpersonal theories
emphasize relationship difficulties.

Generalized anxiety disorder (GAD) involves excessive, uncontrollable worry about multiple domains
lasting 6+ months, plus physical symptoms (restlessness, fatigue, concentration difficulties, irritability,
muscle tension, sleep disturbance). GAD shows similar heritability to MDD (~30-40%).
Neurotransmitter theories implicate GABA deficits. Cognitive models emphasize intolerance of
uncertainty and maladaptive beliefs about worry. Chronic stress and early adverse experiences increase
risk.

Schizophrenia involves psychotic symptoms: positive symptoms (hallucinations, delusions, disorganized
speech/behavior) and negative symptoms (flat affect, avolition, alogia, anhedonia). Diagnosis requires
6+ months of disturbance with 1+ month of active symptoms. Schizophrenia shows ~80% heritability
(among the highest for psychiatric disorders). The dopamine hypothesis proposes excessive dopamine
activity in mesolimbic pathways produces positive symptoms. Brain imaging reveals enlarged ventricles
and reduced gray matter. Neurodevelopmental models propose that genetic vulnerability plus
prenatal/perinatal complications produce subtle brain abnormalities that manifest as schizophrenia in
adolescence/early adulthood when affected brain circuits mature.

Treatment approaches vary by theoretical orientation. Biological treatments include medications:
antidepressants (SSRIs like fluoxetine increase serotonin; SNRIs increase serotonin and
norepinephrine), anxiolytics (benzodiazepines enhance GABA), and antipsychotics (typical
antipsychotics like haloperidol block dopamine D2 receptors but cause motor side effects; atypical
antipsychotics like risperidone block both dopamine and serotonin with fewer motor side effects).

Psychotherapies include multiple approaches. Psychodynamic therapy explores unconscious conflicts
and childhood experiences. Cognitive therapy (Beck) identifies and challenges maladaptive thoughts
(for depression: "I'm worthless" — "I made a mistake but that doesn't define my value"). Behavioral
therapy uses exposure, behavioral activation, and reinforcement. Cognitive-behavioral therapy (CBT)
combines cognitive restructuring with behavioral techniques and shows strong evidence for anxiety and
depression. Humanistic therapy (Rogers) emphasizes unconditional positive regard, empathy, and
genuineness, facilitating self-actualization.

Evidence-based practice integrates research evidence, clinical expertise, and patient values. Meta-
analyses show that psychotherapy produces significant improvement (effect size d = 0.80), roughly
equivalent to medical treatments for common conditions. Specific disorders respond to specific
treatments: exposure therapy for anxiety disorders, CBT for depression, antipsychotics for
schizophrenia. However, common factors (therapeutic alliance, expectation, therapist empathy) account
for substantial variance across approaches.
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The biopsychosocial model recognizes that biological (genetics, neurotransmitters, brain structure),
psychological (cognition, emotion, behavior, personality), and social (relationships, culture,
socioeconomic factors) factors interact in determining mental health. Treatment addressing multiple
levels often proves most effective.

Clinical research findings:
Major depression treatment efficacy:

e SSRIs vs. placebo: SSRI response rate 50-60%, placebo 30-40%

e CBT vs. waitlist control: CBT significantly superior (d = 0.90)

e Medication + CBT vs. either alone: Combined treatment shows highest response rates (70-80%)
o Long-term: CBT shows lower relapse rates than medication alone after treatment ends

Generalized anxiety disorder treatment:

e CBT for GAD: Effect size d = 0.90 vs. waitlist

e Benzodiazepines: Rapid symptom reduction but dependence concerns, rebound anxiety on
discontinuation

o SSRIs: Slower onset but sustained improvement without dependence

Schizophrenia treatment:

e Antipsychotics: 60-70% show significant improvement in positive symptoms

e Negative symptoms show modest improvement

e Medication + psychosocial intervention (CBT, family therapy, social skills training): Superior to
medication alone

o First-generation antipsychotics: Effective but 30-50% develop extrapyramidal symptoms

e Second-generation antipsychotics: Similar efficacy, fewer motor side effects, metabolic side
effects

Common factors meta-analysis:

e Therapeutic alliance quality predicts outcome independent of therapy type

e Therapist empathy, warmth, and genuineness correlate with improvement

o Patient expectation and hope account for 15% of variance

e Specific techniques account for only ~15% of variance; common factors 30%, patient factors
40%

Cultural considerations:
e Symptom expression varies culturally (somatic symptoms more prominent in some cultures)
o Help-seeking patterns differ (collectivistic cultures may prefer family intervention)

o Therapeutic relationship expectations vary (authority vs. collaboration)
o Treatment effectiveness requires cultural adaptation
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56. The finding that SSRIs are effective for both depression and anxiety disorders suggests:

A. These disorders have completely different neurobiological mechanisms

B. Serotonin dysregulation may be involved in multiple disorders; shared neurobiological pathways
C. SSRIs are ineffective

D. Depression and anxiety never co-occur

57. Meta-analyses showing that therapeutic alliance quality predicts outcome across different
therapy types indicates:

A. Specific techniques are the only factor that matters

B. Common factors like relationship quality contribute substantially to therapy effectiveness
C. Therapy never works

D. Only one type of therapy is effective

58. The biopsychosocial model's emphasis on biological, psychological, and social factors
interacting to affect mental health suggests:

A. Only biology matters

B. Comprehensive understanding and treatment requires considering multiple levels of analysis
C. Psychology is irrelevant

D. Social factors don't affect mental health

59. Cultural variations in symptom expression and help-seeking patterns demonstrate that:

A. Mental disorders don't exist in other cultures

B. Cultural contexts influence how psychological distress is experienced and expressed
C. All cultures express disorders identically

D. Culture is irrelevant to mental health
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SECTION 1: ANSWER EXPLANATIONS

1. B-4.76

Using the Henderson-Hasselbalch equation: pH = pKa + log([A]/[HA]). For this buffer: pH = 4.76 +
log([0.10]/[0.10]) =4.76 + log(1) =4.76 + 0 = 4.76. When the concentrations of weak acid and conjugate
base are equal, the log term becomes zero because log(1) = 0, and pH = pKa. This represents the optimal
buffering point where the system has maximum capacity to resist pH changes in either direction. The
buffer can neutralize added acid (conjugate base captures H") or added base (weak acid donates H*) with
minimal pH change. Option A would require [acetate] < [acetic acid]. Option C would require [acetate] >
[acetic acid]. Option D (7.40) is blood pH, not relevant to this acetic acid buffer.

2. B - Buffer C has half the concentration, giving it lower buffer capacity

Buffer capacity depends on the absolute concentrations of buffer components, not just their ratio. The
passage states "Buffer capacity—the amount of acid or base a buffer can neutralize before significant pH
change—depends on buffer concentration and the ratio of components." The data shows Buffer A (0.10
M) pH decreased from 4.76 to 4.67 (0.09 units), while Buffer C (0.050 M, half the concentration)
decreased from 4.76 to 4.58 (0.18 units)—twice the pH change. Both buffers started at pH = pKa with
equal component ratios, so the difference is concentration. Higher concentration means more moles of
conjugate base to neutralize added H*. With half the concentration, Buffer C has half as many moles of
acetate to consume the 0.01 mol HCI, causing greater disruption of the [A~]/[HA] ratio and thus larger pH
change. Option A is wrong because both buffers have the same pKa (same acid). Option C is wrong
because both start at the same pH. Option D is wrong because acid strength is an intrinsic property, not
concentration-dependent.

3. A - Respiratory acidosis with partial metabolic compensation

Patient 1 shows pH 7.30 (acidotic, normal = 7.40), elevated pCO: (60 mmHg, normal = 40 mmHg), and
elevated HCOs™ (29 mEq/L, normal =24 mEq/L). The passage explains "Respiratory acidosis occurs when
CO: retention (hypoventilation) increases H.COs, lowering pH." The primary problem is respiratory:
excess CO: shifts the equilibrium CO2 + H.O = H.COs; = H* + HCOs™ to the right, producing more H*
and lowering pH. The elevated HCOs™ indicates metabolic compensation: the kidneys are retaining
bicarbonate (increasing from normal 24 to 29) to help neutralize the excess acid. The compensation is
partial because pH hasn't returned to normal (7.40). If compensation were complete, pH would be 7.40.
Using Henderson-Hasselbalch: pH = 6.1 + log([HCOs]/[H2COs]). The elevated CO: (proportional to
H>CO:s) increases the denominator, and the compensatory HCOs™ increase partly offsets this. Option B
describes metabolic acidosis (low HCOs™ primary problem). Option C (respiratory alkalosis) would show
low pCOs.. Option D is wrong because pH is clearly abnormal.

4. B - [CH:COOH] = [CH:COO], making the log term zero

The half-equivalence point occurs when exactly half the weak acid has been neutralized. Starting with 50
mL x 0.10 M = 5.0 mmol acetic acid, adding 25 mL of 0.10 M NaOH (2.5 mmol OH") converts half the
acid to conjugate base: CHsCOOH + OH~ — CHsCOO~ + H-O. Result: 2.5 mmol CH;COOH and 2.5
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mmol CHsCOO~ remain. The Henderson-Hasselbalch equation: pH = pKa +
log([CH:COO™)/[CHsCOOH]) = 4.76 + log(2.5/2.5) = 4.76 + log(l) = 4.76 + 0 = 4.76. The equal
concentrations make the log term zero, so pH = pKa at the half-equivalence point. This is a useful way to
experimentally determine pKa values—titrate and find where pH = pKa at the halfway point. Option A
describes the equivalence point (all acid neutralized), which occurs at 50 mL NaOH added, where pH =
8.72. Option C also describes equivalence point. Option D is true at equivalence point, not half-
equivalence.

5. B - Respiratory and renal regulation maintain a 20:1 [HCO:]/[H2COs] ratio

The passage explains this apparent paradox: despite pKa = 6.1 being 1.3 pH units below blood pH (7.4),
the bicarbonate system works because "CO: concentration is regulated by respiration (respiratory
compensation), and HCOs~ concentration is regulated by the kidneys (metabolic compensation). The
normal ratio is [HCO; )/[H2COs] = 20:1." Using Henderson-Hasselbalch: pH = 6.1 + log(20/1) = 6.1 +
log(20) = 6.1 + 1.3 = 7.4. The body maintains this specific ratio through active regulation—increasing
ventilation expels CO: (decreasing denominator), while kidneys adjust HCOs™ reabsorption (adjusting
numerator). This dynamic regulation makes the bicarbonate system effective despite being "off" its pKa.
A buffer's usable range is typically pKa = 1, but the bicarbonate system works outside this because of
physiological control. Option A is wrong because pKa = 6.1 is correct for H2COs. Option C is wrong
because blood pH is 7.4. Option D is wrong because bicarbonate is a weak base.

6. B - Endothermic, because temperature decreased

The passage defines exothermic (AH < 0) as releasing heat and endothermic (AH > 0) as absorbing heat.
When NH4NOs dissolves, the solution temperature decreased from 25.0°C to 20.5°C, indicating the
dissolution process absorbed heat from the surroundings (water). The system's perspective: NH4NOs(s)
— NHa4"(aq) + NOs(aq), AH > 0. The dissolution requires breaking ionic lattice (endothermic) and
hydrating ions (exothermic). For NH4NOs, lattice energy exceeds hydration energy, making net process
endothermic. From the surroundings' (water's) perspective: heat flows from water into the dissolving salt,
cooling the water. This is why ammonium nitrate instant cold packs work—dissolution absorbs heat. The
calculation: ¢ = mcAT = (100.0 g)(4.184 J/g-°C)(20.5 - 25.0)°C = (100.0)(4.184)(-4.5) = -1883 J. The
negative sign indicates heat left the water. From the system's view, q = +1883 J (heat absorbed). Option
A is backward. Option C describes exothermic process. Option D is wrong because clear energy change
occurred.

7. C - -4500 kJ/mol.

Heat released by combustion equals heat absorbed by calorimeter: q rxn = -C cal x AT = -(9.08
kJ/°C)(22.75 - 20.00)°C =-(9.08 kJ/°C)(2.75°C) = -24.97 kJ = -25.0 kJ. This is for 1.000 g glucose. Moles
glucose: 1.000 g + 180 g/mol = 0.00556 mol. Heat per mole: -25.0 kJ + 0.00556 mol = -4496 kJ/mol = -
4500 kJ/mol.

8. A-0.80

Respiratory quotient RQ = CO: produced / O: consumed = 12.0 L / 15.0 L = 0.80. The passage explains
"The respiratory quotient (RQ = CO: produced/O:. consumed) indicates fuel source: RQ = 1.0 for
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carbohydrates, ~0.7 for fats, ~0.8 for proteins." An RQ of 0.80 suggests the subject is metabolizing a mix
of fuels, likely primarily protein or a carbohydrate-fat mix. Pure carbohydrate oxidation produces equal
volumes of CO:z and O2 (RQ = 1.0) as in glucose: CsH1206 + 602 — 6CO2 + 6H20. Fat oxidation produces
less CO:2 per O: because fats are more reduced: typical fatty acid produces RQ =~ 0.7. The intermediate
value of 0.80 indicates mixed fuel metabolism, typical of resting conditions. This measurement is useful
clinically to assess metabolic state and dietary composition effects. Option B (1.00) would indicate pure
carbohydrate metabolism. Option C (1.25) is impossible under normal conditions (would require
producing more CO: than O2 consumed). Option D (0.67) is below typical fat metabolism.

9. A --278 kJ/mol

Using Hess's law, we manipulate given equations to produce target equation: 2C(s) + 3Hz(g) + 202(g) —
C:HsOH(l). Given equations:

1. C(s) + Oz(g) — CO:(g) AH = -394 kJ/mol
2. Ha(g) + ¥202(g) — H20(1) AH = -286 kJ/mol
3. C:HsOH(I) + 302(g) — 2C0O2(g) + 3H20(1) AH = -1367 kJ/mol

Target requires 2C, 3H>, and '20: on left, C:HsOH on right. Reverse equation 3: 2CO2(g) + 3H-0(1) —
C:HsOH(1) + 302(g), AH = +1367 kJ/mol. Multiply equation 1 by 2: 2C(s) + 202(g) — 2COx(g), AH =
2(-394) = -788 kJ/mol. Multiply equation 2 by 3: 3Hz(g) + 1.502(g) — 3H20(1), AH = 3(-286) = -858
kJ/mol. Add all three:

e 2C(s) +202(g) — 2CO2(g): -788 kI

e 3Hx(g) + 1.502(g) — 3H20(1): -858 kJ

e 2CO0O2(g) + 3H20(1) — C2HsOH(1) + 302(g): +1367 kJ Sum: 2C(s) + 3Hz(g) + 202 + 1.50: —
C2HsOH(1) + 30.. Simplifying: 2C(s) + 3Ha(g) + 0.502(g) — C.HsOH(l). AH = -788 - 858 + 1367
=-279 kJ/mol = -278 kJ/mol. This is the enthalpy of formation of ethanol from its elements.

10. B--1880J

From the solution's perspective, heat absorbed = mcAT = (100.0 g)(4.184 J/g-°C)(20.5 - 25.0)°C =
(100.0)(4.184)(-4.5) = -1882.8 J = -1880 J. The negative sign indicates the water (solution) lost heat. The
heat flowed from the water into the dissolving NH4NOs. From the water's perspective: q_water =-1880 J
(heat left the water). From the dissolution's perspective: q dissolution = +1880 J (heat absorbed by
dissolution). The question asks about heat absorbed by water, which is negative. Option A (+1880 J)
would be heat absorbed by the dissolution process. Option C and D have slightly different values possibly
from rounding differences. The correct answer considering the water's perspective is -1880 J, indicating
heat left the water.

11. A - F is a weak field ligand causing high-spin configuration, while NH: is strong field causing
low-spin

Co** has electron configuration [Ar] 3d°. In octahedral complexes, the d orbitals split into t2g (lower

energy, 3 orbitals) and eg (higher energy, 2 orbitals). The spectrochemical series ranks F~ as weak field
and NH;s as strong field. For 6 electrons with weak field (small Ao): electrons prefer to remain unpaired
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following Hund's rule rather than pairing in lower orbitals because pairing energy exceeds Ao.
Configuration: t-g* eg? with 4 unpaired electrons (high-spin). For 6 electrons with strong field (large Ao):
pairing energy is less than Ao, so electrons pair in lower t2g orbitals. Configuration: t-g® eg® with 0 unpaired
electrons (low-spin). The data confirms this: [CoFs]*~ has 4 unpaired (high-spin), [Co(NHs)s]** has 0
unpaired (low-spin). Option B is backward (F~ is weak field). Option C is wrong because Co**
configuration is the same in both; the difference is how electrons distribute based on ligand field strength.
Option D is wrong because both are octahedral (coordination number 6).

12. C - It absorbs green light (~500 nm) and transmits purple (complementary color)

The passage explains "Color arises when complexes absorb visible light, promoting electrons from t.g to
eg orbitals...Complexes appear the complementary color of absorbed light." The data states [Ti(H20)s]**
"absorbs at 500 nm (green)" and "appears purple in solution." Purple is complementary to green on the
color wheel. The complex absorbs photons matching the energy gap Ao: E = hc/A. The absorbed green
light (500 nm) promotes the single 3d electron from t.g to eg. The transmitted light (all colors except
green) appears purple to our eyes. This is a common source of confusion—the observed color is what's
NOT absorbed. A ruby appears red because it absorbs green light. Option A is wrong because fluorescence
(emission) isn't the primary mechanism here. Option B is backward—it doesn't transmit what it absorbs.
Option D is nonsensical.

13. B - The chelate effect: replacing 6 monodentate ligands with 3 bidentate ligands increases
entropy

The passage states "Chelate effect: multidentate ligands...bind more strongly than monodentate ligands
due to favorable entropy change. Ethylenediamine (en, bidentate) forms more stable complexes than two
ammonia molecules because replacing multiple monodentate ligands with fewer chelating ligands
increases disorder." The data shows Kf for [Ni(en):]*" is 10 times larger than [Ni(NHs)s]**.
Thermodynamically: Ni** + 6NHs — [Ni(NHs)s]** (7 particles — 1 particle, AS negative). Ni** + 3en —
[Ni(en)s;]** (4 particles — 1 particle, less negative AS). The chelate reaction has more favorable entropy
because fewer particles are "captured." Additionally, once one end of en binds, the other end is positioned
nearby (high effective concentration), making binding more favorable. Option A might contribute slightly
but isn't the main reason. Option C is vague. Option D is dismissive. The thermodynamic advantage is
primarily entropic.

14. A - O: is a strong field ligand that increases Ao, causing electron pairing

The passage explains "Hemoglobin's iron(II) reversibly binds O: when in the deoxy (high-spin, 5
coordinate) state. Oz binding converts it to low-spin octahedral geometry." Fe?" has 6 d electrons. In
deoxyhemoglobin (5-coordinate), Fe** is high-spin with 4 unpaired electrons in a square pyramidal
geometry. When O: binds (creating 6-coordinate octahedral), O: acts as a strong field ligand, increasing
Ao sufficiently that electron pairing becomes favorable, producing low-spin (0 unpaired electrons)
configuration. This spin state change causes Fe*' to decrease in size and move into the plane of the
porphyrin ring, triggering the conformational change in hemoglobin that underlies cooperative O binding.
Option B is wrong because Fe remains +2 (though early theories incorrectly proposed oxidation to Fe*").
Option C is backward—geometry change is consequence, not cause. Option D is true but irrelevant to the
spin state change.
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15.A-0

In an octahedral complex with 6 d electrons in low-spin configuration, all electrons pair in the lower tog
orbitals. The t.g level can hold 6 electrons (3 orbitals X 2 electrons each). Configuration: t-g® eg®.
Therefore, zero electrons occupy the eg orbitals in low-spin d®. This is the configuration of complexes like
[Co(NHs)s]*" from the passage. In contrast, high-spin d®* would have configuration t-g* eg?, with 2 electrons
in eg. The question specifies low-spin, so all 6 electrons fill t2g completely before any enter eg. Bond order
and stability are maximized with fully occupied bonding orbitals (t-g) and empty antibonding orbitals (eg).
Options B, C, and D represent partially or fully filled eg levels, which only occur in high-spin d° or
complexes with more than 6 d electrons.

16. A - 1 atm is below the triple point pressure of 5.1 atm

The passage states CO: "Triple point: -56.6°C, 5.1 atm" and "Sublimation temperature at 1 atm: -78.5°C."
The triple point is the lowest pressure at which liquid can exist. At pressures below the triple point
pressure, only solid and gas phases exist—the solid-gas equilibrium line extends below the triple point.
At 1 atm (below 5.1 atm), CO: sublimes directly from solid to gas at -78.5°C without passing through
liquid phase. This is why "dry ice" (solid CO-) sublimes at atmospheric pressure rather than melting. To
observe liquid CO2, you must be above 5.1 atm—for example, fire extinguishers contain CO: under high
pressure where it exists as liquid. Option B is wrong because CO: can be liquid under appropriate
conditions. Option C is irrelevant. Option D is wrong because molecular weight doesn't determine phase
behavior in this way.

17. A - The solid-liquid line for water has negative slope—pressure favors the denser liquid phase

The passage explains "Water exhibits unusual properties: the solid-liquid equilibrium line has negative
slope, meaning ice melts under pressure. This occurs because ice is less dense than liquid water—pressure
favors the denser liquid phase." Most substances have denser solid phases, so pressure favors the solid
(positive slope). Water is unusual because ice is less dense due to hydrogen bonding creating an open
crystal structure. When pressure is applied (by a skate blade), the equilibrium shifts toward the denser
phase (liquid), melting the ice. The Le Chatelier's principle: increased pressure favors the phase with
smaller volume (denser phase). Option B is backward. Option C (friction) does contribute heat but the
pressure effect is the primary mechanism discussed in the passage. Option D is wrong because water's
negative slope is what enables pressure melting.

18. C - 45 kJ/mol

Using the Clausius-Clapeyron equation: In(P2/P1) = -(AHvap/R)(1/Tz - 1/T1). Given: P1 = 100 mmHg at
Ti =25°C =298 K, P> =400 mmHg at T = 50°C =323 K. In(400/100) = -(AHvap/8.314)(1/323 - 1/298).
In(4) = -(AHvap/8.314)(0.003096 - 0.003356) = -(AHvap/8.314)(-0.000260). 1386 =
(AHvap/8.314)(0.000260). AHvap = (1.386)(8.314)/0.000260 = 11.52/0.000260 = 44,308 J/mol ~ 44
kJ/mol.

19. A - Lower than Solution B because NaCl dissociates into 2 particles per formula unit
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The passage states "Boiling point elevation (ATb = Kbm) and freezing point depression (ATf = Kfm-1)
result from vapor pressure lowering by nonvolatile solutes." The van't Hoff factor i accounts for
dissociation: NaCl — Na* + CI™ (i = 2), while glucose doesn't dissociate (i = 1). For Solution A (NaCl):
ATf=(1.86 °C-kg/mol)(1.0 mol/kg)(2) =3.72°C, so Tf=0.00 - 3.72 = -3.72°C. For Solution B (glucose):
ATT = (1.86)(1.0)(1) = 1.86°C, so Tf = -1.86°C. Solution A freezes at lower temperature because it has
twice as many dissolved particles creating colligative effect. The particles interfere with solid-liquid
equilibrium: more particles — greater disruption — lower freezing point. Option B is wrong because NaCl
produces more particles. Option C is backward. Option D gives only glucose's freezing point.

20. B - The liquid and gas phases become indistinguishable

The passage defines the critical point as "the temperature and pressure above which the liquid and gas
phases become indistinguishable (supercritical fluid)." Above the critical temperature and pressure, no
distinct phase boundary exists between liquid and gas—properties continuously transition between liquid-
like and gas-like. Supercritical fluids have unique properties: they can diffuse like gases while dissolving
solutes like liquids. Applications include supercritical CO: extraction (decaffeination, dry cleaning) and
supercritical water oxidation. The meniscus disappears at the critical point. Option A describes the triple
point (three phases coexist). Option C is wrong because substance can exist in supercritical phase. Option
D is wrong because critical point occurs at high temperature (374°C for water).

21.A-F:

The strongest oxidizing agent has the most positive reduction potential because it most readily accepts
electrons. From the table, F2 + 2¢- — 2F has E° = +2.87 V, the highest value. Fluorine is the strongest
oxidizing agent known, reacting with almost everything including water, glass, and noble gases. Its high
oxidizing power reflects fluorine's high electronegativity and small size. The passage states "More positive
E° indicates stronger oxidizing agent (better electron acceptor)." Species with high positive E° are easily
reduced (gain electrons), oxidizing other species. Option B (Li") has E° = -3.05 V, making it the weakest
oxidizing agent but strongest reducing agent (Li metal readily loses electrons). Option C (Zn**) has
moderately negative E°, so weak oxidizing agent. Option D (CI") is the reduced form of chlorine, not an
oxidizing agent.

22.B-+1.10V

The passage provides the method: E°cell = E°cathode - E°anode. First, identify which species is reduced
(cathode) and oxidized (anode). Cu*" has more positive E° (+0.34 V) than Zn** (-0.76 V), so Cu*' is
reduced at cathode, Zn is oxidized at anode. E°cell = E°(Cu?*/Cu) - E°(Zn**/Zn) = +0.34 V - (-0.76 V) =
+0.34 + 0.76 =+1.10 V. The positive E°cell indicates this is a spontaneous reaction (AG < 0). This is the
standard Daniell cell: Zn(s) + Cu?**(aq) — Zn?*'(aq) + Cu(s). Electrons flow from Zn anode through external
circuit to Cu cathode. The reaction releases energy that can do electrical work. Option A (+0.42 V) might
result from incorrect calculation. Option C uses addition instead of subtraction. Option D has wrong sign.

23.C-+1.07V

Using the Nernst equation: E = E° - (0.0592/n)log(Q). For the reaction Zn(s) + Cu*'(aq) — Zn*'(aq) +
Cu(s), n = 2 electrons transferred. Q = [Zn?*"]/[Cu*] = 2.0/0.10 = 20. E = 1.10 V - (0.0592/2)log(20) =
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1.10 - (0.0296)l0g(20) = 1.10 - (0.0296)(1.301) = 1.10 - 0.0385 = 1.06 V = 1.07 V. As the reaction
proceeds, [Zn*"] increases and [Cu?*] decreases, making Q larger and E smaller (approaching equilibrium
where E = 0). The cell still operates but with lower voltage than standard conditions. Option A would
require very different concentrations. Option B is the standard potential, not accounting for concentration
changes. Option D is too low.

24.B-230g

Using Faraday's laws: moles of electrons = (current x time)/(Faraday's constant) = (10.0 A)(965 s)/(96,485
C/mol e) = 9650 C / 96,485 C/mol = 0.100 mol e". For Na* + e~ — Na(s), 1 electron reduces 1 Na*, so
0.100 mol e~ produces 0.100 mol Na. Mass = (0.100 mol)(23 g/mol) = 2.30 g. The passage states "moles
deposited = charge/(nF)" where n = 1 for Na. This calculation shows how electrolysis quantitatively
produces elements from compounds. Industrial aluminum and chlorine production use this principle.
Option A is half the correct answer. Option C is double. Option D uses the wrong conversion (treats 0.100
as wrong unit).

25.B-+0.118 V

For a concentration cell, E°cell = 0 (identical electrodes), but concentration difference creates potential.
The passage provides: E = (0.0592/n)log([dilute]/[concentrated]). Wait, this seems backward. Let me
think carefully. The spontaneous direction has electrons flowing from the dilute side (higher potential
energy) to concentrated side. Actually, for concentration cells, the formula is E =
(0.0592/n)log([concentrated]/[dilute]). For silver, n = 1. E = (0.0592/1)log(1.0/0.01) = 0.0592 % log(100)
=0.0592 x 2 =0.118 V. The concentrated side is the cathode (Ag" reduced), dilute side is anode (Ag
oxidized), driving toward equilibrium (equalizing concentrations). This is analogous to biological
membrane potentials. Option A would be true only if concentrations were equal. Option C has wrong sign.
Option D is the standard reduction potential for Ag*/Ag, irrelevant here since both electrodes are identical.

26. B - SN1 mechanism because tertiary substrate forms stable carbocation

The kinetics data shows Rate = k[(CH3);:CBr], independent of [OH] concentration. The passage states
"SN1...Rate = k[substrate], independent of nucleophile concentration." This first-order kinetics indicates
SN1. The passage explains "SN1 is favored by weak nucleophiles, tertiary substrates (stable carbocations),
polar protic solvents, and good leaving groups." (CHs)sCBr is tertiary (carbon bonded to Br is bonded to
three other carbons), which forms a stable tertiary carbocation: (CHs)sC*. The mechanism: Step 1 (slow,
rate-determining): (CHs);C-Br — (CHs);C* + Br~. Step 2 (fast): (CHs)sC* + OH™ — (CHs)sCOH. Only
step 1 appears in rate law, explaining the first-order kinetics. Option A (SN2) would show rate depending
on both [substrate] and [nucleophile]. Options C and D (elimination) would produce alkenes, not the
alcohol product observed.

27. B - SN2 mechanism with inversion of configuration
The passage explains "SN2...proceeds in one step with backside attack, causing inversion of configuration
(Walden inversion)." The data shows (R)-2-bromooctane converting to (S)-2-octanol with rate

proportional to both [substrate] and [OH™], confirming SN2 kinetics (second-order). The stereochemical
inversion from R to S configuration is diagnostic of SN2: nucleophile attacks from the backside (opposite
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the leaving group), causing umbrella-like inversion at the chiral center. The transition state has partial
bonds to both incoming nucleophile and leaving group. Primary and secondary substrates favor SN2 over
SN1 because they form less stable carbocations. Option A (SN1) would produce racemic mixture (50:50
R:S) because planar carbocation can be attacked from either face. Option C is wrong because clear
stereochemical change occurred. Option D (E2) would produce alkene, not alcohol.

28. A - Heat and steric hindrance favor E2 over SN2

The passage states "Factors favoring elimination over substitution include: strong bases (especially bulky
bases like t-butoxide), heat, and more substituted substrates." The competition data shows increasing
temperature (25°C — 65°C) increased elimination from 1% to 40%. Using bulky base t-butoxide increased
elimination further to 90%. Heat provides activation energy for elimination (higher Ea than substitution).
Bulky bases have steric hindrance preventing close approach needed for backside SN2 attack but can still
abstract protons for E2. The passage notes "Small, strong nucleophiles favor substitution; large, strong
bases favor elimination." t-Butoxide is bulky (branched), favoring E2. Option B is wrong because
temperature definitely affects mechanism competition. Option C is backward—bulky bases are poorer
nucleophiles due to steric hindrance. Option D confuses mechanisms—SN1 would give some substitution
product, but the question asks about elimination increase.

29. C - Zaitsev's rule: more substituted alkene is more stable

The passage states "Zaitsev's rule: elimination produces the more substituted (more stable) alkene as major
product." 2-Pentene (CH:CH=CHCH:CH3) has two alkyl groups on the double bond (disubstituted), while
I-pentene (CH>=CHCH>CH2CHs) has one alkyl group (monosubstituted). More substituted alkenes are
more stable due to hyperconjugation—o-bonding electrons from adjacent C-H bonds delocalize into the
n* orbital, stabilizing the alkene. Since the transition state resembles the product (Hammond postulate),
the pathway to the more stable product has lower activation energy and dominates. The 80:20 ratio favors
the more substituted product. Option A (Hammond postulate) is relevant but not the direct explanation.
Option B (Markovnikov's rule) applies to additions, not eliminations. Option D (anti-Markovnikov) is the
opposite of what occurs.

30. B - The carbon is electrophilic (6+) due to oxygen's electronegativity

The passage states "Carbonyl chemistry involves nucleophilic addition...nucleophile attacks electrophilic
carbonyl carbon." The C=0 bond is polarized: oxygen (more electronegative, x = 3.5) pulls electron
density from carbon (y = 2.5), creating partial charges C"6+—0"9-. The electrophilic carbon attracts
nucleophiles (electron-rich species like H, CN-, or Grignard reagents). Upon nucleophile attack, the n
bond breaks, electrons shift to oxygen (forming O°), creating a tetrahedral intermediate. The passage
explains "nucleophile attacks electrophilic carbonyl carbon, m-bond breaks, forming tetrahedral
intermediate." Option A is backward—carbon is electron-poor (electrophilic), not electron-rich. Option C
is wrong because oxygen, being electronegative, is nucleophilic (electron-rich) but is not attacked. Option
D is wrong because the m bond, though strong in isolation, is the reactive site in carbonyls due to
polarization.

31. A - Glucose molecules occupy surface area, reducing water molecules' escape rate
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The passage states "Raoult's law relates vapor pressure to mole fraction: Psolution = Xsolvent-P°solvent.
Adding nonvolatile solute lowers vapor pressure proportionally to solute mole fraction." At the molecular
level, glucose molecules at the solution surface occupy space that would otherwise contain water
molecules. Since only water molecules can evaporate (glucose is nonvolatile), fewer water molecules at
surface means lower evaporation rate. Equilibrium vapor pressure reflects the rate water molecules escape.
Mole fraction water: Xwater = 9.0/(9.0 + 1.0) = 0.90. Predicted vapor pressure: P = (0.90)(23.8 mmHg) =
21.4 mmHg, matching measured value. This vapor pressure lowering causes colligative properties. Option
B is backward. Option C would cause pressure increase. Option D is wrong because glucose doesn't
vaporize appreciably.

32. B - Higher than Solution A because NaCl dissociates into 2 ions (i = 2)

The passage states "ATb = Kb-m-i, where i is the van't Hoff factor (number of particles per formula unit)."
For glucose (molecular, doesn't dissociate): i =1, so ATb = (0.512 °C-kg/mol)(1.0 mol/kg)(1) = 0.512°C,
boiling point = 100.512°C. For NaCl (ionic, dissociates: NaCl — Na* + ClI): i = 2, so ATb =
(0.512)(1.0)(2) = 1.024°C, boiling point = 101.024°C. NaCl produces twice as many particles (twice the
concentration of dissolved species), doubling the colligative effect. The particles interfere with liquid-
vapor equilibrium: solute particles make it harder for water to vaporize, requiring higher temperature to
reach vapor pressure equal to atmospheric pressure. Option A is wrong because particle number differs.
Option C is backward. Option D gives an arbitrary value.

33. B - The solution is hypotonic, water enters cells by osmosis

The passage defines "hypertonic solutions lose water (crenation), while cells in hypotonic solutions gain
water (hemolysis). Isotonic solutions (0.9% NaCl, 5% glucose) match cellular osmotic pressure." Normal
saline (0.9% NaCl) is isotonic—cells maintain normal volume. The 0.2% NaCl is hypotonic (lower solute
concentration than cell interior), so water moves by osmosis from high water concentration (outside cell,
in hypotonic solution) to low water concentration (inside cell, higher solute concentration). Cells swell as
water enters, and some rupture (hemolysis). Osmotic pressure drives water across semipermeable
membranes (passage: m1 = MRT-1). Option A has terminology backward—hypertonic would cause
shrinkage. Option C is wrong because 0.2% is not isotonic (0.9% is). Option D is wrong because the effect
is physical (osmotic), not chemical toxicity.

34.C-52x10°*M

Henry's law: C = kHP, where C is concentration and P is partial pressure. At 1 atm total pressure with
21% Oz, pO2 = (0.21)(1 atm) = 0.21 atm, giving C = 1.3 x 102 M. At 4 atm total pressure, pO2> = (0.21)(4
atm) = 0.84 atm. The Henry's constant kH = C/P = (1.3 x 1072 M)/(0.21 atm) = 6.19 x 1073 M/atm. At the
new pressure: C = kHP = (6.19 x 1073)(0.84) =5.2 x 10> M.

35.C-7.6 atm
Osmotic pressure: 1 = MRT-1. For 0.9% NaCl (assume complete dissociation, 1 = 2): First, calculate
molarity. 0.9 g NaCl per 100 mL solution. MW NaCl = 58.5 g/mol. Moles = 0.9/58.5 = 0.0154 mol per

100 mL = 0.154 mol/L = 0.154 M. n = (0.154 M)(0.0821 L-atm/mol-K)(310 K)(2) =
(0.154)(0.0821)(310)(2) = 7.83 atm =~ 7.6 atm. This substantial pressure drives osmotic water movement
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and explains why cells maintain their volume in isotonic saline—internal and external osmotic pressures
balance. Option A is too low (would be for much more dilute solution). Option B is ~5% too small. Option
D is about double the correct value.

36. A - It has two unpaired electrons in 7*2p antibonding orbitals

The passage states O electron configuration: (62s)*(c2s)?(c2p)*(7x2p)*(72p)?, and "MO theory correctly
predicts O2 paramagnetism (two unpaired electrons in ©* orbitals)." The n2p level consists of two
degenerate orbitals. Following Hund's rule, the two electrons entering ©2p occupy separate orbitals with
parallel spins, creating two unpaired electrons. This paramagnetism is experimentally observed—Iiquid
oxygen is attracted to magnets. Valence bond theory cannot explain this because it predicts O=0 with all
electrons paired. MO theory's success with O. was major evidence supporting the theory. The magnetic
measurements in the data confirm O: is attracted to magnetic fields. Option B is wrong because unpaired
electrons clearly exist. Option C is wrong because individual atoms' magnetism doesn't determine
molecular magnetism. Option D is wrong because many molecules are diamagnetic (all paired).

37. B - Increases from 2 to 2.5 and bond length decreases

02 bond order = '2(10 bonding - 6 antibonding electrons) = 4(10 - 6) = 2. When ionized: O — O." + ¢,
an electron is removed from the highest occupied orbital (n2p antibonding). O:* configuration:
(625)%(02s)*(62p)*(m2p)*(n*2p)'. New bond order = '2(10 - 5) = 2.5. Removing an antibonding electron
increases bond order, strengthening the bond and decreasing bond length. The passage states "Higher bond
order means shorter bond length and greater bond strength." O2" is more strongly bound than O.. Also,
O:" has only one unpaired electron (less paramagnetic than Oz). Option A is backward. Option C is wrong
because bond order changes. Option D increases bond order too much.

38. A - Decreasing bond order 3>2>1)

The passage provides bond orders: N2 = 3 (triple bond), O2 = 2 (double bond), F> = 1 (single bond). Bond
lengths given: N2 (110 pm) <Oz (121 pm) < F2 (143 pm). This perfectly correlates decreasing bond order
with increasing bond length. Higher bond order means more electron density between nuclei, pulling
atoms closer. Triple bonds are shortest, strongest; single bonds are longest, weakest. The passage states
"Higher bond order means shorter bond length and greater bond strength." Option B (atomic size)
contributes slightly (N <O <F), but the dominant factor is bond order. Option C (electronegativity) doesn't
explain the trend. Option D (electron number) correlates but isn't the direct cause—bond order is the
determining factor.

39. B - Bond order = 0 (equal bonding and antibonding electrons)

He: would have configuration: (c1s)*(c*1s)?. Bond order = /2(2 bonding - 2 antibonding) = }2(0) = 0. Zero
or negative bond order means no stable bond forms. The passage states "Zero or negative bond order
predicts unstable molecules." The two helium atoms have no net attraction—bonding and antibonding
effects exactly cancel. He exists only as isolated atoms. This is why helium is unreactive—the 1s? filled
shell is highly stable, and bringing two helium atoms together produces no net bonding. Option A is true
but not the explanation. Option C doesn't explain molecular stability. Option D is wrong because orbitals
do combine, but the result is zero net bonding.
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40. B - Primarily localized on oxygen (more electronegative)

The passage states "Heteronuclear diatomics...have asymmetric MO diagrams because atoms differ in
electronegativity. More electronegative atoms contribute more to bonding MOs (lower energy)." CO has
a triple bond with significant polarity. Oxygen (y = 3.5) is more electronegative than carbon (y = 2.5), so
oxygen's atomic orbitals are lower in energy. Bonding molecular orbitals, being low energy, have greater
contribution from oxygen's atomic orbitals—electron density is concentrated near oxygen. This makes the
bonding MOs "more oxygen-like." Antibonding MOs have greater carbon contribution. However, CO has
unusual properties: a small dipole with partial negative charge on carbon (due to occupation of antibonding
orbitals that are more carbon-like). Option A is wrong because electronegativity difference creates
asymmetry. Option C is backward for bonding orbitals. Option D is wrong because ¢ and & orbitals both
exist in CO.

41. B - Hydrostatic pressure increases with depth: AP = pgh

The passage states "Pressure in a static fluid increases with depth: P = Po + pgh" and "This hydrostatic
pressure explains why blood pressure in feet exceeds that in the brain when standing." When standing, the
feet are ~1.3 m below the heart, and the brain is somewhat above the heart. The data shows 180 mmHg at
ankles vs. 60 mmHg in brain—a 120 mmHg difference. Calculating: AP = pgh = (1.06 g/cm?)(1000
cm?/L)(980 cm/s?)(130 cm) = 135,000 dyne/cm?. Converting to mmHg gives approximately 100 mmHg,
reasonably close to observed 120 mmHg difference. The principle is the same as water pressure increasing
with depth in the ocean. When lying down, all body parts are at the same level, eliminating hydrostatic
pressure differences—both measure 100 mmHg. Option A is wrong because the heart pumps at same rate.
Option C might contribute slightly but isn't the main mechanism. Option D is wrong because gravity
definitely affects fluid pressure.

42.D -120 cm/s

The continuity equation states Ai1vi = Azv2 for incompressible flow. Area « (diameter)* & r2. Normal aorta:
A1 « (3.0)> = 9.0, vi = 30 cm/s. Stenotic region: Az « (1.5) = 2.25. (9.0)(30) = (2.25)(v2). v2 = (9.0 x
30)/2.25 = 270/2.25 = 120 cm/s. The velocity increases 4-fold when diameter halves (area decreases 4-
fold). The passage states "Fluid flows faster through narrow regions (stenotic blood vessels)." This
increased velocity can be problematic: according to Bernoulli's equation, high velocity creates low
pressure, and turbulent flow occurs at high velocities, potentially damaging vessel walls. Option A would
require larger area. Option B assumes no change. Option C is half the correct value.

43. C - Decreases to 1/16 of original

Poiseuille's law: Q = (nr*AP)/(8nL). Flow rate depends on r*. If radius decreases from 3 mm to 1.5 mm
(half), the effect is (1/2)* = 1/16. The passage emphasizes "Flow rate depends strongly on radius (1* term):
halving radius decreases flow 16-fold. This explains why atherosclerotic plaques dramatically reduce
blood flow." This powerful dependence on radius makes even small narrowing clinically significant. A
50% diameter reduction (75% cross-sectional area reduction) decreases flow to 6.25% of original—severe
ischemia. This is why coronary artery stenosis is dangerous and angioplasty/stenting is effective. Option
A would be linear dependence. Option B would be area dependence (1?). Option D is backward.
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44.B - 1.0 x 10°* mmHg-s/mL

For parallel resistances: 1/Rtotal = 1/R: + 1/R2 + ... For n identical parallel resistors: 1/Rtotal = n/R, so
Rtotal = R/n. With 1 billion (10°) parallel capillaries, each with R = 1000 mmHg-s/mL: Rtotal = 1000/10°
= 1.0 x 10°* mmHg-s/mL. The passage states "Parallel arrangement decreases total resistance, explaining
low resistance in extensive capillary networks despite narrow individual capillaries." Although individual
capillaries have high resistance (narrow), the massive parallel arrangement creates very low total
resistance. This explains how blood pressure doesn't drop dramatically across capillary beds despite slow
flow through narrow vessels. Option A is single capillary resistance. Option C is 1000x too small. Option
D multiplies instead of dividing.

45. B - Pressure decreases

Bernoulli's equation: P + Y2pv? + pgh = constant. When velocity increases (stenotic region), the kinetic
energy term (Y2pv?) increases, so the pressure term must decrease to maintain constant total energy. The
passage states "This explains the Venturi effect: pressure decreases where velocity increases." In stenotic
vessels, high velocity creates low pressure, which can be dangerous in aneurysms (weak vessel walls may
rupture under the pressure differential). This also explains airplane wing lift—faster airflow over the top
creates lower pressure above the wing. Option A is backward (violates Bernoulli). Option C would require
velocity to remain constant. Option D violates energy conservation—energy is conserved, not created.

46.C -1 kHz

The Doppler equation for electromagnetic waves (radar): f' = f(c/(c - vs)) where the car approaches. Given:
f=10.0 GHz=1.0 X 10" Hz, vs =30 m/s, ¢ = 3.0 x 10® m/s. The frequency shift: Af=f' - f=f(c/(c - vs))
- f=A1[(c/(c - vs)) - 1] =1f[vs/(c - vs)] = f(vs/c) for vs << c. Af = (1.0 x 10'° Hz)(30 m/s)/(3.0 x 10® m/s) =
(1.0 x 10%)(1.0 x 1077) = 1000 Hz = 1 kHz. This frequency shift is detected and used to calculate the car's
speed. Police radar operates in microwave range where Doppler shifts are measurable. Option A is too
small. Option B is an order of magnitude too small. Option D is far too large.

47.C-3.2 kHz

The passage provides the Doppler ultrasound equation: Af = 2fov_blood-cos(8)/vsound. Given: fo = 5.0
MHz = 5.0 x 10¢ Hz, v_blood = 0.5 m/s, 6 = 0° (toward transducer, so cos(0°) = 1), vsound = 1540 m/s.
Af = 2(5.0 x 10° Hz)(0.5 m/s)(1)/(1540 m/s) = (5.0 x 10°)/(1540) = 3247 Hz = 3.2 kHz. The factor of 2
appears because the ultrasound reflects off moving blood—Doppler shift occurs twice (once when
ultrasound hits blood, once when reflected wave returns). This frequency shift is converted to velocity for
medical imaging of blood flow, detecting stenoses and clots. Option A (no shift) would occur only if blood
were stationary. Option B is off by factor of 1000. Option D is the transmitted frequency, not the shift.

48.B - 10" W/m?
The decibel formula: B = 10 log(I/lo), where Io = 107> W/m?. Given =110 dB: 110 = 10 log(I/10'?). 11
=log(I/1072). 10" =1/107"2. I=10" x 1072 =10"' W/m? = 0.1 W/m?. This is quite intense—approaching

the pain threshold (120 dB). The logarithmic scale compresses the enormous range of human hearing
(from 1072 W/m? threshold to ~1 W/m? pain threshold, a trillion-fold range) into manageable numbers (0
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to 120 dB). Option A is 10% too small. Option C is 10x too large. Option D is 100% too large and would
cause immediate hearing damage.

49. B-343 Hz

For an open tube, the fundamental frequency (first harmonic, n = 1) has wavelength A = 2L. Given L =
0.50 m: A =2(0.50 m) = 1.0 m. Using v = fA: f = v/A = (343 m/s)/(1.0 m) = 343 Hz. Open tubes (open at
both ends, like flutes) support standing waves with antinodes at both ends. The fundamental is the lowest
frequency, with one full wavelength fitting in twice the tube length. Higher harmonics occur at 2f, 3f, 4f,
etc. (all harmonics present). Closed tubes (closed at one end) have A = 4L for fundamental and only odd
harmonics. Option A would be for a closed tube: A = 4L = 2.0 m, f = 171.5 Hz. Option C is the first
overtone (second harmonic). Option D is between second and third harmonics.

50. B - Decreases to % the value at 10 m

The passage states "Intensity (power per unit area) decreases with distance squared: I = P/(4nr?)." This is
the inverse square law. At distance ri = 10 m: I = P/(4x x 10?). At distance r- =20 m: L. = P/(4n x 20?) =
P/(4m x 400). The ratio: Io/I: =[P/(4n x 400)]/[P/(4r x 100)] = 100/400 = 1/4. Doubling distance decreases
intensity to 1/4 (quadrupling distance decreases to 1/16, etc.). This explains why sound gets much quieter
with distance—energy spreads over larger spherical surface. From 10 m to 20 m, intensity decreases from
107" W/m?to 2.5 x 1072 W/m?. The decibel level drops: B2 =10 log(0.025/107'?) = 104 dB (6 dB decrease).
Option A would be linear relationship. Option C ignores spreading. Option D uses wrong exponent.

51. B - The hydroxyl hydrogen on the carboxyl group

Acetic acid (CHsCOOH) has two types of hydrogen: three equivalent methyl hydrogens (CHs-) and one
carboxylic acid hydrogen (—COOH). The carboxylic acid hydrogen is vastly more acidic (pKa = 4.76)
than methyl hydrogens (pKa > 40). The acidity results from resonance stabilization of the conjugate base
(acetate ion): when the proton leaves, the negative charge delocalizes between both oxygens: [CH;COO]~
< [CH3C(O")=0]. This resonance stabilization (2-3 orders of magnitude) makes carboxylic acids much
more acidic than alcohols. Methyl hydrogens are bonded to carbon (similar electronegativity to hydrogen),
making them very weak acids. Option A is wrong because C-H bonds are non-acidic. Option C is wrong
because acidities differ enormously. Option D is wrong because the carbonyl carbon has no hydrogens—
it's bonded to C, O, and O.

52. B - Angular momentum quantum number (1)

The four quantum numbers describe electron location and spin: n (principal) determines energy level and
size; 1 (angular momentum) determines orbital shape (1 = 0: s-spherical, 1 = 1: p-dumbbell, 1 = 2: d-
cloverleaf, 1 = 3: f-complex); ml (magnetic) determines orbital orientation in space; ms (spin) determines
electron spin direction (£2). The angular momentum quantum number I ranges from 0 to (n-1) and defines
the orbital's angular dependence—the shape. For n=3: 1 can be 0 (3s), 1 (3p), or 2 (3d), each with distinct
shapes. Option A (n) determines size/energy, not shape. Option C (ml) determines orientation of a given
shape. Option D (ms) describes electron spin, not orbital geometry.

53.B-500 K

116



For spontaneity: AG = AH - TAS < 0. At the transition temperature where spontaneity changes, AG = 0:
0=AH - TAS, so T = AH/AS. Given AH° = -50 kJ/mol =-50,000 J/mol and AS°® = -100 J/(mol-K): T = (-
50,000 J/mol)/(-100 J/(mol-K)) = 500 K. Below 500 K: AG < 0 (spontaneous) because favorable enthalpy
(-AH) dominates. Above 500 K: AG > 0 (non-spontaneous) because unfavorable entropy (-AS) term
(multiplied by larger T) dominates. The reaction is exothermic but decreases disorder (gases — liquids,
or two molecules — one), so it's favored at low T. Ice melting has opposite signs (+AH, +AS) and is
spontaneous above 273 K. Option A is too low. Option C is too high. Option D is wrong because the
crossover occurs at 500 K.

54. C - sp?

Nitrogen in NHs has steric number = 4 (3 bonding pairs + 1 lone pair), requiring 4 hybrid orbitals, which
corresponds to sp? hybridization. The geometry is tetrahedral electron geometry with trigonal pyramidal
molecular geometry (lone pair creates asymmetry). The N atom's electron configuration [He]2s*2p?
undergoes sp* hybridization: one s and three p orbitals mix to form four equivalent sp* hybrid orbitals.
Three sp?® orbitals form ¢ bonds with hydrogen 1s orbitals; one sp® orbital contains the lone pair. Bond
angles are ~107° (compressed from ideal 109.5° tetrahedral due to lone pair repulsion). Option A (sp) is
linear. Option B (sp?) is trigonal planar. Option D (sp*d) requires 5 electron groups and d orbital
participation (main group elements in period 3+).

55. B - Number of neutrons

Isotopes are atoms of the same element (same atomic number Z = number of protons) with different mass
numbers (A = protons + neutrons) due to different neutron numbers. For example, carbon has isotopes '>C
(6p, 6n), 3C (6p, 7n), and “C (6p, 8n). All are carbon (6 protons, defining element identity), but different
masses due to neutrons. Chemical properties depend on electron configuration, which depends on proton
number—so isotopes have essentially identical chemistry. Option A is wrong because changing proton
number creates a different element. Option C is wrong because neutral atoms have electrons equal to
protons (isotopes of same element have same electron number). Option D is wrong because chemical
properties are nearly identical (tiny mass-dependent differences exist in reaction rates—Kkinetic isotope
effects).

56. C - 40 minutes

For first-order reactions, half-life (ti/2) is constant regardless of concentration. After one half-life (20 min),
50% remains. After two half-lives (40 min), 25% remains, meaning 75% has decomposed. The
mathematical approach: [A] = [Alo(*2)"(t/t12). For 75% decomposition, 25% remains: 0.25 =
(Y2)(t/20min). Taking log: log(0.25) = (t/20)log(0.5). -0.602 = (t/20)(-0.301). t = (20)(0.602/0.301) = 40
min. Alternatively, recognize that 75% gone means 2 half-lives occurred (50% — 25% remaining). Option
A is one half-life (50% decomposed). Option B is 1.5 half-lives. Option D is 3 half-lives (87.5%
decomposed).

57.C-CO:

Nonpolar molecules have no permanent dipole moment despite potentially having polar bonds. This
occurs when polar bonds are symmetrically arranged so dipoles cancel. CO: is linear (O=C=0, 180°): the
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two C=0 bond dipoles (pointing C*6+ — O"6-) are equal and opposite, canceling to give zero net dipole.
Other examples: CCls (tetrahedral), BFs (trigonal planar). Option A (H20) is bent (~104.5°), so O-H
dipoles don't cancel—net dipole. Option B (NHs) is pyramidal, so N-H dipoles don't cancel. Option D
(HCI) has one polar bond and no symmetry to cancel—strongly polar. Polarity determines solubility ("like
dissolves like"), boiling point (dipole-dipole interactions), and reactivity.

58. A -w=-PAV

For gas expansion at constant external pressure, work done by the gas on surroundings: w = -Pext(Vfinal
- Vinitial) = -PextAV. The negative sign reflects the sign convention: work done by the system (expansion,
AV > 0) is negative from the system's perspective (system loses energy). Work done on the system
(compression, AV < 0) is positive. The first law: AE = q + w. For expansion, w is negative (system does
work), so AE decreases unless heat is added. Option B has wrong sign. Option C (w = nRT In(V2/V1))
applies to reversible isothermal expansion, not constant pressure. Option D applies to constant volume
processes (no work because AV = 0).

59. A - Fluorine

Electronegativity is the ability to attract bonding electrons. Fluorine has the highest electronegativity (y =
4.0 on Pauling scale) of all elements. Trends: electronegativity increases left to right across periods
(increasing nuclear charge, same shielding) and decreases down groups (increasing distance, more
shielding). Top right of periodic table (excluding noble gases) has highest values. Fluorine's small size
and high nuclear charge (Z = 9) create strong attraction for electrons. Oxygen (y = 3.5) is second. Option
B (oxygen) is close but lower than fluorine. Option C (nitrogen, y = 3.0) is lower than both F and O.
Option D (chlorine, ¥ = 3.0) equals nitrogen but is below fluorine in same group. Electronegativity
determines bond polarity, acid strength, and reactivity.
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SECTION 2: ANSWER EXPLANATIONS

1. B - A potentially identity-altering intervention requiring careful consideration

The passage explicitly states that "The philosopher John Locke argued that psychological continuity—
particularly memory—constitutes personal identity across time" and then asks "If we are the sum of our
memories, then altering those memories might alter who we fundamentally are." This indicates that
Locke would view memory modification as having serious implications for personal identity. The
passage describes this as potentially "a kind of 'self-murder,' where we destroy a previous version of
ourselves." This framing shows Locke would see memory modification as requiring careful
philosophical consideration because it affects the very core of identity. Option A is wrong because the
passage makes clear there are significant philosophical implications. Option C is backward—Locke
would worry about identity destruction, not strengthening. Option D contradicts the entire premise of
Locke's theory that memory constitutes identity.

2. B - Illustrate the potential moral value of even painful memories

The passage states: "Memories, even painful ones, may have moral value as testimony to wrongs
suffered. Holocaust survivors often feel moral obligations to remember, viewing their memories as
bearing witness to atrocity." This example serves to show that memories can have value beyond
individual psychological welfare—they can serve as moral testimony. The passage continues: "Erasing
such memories might constitute a kind of moral betrayal." This illustrates one of the ethical concerns
about memory modification: even painful memories may serve important moral purposes. Option A is
too absolute—the passage presents this as one consideration, not an absolute prohibition. Option C
overstates the example's purpose (it's about moral value, not danger of the technology per se). Option D
1s wrong because the passage uses Holocaust memories as especially reliable testimony, not unreliable.

3. B - Focuses on the coherence of one's self-story rather than raw memory retention

The passage explains: "The philosopher David DeGrazia suggests we should focus on narrative
identity—the story we tell about ourselves—rather than raw memory. As long as the modified person
can maintain a coherent self-narrative, identity persists." This contrasts with Locke's focus on
psychological continuity through memory itself. DeGrazia shifts emphasis from memory content to
narrative coherence—from what you remember to whether your life story makes sense. The passage
notes DeGrazia argues "this concern overstates memory's role in identity" and points out "We already
forget vast amounts of our experiences, yet we don't consider this a threat to selthood." Option A is
Locke's view, not DeGrazia's distinction. Option C overstates—DeGrazia doesn't say memory is
irrelevant, just that narrative matters more. Option D is wrong because DeGrazia actually defends some
memory modification.

4. B - A society where most people routinely modify memories to avoid any psychological
discomfort, resulting in emotional shallowness

The passage presents the authenticity argument: "Some ethicists argue that genuine human experience
requires accepting life's full emotional spectrum, including pain. Constantly editing our memories to
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maintain psychological comfort might produce shallow, inauthentic lives." A society where memory
modification is routine to avoid all discomfort would exemplify this concern—showing systematic
shallowness resulting from avoiding authentic experience. Option A would actually weaken the
authenticity argument by showing benefits without shallowness. Option C similarly shows benefits,
weakening authenticity concerns. Option D involves parental modification raising different issues
(autonomy, consent) rather than clearly demonstrating the authenticity problem.

5. B - Social pressure could make "voluntary" consent less than fully autonomous

The passage explicitly addresses this: "Even in voluntary contexts, social pressure might coerce people
into erasing memories that make others uncomfortable. A victim might be pressured to forget an assault
to avoid 'dwelling on the past.' Such scenarios suggest that memory rights—including the right to one's
own memories—deserve protection.”" This shows that consent can be problematic even when technically
voluntary because social pressure can undermine genuine autonomy. Option A is too absolute—the
passage doesn't claim all memory loss damages identity. Option C is too general and not the argument
made. Option D is wrong because the passage says some painful memories may have moral value, not
that all always do.

6. C - Philosophically complex, recognizing competing ethical considerations

Throughout the passage, the author presents multiple perspectives and considerations without settling
definitively on one side. The passage discusses identity concerns, moral value of memory, authenticity,
potential benefits, risks of abuse, and autonomy. The conclusion states: "Each case requires weighing
competing values: autonomy, authenticity, well-being, moral responsibility, and justice." This balanced,
multifaceted approach indicates the author views the issue as philosophically complex with legitimate
arguments on multiple sides. Option A is wrong because the author doesn't express strong opposition.
Option B is wrong because the author isn't enthusiastically supportive—concerns are raised. Option D is
wrong because the passage treats it as deeply philosophical, not merely technical.

7. B - Lacking the "aboutness" required for art

The passage states: "The philosopher Arthur Danto argued that art must possess 'aboutness'—it must be
about something beyond itself." The passage then raises formalism's challenge: "If art is merely about
formal properties, why shouldn't a well-designed fabric pattern or an aesthetically pleasing mathematical
equation count as art?" This implies that for Danto, pure decoration would lack the requisite "aboutness"
to qualify as art. The passage notes this concern: "But this seems arbitrary. Why should institutional
context transform one arrangement of colors into art while another remains decoration?" This question is
posed as a problem for formalism precisely because Danto's theory would distinguish art from
decoration based on aboutness. Option A is wrong because Danto would see a crucial difference
(aboutness). Option C has no support in the passage. Option D is wrong because the distinction is central
to Danto's theory.

8. A - Some abstract works appear emotionally neutral rather than expressive

The passage explicitly identifies this weakness: "Yet expression theory faces difficulties. First, many
abstract works seem emotionally neutral or ambiguous. Mondrian's geometric grids appear intellectually
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cool rather than emotionally expressive." This shows that not all abstract art fits the expression theory
model—some works don't seem to express clear emotions, which is problematic for a theory claiming
abstract art works by expressing inner states. Option B is wrong—the passage discusses expression
theory as applied to abstract art, not claiming it only applies to representational art. Option C is too
strong and unsupported. Option D contradicts Kandinsky's explicit intentions mentioned in the passage.

9. B - It values art for being about art itself, which seems to lack external justification

The passage states: "Critics charge that Greenberg's theory is circular: painting is valuable because it's
'about' being painting. This seems to make art a hermetically sealed activity, cut off from life and
meaning." The circularity criticism is that if art's value comes from being about art, there's no external
grounding for that value—it's a closed loop without connection to anything beyond itself. Option A is
wrong because the criticism is about circularity, not scope of application. Option C is wrong—
contradiction isn't the issue; formalism and Greenberg's view can coexist. Option D may be true but isn't
the circularity criticism identified in the passage.

10. C - Suggest a potential problem for expression theory if non-representational forms can also
express emotion

The passage states: "Second, even if abstract art can express emotion, why consider this distinctly
artistic? Music expresses emotion but uses non-representational sound. Perhaps abstract painting is
simply visual music—pleasant but not genuinely representational art." The comparison suggests that if
music (also non-representational) expresses emotion, expressing emotion doesn't distinguish abstract
painting as a unique or special art form. This creates a problem for using expression as the justification
for abstract art's status. Option A is unsupported—no superiority claim is made. Option B
overgeneralizes beyond the passage's scope. Option D is wrong—the comparison notes similarity while
maintaining they're different media.

11. A - A fabric pattern exhibited in a museum is widely praised as art, while an identical pattern
in a furniture store is dismissed as decoration

The passage raises the problem: "If art is merely about formal properties, why shouldn't a well-designed
fabric pattern or an aesthetically pleasing mathematical equation count as art? The formalist might
respond that context matters—Rothko's paintings belong to an institutional art world with galleries,
critics, and histories. But this seems arbitrary." If institutional context alone could successfully
distinguish art from decoration (option A), this would challenge the passage's suggestion that
institutional context is insufficient. The passage presents institutional context as "arbitrary," but if it
consistently and effectively distinguished art from non-art, that would undermine this criticism. Options
B, C, and D don't challenge the institutional context point—they either support the critique or are
irrelevant.

12. B - A pragmatic approach valuing direct aesthetic experience over theoretical requirements
The passage's final suggestion states: "Perhaps the paradox dissolves if we reject the assumption that art

must be 'about' something. Maybe art is simply something we make and experience, and asking what it
represents or expresses is the wrong question. A sunset isn't 'about' anything, yet we find it beautiful.
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Perhaps abstract art similarly offers direct visual experience without needing to be about anything
beyond that experience." This suggests a pragmatic turn away from theoretical requirements
(representational content, expression, self-reference) toward focusing on actual aesthetic experience.
Option A is wrong—there's no call to return to representation. Option C is wrong—the suggestion helps
resolve abstract art's paradox, not declare failure. Option D is wrong—beauty is central to this pragmatic
approach.

13. C - Analyze long-term geographical and demographic patterns

The passage explicitly describes the Annales school: "The French Annales school pioneered this
approach, investigating 'longue durée' historical processes rather than individual events. Fernand
Braudel's magisterial study of the Mediterranean world analyzed geography, climate, economics, and
demography rather than political narratives." This clearly identifies the Annales focus on long-term
structural patterns (geography, demography, climate) rather than events and individuals. Option A
(kings and battles) represents exactly the narrative approach the Annales school rejected. Option B
(biographical narratives) is also the opposite of their method. Option D is wrong because the Annales
school certainly aimed to explain historical processes.

14. A - Relies on understanding human meanings and intentions rather than discovering causal
laws

The passage explains: "For narrative historians, explanation emerges through understanding human
actions and intentions. We explain why Henry VIII broke with Rome by understanding his desire for a
male heir and his personality. This follows the 'verstehen' tradition, which holds that human events are
explained by understanding meanings and motivations. Analytical historians, following natural science
models, seek law-like generalizations." This explicitly contrasts verstehen (understanding
meanings/intentions) with natural science approaches (causal laws). Option B is wrong—verstehen does
explain, just through understanding rather than laws. Option C is unsupported. Option D is wrong—
verstehen uses evidence but interprets it through understanding meanings.

15. C - Suggest that pure narrative focusing on individual choices may miss systematic patterns

The passage states: "Yet both approaches face difficulties. Pure narrative risks reducing history to a
series of accidents and individual choices, neglecting systematic patterns. If Henry VIII caused the
English Reformation, why did similar church-state conflicts emerge across Europe simultaneously?
Some underlying causes must transcend individual agency." The European-wide pattern suggests that
focusing only on Henry VIII's individual choices misses larger forces at work. Option A is too strong—
the passage suggests underlying causes, not inevitability. Option B overstates—the passage says Henry's
actions were part of the explanation, not irrelevant. Option D is wrong—the passage argues both
approaches are necessary, not that analysis is always superior.

16. C - Each approach has strengths and limitations, and both are necessary for full
understanding

The passage's conclusion states: "Full historical understanding requires both narrative (showing how
events unfolded) and analysis (explaining why that unfolding occurred). The challenge is recognizing
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that different questions require different approaches—and that no single account captures historical
complexity completely." This balanced view recognizes value in both approaches while acknowledging
their limitations. Throughout the passage, the author presents strengths and weaknesses of each method,
suggesting complementarity rather than superiority of either. Option A and B are too one-sided. Option
D is too strong—the passage discusses synthesis attempts, suggesting they're not completely
incompatible.

17. B - The two approaches operate under different logics that resist combination

The passage states: "Yet synthesis proves difficult. Analysis interrupts narrative flow, while narrative
particularity undermines analytical generalization. Readers seeking story feel burdened by digression;
readers seeking analysis feel distracted by anecdotes." This describes a fundamental tension: narrative
and analysis have different logics (story flow vs. generalization) that work against each other when
combined. They pull in different directions, making smooth integration challenging. Option A
overgeneralizes beyond history. Option C misrepresents the problem—it's not that readers reject
complexity, but that the two approaches work at cross-purposes. Option D is backward—historical
events are complex, which is precisely why synthesis is difficult.

18. C - Narrative history's risk of reducing history to individual choices

The passage identifies this specific limitation: "Pure narrative risks reducing history to a series of
accidents and individual choices, neglecting systematic patterns." Explaining the Civil War entirely
through Lincoln-Davis animosity would exemplify this problem—attributing a massive systemic
conflict (involving slavery, regional economics, constitutional interpretation, cultural differences) to just
two individuals' personal relationship. This neglects the deeper structural causes. Option A describes
analytical history's limitation, not narrative's. Option B is also about analytical approaches. Option D is
wrong because the Lincoln-Davis explanation represents pure narrative, not synthesis.

19. B - Provide free services while selling user attention to advertisers

The passage explicitly explains: "Traditional manufacturers profit by selling products to customers.
Attention economy businesses—social media platforms, content sites, apps—offer services free,
profiting instead by selling user attention to advertisers. Users become both customer (receiving free
service) and product (attention sold to advertisers)." This clearly describes the distinctive business
model: free services funded by selling attention. Option A describes traditional manufacturers, not
attention economy businesses. Option C is wrong—the passage discusses sophisticated techniques.
Option D is backward—attention economy businesses traffic in information, not material goods.

20. C - The business model requires maximizing the time users spend on platforms

The passage states: "Recommendation algorithms optimize for engagement, which research shows
means promoting outrage and conflict rather than accuracy or insight. The business model requires
keeping users scrolling, watching, clicking—the quality of their experience matters only insofar as it
affects engagement." The business model's profit source (selling attention to advertisers) creates
incentives to maximize time-on-platform (engagement), regardless of whether that comes from accurate
or outrageous content. Option A is too strong—accuracy is measurable, just not prioritized. Option B
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mischaracterizes—users don't prefer false information, but algorithms promote engaging content which
happens to be outrageous. Option D is too absolute—algorithms could potentially detect accuracy but
aren't optimized for it.

21. B - Suggest that both exploit evolved human vulnerabilities for commercial purposes

The passage states: "Just as modern food engineering exploits our evolved preferences for sugar and fat,
producing obesity, attention engineering exploits our social instincts and curiosity, producing attention
poverty—an inability to focus deeply or think reflectively." The comparison serves to illustrate a
parallel: both industries take evolved human traits (food preferences/social instincts) that were adaptive
in ancestral environments and exploit them in modern contexts for profit, with harmful results
(obesity/attention poverty). Option A is unsupported—the passage doesn't claim equal harm. Option C is
wrong—no comparison of which is worse. Option D overgeneralizes beyond the passage's specific
comparison.

22. B - Current concerns about social media may be overblown as past concerns proved

The passage presents defenders' argument: "Moreover, concerns about new media corrupting minds
recur throughout history. Socrates worried that writing would destroy memory. Television was supposed
to create passive zombies. Perhaps social media criticism is similarly alarmist." The logic is: past moral
panics about new technologies proved exaggerated, so current concerns might also be overblown.
Option A is wrong—the argument suggests some worries were overblown, not that all technologies are
harmful. Option C misses the point—the argument isn't that Socrates was right but that his worries
proved excessive. Option D is wrong—the argument suggests technology criticism is often overblown,
not that technology never improves.

23. A - Individual user choice alone cannot address problems created by sophisticated corporate
manipulation

The passage states: "However, this defense ignores power asymmetries. Tech companies employ
thousands of engineers, designers, and psychologists optimizing products to maximize engagement.
Users, individually, cannot resist these sophisticated manipulation techniques any more than individual
consumers could address industrial pollution. The problem is collective, requiring collective solutions—
regulation, rather than expecting individuals to resist corporate behavior modification." This explicitly
argues that the power imbalance means individual choice is insufficient—collective action is needed.
Option B is too strong—the passage acknowledges some agency while noting limitations. Option C is
wrong—the passage advocates for regulation as possible. Option D is wrong—the passage explicitly
mentions psychology use.

24. A - A subscription news service provides high-quality journalism that users value, without
needing to maximize engagement

The passage discusses subscription alternatives: "Subscription-based services align provider and user
interests—providers profit by offering services users value enough to pay for, rather than by extracting
engagement." This scenario exemplifies the alignment: the news service succeeds by providing value
(quality journalism) rather than by maximizing engagement time. Option B doesn't involve subscription
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alternatives at all. Option C abandons platforms rather than reforming their business model. Option D
involves free advertising-based platforms, not subscription alternatives.

25. B - Some human capacities may be wrongly commodified even if profitable

The passage's conclusion states: "Perhaps the fundamental question is whether attention can or should be
commodified. Human consciousness may be inappropriately reduced to an economic resource. Attention
is how we engage with reality, form relationships, and construct meaning. Treating it as merely
something to be captured and sold may damage the very foundations of human flourishing—even if
done with consent and even if economically efficient." This suggests that some things (like
attention/consciousness) might be inappropriate to commodify regardless of efficiency or consent—that
not everything should be reduced to market terms. Option A is too broad—the passage doesn't condemn
all economic activity. Option C is wrong—efficiency is questioned, not affirmed. Option D is wrong—
the passage challenges efficiency as the sole or primary value.

26. B - Resist commercial appropriation and reclaim artistic ownership

The passage explicitly explains bebop's motivations: "The bebop revolution of the 1940s partly
responded to this appropriation. Charlie Parker, Dizzy Gillespie, and Thelonious Monk created music of
such technical sophistication that it resisted commercial exploitation. Bebop wasn't dance music for
white audiences but art music for serious listeners—a deliberate reclamation of the form's artistic
integrity and Black ownership. The bebop stance declared: this is our music, our art form, not
entertainment for your consumption." This clearly identifies resistance to appropriation and reclamation
of ownership as bebop's purpose. Option A is backward—bebop made jazz less accessible. Option C is
wrong—bebop moved away from European influences. Option D is wrong—bebop increased technical
complexity.

27. B - It emerged from the mixing of diverse cultural traditions in the American context

The passage states: "Jazz emerged from African American communities in the early twentieth century,
synthesizing African rhythms, blues tonality, and European harmonic structures. This hybrid origin
makes jazz quintessentially American in one sense—a new form arising from the collision and mixture
of cultures in the American context. Jazz couldn't have developed in Europe or Africa but required
America's particular racial dynamics." The hybrid nature—mixing multiple traditions—makes it
specifically American. Option A is wrong—jazz was created by African Americans, not European
Americans. Option C is wrong—jazz synthesized but doesn't simply sound like European music. Option
D is wrong—jazz originated in America, not Africa.

28. B - Institutionalization has made jazz technically better but potentially less vital and
transgressive

The passage presents this criticism: "Some critics charge that jazz's institutionalization as 'America's
classical music' represents a kind of domestication—taking a revolutionary Black art form and neutering
it by making it respectable museum music. Jazz began as transgressive, improvisatory, dangerous;
conservatory training risks making it safe and technically perfect but spiritually dead." This captures the
critics' concern: institutional respectability may improve technique while draining vitality. Option A
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represents defenders' view, not critics. Option C is too extreme—critics don't oppose all teaching.
Option D misrepresents—critics acknowledge early jazz skill while worrying about loss of spirit.

29. B - Highlight the tension between institutional preservation and artistic vitality

The rhetorical question—"has the music been honored or embalmed?"—is posed to highlight the
ambiguity and tension in jazz institutionalization. "Honored" suggests respectful preservation;
"embalmed" suggests something preserved but dead. The question doesn't answer itself but rather
emphasizes the difficult balance between preservation and vitality. Option A is wrong—the question is
genuinely posed as a dilemma, not answered definitively. Option C overgeneralizes beyond jazz. Option
D is wrong—the question raises concerns about institutionalization, not celebrating it.

30. C - Without institutional support, jazz might disappear entirely

The passage presents defenders' argument: "Defenders argue this criticism romanticizes jazz's past while
denigrating present achievements. Contemporary jazz musicians are more technically skilled than early
pioneers, with deeper harmonic understanding and broader stylistic range. Institutions preserve the
tradition, train new generations, and ensure jazz survives rather than fading into obscurity. Without
conservatory programs, jazz might disappear entirely—a victim of changing popular tastes." This
pragmatic argument is that institutions, whatever their limitations, prevent jazz from vanishing. Option
A is wrong—defenders appreciate popular jazz's value. Option B is wrong—defenders emphasize
technical achievements. Option D is wrong—defenders support institutional preservation.

31. B - A broader American pattern of celebrating Black cultural contributions while failing to
address concrete inequalities

The passage's conclusion states: "The jazz paradox thus mirrors broader American paradoxes around
race and culture. America celebrates jazz as national heritage while the Black communities that created
it remain marginalized. Jazz is taught as high art in elite institutions while commercial success in music
goes to other forms. We've preserved jazz institutionally while arguably losing something of its original
spirit—a transaction that may reflect America's tendency to honor Black cultural contributions in the
abstract while failing to address concrete inequalities." This explicitly connects jazz's treatment to
broader patterns of cultural appropriation without economic justice. Option A dismisses the connection
the passage explicitly makes. Option C contradicts the passage's emphasis on jazz's Black origins.
Option D is too strong—the passage questions a particular form of preservation, not all preservation.

32. B - Treated nostalgia as a medical disorder to be cured

The passage opens by stating: "Nostalgia—the wistful longing for the past—was once classified as a
medical disorder. Swiss physician Johannes Hofer coined the term in 1688 to describe the debilitating
homesickness experienced by Swiss mercenaries. Nineteenth-century doctors prescribed leeches,
emetics, and even threats of burial alive to cure it." This contrasts sharply with the next sentence:
"Today, psychologists view nostalgia differently: not as pathology but as a universal psychological
resource with adaptive functions." The historical view treated it as pathological requiring medical
intervention; the contemporary view sees it as normal and functional. Option A is wrong—early views
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didn't understand adaptive function. Option C is wrong—early views denied adaptive value. Option D is
wrong—the passage describes various treatments.

33. B - Creating narrative connections between present self and past experiences

The passage explains Sedikides's view: "Second, nostalgia enhances self-continuity. Connecting present
self to past experiences creates narrative coherence—a sense that one's life forms a meaningful story
rather than disconnected episodes." Self-continuity comes from connecting past and present into a
coherent narrative. Option A is wrong—nostalgia involves remembering, not forgetting. Option C is
wrong—mnostalgia involves some selective memory but doesn't eliminate all negative memories. Option
D is wrong—the passage notes nostalgia typically involves social connection, not solitary activities.

34. B - May actually contribute to its psychological function, as positive illusions promote well-
being

The passage presents this argument: "Defenders respond that nostalgia's distortions may be precisely
what makes it functional. Humans require positive illusions for psychological health. Totally accurate
self-perception correlates with depression. Somewhat inflated views of one's past, present, and future
promote well-being. Nostalgia's rose-tinted view of the past may help people maintain the optimism
required for functioning." The distortion isn't a bug but a feature—it serves psychological function.
Option A is wrong—the passage presents defenses of nostalgia despite distortion. Option C is too
extreme. Option D overgeneralizes beyond nostalgia to all memory.

35. C - An activity's potential to be harmful in excess doesn't negate its value in moderation

The passage makes this comparison: "Moreover, the fact that nostalgia can become problematic when
excessive doesn't negate its normal adaptive value. Exercise becomes unhealthy when obsessive, but this
doesn't impugn moderate exercise. Similarly, nostalgia may be adaptive in moderation while harmful in
excess. The question is not whether nostalgia can be pathological but whether it typically serves positive
functions." The analogy supports the argument that excessive forms don't discredit moderate forms.
Option A is wrong—the passage argues nostalgia is valuable in moderation. Option B is obviously
wrong. Option D misses the point—the comparison is about moderation vs. excess, not identity.

36. B - Romanticizes past while ignoring historical injustices

The passage states: "Collective nostalgia—shared longing for a group's imagined past—can motivate
political movements. 'Make America Great Again' appeals to collective nostalgia for a supposedly
superior past. Such movements often involve selective memory, romanticizing certain aspects of the past
while ignoring injustices." The problem is selective idealization that erases historical wrongs. Option A
is too broad—remembering the past isn't inherently problematic. Option C is wrong—the passage notes
progressive movements can also use nostalgia. Option D is too general—the passage doesn't criticize all
social bonding through nostalgia.

37. B - How it's used—whether it provides comfort and inspiration without distorting present
reality
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The passage concludes: "Perhaps nostalgia's adaptiveness depends on how it's used. When nostalgia
comforts without distorting present perception, when it inspires without imprisoning, when it
strengthens identity without demonizing change, it may enhance well-being. The challenge is
maintaining this balance—finding value in memory without becoming trapped by it." This emphasizes
use and balance as key, not absolute properties. Option A is too narrow—the passage emphasizes how
nostalgia is used, not just what is remembered. Option C is wrong—the passage acknowledges some
distortion may be functional. Option D is wrong—the passage advocates finding appropriate value in
memory.

38. B - Both buyers and sellers would benefit from voluntary exchange, increasing organ supply

The passage presents the economic argument: "A legal kidney market would likely increase supply,
saving lives currently lost on transplant waiting lists. Compensating donors would simply recognize
their sacrifice. Economists argue this makes everyone better off: sellers gain money they need, buyers
gain life-saving organs, both voluntarily trade." This captures the mutual benefit and voluntary exchange
that economists emphasize. Option A is too strong—the argument is about increasing supply, not
eliminating disease. Option C overstates—economists argue markets work well here, not that they're
always superior. Option D is irrelevant and wrong.

39. B - Body parts have special status that market treatment inappropriately reduces to mere
commercial objects

The passage explains the commodification objection: "Second, commodification may wrongly treat
body parts as mere objects. We have a special relationship to our bodies; selling organs reduces them to
commercial products." This captures the concern that market logic is inappropriate for body parts given
their special significance. Option A is too broad—critics object to specific commodifications, not all
exchange. Option C is obviously wrong. Option D is too general—critics accept market efficiency while
questioning its moral appropriateness.

40. B - Banning sales doesn't help poor people and we allow other dangerous work for pay

The passage presents defenders' response: "Regarding exploitation: how does banning sales help poor
people? We don't typically help people by removing options. If someone needs money desperately
enough to consider selling a kidney, we should address their poverty—not ban kidney sales while
leaving them poor. Moreover, we allow dangerous work for pay (coal mining, military service) without
considering it exploitation. Why single out organs?" This two-part defense argues bans harm those they
aim to protect and points to accepted analogies. Option A is obviously wrong. Option C is too extreme.
Option D contradicts the defenders' moral framework.

41. C - That market logic can corrupt non-market values by changing the meaning of activities

The passage introduces this concept through Hirsch: "markets change the meaning of
activities...Consider friendship. We value friendship partly because it's freely given, not purchased. A
'friend' who's paid isn't a real friend. Similarly, organ donation may be valuable partly because it's
altruistic. Converting it to market exchange might eliminate the altruistic motivation, paradoxically
reducing total supply if people stop donating once organs can be sold." The paid friendship example
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illustrates how commodification can destroy the very value it seeks to harness by changing meaning.
Option A is obviously wrong. Option B is backward—markets damage this relationship. Option D is too
extreme.

42. B - Derive value partly from status or position rather than purely material function

The passage mentions: "Economist Fred Hirsch distinguished positional goods (status markers) from
material goods." While the passage doesn't elaborate extensively, positional goods by definition derive
value from position/status. The context suggests these are goods valued for what they signal about
position rather than just function—which explains why marketization can corrupt them. Option A is
wrong—positional goods have value, just of a particular type. Option C is unsupported. Option D is
wrong—positional goods can be purchased but their value relates to status signaling.

43. C - Efficiency isn't the only value; moral concerns about marketization may justify inefficiency

The passage states: "Perhaps the issue is not whether markets are ever inappropriate but rather
recognizing that efficiency isn't the only value. Some goods may require protection from market logic
even at efficiency costs." This explicitly argues that efficiency should sometimes be sacrificed for moral
reasons. The conclusion reinforces this: "Answering requires moral deliberation, not merely cost-benefit
analysis." Option A is backward—the passage questions efficiency as sole criterion. Option B is
wrong—the passage challenges this assumption. Option D is wrong—the passage acknowledges supply
might increase while maintaining other concerns.

44. B - Are fundamentally moral and political choices requiring deliberation beyond economic
efficiency

The passage concludes: "Sandel argues that these decisions cannot be made by economic analysis
alone—they're fundamentally moral and political choices about the kind of society we want. Do we
want a society where everything has a price, or do we want to preserve domains where non-market
values predominate? Answering requires moral deliberation, not merely cost-benefit analysis." This
clearly positions market boundaries as moral/political questions transcending economics. Option A is
exactly what Sandel rejects. Option C contradicts Sandel's recognition of market limits. Option D is
wrong—Sandel emphasizes social values are central.

45. B - Unite participants into moral communities through shared symbolic experience

The passage directly states: "Emile Durkheim argued that religious rituals unite participants into 'moral
communities' through shared symbolic experience. By collectively performing sacred acts, individuals
transcend their separateness and experience society as something greater than themselves. Rituals renew
social bonds and reinforce collective identity." This clearly identifies Durkheim's view of ritual's
primary function as creating social cohesion. Option A is wrong—Durkheim focused on social function,
not individual expression. Option C and D are obviously wrong.

46. B - Functionalism explains what rituals do but not why particular forms exist, and struggles
with harmful rituals
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The passage identifies these specific problems: "However, functionalist explanations face problems.
First, the 'what it does' doesn't explain 'why this particular form.' Ritual cohesion could theoretically be
achieved through shared meals or collective singing. Why do societies develop complex ceremonies
with specific symbols, gestures, and sequences? Second, functionalism struggles with harmful rituals."
These are the two main critiques: explaining function doesn't explain form, and some rituals seem
dysfunctional. Option A is backward. Option C is wrong—the passage notes some rituals are harmful.
Option D is wrong—Durkheim argued rituals serve cohesion.

47. C - Cultural texts that articulate implicit assumptions and meanings

The passage explains Geertz's view: "Clifford Geertz argued that rituals aren't primarily functional but
expressive—they articulate and reinforce cultural meanings. A Balinese cockfight isn't really about
chickens; it's a text that tells participants about masculinity, status, and social hierarchy. Rituals are
'stories cultures tell themselves about themselves,' making explicit the implicit assumptions that
structure experience." This clearly characterizes Geertz's symbolic approach as viewing rituals as
cultural texts expressing meanings. Option A contradicts the passage. Option B represents
functionalism, not Geertz's symbolic approach. Option D is wrong—Geertz emphasizes complexity.

48. B - Involve minimally counterintuitive elements that make them memorable while remaining
comprehensible

The passage presents Boyer's argument: "Pascal Boyer argues that rituals involve 'minimally
counterintuitive' elements—mostly intuitive actions with slight violations of expectations. Baptism
involves normal washing but with supernatural significance. Such minimal violations make rituals
memorable and transmissible while remaining comprehensible. Rituals persist because they're
cognitively optimal for cultural transmission—not too simple (boring) nor too complex (confusing)."
This explains ritual persistence through cognitive optimization. Option A is wrong—rituals need
counterintuitive elements. Option C is backward—rituals can't be too complex. Option D is wrong—
cognitive properties are central to Boyer's theory.

49. B - Analyze specific rituals in context rather than seeking grand theories

The passage states: "Contemporary anthropologists increasingly reject grand theories explaining all
ritual. Instead, they analyze specific rituals in context, examining how particular communities use ritual
practically. Ritual may have no universal function; different rituals may serve different purposes in
different societies." This describes the shift to contextual, particular analysis over universal theorizing.
Option A is backward—contemporary anthropologists reject universal theories. Option C is wrong—
they continue studying ritual, just differently. Option D contradicts the emphasis on differences.

50. B - The question of why humans engage in symbolic marking behavior may transcend specific
anthropological theories

The passage concludes: "Maybe ritual is simply formalized, repeated, symbolic action—a basic human
capacity for marking significance through stylized behavior. Understanding why humans engage in such
marking may require not anthropological theory but philosophical or evolutionary inquiry into human
nature itself." This suggests that the fundamental question (why humans ritualize at all) might be beyond

130



anthropology's scope, requiring broader inquiry into human nature. Option A is too strong—the passage
doesn't dismiss anthropology's contributions. Option C mischaracterizes—the passage doesn't claim
superiority. Option D is irrelevant.

51. B - Provide temporary monopolies incentivizing creativity while eventually enriching public
domain

The passage opens: "The constitutional purpose of copyright is promoting creativity by granting
temporary monopolies. Creators receive exclusive rights to their works, incentivizing production of new
art, literature, and music. After copyright expires, works enter the public domain, enriching collective
culture. This balance between private incentive and public access worked reasonably well for centuries."
This describes the traditional purpose as balancing temporary private control with eventual public
benefit. Option A is wrong—"permanently" contradicts "temporary monopolies." Option C is too
absolute. Option D is wrong—the passage frames copyright as benefiting society through incentives, not
just corporations.

52. B - Digital files can be infinitely copied at near-zero cost, making enforcement nearly
impossible

The passage explains: "Digital files, conversely, can be copied infinitely at zero marginal cost and
distributed globally instantly. Every computer user becomes a potential publisher. Copyright
enforcement becomes nearly impossible without invasive surveillance." This identifies the core
problem: digital reproduction's ease and scale undermines enforcement mechanisms that worked for
physical goods. Option A is obviously wrong. Option C is wrong—the passage says copyright worked
reasonably well previously. Option D mischaracterizes—digital technology changes distribution, not
creativity.

53. B - Uniform copyright law may be less effective than diverse protections matched to specific
creative forms

The passage concludes: "Perhaps the issue is recognizing that different creative works require different
protections. Software might thrive under open-source models while novels require traditional copyright.
Music might work with shorter terms while films need longer. Rather than uniform law, we might need
a diverse ecosystem of protections matched to creative forms and business models." This suggests that
one-size-fits-all copyright is less effective than tailored approaches. Option A is too extreme—the
passage doesn't advocate abolishing all copyright. Option C is wrong—infinite terms contradict the
temporary monopoly concept. Option D is wrong—the passage discusses appropriate protections, not
eliminating them.
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SECTION 3: ANSWER EXPLANATIONS

1. A - A competitive inhibitor

The experimental data shows that Inhibitor X "Doubles Km from 10 uM to 20 uM, Vmax unchanged at
50 nmol/s." This pattern is diagnostic for competitive inhibition. Competitive inhibitors bind to the active
site, competing with substrate for binding. This competition increases the apparent Km—more substrate
is needed to reach half-maximal velocity because substrate must outcompete the inhibitor. However, at
very high (theoretically infinite) substrate concentrations, the substrate can completely outcompete the
inhibitor, so maximum velocity (Vmax) remains unchanged. The passage explicitly states: "Competitive
inhibitors bind the active site, competing with substrate. They increase apparent Km (reduced affinity)
without affecting Vmax." Option B (non-competitive) would decrease Vmax without changing Km.
Option C (uncompetitive) would decrease both Km and Vmax proportionally. Option D (allosteric
activator) would enhance activity, not inhibit it, and wouldn't necessarily change Km in this pattern.

2. B - ATP binding to the allosteric site stabilizes the low-affinity T state, introducing cooperativity

The passage explains that "At low ATP concentrations, PFK-1 shows hyperbolic kinetics. At
physiological ATP levels, ATP binding to the allosteric site shifts the enzyme to low-affinity (T) state,
producing sigmoidal kinetics." Sigmoidal kinetics are the hallmark of positive cooperativity, which occurs
in allosteric enzymes. When ATP binds the allosteric regulatory site (not the active site where it also binds
as substrate), it stabilizes the tense (T) state—the low-affinity conformation. This creates a cooperative
transition where the enzyme exists in equilibrium between T and R states, producing the sigmoidal
response curve. The passage states: "Positive cooperativity occurs when substrate binding at one active
site increases affinity at other sites, producing sigmoidal velocity curves rather than hyperbolic Michaelis-
Menten curves." Option A is wrong because ATP doesn't deplete substrate—F6P is the substrate. Option
C is wrong because ATP at the allosteric site is not competitive inhibition (which would maintain
hyperbolic kinetics with shifted Km). Option D is irrelevant to the kinetic pattern change.

3. A - High energy charge inhibits glycolysis while low energy charge activates it

The data shows a clear inverse relationship between ATP/AMP ratio (energy charge) and PFK-1 activity:
high ratio (100) = 10% activity; moderate ratio (20) = 50% activity; low ratio (5) = 90% activity. This
makes metabolic sense: when energy is abundant (high ATP/AMP ratio), glycolysis should be inhibited
to prevent wasteful glucose breakdown. When energy is low (low ATP/AMP ratio, high AMP), glycolysis
should be activated to generate more ATP. The passage explains: "ATP serves as both substrate (providing
phosphate) and negative allosteric regulator (signaling sufficient energy)...AMP acts as positive allosteric
effector, reversing ATP inhibition." This reciprocal regulation ensures glycolysis responds to cellular
energy status. Option B contradicts the clear regulatory data. Option C contradicts the data showing
activity varies with energy status. Option D is backward—AMP activates PFK-1, not inhibits it.

4. B - Stabilizes the high-affinity R state, counteracting ATP's T state stabilization

The data shows that "High ATP + fructose-2,6-bisphosphate: Near-normal hyperbolic curve, Km = 0.6
mM." Fructose-2,6-bisphosphate overcomes ATP's allosteric inhibition and restores near-normal kinetics.
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The passage states: "Fructose-2,6-bisphosphate, produced by a separate kinase when glucose is abundant,
powerfully activates PFK-1, overriding ATP inhibition." Mechanistically, F-2,6-BP must stabilize the
relaxed (R) state—the high-affinity, active conformation—counteracting ATP's stabilization of the T
state. This shifts the T<>R equilibrium toward R, restoring enzyme activity and hyperbolic kinetics.
Option A is wrong because F-2,6-BP is an allosteric activator, not a competitive inhibitor at the active
site. Option C is nonsensical. Option D is wrong—F-2,6-BP is a regulatory molecule, not a substrate for
the PFK-1 reaction.

5. B - Binds a separate site, reducing catalytic efficiency without affecting substrate binding

This question describes the general principle illustrated by Inhibitor Y in the data. The passage explains:
"Non-competitive inhibitors bind sites distinct from the active site, reducing Vmax without affecting Km."
When an inhibitor binds somewhere other than the active site, it doesn't compete with substrate binding
(Km unchanged), but it reduces the enzyme's catalytic efficiency—either by distorting the active site or
by reducing the fraction of functional enzyme molecules. Some enzyme-substrate complexes still form
(normal Km), but they convert to product more slowly, reducing Vmax. Option A describes competitive
inhibition (would change Km). Option C is backward—this pattern shows reduced, not increased, affinity
if anything. Option D is wrong because this is inhibition, not activation, and "allosteric" alone doesn't
specify the Km/Vmax pattern.

6. B - Regenerate NAD" for continued glycolysis when oxygen is limiting

The passage states: "Under anaerobic conditions, pyruvate undergoes fermentation (lactate in animals,
ethanol in yeast), regenerating NAD* for continued glycolysis." During glycolysis, NAD" is reduced to
NADH in the glyceraldehyde-3-phosphate dehydrogenase step. Under aerobic conditions, NADH is
reoxidized to NAD" by the electron transport chain. However, during intense exercise when oxygen is
limiting (anaerobic conditions), the electron transport chain cannot keep up with NADH production.
Lactate dehydrogenase reduces pyruvate to lactate while oxidizing NADH to NAD*: pyruvate + NADH
— lactate + NAD". This regenerates NAD* needed for glycolysis to continue producing ATP. The scenario
data shows "NAD*/NADH ratio increases (via lactate dehydrogenase)" during intense exercise. Option A
is wrong—Ilactate production itself doesn't generate ATP; it enables continued glycolytic ATP production
by regenerating NAD". Option C is a minor side effect, not the primary purpose. Option D is backward—
lactate can be converted back to pyruvate/glucose, but that's not the function during production.

7. B - It blocks Complex IV, preventing electron transfer to O: and halting proton pumping

The passage explains that cyanide inhibits cytochrome oxidase (Complex IV), and the scenario data
confirms: "Cytochrome oxidase (Complex IV) inhibited, Electron transport halts, O> consumption ceases
despite O: availability." Complex IV is the terminal complex that transfers electrons to O, reducing it to
H->0. When cyanide blocks this step, electrons cannot be transferred from Complex IV to Oz, backing up
the entire electron transport chain. If electrons cannot flow, protons cannot be pumped (the processes are
coupled), the proton gradient cannot be maintained, and ATP synthase cannot make ATP. The cell can
only produce ATP via substrate-level phosphorylation in glycolysis and the citric acid cycle—insufficient
for survival. Option A is wrong—cyanide doesn't inhibit glycolysis. Option C is wrong—cyanide's effect
is on Complex IV, not DNA. Option D is wrong—cyanide doesn't directly inhibit ATP synthase; it
prevents the proton gradient that drives ATP synthase.
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8. B - It uncouples electron transport from ATP synthesis by dissipating the proton gradient

The passage states: "Chemical uncouplers like 2,4-dinitrophenol (DNP) make membranes permeable to
protons, collapsing the gradient and preventing ATP synthesis while increasing O» consumption and heat
production." The scenario data confirms: "O2 consumption increases, ATP synthesis decreases, Heat
production increases, Proton gradient collapses." DNP is a lipophilic weak acid that can pick up protons
on one side of the membrane, cross it, and release them on the other side, dissipating the gradient without
going through ATP synthase. Electron transport continues (or even increases) trying to restore the
gradient, consuming O and releasing energy as heat rather than capturing it as ATP. This is why DNP
was dangerously used as a weight-loss drug—it increases metabolic rate and heat production. Option A is
wrong—DNP doesn't stimulate glycolysis. Option C is wrong—DNP doesn't inhibit specific complexes.
Option D is partially true (increased metabolism does hydrolyze more ATP) but doesn't capture the
mechanism of uncoupling.

9. B - FADH: enters the electron transport chain at Complex II, bypassing Complex I's proton
pumping

The passage explains: "FADH: enters at Complex II (doesn't pump protons), generating less proton-
motive force than NADH" and "The P/O ratio (ATP produced per oxygen atom reduced) is approximately
2.5 for NADH and 1.5 for FADH.." NADH donates electrons to Complex I, which pumps 4 H* into the
intermembrane space. Electrons then flow through Q — Complex III (4 H") — cytochrome ¢ — Complex
IV (2 H) — O.. Total: 10 H* pumped per NADH. FADH: donates electrons to Complex II (succinate
dehydrogenase in the citric acid cycle), which doesn't pump protons. Electrons then flow through the same
pathway from Q onward, pumping only 6 H* (Complex III and IV). Fewer protons pumped means less
ATP synthesized: approximately 2.5 ATP per NADH versus 1.5 ATP per FADH.. Option A is
oversimplified—both have similar bond energies. Option C is wrong—FADH. certainly transfers
electrons. Option D is wrong—FADH: doesn't inhibit ATP synthase.

10. C - Product inhibition providing metabolic feedback control

The passage states: "PDC is inhibited by its products (acetyl-CoA, NADH)" and mentions it's
"inhibited...by phosphorylation when ATP/ADP ratio is high." Product inhibition is a form of feedback
control where the products of a reaction inhibit the enzyme producing them. When acetyl-CoA and NADH
accumulate (indicating sufficient fuel and reducing equivalents), they inhibit pyruvate dehydrogenase
complex, preventing further pyruvate conversion. This makes metabolic sense: if acetyl-CoA and NADH
are abundant, the cell doesn't need more, so PDC shuts down. This is negative feedback regulation
coordinating metabolism with cellular needs. The scenario confirms: "PDC is inhibited by its products
(acetyl-CoA, NADH) and by phosphorylation when ATP/ADP ratio is high." Option A (competitive
inhibition) would mean products compete at the substrate binding site, which isn't the mechanism here.
Option B is backward—positive feedback amplifies, but this inhibits. Option D is wrong—this is
inhibition, not activation.

11. B - Each daughter molecule contains one parental strand and one new strand

The Meselson-Stahl experiment elegantly proved semiconservative replication. The passage states: "The
semiconservative replication mechanism, proven by Meselson-Stahl experiments, produces two daughter
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molecules each containing one parental strand and one newly synthesized strand." The experimental data
shows: "After 1 generation: All DNA hybrid density (one heavy, one light strand)." If replication were
conservative (keeping both parental strands together), you'd see one heavy DNA molecule and one light
DNA molecule after one generation—not all hybrid. If replication were dispersive (breaking DNA into
fragments and reassembling), the density would be different. The hybrid density after one generation,
followed by 50% hybrid and 50% light after two generations, perfectly matches semiconservative
replication where each parental strand serves as template for a new complementary strand. Option A
describes dispersive replication. Option C describes conservative replication (ruled out by results). Option
D is obviously wrong.

12. A - DNA polymerase synthesizes only 5' to 3', and the lagging strand template runs 5' to 3'

The passage explains: "DNA polymerases synthesize DNA in the 5' to 3' direction, adding nucleotides to
the 3'-OH group of the growing strand. This directionality creates asymmetry at replication forks: the
leading strand is synthesized continuously, while the lagging strand is synthesized discontinuously as
Okazaki fragments." At a replication fork, the two template strands run antiparallel (one 3' to 5', one 5' to
3"). DNA polymerase can only synthesize 5' to 3', so the leading strand (template running 3' to 5') can be
synthesized continuously in the same direction as fork movement. The lagging strand (template running
5' to 3') must be synthesized in the opposite direction as fork movement, requiring repeated priming and
synthesis of short Okazaki fragments that are later joined. Option B is partially relevant (primers are
needed on the lagging strand) but doesn't explain WHY fragments are necessary. Option C is irrelevant.
Option D is wrong—topoisomerases relieve supercoiling but don't determine leading vs. lagging
synthesis.

13. B - Removing incorrectly paired nucleotides from the 3' end before continuing synthesis

The passage states: "Both [DNA polymerases o and €] have 3' to 5' exonuclease activity for proofreading,
removing incorrectly paired nucleotides." Proofreading works as follows: DNA polymerase adds
nucleotides to the 3' end. If an incorrect nucleotide is added (mismatched with template), the polymerase
pauses, the 3' to 5' exonuclease active site removes the incorrect nucleotide from the 3' end, and the
polymerase tries again. This immediate error correction improves fidelity dramatically. The replication
fidelity data shows: "Base pairing alone: 1 error per 10* nucleotides, With proofreading: 1 error per 107
nucleotides"—a 1000-fold improvement. The 3' to 5' directionality is crucial: the exonuclease removes
from the end where polymerase just added, allowing immediate correction. Option A is too absolute—
proofreading greatly reduces but doesn't prevent all mutations. Option C has wrong directionality—
nothing adds to 5' end. Option D confuses proofreading with primer synthesis.

14. B - Frequent replication creates more supercoiling requiring topoisomerase II resolution;
inhibition traps lethal double-strand breaks

The passage explains: "Topoisomerases relieve supercoiling ahead of replication forks... Topoisomerase
II creates transient double-strand breaks, passing one DNA double helix through another. Anticancer drugs
like etoposide...inhibit topoisomerase II, trapping DNA with double-strand breaks." The experimental data
confirms: "Topoisomerase II activity inhibited, DNA double-strand breaks accumulate, Rapidly dividing
cells (cancer, bone marrow) most affected." During replication, unwinding the double helix creates
positive supercoiling ahead of the fork. Topoisomerase II relieves this tension by temporarily cutting both
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strands, passing another section through, and religating. Etoposide traps the intermediate where DNA is
cut, creating permanent double-strand breaks. Rapidly dividing cells replicate frequently, requiring more
topoisomerase Il activity, so they accumulate more lethal breaks when the enzyme is inhibited. This
preferentially kills cancer cells (side effect: also kills normal rapidly dividing cells like bone marrow).
Option A is nonsensical. Option C might be true but doesn't explain the preferential sensitivity. Option D
is wrong—normal cells do replicate, just less frequently.

15. A - Nucleolus

The nucleolus is a distinct region within the nucleus specialized for ribosomal RNA synthesis and
ribosome assembly. The nucleolus contains multiple copies of rRNA genes, RNA polymerase I (which
transcribes rRNA), and proteins involved in rRNA processing and ribosome assembly. rRNA constitutes
the structural and catalytic components of ribosomes. After synthesis and initial processing in the
nucleolus, ribosomal subunits are exported to the cytoplasm. Option B (rough ER) is where ribosomes are
located on the cytoplasmic side, and where they synthesize proteins, but rRNA itself is made in the
nucleolus. Option C (Golgi) processes and packages proteins, not rRNA synthesis. Option D (smooth ER)
synthesizes lipids and has no ribosomes.

16. B - Ribulose-1,5-bisphosphate (RuBP)

The Calvin cycle fixes atmospheric CO: into organic molecules. The first step, catalyzed by ribulose-1,5-
bisphosphate carboxylase/oxygenase (RuBisCO), adds COs- to the 5-carbon sugar RuBP, producing two
molecules of 3-phosphoglycerate. This carboxylation is the CO: fixation step. The Calvin cycle then
reduces 3-phosphoglycerate to glyceraldehyde-3-phosphate (G3P) using ATP and NADPH from the light
reactions. Some G3P is used for glucose synthesis; the rest regenerates RuBP to continue the cycle. Option
A 1s wrong—glucose is the eventual product, not the CO: acceptor. Option C (NADPH) provides reducing
power. Option D (ATP) provides energy. Neither C nor D is the carbon acceptor molecule.

17. A - Be phenotypically normal but have reduced fertility due to meiotic segregation problems

A reciprocal translocation involves exchange of chromosomal segments between two non-homologous
chromosomes. An individual heterozygous for such a translocation has one set of normal chromosomes
(3 and 7) and one set with translocated segments (3-7 and 7-3). The total genetic content is normal, so
phenotype is typically normal. However, during meiosis, the four chromosomes (normal 3, normal 7, 3-7
translocation, 7-3 translocation) must segregate. They form a quadrivalent (cross-shaped structure) during
pairing. Segregation is complex and often produces unbalanced gametes with duplications or deletions,
which are inviable. Only certain segregation patterns produce balanced gametes. This reduces fertility
substantially—many conceptuses are chromosomally unbalanced and don't survive. Option B describes
trisomy, not translocation. Option C is wrong—mitosis proceeds normally because cells are diploid with
complete genetic content. Option D is wrong—there are chromosomal abnormalities, just balanced ones.

18. B - Negative feedback: Decreased pressure — decreased baroreceptor firing — sympathetic
activation — pressure restoration

The passage explains: "Baroreceptors in the carotid sinus and aortic arch detect pressure changes.
Increased blood pressure stretches baroreceptors, increasing firing rate...Conversely, decreased blood
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pressure reduces baroreceptor firing, triggering increased sympathetic activity and decreased
parasympathetic activity." The orthostatic hypotension scenario demonstrates this: standing causes blood
pooling in legs, reducing venous return and cardiac output, dropping blood pressure. Reduced pressure
stretches baroreceptors less, decreasing their firing rate. The medulla interprets this as low pressure and
triggers compensatory responses: increased sympathetic output (raising heart rate, contractility, and
vasoconstriction) and decreased parasympathetic output. These responses restore blood pressure. This is
classic negative feedback: deviation from set point triggers responses that counteract the deviation. The
data shows: "Baroreceptor firing decreases, Within seconds: Heart rate increases from 70 to 95 bpm,
vasoconstriction occurs, Blood pressure stabilizes at 110/75." Option A is wrong—baroreceptors provide
short-term regulation. Option C is wrong—this is negative (stabilizing), not positive (amplifying)
feedback. Option D is irrelevant to the rapid baroreceptor response.

19. B - Preventing angiotensin II formation, reducing vasoconstriction and aldosterone-mediated
fluid retention

The passage states: "ACE inhibitors (e.g., lisinopril, enalapril) block angiotensin II formation, reducing
blood pressure by decreasing vasoconstriction and aldosterone secretion." ACE (angiotensin-converting
enzyme) converts angiotensin I to angiotensin II. Angiotensin II has multiple effects: (1) direct
vasoconstriction increasing total peripheral resistance (TPR), (2) stimulating aldosterone release which
increases sodium and water retention raising blood volume, and (3) stimulating ADH release causing
water retention. By blocking ACE, these drugs prevent angiotensin II formation, eliminating all these
pressure-raising effects. The heart failure scenario shows: "ACE inhibitor treatment reduces symptoms by
decreasing afterload and preventing fluid retention." Option A is wrong—ACE inhibitors typically
decrease heart rate indirectly by reducing sympathetic activation. Option C describes beta-blockers.
Option D describes calcium channel blockers.

20. A - Increase output in response to increased venous return through length-dependent
contractility changes

The passage explains: "The Frank-Starling mechanism states that stroke volume increases with increased
venous return (preload) up to a maximum. Greater venous return stretches cardiac muscle, and stretched
muscle contracts more forcefully (up to optimal sarcomere length). This allows the heart to automatically
match output to venous return without neural control." The experimental data demonstrates: venous return
increased from 50 to 100 mL/min, end-diastolic volume increased (more stretch), stroke volume increased
from 70 to 90 mL (stronger contraction), and cardiac output increased proportionally. The mechanism is
intrinsic to cardiac muscle: stretching sarcomeres toward optimal length increases actin-myosin cross-
bridge formation, producing stronger contraction. This provides moment-to-moment matching of output
to input without requiring nervous system adjustments. Option B is wrong—output varies with venous
return, that's the point. Option C is backward. Option D is wrong—the heart does receive neural input;
Frank-Starling is an additional mechanism.

21. C - Brain and heart (vital organs)
The passage discusses hemorrhagic shock: "If untransfused: Vasoconstriction maintains perfusion to vital

organs (brain, heart) at expense of periphery." During severe hemorrhage, compensatory vasoconstriction
is selective. Sympathetic activation causes strong vasoconstriction in non-essential tissues (skin, skeletal
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muscle, gastrointestinal tract, kidneys) while cerebral and coronary circulations are relatively spared. The
brain autoregulates blood flow independently within wide pressure ranges, and coronary circulation has
high metabolic demands. This selective vasoconstriction sacrifices peripheral tissue oxygenation to
maintain perfusion to organs immediately necessary for survival. Prolonged severe shock can lead to
ischemic injury in the constricted vascular beds. Option A, B, and D are wrong—these tissues experience
strong vasoconstriction during shock. Option D specifically contradicts the selective nature described.

22. B - Fluid retention and increased afterload, potentially worsening heart failure

The passage states: "Chronic: Fluid retention, increased blood volume, pulmonary edema" and "ACE
inhibitor treatment reduces symptoms by decreasing afterload and preventing fluid retention." In heart
failure, reduced cardiac output triggers RAAS activation as the body perceives low perfusion. However,
the compensatory responses become maladaptive: angiotensin II causes vasoconstriction (increasing
afterload, making it harder for the weak heart to pump), and aldosterone causes sodium and water retention
(increasing blood volume and preload). While the Frank-Starling mechanism can initially compensate, the
failing heart eventually cannot handle increased preload, leading to pulmonary and peripheral edema. The
increased afterload further burdens the weak heart. This creates a vicious cycle where compensation
worsens the underlying problem—why ACE inhibitors are so effective in heart failure. Option A is
backward. Option C is wrong—RAAS doesn't improve contractility. Option D is wrong—RAAS
activation raises blood pressure through fluid retention and vasoconstriction.

23. B - Randomly combining variable gene segments to create unique antigen-binding sites

The passage explains: "For heavy chains, random recombination joins one D segment to one J segment,
then one V segment to DJ, creating a unique VDJ exon. Light chains undergo VJ recombination (no D
segment). This combinatorial diversity generates millions of possible antibody specificities." Each
developing B cell randomly selects one V segment, one D segment (heavy chain only), and one J segment
from the available genes. Different combinations create different amino acid sequences in the variable
region, which forms the antigen-binding site. The data shows: "Combinatorial diversity: 51 x 27 x 6 x 40
x 5= 1.6 x 10° combinations." With junctional diversity added, over 10"' unique antibodies are possible.
This random combinatorial process generates a diverse repertoire before ever encountering antigen.
Option A is wrong—constant regions determine antibody class, not determined by V(D)J recombination.
Option C is wrong—each B cell makes a unique combination. Option D is backward—V(D)J creates
diversity.

24. A - Somatic hypermutation introducing mutations in V regions, with selection for improved
antigen binding

The passage states: "After antigen encounter, activated B cells undergo somatic hypermutation in germinal
centers, introducing point mutations in V regions. B cells with improved antigen binding are selected
through competition for follicular dendritic cell-presented antigen and T cell help. This affinity maturation
increases antibody specificity and affinity during an immune response." Somatic hypermutation randomly
introduces point mutations in variable regions at rates much higher than normal mutation rates. Most
mutations decrease affinity or are neutral, but some improve antigen binding. B cells with better-fitting
antibodies bind more antigen, receive more T cell help, and preferentially survive and proliferate. This
Darwinian selection process within germinal centers increases average antibody affinity over time. The
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data shows: "Secondary (re-exposure): IgG predominates, high affinity (10-100% higher)." Option B is
wrong—it's not random; there's selection. Option C is backward—specificity increases. Option D is
wrong—B cells undergo clonal expansion, not elimination.

25. B - The same antigen specificity to mediate different effector functions by changing constant
regions

The passage explains: "Class switching changes the constant region while preserving antigen specificity.
Initially, B cells produce IgM. Upon activation and T cell signals (CD40L, cytokines), B cells switch to
IgG, IgA, or IgE by deleting intervening DNA and joining VDI to a different constant region gene. This
allows one antigen specificity to mediate different effector functions: IgG for systemic immunity, IgA for
mucosal immunity, IgE for parasitic and allergic responses." The VDI region (antigen binding) stays the
same, but the constant region changes, switching from IgM to IgG, IgA, or IgE. Different constant regions
have different effector functions: IgG crosses placenta and opsonizes; IgA is secreted at mucosal surfaces;
IgE binds mast cells and basophils. This allows the same B cell clone (with one antigen specificity) to
produce antibodies appropriate for different contexts. Option A is wrong—specificity doesn't change.
Option C is wrong—B cells don't become T cells. Option D is wrong—antigen binding is preserved.

26. B - V(D)J recombination cannot occur, preventing functional B and T cell receptor assembly

The passage states: "Severe combined immunodeficiency (SCID): RAG1/RAG2 gene mutations prevent
V(D)J recombination, No functional B or T cells develop, Absent adaptive immunity, Fatal without bone
marrow transplant or gene therapy." RAG1 and RAG2 (recombination activating genes) encode enzymes
that catalyze V(D)J recombination by introducing DNA double-strand breaks at recombination signal
sequences flanking V, D, and J segments. Without functional RAG enzymes, V(D)J recombination cannot
occur. Without V(D)J recombination, B cells cannot assemble functional immunoglobulin genes and T
cells cannot assemble functional T cell receptor genes. Both cell types undergo developmental arrest and
apoptosis. The result is complete absence of adaptive immunity—patients cannot respond to most
infections and require isolation or bone marrow transplant. Option A is backward. Option C is wrong—
the problem is absence of diverse receptors, not excessive diversity. Option D is wrong—class switching
requires functional B cells, which SCID patients lack.

27. B - Exocytosis of synaptic vesicles triggered by calcium influx

Synaptic transmission occurs when an action potential reaches the axon terminal, opening voltage-gated
calcium channels. Ca** influx triggers fusion of synaptic vesicles (containing neurotransmitter) with the
presynaptic membrane via SNARE proteins. Vesicle fusion releases neurotransmitter into the synaptic
cleft via exocytosis. Neurotransmitter diffuses across the cleft and binds postsynaptic receptors. This
calcium-triggered exocytosis is the fundamental mechanism of chemical synaptic transmission. Option A
1s wrong—neurotransmitters are packaged in vesicles and released via exocytosis, not simple diffusion.
Option C (endocytosis) is involved in recycling vesicle membrane after exocytosis but isn't the release
mechanism. Option D describes neurotransmitter reuptake transporters, not release.

28. B - Create a medullary osmotic gradient enabling water reabsorption and urine concentration
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The loop of Henle establishes the osmotic gradient in the renal medulla through countercurrent
multiplication. The descending limb is permeable to water (water exits), while the ascending limb actively
transports NaCl out while being impermeable to water. This creates progressively increasing osmolarity
from cortex (~300 mOsm) to inner medulla (~1200 mOsm). This gradient allows the collecting duct to
reabsorb water (under ADH control) to concentrate urine. Without the loop of Henle, mammals couldn't
produce concentrated urine exceeding plasma osmolarity. Desert rodents have especially long loops of
Henle, creating steeper gradients and more concentrated urine. Option A (filtration) occurs in the
glomerulus, not loop of Henle. Option C (secretion) occurs more in proximal and distal tubules. Option D
(glucose reabsorption) occurs in the proximal tubule.

29. C - The lac repressor binds the operator in the absence of allolactose

The lac operon is a classic example of inducible gene regulation in prokaryotes. In the absence of lactose,
the lac repressor protein (encoded by lacl) binds the operator sequence, blocking RNA polymerase access
to the structural genes (lacZ, lacY, lacA). When lactose (or allolactose, the metabolite) is present, it binds
the repressor, causing conformational change that releases the repressor from the operator, allowing
transcription. Additionally, glucose presence/absence affects transcription via CAP-cAMP, but the
question asks about repression specifically. Option A is backward—Ilactose (allolactose) induces
expression by inactivating the repressor. Option B describes CAP-cAMP positive regulation but isn't about
repression. Option D is too general—RNA polymerase is always present; it's the repressor blocking access
that matters.

30. B - They act via intracellular receptors to alter gene transcription, requiring protein synthesis

The passage explains: "Steroid hormones are lipid-soluble and diffuse through cell membranes. They bind
intracellular receptors (cytoplasmic or nuclear), forming hormone-receptor complexes that bind DNA
hormone response elements, regulating transcription. Effects appear more slowly than peptide hormones
(hours vs. minutes) because protein synthesis is required." Steroid hormones alter which genes are
transcribed, changing the cell's protein composition. This requires: (1) transcription of new mRNA, (2)
translation of mRNA into protein, (3) protein modification and localization, and (4) accumulation of
sufficient protein to produce observable effects. This process takes hours. Effects are longer-lasting
because newly synthesized proteins remain functional until degraded (hours to days). In contrast, peptide
hormones activate existing proteins via second messengers (cCAMP, IPs, Ca?"), producing rapid but
temporary effects. Option A is wrong—steroid receptors actually have high affinity. Option C is wrong—
lipid solubility allows membrane crossing. Option D is wrong—steroids are metabolized slowly.

31. B - Negative feedback from elevated T3/T4 inhibits TSH secretion

The passage explains: "Elevated T3/T4 inhibit TRH and TSH secretion (negative feedback), maintaining
thyroid hormone homeostasis." The Graves' disease scenario states: "Autoantibodies mimic TSH,
stimulating thyroid, Elevated T3/T4, Suppressed TSH (negative feedback)." In Graves' disease, antibodies
bind and activate the TSH receptor, mimicking TSH and driving excessive thyroid hormone production.
The elevated T3/T4 travel to the pituitary and hypothalamus, where they exert negative feedback,
suppressing TSH (and TRH) secretion. TSH levels drop even though the thyroid is hyperactive because
the antibodies bypass normal regulation. This is why TSH is suppressed in primary hyperthyroidism
(thyroid overproduction) but elevated in secondary hyperthyroidism (pituitary overproduction). Option A
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is wrong—the pituitary responds normally to negative feedback. Option C misunderstands—antibodies
activate receptors. Option D is backward—hypothalamic TRH is also suppressed by negative feedback.

32. B - Insulin promotes anabolic processes while glucagon promotes catabolic processes

The passage clearly states: "Insulin...promotes glucose uptake, glycogen synthesis, lipogenesis, and
protein synthesis—anabolic effects. Glucagon...promotes glycogen breakdown, gluconeogenesis, and
lipolysis—catabolic effects. The insulin/glucagon ratio determines whether metabolism is anabolic or
catabolic." High insulin/glucagon ratio (fed state): glucose abundant, cells take up glucose, synthesize
glycogen and fat, build proteins—anabolic. Low insulin/glucagon ratio (fasted state): glucose scarce, cells
break down glycogen and fat, produce glucose from amino acids—catabolic. These opposing effects allow
the body to switch between energy storage and energy mobilization based on nutrient availability. Option
A is wrong—they have opposite effects. Option C is wrong—both affect metabolism critically. Option D
is wrong—both are peptide hormones, not steroids.

33. B - Insulin effects require specific cell-surface receptors

The receptor experiment shows: "Cell line A: Expresses insulin receptor, Insulin added...Glucose uptake
increases 10-fold. Cell line B: Lacks insulin receptor, Insulin added...No change in glucose uptake." This
demonstrates that insulin's effects require the insulin receptor. Without the receptor, insulin cannot signal
the cell to take up glucose. Insulin binds the insulin receptor (a receptor tyrosine kinase), triggering a
signaling cascade that translocates GLUT4 glucose transporters to the cell membrane, increasing glucose
uptake. This experiment illustrates hormone specificity: hormones only affect cells expressing their
specific receptors. Type 2 diabetes involves receptor resistance, where receptors respond poorly to insulin
despite its presence. Option A is contradicted—only receptor-expressing cells respond. Option C is
wrong—insulin cannot enter cells; it's a peptide hormone. Option D is wrong—Cell line B doesn't respond
to insulin.

34. B - Epiphyseal plates are open in children allowing longitudinal bone growth; in adults plates
are closed so excess GH enlarges existing structures

The passage explains: "Excess GH in childhood causes gigantism; in adults (after epiphyseal plate closure)
causes acromegaly—enlarged hands, feet, facial features." Epiphyseal plates (growth plates) are
cartilaginous regions at long bone ends where longitudinal growth occurs. In children, GH/IGF-1
stimulates chondrocyte proliferation in growth plates, lengthening bones. Excess GH produces
proportionate gigantism. At puberty, sex steroids cause growth plate closure (cartilage — bone), ending
longitudinal growth. In adults, excess GH cannot lengthen bones but still stimulates soft tissue growth and
periosteal bone deposition, causing disproportionate enlargement of hands, feet, jaw, facial features, and
organs—acromegaly. The scenario describes: "GH deficiency: Child with short stature, proportionate
features" confirming GH's role in childhood growth. Option A is wrong—children don't necessarily have
higher GH; the difference is open plates. Option C is wrong—adults respond to GH. Option D is wrong—
GH doesn't change.

35. B - Males are hemizygous (XY), requiring only one mutant allele, while females would need two
mutant alleles (homozygous recessive)
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The passage explains: "Females (XX) can be homozygous or heterozygous; males (XY) are hemizygous
(one allele). X-linked recessive traits (hemophilia, color blindness) appear more frequently in males
because one mutant allele causes the phenotype, while females require two." The cross data shows:
"Mother: X*H X"h (carrier)...Sons: 1/2 X*H'Y (normal), 1/2 X*h Y (hemophiliac)...Daughters: X"H X"H
or X*H X”h (all phenotypically normal)." Sons who inherit the X"*h chromosome from their carrier mother
are affected because they have no second X chromosome to compensate—they're hemizygous. Daughters
would need to inherit X*h from both parents to be affected (X*h X”h), which is much rarer. Carrier
daughters (X*H X" h) are usually unaffected because the normal allele on one X chromosome provides
sufficient gene product. This inheritance pattern is characteristic of X-linked recessive traits. Option A is
wrong—females can inherit X-linked traits but need two copies to be affected. Option C is wrong—Y
doesn't carry hemophilia genes. Option D is wrong—males have one X, one Y.

36. B - Incomplete dominance, where heterozygotes show an intermediate phenotype

The passage defines: "Incomplete dominance produces intermediate phenotypes in heterozygotes (red x
white — pink flowers)." The snapdragon data shows: "C*R C*R = red, C"R C*"W = pink, C*W C"W =
white, Pink x Pink...Offspring: 1/4 red, 1/2 pink, 1/4 white (1:2:1 ratio)." The heterozygote (C"R C*"W)
shows an intermediate phenotype (pink) rather than resembling one parent (complete dominance) or
showing both parental phenotypes distinctly (codominance). At the molecular level, the heterozygote may
produce half the amount of red pigment compared to the homozygote, resulting in lighter color. The 1:2:1
phenotypic ratio (matching the genotypic ratio) is diagnostic of incomplete dominance. Option A is
wrong—complete dominance would give 3:1 ratio with no pink. Option C (codominance) would show
both colors distinctly, not blended. Option D (epistasis) involves interactions between different genes.

37.B - Genes are on the same chromosome; recombination frequency is less than 50% due to linkage

The passage explains: "Linked genes violate independent assortment because they're located on the same
chromosome. Recombination frequency between linked genes correlates with their distance: genes far
apart recombine more frequently (approaching 50%, indistinguishable from independent assortment) than
closely linked genes." The linked genes data shows: "Genes A and B are 20 map units apart...Parental
types (AB and ab): 80% (40% each), Recombinant types (Ab and aB): 20% (10% each)." If genes were
on different chromosomes (unlinked), independent assortment would produce 25% of each genotype
(1:1:1:1). Instead, parental combinations (AB and ab) predominate (80%) while recombinant
combinations (Ab and aB) are rare (20%), indicating the genes tend to be inherited together because they're
on the same chromosome. The 20% recombination frequency equals 20 map units distance. Option A is
backward—Iinkage occurs when genes ARE on the same chromosome. Option C is nonsensical. Option
D is wrong—clear evidence of linkage.

38. C - Codominance, where both I*A and I"B alleles are fully expressed

The passage explains: "Codominance involves both alleles fully expressed (ABO blood types: 1A 1"B
individuals express both A and B antigens)." The ABO data shows: "Possible offspring: 1/4 1*A I"B (type
AB)..." Type AB individuals express both A antigens (from 1*A) and B antigens (from ["B) on red blood
cell surfaces. Neither allele is dominant or recessive to the other; both are fully expressed simultaneously.
This differs from incomplete dominance where the phenotype is intermediate. In codominance, both
parental phenotypes are present. Another example is MN blood groups where heterozygotes express both
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M and N antigens. Option A (incomplete dominance) would produce a blended phenotype. Option B
(complete dominance) would show only one trait. Option D (sex linkage) is wrong—ABO genes are
autosomal (chromosome 9).

39. C - Skeletal muscle

Skeletal muscle has three distinguishing characteristics: (1) voluntary control via somatic motor neurons,
(2) multinucleated cells (syncytium) formed by fusion of myoblasts during development, and (3) striations
(alternating light and dark bands) due to organized sarcomeres with aligned actin and myosin filaments.
Skeletal muscle attaches to bones via tendons and produces body movement. Option A (smooth muscle)
is involuntary, uninucleate, and non-striated (found in blood vessels, digestive tract, airways). Option B
(cardiac muscle) is involuntary, typically uninucleate (sometimes binucleate), and striated (found only in
the heart). Option D is wrong because skeletal muscle clearly matches all three criteria.

40. B - Actively transporting 3 Na* out and 2 K* in using ATP

The Na*/K*-ATPase (sodium-potassium pump) is an active transport pump that uses ATP hydrolysis to
move ions against their concentration gradients. It transports 3 Na* out of the cell and 2 K* into the cell
per ATP hydrolyzed. This creates and maintains the concentration gradients: high Na* outside, high K*
inside. The unequal transport (3:2 ratio) makes it electrogenic, contributing to membrane potential. This
pump is essential for maintaining resting potential, cell volume regulation, and providing gradients for
secondary active transport. The pump consumes about 25-40% of cellular ATP in neurons. Option A is
wrong—the transport is active, not passive (ions move against gradients). Option C is wrong—the ratio is
3:2, not equal. Option D is wrong—both ions are transported.

41. B - One gene to produce multiple protein isoforms by including or excluding different exons

Alternative splicing is a post-transcriptional mechanism in eukaryotes where different combinations of
exons are joined together, while some exons are skipped. A single gene can thus produce multiple mRNA
variants, which are translated into different protein isoforms with related but distinct functions. For
example, the human DSCAM gene can theoretically produce over 38,000 different isoforms through
alternative splicing. This greatly increases proteomic diversity beyond the ~20,000 genes in the human
genome. Different tissues or developmental stages may splice the same gene differently, producing tissue-
specific isoforms. This is a major mechanism of gene regulation in complex organisms. Option A (DNA
replication) is unrelated. Option C (transcription) produces the primary transcript that's then spliced.
Option D is too limited—alternative splicing affects gene expression broadly, not just repair.

42. B - The membrane is more permeable to K* than Na* at rest via leak channels

The passage explains: "The membrane is permeable to K* through leak channels; K* diffusion out creates
negative interior charge approaching the potassium equilibrium potential (calculated by Nernst equation:
E K=-90 mV)." At rest, the membrane has many open K* leak channels but few open Na* channels. K*
flows out down its concentration gradient (140 mM inside — 5 mM outside), leaving behind negative
charge inside. This outward K* movement hyperpolarizes the membrane toward E K (-90 mV).
Simultaneously, some Na* leaks in (small inward current), depolarizing toward E Na (+60 mV). The
resting potential (-70 mV) reflects the balance, but is closer to E_K because of higher K* permeability.
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The Na*/K* pump maintains the gradients but contributes only slightly to the potential directly. Option A
is wrong—very few Na* channels are open at rest. Option C is wrong—there's a large Na* gradient. Option
D is wrong—the pump maintains gradients essential for the potential.

43. B - Voltage-gated sodium channels open, allowing Na* influx down its electrochemical gradient

The passage describes: "Action potentials are triggered when depolarization reaches threshold
(approximately -55 mV). Voltage-gated sodium channels open rapidly, allowing Na* influx down its
electrochemical gradient. This depolarizes the membrane toward E Na (approximately +60 mV)." The
action potential phases show: "Threshold: -55 mV, Peak: +40 mV." When threshold is reached, voltage-
gated Na* channels undergo conformational change from closed to open. Na* rushes into the cell down its
electrochemical gradient (both concentration gradient and electrical gradient favor Na* entry). This rapid
Na* influx causes the rapid depolarization (upstroke) of the action potential. The membrane potential
moves toward but doesn't quite reach E_Na (+60 mV) before Na* channels inactivate and K* channels
open. Option A is wrong—K" channels open during repolarization, after Na* channels. Option C is
backward. Option D is wrong—specific ion channels open in sequence.

44. B - Enabling saltatory conduction where action potentials jump between nodes of Ranvier

The passage explains: "Myelin (produced by Schwann cells in PNS, oligodendrocytes in CNS) insulates
axons, restricting ion channels to nodes of Ranvier. Action potentials jump between nodes (saltatory
conduction), dramatically increasing conduction velocity while reducing energy costs." The conduction
data shows myelinated 10 um axons conduct at 50 m/s versus 5 m/s for unmyelinated. Myelin acts as
electrical insulation, preventing ion flow across the membrane in myelinated regions. Voltage-gated
channels cluster at nodes of Ranvier (gaps in myelin). Depolarization at one node passively spreads
(quickly) to the next node, where it triggers an action potential. This "jumping" is much faster than
continuous propagation and requires less metabolic energy (fewer channels to reset). Option A is wrong—
myelination doesn't change diameter. Option C is wrong—channels are concentrated at nodes. Option D
is wrong—action potentials still occur at nodes.

45. B - Irreversibly blocking voltage-gated sodium channels, preventing action potential generation

The passage states: "tetrodotoxin (TTX) from pufferfish irreversibly blocks sodium channels, causing
paralysis." The TTX experiment confirms: "TTX application: Action potentials eliminated, Voltage-
clamp shows: Sodium current blocked, potassium current normal, Effect: Paralysis (sensory and motor)."
TTX binds voltage-gated sodium channels, preventing them from opening. Without functional Na*
channels, depolarization cannot trigger action potentials. Sensory neurons cannot transmit pain, touch, or
other sensations. Motor neurons cannot stimulate muscle contraction. The result is complete paralysis and
loss of sensation. Respiratory paralysis is lethal because diaphragm muscles cannot contract. Pufferfish
poisoning causes progressive paralysis and death if respiratory support isn't provided. Option A is
wrong—TTX affects Na*, not K* channels. Option C is wrong—TTX prevents depolarization. Option D
is wrong—TTX blocks function but doesn't destroy neurons.

46. A - Demyelination slows or blocks action potential conduction along affected axons
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The passage explains: "Multiple sclerosis involves autoimmune demyelination in the CNS. Lost myelin
slows or blocks action potential conduction, causing weakness, sensory disturbances, and coordination
problems." The MS patient data shows: "Visual evoked potential: Delayed conduction in optic nerve,
Motor nerve conduction: Slowed velocity, MRI: Multiple demyelinated plaques." Demyelination exposes
previously insulated axonal membrane that lacks sufficient voltage-gated channels. Passive current spread
becomes less efficient (no insulation). Conduction slows from saltatory (50 m/s) to continuous (~1 m/s)
or fails completely. Symptoms depend on which axons are affected: optic nerve demyelination causes
vision problems, spinal cord demyelination causes motor and sensory deficits, cerebellar demyelination
causes coordination problems. Remyelination can occur but is often incomplete. Option B is wrong—MS
doesn't involve excessive neurons. Option C is backward. Option D is wrong—demyelination decreases,
not increases, myelination.

47. B - Countercurrent multiplication: ascending limb actively transports solutes out without water
movement, concentrating interstitium

The passage explains: "The loop of Henle establishes the medullary osmotic gradient essential for urine
concentration...The descending limb is permeable to water but not solutes; water exits via osmosis into
the hypertonic medullary interstitium. The ascending limb is impermeable to water but actively transports
Na*, K¥, and Cl” out (via Na*-K*-2Cl~ cotransporter), diluting tubular fluid while concentrating the
interstitium. This countercurrent multiplier creates increasing osmolarity from cortex (300 mOsm) to inner
medulla (1200 mOsm)." The key is the asymmetry: descending limb loses water (concentrating tubular
fluid), ascending limb loses solute without water (diluting tubular fluid, concentrating interstitium). The
counter-current flow (opposite directions in descending and ascending limbs) multiplies the effect,
creating a steep osmotic gradient. This gradient allows water reabsorption from the collecting duct under
ADH control. Option A is wrong—water and solute reabsorption are asymmetric. Option C is wrong—
kidneys don't secrete water into tubules. Option D is wrong—increased filtration doesn't create the
gradient.

48. B - ADH deficiency reduces collecting duct water permeability, preventing water reabsorption

The passage states: "Antidiuretic hormone (ADH/vasopressin)...increases collecting duct water
permeability by inserting aquaporin-2 channels. Water reabsorption produces concentrated urine. Without
ADH (diabetes insipidus), water reabsorption decreases, producing large volumes of dilute urine." The
diabetes insipidus scenario confirms: "ADH deficiency, Urine output: 15 L/day (normal: 1-2 L/day), Urine
osmolarity: 100 mOsm (very dilute)...ADH injection: Urine becomes concentrated." Without ADH,
collecting duct cells don't insert aquaporin-2 water channels into their apical membranes. Even though the
medullary osmotic gradient exists (created by loop of Henle), water cannot cross the collecting duct
epithelium to be reabsorbed. Tubular fluid remains dilute and passes out as large volumes of watery urine.
Patients become severely dehydrated unless they drink massive amounts of water. Option A reverses cause
and effect. Option C confuses diabetes insipidus with diabetes mellitus. Option D is wrong—aldosterone
affects Na*, and diabetes insipidus involves ADH deficiency.

49. A - Glucose reabsorption transporters are saturated due to plasma glucose exceeding renal
threshold
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The passage explains: "Glucose reabsorption occurs via Na-glucose cotransporters (SGLT2 primarily)
with a transport maximum. When plasma glucose exceeds approximately 200 mg/dL (renal threshold),
transporters saturate and glucose appears in urine (glucosuria), as in uncontrolled diabetes." The diabetes
mellitus scenario shows: "Plasma glucose: 400 mg/dL (exceeds renal threshold), Glucosuria present."
Normally, all filtered glucose is reabsorbed in the proximal tubule via SGLT2 and SGLT]1 transporters.
These are secondary active transporters (driven by Na* gradient). However, they have a finite capacity
(transport maximum, Tm). At normal blood glucose (~100 mg/dL), filtered glucose is well below Tm and
all is reabsorbed. When blood glucose exceeds ~200 mg/dL, filtered glucose exceeds transporter capacity.
Excess glucose remains in tubular fluid and is excreted. The glucose causes osmotic diuresis, contributing
to polyuria. Option B is wrong—glucose isn't secreted. Option C is wrong—glucose is freely filtered.
Option D is wrong—kidneys don't synthesize glucose for excretion.

50. B - Inhibiting Na*-K*-2Cl" cotransport, reducing medullary hypertonicity and water
reabsorption, increasing urine output

The passage states: "Loop diuretics (furosemide) inhibit the Na*-K*-2Cl~ cotransporter in the thick
ascending limb, preventing medullary hypertonicity and reducing water reabsorption, increasing urine
output. These treat hypertension and edema." The loop diuretic scenario confirms: "Furosemide
administration, Na™-K*-2Cl~ cotransporter blocked, Medullary osmotic gradient dissipates, Urine output
increases to 3 L/day, Blood pressure decreases." By blocking the cotransporter, furosemide prevents solute
reabsorption from the ascending limb. This has two effects: (1) more solute remains in tubular fluid and
is excreted, and (2) the medullary osmotic gradient cannot be maintained (the gradient normally depends
on continued solute pumping by the ascending limb). Without the gradient, even with ADH present, water
cannot be reabsorbed from the collecting duct. Large volumes of dilute urine are produced, reducing blood
volume and blood pressure. Option A is backward. Option C is wrong—furosemide doesn't affect ADH
release. Option D is wrong—GFR typically remains normal; the effect is on tubular reabsorption.

51. C - Anaphase I

During meiosis I, homologous chromosomes separate. The meiotic phases: Prophase I (homologs pair,
crossing over occurs), Metaphase I (bivalents align at metaphase plate), Anaphase I (homologous
chromosomes separate and move to opposite poles), Telophase 1 (two cells form, each with haploid
number of chromosomes, but each chromosome still consists of two sister chromatids). This differs from
mitosis where sister chromatids separate in anaphase. In meiosis I, entire chromosomes (still consisting
of two sister chromatids) separate. Sister chromatids separate later in Anaphase II. Option A is when
pairing occurs, not separation. Option B is when they align. Option D is after separation is complete.

52. B - The linear amino acid sequence

Protein structure has four levels: primary structure is the linear sequence of amino acids connected by
peptide bonds (determined by gene sequence), secondary structure is local folding into a-helices and -
sheets (stabilized by hydrogen bonds between backbone atoms), tertiary structure is overall 3D folding of
a single polypeptide (stabilized by various interactions between side chains), quaternary structure is
assembly of multiple polypeptides into a functional protein. Primary structure determines all higher
levels—the amino acid sequence dictates how the protein will fold. Mutations changing primary structure
(amino acid substitutions) can alter folding and function (e.g., sickle cell disease from single amino acid
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change in hemoglobin). Option A describes secondary structure. Option C describes tertiary structure.
Option D describes quaternary structure.

53. D - Oxygen (02)

The electron transport chain transfers electrons from NADH and FADH: through a series of protein
complexes (I —» Q — III — cytochrome ¢ — IV), ultimately to oxygen. Complex IV (cytochrome oxidase)
catalyzes: 4~ + O2 + 4H* — 2H:0. Oxygen is the terminal electron acceptor—the final destination of
electrons. This is why aerobic organisms require oxygen: it's essential for oxidative phosphorylation.
Anaerobic organisms use alternative electron acceptors (nitrate, sulfate, etc.). Cyanide poisoning is lethal
because it blocks electron transfer to oxygen, halting ATP production. Options A, B, and C are electron
carriers earlier in the chain, not the final acceptor.

54. B - O: binding to one subunit increases affinity at other subunits

Hemoglobin exhibits positive cooperativity for oxygen binding. Hemoglobin has four subunits, each with
an oxygen-binding heme group. In the deoxygenated (T) state, subunits are in low-affinity conformation.
When the first Oz binds, it triggers conformational changes transmitted to other subunits (T — R state
transition), increasing their oxygen affinity. This makes subsequent O: binding easier. The result is a
sigmoidal oxygen-binding curve rather than hyperbolic (as seen in myoglobin, which lacks cooperativity).
Cooperativity allows hemoglobin to load O: efficiently in lungs (high pO-) and unload efficiently in tissues
(low pO2). The Hill coefficient quantifies cooperativity (hemoglobin = 2.8). Option A describes negative
cooperativity. Option C is wrong—hemoglobin binds four O.. Option D describes the Bohr effect (CO:
decreasing affinity), not cooperativity.

55. B - Proteins destined for secretion, membrane insertion, or organelles

The rough endoplasmic reticulum (RER) is studded with ribosomes synthesizing proteins with signal
sequences. These signal sequences direct the ribosome-mRNA complex to the ER membrane via the signal
recognition particle (SRP). The nascent polypeptide is threaded through a translocon into the ER lumen
or inserted into the ER membrane. These proteins include: secreted proteins (hormones, antibodies,
digestive enzymes), membrane proteins (receptors, transporters), and proteins destined for ER, Golgi, or
lysosomes. Proteins lacking signal sequences are made on free ribosomes in the cytoplasm. Option A is
wrong—Ilipids are synthesized in smooth ER, not by ribosomes. Option C is wrong—DNA is in the
nucleus. Option D is wrong—carbohydrates are modified in ER/Golgi but not synthesized by ribosomes.

56. C - Ribosomal RNA (rRNA) in the large ribosomal subunit

Peptidyl transferase activity—forming peptide bonds between amino acids—is catalyzed by ribosomal
RNA (rRNA), specifically the 23S rRNA (prokaryotes) or 28S rRNA (eukaryotes) in the large ribosomal
subunit. This is a catalytic RNA (ribozyme). The discovery that rRNA, not protein, has catalytic activity
was groundbreaking, supporting the RNA world hypothesis. During elongation, peptidyl transferase
catalyzes nucleophilic attack by the amino group of aminoacyl-tRNA (A site) on the carbonyl carbon of
peptidyl-tRNA (P site), forming a peptide bond and transferring the growing chain to the A site tRNA.
Option A (mRNA) is the template, not catalytic. Option B (tRNA) delivers amino acids but doesn't
catalyze bond formation. Option D is wrong—DNA polymerase is for DNA replication.
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57. B - Phenotype

Natural selection acts on phenotypes, not genotypes directly. Organisms with phenotypes better suited to
their environment (higher fitness) survive and reproduce more successfully, passing their alleles to the
next generation. Genotypes influence phenotypes, but selection "sees" only the phenotype—the
organism's traits, behaviors, and survival/reproduction outcomes. For example, a mutation causing darker
moth coloration isn't selected "for" the mutation itself but for the resulting camouflage phenotype that
increases survival. Neutral mutations (no phenotypic effect) aren't selected. Some genotypes only affect
fitness in certain environments (genotype-environment interaction). Option A is wrong because genotype
is selected indirectly through phenotype. Option C is wrong—neutral mutations aren't selected. Option D
is wrong—selection operates through differential fitness, which depends on phenotype.

58. B - A lipid bilayer with embedded and peripheral proteins that can move laterally

The fluid mosaic model (Singer and Nicolson, 1972) describes cell membranes as a phospholipid bilayer
(hydrophobic tails inward, hydrophilic heads outward) with proteins embedded (integral/transmembrane
proteins) or attached to the surface (peripheral proteins). Crucially, the membrane is fluid: lipids and
proteins can diffuse laterally within the plane of the membrane (demonstrated by cell fusion experiments
showing protein mixing). This fluidity is essential for membrane function: protein clustering, vesicle
budding, cell signaling, and more. Membrane fluidity depends on temperature, fatty acid saturation
(unsaturated creates kinks, increasing fluidity), and cholesterol (moderates fluidity). The "mosaic" refers
to the heterogeneous protein distribution. Option A is wrong—membranes are dynamic, not rigid. Option
C is wrong—Ilipids are the main component. Option D is wrong—Ilipids are essential.

59. B - A proton (H") donor

The Bronsted-Lowry definition classifies acids as proton (H*) donors and bases as proton acceptors. In
the reaction: HC1 + H.O — Hs;O" + CI, HCl is the acid (donates H*), and H-O is the base (accepts H").
This definition is broader than Arrhenius (acids produce H* in water, bases produce OH") because it
doesn't require water and includes more substances. It's narrower than Lewis (acids are electron pair
acceptors, bases are electron pair donors). For the MCAT, Bronsted-Lowry is most commonly used for
acid-base chemistry. Strong acids (HCI, H.SO4) completely dissociate, donating H* readily. Weak acids
(CHsCOOH, H>CO:s) partially dissociate. Option A describes Lewis acids. Option C describes reducing
agents. Option D describes Arrhenius bases specifically.
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SECTION 4: ANSWER EXPLANATIONS

1. B - Sensory memory has large capacity but information decays before it can all be transferred to
STM

The passage explains Sperling's findings: "participants shown a 3x4 grid of letters briefly could report
approximately 4 items (whole report), but when cued immediately to report one row, accuracy suggested
9-12 items were available but decayed before full report was possible." The experimental data confirms:
"Whole report: 4.3 letters reported from 12-letter display" but "Partial report (immediate cue): 9.1 letters
available (76% accuracy per row x 3 rows)." This demonstrates that iconic memory initially holds much
more information (9-12 items) than can be reported in whole report conditions (4 items). The discrepancy
occurs because sensory memory decays rapidly—by the time participants finish reporting the first few
items, the remaining items have faded. The partial report paradigm, by cueing which row to report
immediately, catches information before decay. When the cue is delayed by just 1 second, performance
drops to whole-report levels, confirming rapid decay. Option A is wrong—capacity exceeds 4 items; it's
the transfer/report that's limited. Option C is irrelevant—LTM isn't involved in this immediate task. Option
D is wrong—working memory has limited capacity, not unlimited.

2. C - Chunking based on meaningful patterns increases effective memory capacity

The passage states: "chunking—organizing information into meaningful units—dramatically increases
effective capacity." The chess expertise finding demonstrates this: "Chess experts remember chess
positions (25 pieces) better than novices (7 pieces) but only for legal game positions, not random
arrangements." Experts don't have larger raw memory capacity—when pieces are randomly arranged,
their performance drops to novice levels (both around 7+2 items). The advantage appears only for legal
positions because experts recognize meaningful patterns (common configurations, strategic positions) that
novices don't see. Experts chunk multiple pieces into single meaningful units ("castled king position,"
"fianchettoed bishop"), effectively increasing what can be held in working memory. The random position
condition controls for alternative explanations: it's not visual processing or familiarity with pieces per se,
but meaningful organization that enhances memory. Option A is wrong—capacity in chunks is similar;
experts create better chunks. Option B is too general—the specificity to legal positions suggests more than
just visual-spatial processing. Option D is wrong—this demonstrates chunking in working memory, not
implicit memory.

3. B - Implicit procedural memory is neurologically dissociable from explicit declarative memory

The passage describes Patient H.M.: "Profound anterograde amnesia: Cannot form new explicit
memories...Intact implicit memory: Improves on mirror-drawing task despite no memory of practicing."
The case data shows preserved short-term memory and improvement on procedural tasks despite complete
inability to form new explicit memories. This double dissociation—implicit learning intact while explicit
learning is impaired—demonstrates that these memory systems rely on different neural substrates. H.M.'s
hippocampal damage eliminated explicit memory formation (hippocampus-dependent) while leaving
procedural learning intact (basal ganglia and motor cortex-dependent). He improved at mirror-drawing
across sessions but had no conscious memory of ever doing the task before—showing that skills can be
learned and retained without conscious awareness or hippocampal involvement. Option A is too
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extreme—the hippocampus is necessary for explicit/declarative memory specifically. Option C is
wrong—STM and LTM are clearly different systems (H.M. had normal STM but impaired LTM
formation). Option D is wrong—implicit memory operates without conscious awareness.

4. C - Creating sentences that connect new words to personal experiences (semantic/elaborative
processing)

The passage presents the levels-of-processing framework: "deeper, more meaningful processing produces
stronger memory traces than shallow processing" and specifies that "semantic encoding (meaning: 'Does
it fit in this sentence?") produces best retention." The experimental data confirms: "Structural encoding:
15% recognition, Phonological encoding: 47% recognition, Semantic encoding: 80% recognition."
Semantic processing—thinking about meaning, especially connecting new information to existing
knowledge and personal experience—produces five times better retention than structural processing. The
passage also notes: "Elaborative rehearsal-—connecting new information to existing knowledge—
surpasses maintenance rehearsal (simple repetition) for LTM formation." Creating sentences connecting
vocabulary words to personal experiences combines semantic processing (focusing on meaning) with
elaboration (connecting to existing knowledge), maximizing memory encoding. Option A represents
maintenance rehearsal, producing weak encoding. Option B represents structural processing, the
shallowest level. Option D involves no real processing at all.

5. A - Environmental cues present during encoding are also present during retrieval

The passage explains: "The encoding specificity principle states that retrieval is most effective when the
retrieval context matches the encoding context. Context-dependent memory demonstrates that recall
improves when the physical environment matches the study environment." The scuba diver experiment
data shows: "Tested underwater: 40% better recall of underwater-learned words. Tested on land: 40%
better recall of land-learned words." This demonstrates that matching contexts (underwater—underwater,
land—1land) enhances retrieval compared to mismatched contexts (underwater—land, land—underwater).
Environmental cues present during encoding become associated with the memory trace; when those same
cues are present during retrieval, they serve as retrieval cues facilitating memory access. This explains
why students sometimes perform better when tested in the same room where they studied. Option B might
help but doesn't explain the specific finding. Option C is contradicted by the data. Option D is wrong—
context clearly matters alongside semantic processing.

6. C - Identity vs. Role Confusion

Erikson's psychosocial development theory proposes eight stages across the lifespan, each with a central
crisis. The adolescent stage (approximately 12-18 years) centers on identity vs. role confusion. During
this period, adolescents explore different roles, ideologies, and commitments to develop a coherent sense
of self (identity achievement). Successfully resolving this crisis produces fidelity—the ability to commit
to others and causes. Failure results in role confusion—unclear sense of self, difficulty committing to roles
or relationships. This stage involves exploration of identity in domains including occupation, ideology,
relationships, and values. Identity statuses include: identity diffusion (no exploration or commitment),
foreclosure (commitment without exploration), moratorium (active exploration without commitment), and
identity achievement (exploration followed by commitment). Option A (trust vs. mistrust) occurs in
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infancy (0-1 year). Option B (initiative vs. guilt) occurs in early childhood (3-5 years). Option D
(generativity vs. stagnation) occurs in middle adulthood (40-65 years).

7. A - Believe the world is inherently fair and people get what they deserve

The just-world hypothesis, proposed by Melvin Lerner, describes the cognitive bias where people believe
the world is fundamentally fair and that people get what they deserve (good things happen to good people;
bad things happen to bad people). This bias helps people maintain sense of control and predictability but
leads to problematic consequences: victim-blaming (assuming victims must have done something to
deserve their fate), reduced empathy for suffering, and failure to recognize systemic injustice. Examples
include blaming poverty on laziness rather than structural factors, or assuming sexual assault victims
"asked for it." This bias is stronger when people feel threatened or when they need to believe their own
efforts will be rewarded. Option B describes the self-serving bias. Option C describes prejudice. Option
D describes conformity.

8. C - Dopamine

Dopamine is a neurotransmitter critically involved in reward, motivation, and motor control. The
mesolimbic dopamine pathway (from ventral tegmental area to nucleus accumbens) mediates reward and
reinforcement—dopamine release in response to rewarding stimuli underlies learning which behaviors
and stimuli are valuable. This system is hijacked by drugs of abuse (cocaine, amphetamines block
dopamine reuptake, producing excessive dopamine signaling). The mesocortical pathway projects to
prefrontal cortex, involved in motivation and executive function. The nigrostriatal pathway (substantia
nigra to striatum) controls voluntary movement—Parkinson's disease involves dopamine neuron
degeneration in this pathway, causing motor symptoms (tremor, rigidity, bradykinesia). Option A
(serotonin) is involved in mood regulation, sleep, and appetite. Option B (GABA) is the main inhibitory
neurotransmitter, involved in anxiety regulation. Option D (acetylcholine) is involved in muscle
contraction, attention, and memory.

9. B - The comedian being funny (external attribution)

The passage explains Kelley's covariation model: "High consensus, high distinctiveness, and high
consistency lead to external attribution." The experimental scenario presents exactly these conditions: high
consensus (everyone laughs—the behavior is common across people), high distinctiveness (John rarely
laughs at other comedians—the behavior is specific to this particular comedian), and high consistency
(John always laughs at this comedian—the behavior is stable across time). This pattern leads observers to
attribute the laughter to something about the comedian (external cause) rather than John's personality. The
data confirms: "High consensus + high distinctiveness + high consistency = 61% external attribution
(comedian is funny)." The logic is: if everyone laughs at this comedian (not just John), if John doesn't
laugh at other comedians (something special about this one), and if this happens consistently, the comedian
must be particularly funny. Option A would be predicted by low consensus, low distinctiveness, high
consistency. Option C and D don't follow from covariation logic.

10. C - Overemphasize dispositional factors like ability or effort
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The passage defines the fundamental attribution error: "the tendency to overestimate internal factors and
underestimate external factors when explaining others' behavior." The essay writing study demonstrates
this: "Even when informed position was assigned, 62% of participants attributed essay content to writer's
true beliefs"—despite knowing the situational constraint (assignment), observers still made dispositional
attributions. The passage notes: "When someone fails an exam, observers often attribute failure to laziness
or low ability (internal) while discounting situational factors like exam difficulty or family crisis
(external)." This overemphasis on dispositional factors while underweighting situational factors
characterizes the fundamental attribution error. Observers focus on the salient actor while background
situational factors remain less visible, leading to dispositional bias. Option A is the opposite of the error.
Option B would be correct, unbiased attribution. Option D is wrong—people definitely make attributions,
just biased ones.

11. B - Reversed self-serving bias characteristic of depression

The passage states: "The self-serving bias involves taking credit for success (internal attribution: 'T passed
because I'm smart and worked hard') while deflecting blame for failure (external attribution: 'l failed
because the professor is unreasonable'). This bias protects self-esteem and maintains positive self-image.
However, depressed individuals often show reversed patterns, attributing failures internally and successes
externally." The example given—success attributed to luck (external, unstable) and failure attributed to
incompetence (internal, stable)—demonstrates this reversed pattern characteristic of depression. This
attributional style maintains negative self-view and hopelessness: failures reflect permanent personal
flaws while successes are temporary flukes. Beck's cognitive theory of depression emphasizes these
negative attribution patterns as maintaining depressive episodes. The passage notes this attribution pattern
predicts "learned helplessness" when failures are attributed to stable, internal factors. Option A is the
normal pattern, not what's described. Option C (actor-observer) doesn't fit this pattern. Option D is
wrong—this pattern indicates low self-esteem.

12. B - Cultural values and socialization influence cognitive processes and social perception

The passage explains: "Cultural differences profoundly affect attribution patterns. Western individualistic
cultures show stronger fundamental attribution error and self-serving bias compared to Eastern
collectivistic cultures, which make more situational attributions and show greater attention to context and
relationships. These differences reflect underlying cultural values: individualism emphasizes personal
agency and uniqueness, while collectivism emphasizes social roles and interdependence." The cultural
attribution study demonstrates this: Americans focused on the focal fish's behavior (dispositional), while
Japanese attended to context and relationships (situational). These differences aren't random but reflect
systematic cultural patterns shaped by values transmitted through socialization. If attributions were purely
biological or universal, cultures wouldn't show these systematic differences. The finding that "Effect
stronger in U.S. participants than Chinese participants" in the essay study confirms cultural moderation.
Option A is wrong—biology alone can't explain cultural differences. Option C is contradicted by the data.
Option D is wrong—culture clearly affects attribution patterns.

13. B - Relationship satisfaction

The passage explicitly states: "Relationship satisfaction correlates with benevolent attributions: happy
couples attribute partner's positive behaviors to stable, internal traits (‘thoughtful') and negative behaviors
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to temporary, external factors (‘stressed'). Distressed couples show the opposite pattern, attributing
positive behaviors externally ('lucky') and negative behaviors internally (‘selfish')." This attribution pattern
creates a self-fulfilling prophecy: benevolent attributions maintain positive feelings and interactions, while
hostile attributions maintain negativity and conflict. When partners attribute positive behaviors to stable
traits, they expect more positive behaviors and respond warmly. When they attribute negative behaviors
to temporary situations, they excuse occasional problems and don't generalize. The opposite pattern in
distressed couples—dismissing positives and catastrophizing negatives—maintains relationship distress.
This demonstrates how cognitive processes (attributions) influence relationship outcomes. Option A is the
opposite. Options C and D contradict the passage's explicit statement about correlations.

14. B - Fear conditioning requires the amygdala for learning associations between stimuli and threat

The passage describes LeDoux's research: "When a neutral tone is paired with electric shock, rats learn to
freeze when hearing the tone alone. Lesioning the amygdala prevents fear learning; rats show no fear
response to the conditioned tone." The research findings confirm: "Intact rats: Tone paired with shock —
freezing response to tone alone. Rats with amygdala lesions: No freezing response to conditioned tone."
This demonstrates that the amygdala is necessary for acquiring conditioned fear responses—for learning
that a previously neutral stimulus predicts threat. Without the amygdala, the association between tone
(conditioned stimulus) and shock (unconditioned stimulus) cannot be formed. The amygdala receives
sensory information about both the tone and shock, and creates the association. Importantly, "Rats with
auditory cortex lesions but intact amygdala: Normal fear learning," showing the subcortical "low road"
through the amygdala is sufficient for fear conditioning even without cortical processing. Option A is too
extreme—the amygdala is necessary for fear specifically. Option C is wrong—other emotions use
different systems. Option D misidentifies the structure—hippocampus processes context, not simple fear
conditioning.

15. B - Different emotions rely on distinct neural substrates; the amygdala is specifically critical for
fear

The passage describes Patient S.M.: "Bilateral amygdala damage...shows severely impaired fear
recognition in facial expressions and inability to acquire conditioned fear, yet shows intact emotional
experiences of happiness, sadness, and disgust." The case data elaborates: "Cannot recognize fear in faces
(performs at chance level)...Shows normal recognition of happiness, sadness, disgust, anger, surprise.
Reports never feeling fear in everyday life but experiences other emotions." This demonstrates double
dissociation: fear is selectively impaired (amygdala damage) while other emotions are preserved,
indicating that different emotions involve different neural circuits. The amygdala is specifically critical
for fear processing—both recognizing fear in others and experiencing fear oneself—but other emotions
involve different structures (insula for disgust, etc.). This contradicts theories proposing a single, unified
emotion system. Option A is contradicted by the selective impairment. Option C is absurd—clear brain
basis demonstrated. Option D is wrong—S.M. has substantial emotional capacity, just not fear.

16. B - Emotional processing can occur automatically without conscious awareness
The passage states: "In humans, fMRI studies show amygdala activation when viewing fearful faces, even

when faces are presented subliminally (below conscious awareness threshold), indicating automatic
processing." The fMRI data confirms: "Fearful faces presented at 33ms (subliminal): Amygdala activation
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without conscious awareness." This demonstrates that the amygdala processes emotional significance of
stimuli even when those stimuli are presented too briefly for conscious perception. The subcortical "low
road" pathway (thalamus — amygdala) enables this automatic processing, allowing rapid threat detection
without waiting for detailed cortical analysis. This has adaptive value: better to respond quickly to
potential threats even before fully identifying them. This automatic emotional processing explains
phenomena like "gut feelings" and implicit biases—emotional responses occurring before conscious
thought. Option A is contradicted by the subliminal finding. Option C is backward. Option D is wrong—
vision is involved, just not conscious visual perception.

17. A - Physical and social pain involve overlapping neural systems

The passage states: "The anterior cingulate cortex (ACC) monitors conflict and emotional distress. The
ACC shows increased activity during physical pain and social rejection (‘'social pain'), suggesting
overlapping neural systems. This may explain why social rejection is genuinely painful and why words
like 'heartbreak' describe social experiences with physical metaphors." The Cyberball study confirms:
"ACC activation during exclusion correlates with self-reported distress." Even more striking:
"Acetaminophen (Tylenol) reduces both ACC activation and self-reported social pain"—a painkiller
reduces social distress, suggesting truly overlapping mechanisms. This overlap explains why social
rejection, ostracism, and loss don't just feel metaphorically painful but engage actual pain-processing
circuitry. From an evolutionary perspective, social connection was crucial for survival; pain systems may
have been recruited to signal threats to social bonds. Option B is contradicted—social rejection IS
genuinely distressing. Option C is absurd. Option D is wrong—the ACC is clearly related to emotion,
particularly distress.

18. D - Formal operational stage (11+ years)

Piaget's theory identifies four stages of cognitive development. The formal operational stage, emerging
around age 11 and continuing through adulthood, is characterized by abstract thinking, hypothetical-
deductive reasoning, systematic problem-solving, and metacognition (thinking about thinking).
Adolescents and adults in this stage can: consider possibilities beyond immediate reality, think about
abstract concepts (justice, infinity, love), test hypotheses systematically, plan complex sequences, and
think about their own thinking. They can solve problems like "If A > B and B > C, what's the relationship
between A and C?" without concrete objects. Option A (sensorimotor, 0-2 years) involves understanding
the world through senses and motor actions. Option B (preoperational, 2-7 years) features symbolic
thought but lacks logical operations. Option C (concrete operational, 7-11 years) brings logical thinking
but only about concrete, tangible situations. Not all adults achieve formal operations in all domains—it
depends on education and expertise.

19. B - Conditioned stimulus

In classical conditioning, the conditioned stimulus (CS) is the previously neutral stimulus that, through
pairing with an unconditioned stimulus (UCS), comes to elicit a conditioned response (CR). In Pavlov's
original experiments: the tone was initially neutral (produced no salivation), but after repeated pairings
with food (UCS), the tone became a conditioned stimulus that elicited salivation (CR). The sequence is:
Before conditioning: UCS (food) — UCR (salivation); Neutral stimulus (tone) — no response. During
conditioning: Neutral stimulus + UCS — UCR (tone + food — salivation). After conditioning: CS (tone)
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— CR (salivation). The CS is what was learned—it acquired meaning through association. Option A
(UCS) naturally elicits the response without learning. Option C (UCR) is the natural response to the UCS.
Option D (CR) is the learned response to the CS, not the stimulus itself.

20. B - Self-concept formed through imagining how others perceive us

Charles Cooley's "looking-glass self" theory proposes that self-concept develops through social
interaction, specifically through imagining how others perceive us. The process involves three steps: (1)
We imagine how we appear to others, (2) We imagine their judgment of that appearance, (3) We develop
feelings about ourselves (pride, shame) based on our perception of their judgment. The "mirror" metaphor
suggests we see ourselves reflected in others' reactions. This emphasizes the fundamentally social nature
of self-concept—we don't develop self-understanding in isolation but through social feedback (real or
imagined). For example, if we believe others see us as competent, we develop self-confidence; if we
believe others see us as incompetent, we develop self-doubt. Importantly, it's our perception of others'
judgments that matters, which may not match their actual views. Option A is too literal—it's about social
perception, not physical appearance per se. Option C refers to a different neurological phenomenon.
Option D is unrelated.

21. B - Lack of conservation, characteristic of preoperational stage

The passage defines conservation as "understanding that quantity remains constant despite perceptual
changes" and states that "Preoperational children lack conservation." The specific example given is: "In
liquid conservation tasks, when liquid is poured from a short, wide glass into a tall, narrow glass,
preoperational children claim the tall glass contains more liquid, centering on height while ignoring
width." The coin example in the question is a conservation of number task with identical logic: the number
of coins hasn't changed (same quantity), only the spatial arrangement (perceptual appearance). The child
initially correctly states the rows are equal, but after spreading one row (changing appearance without
changing quantity), claims they're no longer equal. This demonstrates failure to conserve—focus on
perceptual changes (length of row) while ignoring the actual quantity remaining constant. Preoperational
children center on one dimension (length) while ignoring the compensating dimension (density/spacing).
Option A is backward—conservation has NOT been achieved. Option C is wrong—formal operational
thought involves abstract reasoning. Option D is wrong—object permanence emerges in infancy and is
unrelated to conservation.

22. B - Infants may possess implicit physical knowledge earlier than explicit behaviors indicate

The passage discusses this competence-performance distinction: "Violation-of-expectation paradigms
using looking time suggest that even young infants have rudimentary object permanence and physical
understanding...3.5-month-old infants look longer at physically impossible events (solid object passing
through another solid object), suggesting surprise and implicit physical knowledge. However,
performance on explicit tests (reaching for hidden objects) emerges later, suggesting competence-
performance distinction." Baillargeon's drawbridge study shows that 4-month-old infants look longer at
the impossible event (drawbridge rotating through where the box should be), suggesting they're
surprised—they expected the box to block the rotation. This implies understanding that solid objects can't
pass through each other, even though infants this age fail Piaget's manual search tasks. The dissociation
suggests early implicit knowledge (shown by looking time) that precedes later explicit knowledge (shown
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by manual search). This challenges Piaget's age estimates while supporting his stage sequence. Option A
is backward. Option C is dismissive of valid methodology. Option D contradicts the findings.

23. B - Immature theory of mind; difficulty representing others' false beliefs

The passage explains: "Theory of mind—understanding that others have beliefs, desires, and intentions
different from one's own—develops gradually. False-belief tasks assess this: children watch Sally place a
marble in basket A, then Sally leaves. Anne moves the marble to basket B. Where will Sally look for her
marble? Three-year-olds typically answer 'B' (where the marble actually is), failing to represent Sally's
false belief. By age 4-5, most children correctly answer 'A,' understanding that Sally's behavior depends
on her belief, even though that belief is false." The data shows: "3-year-olds: 20% correct ('Sally will look
in basket A'), 4-year-olds: 57% correct, 5-year-olds: 85% correct." The 3-year-old's incorrect answer
("B"—where the marble actually is) demonstrates inability to distinguish their own knowledge (marble in
B) from Sally's knowledge (marble still in A). They can't represent Sally's false belief because they
struggle with perspective-taking—understanding that others can have beliefs that differ from reality and
from their own knowledge. Option A is backward—theory of mind is immature, not fully developed.
Option C is too strong—autism shows delays in theory of mind, but this failure alone doesn't indicate
autism. Option D is too extreme—3-year-olds have substantial social understanding, just not yet full
theory of mind.

24. A - The gap between current independent ability and potential ability with guidance

The passage defines the zone of proximal development: "The zone of proximal development (ZPD) is the
gap between what a child can do independently and what they can do with guidance." This contrasts with
Piaget's focus on independent capabilities—Vygotsky emphasized that the meaningful measure of
development includes what children can do with assistance, not just alone. Tasks within the ZPD are too
difficult for independent completion but achievable with scaffolding from more capable others (adults,
more advanced peers). The scaffolding study demonstrates this: "Children...build puzzles alone (baseline
performance), Same children build puzzles with adult guidance (performance in ZPD), Performance with
scaffolding exceeds independent performance." Learning is most effective when targeted at the ZPD—
tasks that are challenging but achievable with support. Over time, what requires assistance today becomes
independent capability tomorrow. Option B is irrelevant. Option C refers to brain anatomy. Option D is
wrong—the ZPD specifically involves what children can do WITH guidance, not independently.

25. B - Cultural practices and education influence the rate and expression of cognitive development

The passage states: "Cross-cultural research reveals both universal patterns and cultural variations. Stage
sequences appear broadly universal, but ages of achievement vary. Conservation and formal operations
emerge later in cultures without formal schooling. Some abilities (spatial navigation in cultures requiring
long-distance travel) exceed Western norms at similar ages. This suggests biological maturation provides
constraints while cultural contexts and practices shape specific developmental trajectories." This
demonstrates that while Piagetian stages may represent universal sequences grounded in biology (the order
of stages is consistent), the rate of progression and specific manifestations vary by culture. Formal
schooling accelerates certain cognitive developments (conservation, formal operations) through practice
with abstract symbols and operations. Different cultures emphasize different cognitive skills based on
adaptive demands. This contradicts pure maturationist views (biology determines everything) and pure
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cultural relativism (biology is irrelevant). Option A is too extreme—biology alone can't explain cultural
variations. Option C is too dismissive—stages show substantial universality in sequence. Option D
contradicts the clear evidence.

26. B - Relative social position and resources matter continuously for health, not just absolute
deprivation

The passage emphasizes: "These gradients exist across the entire SES spectrum, not just at extremes,
suggesting continuous rather than threshold effects." The Whitehall Studies data demonstrates: "Mortality
risk: Lowest employment grade = 2.9x higher than highest grade. Gradient evident despite universal
healthcare access...Even after controlling for health behaviors, significant gradient remains." Importantly,
"Within-race SES gradients exceed between-race differences at equivalent SES," and the epidemiological
data notes: "Gradient exists at all levels: upper-middle-class health exceeds middle-class health." This
means even people who are far from poverty—even comparing upper-middle-class to middle-class
professionals—show health differences based on relative position. This suggests that relative social
standing, relative resources, and psychosocial factors associated with position (control, status, stress)
matter beyond just material necessities. If only absolute deprivation mattered, we'd see threshold effects
(health improves until basic needs are met, then plateaus). Option A is contradicted—the gradient is
continuous. Option C is wrong—wealth clearly provides benefits. Option D is too biological—social
factors clearly matter.

27. B - Cumulative discrimination and racial stress cause premature health decline independent of
SES

The passage explains: "Race and ethnicity intersect with SES creating additional disparities. Even
controlling for SES, racial/ethnic minorities experience worse health outcomes, suggesting discrimination
adds unique stressors. The weathering hypothesis proposes that cumulative discrimination and racial stress
cause premature aging and health decline in African Americans." The discrimination data confirms:
"Perceived discrimination correlates with: Hypertension (OR=1.5), depression (OR=2.4), poor self-rated
health (OR=1.9)." The key phrase is "even controlling for SES"—when comparing African Americans
and whites at the same income and education levels, health disparities persist, suggesting that SES
differences don't fully explain racial health gaps. The weathering hypothesis proposes that repeated
experiences of discrimination, chronic vigilance against bias, and racial stress accumulate across the
lifespan, producing physiological wear-and-tear (allostatic load) that accelerates aging and disease. Option
A attributes everything to genetics, contradicting the social stress mechanism. Option C blames health
behaviors, but the passage notes behaviors explain only 25-40% of SES gradients. Option D is
contradicted—healthcare access doesn't fully explain disparities.

28. B - Material resources and psychosocial factors beyond healthcare access contribute
substantially to health disparities

The passage emphasizes this finding: "Whitehall Studies (British civil servants)...Gradient evident despite
universal healthcare access. Job control inversely related to cardiovascular disease. Even after controlling
for health behaviors, significant gradient remains." The UK has universal healthcare through the NHS,
eliminating financial barriers to healthcare access. Yet substantial SES-health gradients persist among
civil servants who all have healthcare access and stable employment. This demonstrates that healthcare

157



access, while important, isn't sufficient to eliminate health disparities. Other factors matter: job control
(autonomy), chronic stress, social capital, neighborhood environments, etc. The finding that "Even after
controlling for health behaviors, significant gradient remains" further narrows the explanation—it's not
just healthcare or behaviors, but psychosocial factors and cumulative stress. Option A is contradicted by
the persistent gradient. Option C is wrong—SES clearly affects health even with universal healthcare.
Option D overstates—universal healthcare reduces but doesn't eliminate disparities.

29. B - Neighborhood environments and social contexts causally affect health outcomes

The passage describes: "Moving to Opportunity experiment: Families randomly assigned housing
vouchers to move from high-poverty to low-poverty neighborhoods. 10-15 years later: Reduced obesity
(-4.6%), diabetes (-3.8%), improved mental health. Effects strongest for children moving before
adolescence." The critical design element is random assignment—families didn't choose to move (which
might reflect pre-existing differences), they were randomly selected for vouchers. This allows causal
inference: neighborhood environment affects health. Moving from high-poverty to low-poverty
neighborhoods improved health, suggesting that neighborhood characteristics (safety, food access,
recreational facilities, social cohesion, stress levels, environmental quality) causally influence health. This
contradicts pure individual choice models—people didn't choose healthier behaviors; changing the
environment changed behaviors and health. The finding that effects were "strongest for children moving
before adolescence" suggests developmental sensitivity periods. Option A is contradicted—context
clearly matters. Option C is wrong—poverty has clear health effects. Option D is obviously wrong—
healthcare is important but not the only factor.

30. B - Negative reinforcement

In operant conditioning, reinforcement (positive or negative) increases behavior frequency, while
punishment (positive or negative) decreases behavior frequency. "Positive" and "negative" refer to
whether something is added (positive) or removed (negative), not whether the outcome is pleasant or
unpleasant. Negative reinforcement involves removing an aversive stimulus after a behavior, thereby
increasing that behavior. Examples: taking aspirin (behavior) removes headache (aversive stimulus),
increasing future aspirin use; putting on a seatbelt (behavior) stops the annoying buzzer (removes aversive
stimulus), increasing seatbelt use; students study (behavior) to reduce anxiety about failing (removes
aversive state). The key is that behavior increases through removal of something aversive. Option A
(positive reinforcement) involves adding a pleasant stimulus (paycheck added increases working). Option
C (positive punishment) involves adding an aversive stimulus (speeding ticket added decreases speeding).
Option D (negative punishment) involves removing a pleasant stimulus (timeout removes playtime,
decreases misbehavior).

31.B-Ego

Freud's structural model of personality proposes three components. The id operates on the pleasure
principle, seeking immediate gratification of primitive drives (sex, aggression) without regard for reality
or consequences—it's entirely unconscious and present from birth. The superego represents internalized
moral standards and ideals from parents and society—it strives for perfection and punishes transgressions
with guilt. The ego operates on the reality principle, mediating between id's demands, superego's ideals,
and external reality's constraints. The ego uses rational thought, planning, and defense mechanisms to
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balance competing demands—satisfying drives in socially appropriate ways, at appropriate times. For
example: Id says "I want that toy NOW!" Superego says "Stealing is wrong, you're bad for wanting it."
Ego says "I'll save my allowance and buy it next week." The ego is mostly conscious and develops
throughout childhood. Option A (id) operates on pleasure principle. Option C (superego) represents moral
ideals. Option D (libido) is psychic energy, not a personality structure.

32. A - Improved performance on simple/well-learned tasks in the presence of others

Social facilitation, discovered by Norman Triplett and refined by Robert Zajonc, refers to the phenomenon
where people perform better on simple or well-learned tasks when others are present (either audience or
co-actors) compared to when alone. Zajonc's drive theory proposes that presence of others increases
physiological arousal, which strengthens the dominant (most likely) response. For simple tasks or well-
learned skills, the dominant response is correct, so arousal enhances performance. However, on complex
or novel tasks where the dominant response might be incorrect, arousal impairs performance (social
inhibition). Examples: experienced athletes perform better in competition (presence of others) than
practice; experienced pool players make more shots with audience; simple math is done faster with others
watching. But: learning new skills, complex problem-solving, or creative thinking often suffer with
audience. Option B is too general—performance improves only on certain tasks. Option C (group
polarization) refers to group decision-making becoming more extreme. Option D (conformity) refers to
matching behavior to group norms.

33. B - Certain personality dimensions may be fundamental aspects of human individual differences
with biological bases

The passage explains: "Through lexical analysis (studying personality-descriptive terms in language) and
factor analysis, researchers consistently identified five broad dimensions" and "The Big Five structure
replicates in most cultures with written languages, suggesting biological basis." The cross-cultural
research shows: "The Big Five structure identified in 50+ countries." The lexical approach assumes that
important individual differences become encoded in language across cultures. The cross-cultural
replication suggests these aren't arbitrary Western constructs but reflect universal dimensions of human
variation, likely grounded in biology (genes, neurobiology). The twin studies showing 40-50% heritability
support biological contributions. However, the passage notes cultural variations in mean levels and
expression, indicating culture also matters—it's not purely biological. The convergence across multiple
cultures, multiple methods (self-report, observer ratings, lexical analysis), and twin studies suggests these
dimensions capture something fundamental about human personality structure. Option A is contradicted—
biological basis suggested. Option C is wrong—culture does influence trait expression. Option D is too
strong—five broad dimensions, but people vary continuously within them.

34. B - Genetics explain some personality variance, with non-shared environmental experiences
contributing substantially

The passage presents twin study data: "Twin studies demonstrate substantial heritability of Big Five traits
(~40-50% of variance attributable to genetics), with remaining variance from non-shared environment
(unique experiences) rather than shared environment (family upbringing). This suggests that while family
environment matters, siblings develop different personalities through unique experiences, peer
relationships, and gene-environment interactions." The data shows: "Identical twins raised together: r =
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.50, Identical twins raised apart: r = .45, Fraternal twins raised together: r = .20, Adopted siblings raised
together: r = .05." The critical finding is that adopted siblings raised in the same family (shared
environment) show near-zero similarity, while identical twins raised apart show substantial similarity
(~.45). This indicates genetic influence (~40-50%) and non-shared environmental influence (~50%), with
minimal shared environment effect. Non-shared environment includes: unique experiences, different peer
groups, different roles in family, gene-environment interactions. Option A is too strong—genetics matter
but aren't the whole story. Option C is obviously wrong—far from 100% genetic. Option D is wrong—
identical twins are similar but not identical in personality.

35. B - Health behaviors like lower smoking, more exercise, and better medical adherence

The passage states: "Conscientiousness strongly predicts academic and job performance, health behaviors
(conscientiousness inversely predicts smoking, predicts exercise and preventive healthcare), and
longevity." The health data elaborates: "High conscientiousness: 30% lower mortality risk. Mechanisms:
Lower smoking rates, more exercise, better medication adherence, fewer accidents. Effect independent of
SES and education." Conscientious individuals show better health outcomes because they engage in
healthier behaviors: they're less likely to smoke (self-discipline to avoid or quit), more likely to exercise
regularly (organization and goal-directed behavior), more likely to follow medical recommendations
(responsibility and reliability), and less likely to have accidents (caution and planning). The effect persists
even controlling for SES and education, suggesting conscientiousness directly affects health behaviors
rather than being spurious. Conscientiousness represents self-control, future orientation, and
organization—-all relevant to health behaviors requiring delayed gratification and consistent effort. Option
A is nonsensical—no genetic immunity. Option C doesn't explain the mechanism. Option D is wrong and
doesn't relate to conscientiousness.

36. B - Person-environment fit matters; personality traits predict outcomes best when relevant to
situational demands

The passage discusses person-environment fit: "Extraversion and occupational fit: Sales positions:
Extraversion predicts performance (r = .25). Accountants and engineers: Extraversion shows near-zero
correlation with performance...Person-environment fit: Performance highest when personality matches
job demands." Sales requires interpersonal interaction, persuasion, energy—characteristics of
extraversion, so extraverts perform better in sales. Accounting requires attention to detail, solitary work,
systematic processing—characteristics where extraversion is irrelevant or even slightly detrimental (too
much sociability might distract). This demonstrates that traits don't universally predict performance—it
depends on whether the trait is relevant to the specific demands. The situation strength material reinforces
this: "Trait-relevant situations: Extraversion predicts behavior at parties (r = .45) better than at libraries (r
=.12)." Optimal outcomes require matching personality to situations that allow trait expression and where
that trait is advantageous. Option A is dismissive and wrong. Option C is obviously wrong. Option D is
too extreme—introverts can succeed in appropriate careers.

37. B - Gender roles are socially constructed rather than purely biologically determined
The passage states: "Social construction of reality refers to the process by which shared meanings are

created through social interaction. What seems objectively 'real' often reflects collective agreements.
Gender, for example, involves biological sex but also socially constructed gender roles—expectations
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about appropriate behaviors, traits, and roles for males and females. These vary dramatically across
cultures and historical periods, demonstrating social construction rather than pure biological
determination." The dramatic cross-cultural and historical variation in what's considered "masculine" or
"feminine" demonstrates that gender roles (as distinct from biological sex) are culturally constructed. If
gender roles were purely biological, they would be universal and unchanging. Examples of variation: in
some cultures, men wear skirts (Scottish kilts) while in others this is "feminine"; in some historical periods,
pink was considered masculine and blue feminine (opposite of current Western norms); division of labor
varies (in some societies women do heavy agricultural labor, in others this is "men's work"). Option A is
too extreme—biology contributes to sex differences, but roles vary culturally. Option C is contradicted by
the cross-cultural variation. Option D is obviously wrong.

38. B - Cultural values shaping cognitive processes and self-perception

The passage explains: "Cultural differences in self-concept illustrate socialization effects. Independent
self-construal (common in individualistic cultures) defines self as autonomous, bounded entity with stable
internal traits. Interdependent self-construal (common in collectivistic cultures) defines self relationally,
emphasizing connections to others and roles in social contexts. These self-construals affect cognition:
independent selves show self-serving biases and prioritize personal goals, while interdependent selves
show modesty and prioritize group harmony." The self-enhancement data shows: "North Americans rating
themselves 'better than average': 70%, Japanese rating themselves 'better than average': 30%. Effect
reverses for interdependent traits: Japanese show stronger self-enhancement on 'cooperative,' 'loyal."
Cultural values (individualism emphasizing personal achievement vs. collectivism emphasizing group
harmony) shape how people construct self-concept and evaluate themselves. This demonstrates that
culture penetrates deep into cognition—not just surface behaviors but fundamental cognitive processes.
Option A 1is insulting and wrong. Option C is biologizing and wrong. Option D dismisses the systematic
cultural patterns.

39. B - Bicultural identity can provide psychological benefits

The passage presents Berry's framework: "Integration maintains original cultural identity while
participating in host culture...Berry's acculturation framework identifies four strategies...Integration
generally predicts best psychological outcomes, while marginalization predicts worst outcomes." The data
confirms: "Integration strategy: Lowest depression rates (15%), highest life satisfaction...Marginalization:
Highest depression (45%), lowest satisfaction." Integration allows individuals to maintain their heritage
culture (identity continuity, family connections, cultural practices) while also participating in the host
culture (economic opportunities, social relationships, education). This bicultural identity provides
benefits: broader social networks, cognitive flexibility from navigating multiple cultural frameworks, and
avoiding forced choice between cultures. In contrast, marginalization (rejecting both cultures) produces
identity confusion and social isolation. Importantly, assimilation (adopting host culture, relinquishing
heritage) shows moderate outcomes—better than marginalization but worse than integration—suggesting
heritage culture maintenance has psychological value. Option A is contradicted. Option C is wrong—
successful integration maintains original culture. Option D is contradicted by clear psychological effects.

40. B - Cultural differences in cognitive processing styles; holistic vs. analytic attention
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The passage explains: "Attribution patterns reflect cultural values...Analytical thinking (focusing on
objects and their attributes, common in Western cultures) contrasts with holistic thinking (focusing on
relationships between objects and contexts, common in East Asian cultures)." The research describes:
"Rod-and-frame task: Judge whether rod is vertical independent of frame orientation. Americans: High
accuracy, focus on rod. East Asians: Lower accuracy, influenced by frame (attend to context). Eye-
tracking: Americans fixate on focal objects; East Asians attend more to background." The eye-tracking
provides objective evidence: people literally look at different things based on culture. Americans focus on
focal objects in isolation (analytic), while East Asians attend more to contexts and relationships (holistic).
This reflects deeper cultural differences in epistemology and metaphysics: Western philosophy
emphasizes distinct objects with fixed properties; East Asian philosophy emphasizes relationships,
contexts, and change. Culture shapes not just what people think about but how they visually attend to and
process information. Option A is contradicted by systematic differences. Option C is offensive and
obviously wrong. Option D dismisses clear cultural effects on perception.

41. B - Informal lessons about punctuality, obedience, and achievement transmitted through school
structure and processes beyond formal content

The passage states: "Schools provide formal education plus 'hidden curriculum' teaching punctuality,
obedience to authority, and achievement orientation." Hidden curriculum refers to implicit lessons
transmitted through school structure, routines, and expectations rather than explicit academic content.
Students learn: punctuality (arriving on time, following schedules), obedience to authority (following
teacher directions, respecting hierarchies), delayed gratification (working for future grades rather than
immediate pleasure), achievement orientation (competing for grades, pursuing success), conformity
(fitting in with peers), and time management (juggling multiple subjects and assignments). These lessons
prepare students for workplace demands in industrial/post-industrial societies. The "hidden" aspect
emphasizes that these aren't taught explicitly in lessons but are learned through participating in school
social structure. Conflict theorists note that hidden curriculum may reproduce social class differences:
working-class schools emphasize obedience and rule-following, while elite schools emphasize critical
thinking and leadership. Option A is too literal. Option C misunderstands the concept. Option D misses
the "hidden" part—it's what's learned beyond explicit content.

42. B - Paradoxical sleep with brain activity similar to waking and vivid dreams

REM (rapid eye movement) sleep, discovered by Aserinsky and Kleitman, is characterized by several
features: rapid eye movements, vivid dreams, muscle atonia (paralysis preventing dream enactment), and
paradoxical brain activity. It's called "paradoxical" because EEG shows beta waves similar to waking
consciousness—high-frequency, low-amplitude, desynchronized activity—despite the person being
deeply asleep and difficult to awaken. Brain imaging shows high activity in visual cortex, limbic system,
and association areas, but reduced activity in prefrontal cortex (explaining illogical dream content and
lack of critical awareness during dreams). REM comprises about 20-25% of adult sleep, occurring in 90-
minute cycles. Infants spend 50% of sleep in REM (possibly reflecting brain development). REM
deprivation causes REM rebound (increased REM on subsequent nights), suggesting physiological need.
Functions may include memory consolidation, emotional processing, and brain development. Option A
describes slow-wave sleep (stages 3-4, NREM). Option C describes stage 1 NREM. Option D
(sleepwalking) occurs in NREM stage 3-4, not REM.
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43. B - Alarm, resistance, exhaustion

Hans Selye's General Adaptation Syndrome (GAS) describes the body's physiological response to
prolonged stress in three stages. Alarm stage: Initial response to stressor activates the sympathetic nervous
system and HPA axis—"fight or flight" response with increased heart rate, blood pressure, cortisol,
epinephrine. The body mobilizes resources. Resistance stage: If stress continues, the body adapts and
copes. Physiological arousal decreases from alarm levels but remains elevated. Resources are directed to
systems dealing with the stressor while suppressing non-essential systems (immune function, digestion,
reproduction). The person appears to function normally but at a cost. Exhaustion stage: Prolonged stress
depletes resources. The body's adaptation mechanisms fail. Vulnerability to disease increases, immune
function compromises, and physical/mental health deteriorates. This can lead to stress-related illnesses,
burnout, or death. The model explains how chronic stress produces disease. Option A describes Kiibler-
Ross stages of grief. Option C describes Freud's levels of consciousness. Option D describes Freud's
personality structures.

44. B - Learning can occur through watching others without direct experience or reinforcement

Albert Bandura's social learning theory (later social cognitive theory) challenged behaviorist assumptions
that learning requires direct experience and reinforcement. The famous Bobo doll experiments
demonstrated observational learning (modeling). Children watched adults interact with an inflatable Bobo
doll. Experimental group: Adult model punched, kicked, and hit the doll with hammers while shouting.
Control group: Adult played quietly. Results: Children who observed aggressive models later showed
significantly more aggression toward the Bobo doll when given the opportunity, imitating specific
behaviors and verbalizations they observed. Critically, children learned and performed these behaviors
without receiving any direct reinforcement—they weren't rewarded for aggression. This demonstrated
learning through observation alone. Bandura identified four processes in observational learning: attention
(noticing model's behavior), retention (remembering behavior), reproduction (being capable of performing
behavior), and motivation (reasons to imitate). Observational learning explains how children acquire
language, social skills, fears, and cultural practices. Option A is contradicted—Ilearning without
reinforcement occurred. Option C is wrong—aggression can be learned. Option D is obviously wrong.

45. B - Conditioned stimulus

In Watson and Rayner's Little Albert experiment, the white rat was initially a neutral stimulus—it
produced no fear response in Little Albert. Through pairing with a loud noise (UCS that naturally produces
fear/UCR), the white rat became a conditioned stimulus (CS) that elicited fear (CR). The sequence: Before
conditioning: Loud noise (UCS) — Fear (UCR); White rat — No fear. During conditioning: White rat +
Loud noise — Fear. After conditioning: White rat (CS) — Fear (CR). The rat is the conditioned stimulus
because it was originally neutral but acquired the ability to elicit fear through conditioning (association
with the UCS). The experiment also demonstrated generalization: Albert showed fear responses to similar
furry objects (rabbit, dog, fur coat), showing that the CR generalized to stimuli similar to the CS. This
experiment, while ethically problematic by modern standards, demonstrated that emotional responses
could be learned through classical conditioning. Option A (UCS) was the loud noise. Option C (UCR)
was the natural fear response to noise. Option D (CR) was the learned fear response, not the stimulus.
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46. B - Biological preparedness; evolution shaped learning mechanisms for fitness-relevant
associations

The passage discusses taste aversion learning: "Taste aversion learning occurs when novel food (CS) is
followed by illness (UCS), producing strong aversion after single pairing—violating the contiguity
principle since hours may pass between taste and illness. Biological preparedness explains why some
associations form easily while others don't." The Garcia effect data shows: "Rats drink saccharin-flavored
water, then receive illness-inducing injection 6 hours later. Single pairing produces strong
aversion...Specificity: Pairing sound/light with illness produces weak or no conditioning." Classical
conditioning typically requires temporal contiguity (CS and UCS close in time), yet taste aversions form
despite delays of hours. This violates basic conditioning principles unless we consider biological
preparedness—evolution has prepared organisms to readily learn certain associations that were fitness-
relevant in evolutionary history. Avoiding poisonous foods required associating taste (present when
eating) with illness (occurring hours later), so this association is "prepared." Conversely, rats poorly learn
taste — shock because this pairing was not relevant evolutionarily. The specificity demonstrates it's not
general learning ability but prepared learning pathways. Option A is wrong—classical conditioning clearly
works. Option C is contradicted—some associations form easily, others don't. Option D is wrong—
learning with delays IS possible for prepared associations.

47. A - Gambling behavior persists despite unpredictable payoffs

The passage explains: "Variable-ratio schedules (reinforcement after unpredictable number of responses)
produce highest, steadiest response rates—explaining gambling persistence." The Skinner box data
confirms: "Rats pressing lever for food on variable-ratio-5 schedule: Steady, high response rate (40-60
responses/min)...Extinction after variable-ratio training: Prolonged responding (>500 responses before
cessation)." Variable-ratio schedules are highly resistant to extinction because the organism never knows
which response will be reinforced—the next pull of the slot machine lever might be the winner. This
unpredictability maintains behavior even through long stretches without reinforcement. Gambling
machines use variable-ratio schedules: payoffs occur after unpredictable numbers of plays, producing
persistent playing despite overall losses. The high response rates and resistance to extinction distinguish
variable-ratio from other schedules. Fixed-ratio produces high rates but with post-reinforcement pauses.
Variable-interval produces steady moderate rates. Option B is wrong—fixed schedules are not superior
for maintaining behavior. Option C is wrong—reinforcement is clearly necessary. Option D is wrong—
some behaviors extinguish quickly (continuously reinforced behaviors), but variable-ratio behaviors resist
extinction.

48. B - Experiencing uncontrollable aversive events can produce learned expectations of helplessness
and passive behavior patterns

The passage describes learned helplessness: "Learned helplessness (Seligman) occurs when organisms
experience uncontrollable aversive events: dogs receiving inescapable shocks later failed to escape even
when escape became possible, showing learned expectation of helplessness." The paradigm data shows:
"Phase 1: Dogs receive either escapable shock, inescapable shock, or no shock. Phase 2: All dogs placed
in shuttle box; jumping barrier escapes shock. Escapable shock group: 90% learn to escape. No shock
group: 95% learn to escape. Inescapable shock group: Only 35% learn to escape; others show passive
acceptance despite escape available." The critical manipulation is controllability: dogs in the escapable
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group learned they could control shock; dogs in the inescapable group learned shock was uncontrollable.
This learned expectation of helplessness transferred to the new situation—even though escape was now
possible, previously helpless dogs didn't try. This models human depression: people who experience
uncontrollable negative events may develop learned helplessness, showing reduced motivation ("why
try?"), cognitive deficits ("I can't succeed"), and passive acceptance of bad situations. The reformulated
model emphasizes attributional style: attributing failures to internal, stable, global causes produces
helplessness. Option A is insulting and wrong. Option C is wrong—shock clearly has psychological
effects. Option D is wrong—Ilearned behaviors can be unlearned through experience with control.

49. B - Successful movements require material and organizational resources, not just dissatisfaction

The passage explains: "Resource mobilization theory emphasizes that grievances alone don't produce
movements; successful mobilization requires resources—money, people, organizational infrastructure,
media access, and legitimacy." The civil rights movement example illustrates: "organizational resources:
SCLC, NAACP, churches providing infrastructure" and "external funding from northern foundations
provided financial resources." Many groups have serious grievances (dissatisfaction, injustice) but lack
resources to mobilize effectively. Poor communities may face severe grievances but lack organizational
infrastructure, money for sustained activism, media connections to broadcast their message, and political
connections for access. Conversely, groups with resources but modest grievances may successfully
mobilize. This contrasts with earlier theories emphasizing that grievances and discontent alone produce
movements. Resource mobilization shifts focus to structural factors enabling collective action: how do
movements acquire and use resources? Who controls access to resources? This explains why some
grievances produce movements while equally serious grievances don't—resource availability differs.
Option A is wrong—agrievances are necessary but insufficient. Option C is contradicted—grievances don't
automatically produce movements. Option D is wrong—resources are central to the theory.

50. B - Structural political conditions facilitate or constrain collective action

The passage states: "Political process theory adds that movements emerge when political opportunities
open. These include: elite divisions (disagreement among power holders), increased political access,
declining repression, and influential allies." The women's suffrage example shows: "Political
opportunities: Progressive era reforms, WWI demonstrating women's capabilities." Movements don't
emerge randomly or solely from grievances and resources—political context matters. Authoritarian
regimes with unified elites and severe repression close political opportunities, making mobilization
extremely difficult despite grievances and resources. Democratic transitions, elite divisions, or declining
repression open opportunities. The contrast: "authoritarian regimes' severe repression closes political
opportunities, making movements difficult despite grievances." This explains timing: why do movements
emerge at particular historical moments? Constant grievances exist, but political opportunities fluctuate.
The civil rights movement succeeded partly because: Cold War created image concerns for U.S., northern
Democrats supported civil rights, creating elite divisions. Option A is wrong—movements emerge during
specific opportunity structures. Option C is wrong—politics clearly affects movements. Option D is too
simple—repression sometimes suppresses movements, sometimes galvanizes them depending on context.

51. B - Cultural interpretation and meaning-making processes affect movement success
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The passage explains: "Framing theory examines how movements construct meaning. Diagnostic framing
identifies problems and blames culprits. Prognostic framing proposes solutions. Motivational framing
provides rationales for action. Successful movements align frames with cultural values." The Martin
Luther King Jr. example demonstrates: "Martin Luther King Jr.'s framing linked civil rights to American
ideals (democracy, equality, Christianity), making demands resonate with mainstream values."
Movements must construct interpretations that resonate culturally. The same objective conditions can be
framed multiple ways: is unemployment a personal failure or structural problem? Are protests legitimate
dissent or dangerous disruption? Movements that successfully frame issues in culturally resonant ways
(linking to widely shared values, using familiar narratives) gain supporters. Frames compete: "Frames
compete in cultural discourse; counterframing by opponents can delegitimize movements." This
emphasizes cultural work alongside material resources and political opportunities—movements must win
"hearts and minds" through effective meaning-making. Option A is too narrow—subjective interpretations
matter. Option C is wrong—frames are central. Option D is wrong—some frames resonate more than
others based on cultural fit.

52. B - Social ties and interpersonal relationships facilitate recruitment and sustained participation

The passage states: "Social movement participation follows distinct patterns. Early adopters (activists)
have strong ideological commitment and often personal grievances. Later participants join through social
networks; most people join movements through friends, family, or organizational connections rather than
ideology alone." This contradicts purely ideological explanations for participation. While early core
activists may be ideologically driven, most participants join because someone they know recruited them.
Research shows: most Freedom Riders had friends who participated; most feminist activists joined
through existing relationships; most environmental activists were recruited by friends. Social networks
provide: information about movements, trust (recommendations from friends carry more weight than
strangers), social pressure (friends encourage participation), and social rewards (participating strengthens
friendships). This explains why movements with dense social networks mobilize more participants than
movements relying solely on mass media appeals. The "biographical availability" concept adds that social
ties plus free time together facilitate participation. Option A is contradicted—ideology is not the sole
motivator. Option C is wrong—networks are central to mobilization. Option D is wrong—network
recruitment follows systematic patterns, not randomness.

53. B - Cultural values emphasizing hard work, thrift, and worldly success as signs of salvation

Max Weber's "The Protestant Ethic and the Spirit of Capitalism" proposed that Protestant (particularly
Calvinist) religious values contributed to capitalism's development in Western Europe. Calvinist theology
emphasized predestination—God predetermined who was saved, nothing one could do would change this.
This created anxiety: am I among the elect? The doctrine of "calling" suggested worldly success might
indicate divine favor. This produced distinctive values: hard work as religious duty, thrift and reinvestment
rather than consumption, asceticism (self-discipline), treating time as precious resource, and rational
calculation in business. These values aligned with capitalist requirements: disciplined labor, capital
accumulation, reinvestment, and rational economic behavior. Weber argued (controversially) that these
religious ideas helped create cultural conditions enabling capitalism's emergence. This wasn't direct
causation but elective affinity between Protestant values and capitalist practices. The thesis sparked
extensive debate: critics note capitalism emerged in Catholic areas too, and Protestant countries didn't
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uniformly develop capitalism. Option A is too narrow—it's about cultural values, not attendance. Option
C is backward. Option D is wrong—work as religious calling is central.

54. A - Increased liking for stimuli with repeated exposure

The mere exposure effect, discovered by Robert Zajonc, refers to the phenomenon where repeated
exposure to a stimulus increases liking for that stimulus, even without conscious recognition. Research
demonstrates: people shown nonsense words, shapes, or faces multiple times rate them more positively
than novel stimuli, even when exposure is subliminal (below conscious awareness threshold). The effect
is stronger for: neutral stimuli (very negative or very positive stimuli show less effect), moderate repetition
(too much repetition causes satiation), and when people are unaware of the repetition. This explains
numerous phenomena: why popular songs grow on us, why familiar brands are preferred, why politicians
benefit from name recognition, and why propinquity (physical closeness) increases attraction—proximity
increases exposure. The effect operates through fluency: repeated stimuli are processed more easily
(perceptual fluency), and this ease is misattributed to liking. Evolutionary explanations suggest familiar
stimuli are safer (no harm occurred with previous exposure). Option B is opposite. Option C describes
neophobia. Option D is wrong—the effect specifically increases liking.

55. B - Reporting a signal when none is present

Signal detection theory (SDT), developed in radar detection and applied to psychophysics, analyzes
decisions under uncertainty. When detecting faint stimuli (dim light, quiet sound) or making diagnostic
judgments (X-ray interpretation), two factors matter: sensitivity (ability to discriminate signal from noise)
and response bias (tendency to say "yes" or "no"). Four outcomes are possible: Hit (correctly detecting
signal when present), Miss (failing to detect signal when present), False Alarm (reporting signal when
none is present), and Correct Rejection (correctly reporting no signal when none is present). False alarms
reflect a liberal response bias (tendency to say "yes") or low sensitivity (can't distinguish signal from
noise). The theory separates perceptual sensitivity (d') from decision criterion (). Medical applications:
conservative criterion (avoiding false positives) produces fewer false alarms but more misses; liberal
criterion (avoiding misses) produces more false alarms. Option A describes a hit. Option C describes a
miss. Option D describes a correct rejection.

56. B - Serotonin dysregulation may be involved in multiple disorders; shared neurobiological
pathways

The passage notes that SSRIs (selective serotonin reuptake inhibitors) are effective treatments for both
major depressive disorder and generalized anxiety disorder. The treatment data shows: "SSRIs vs. placebo:
SSRI response rate 50-60%, placebo 30-40%" for depression, and for anxiety: "SSRIs: Slower onset but
sustained improvement without dependence." If these were completely different disorders with unrelated
neurobiological mechanisms, we wouldn't expect the same medication class to effectively treat both. The
finding that SSRIs work for both depression and anxiety (as well as OCD, PTSD, and other conditions)
suggests overlapping neurobiological mechanisms involving serotonin systems. This supports
dimensional rather than purely categorical models—perhaps these disorders share underlying
dysregulation in serotonergic pathways but manifest different symptoms based on additional factors.
However, this doesn't mean disorders are identical—other neurotransmitter systems and neural circuits
also contribute distinctively. The shared serotonin involvement explains medication overlap while other
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differences explain unique features. Option A is contradicted by the shared treatment response. Option C
is wrong—SSRIs are effective. Option D is wrong—depression and anxiety frequently co-occur
(comorbidity rates ~60%).

57. B - Common factors like relationship quality contribute substantially to therapy effectiveness

The passage presents common factors research: "Meta-analyses show that psychotherapy produces
significant improvement (effect size d = 0.80), roughly equivalent to medical treatments for common
conditions...However, common factors (therapeutic alliance, expectation, therapist empathy) account for
substantial variance across approaches." The data specifies: "Therapeutic alliance quality predicts
outcome independent of therapy type. Therapist empathy, warmth, and genuineness correlate with
improvement. Patient expectation and hope account for 15% of variance. Specific techniques account for
only ~15% of variance; common factors 30%, patient factors 40%." This demonstrates that factors shared
across therapy approaches (alliance, empathy, expectation) contribute more to outcomes than specific
techniques distinguishing approaches (cognitive restructuring vs. free association vs. exposure). This
doesn't mean specific techniques are irrelevant—they account for 15% and for specific disorders,
particular techniques are more effective. But the finding emphasizes that "how" therapy is delivered
(relationship quality, therapist characteristics) matters as much or more than "what" specific technique is
used. Option A is contradicted—techniques are only 15% of variance. Option C is obviously wrong.
Option D is wrong—multiple types show effectiveness, suggesting common factors.

58. B - Comprehensive understanding and treatment requires considering multiple levels of analysis

The passage concludes: "The biopsychosocial model recognizes that biological (genetics,
neurotransmitters, brain structure), psychological (cognition, emotion, behavior, personality), and social
(relationships, culture, socioeconomic factors) factors interact in determining mental health. Treatment
addressing multiple levels often proves most effective." The treatment data supports this: "Medication +
CBT vs. either alone: Combined treatment shows highest response rates (70-80%)" and "Medication +
psychosocial intervention: Superior to medication alone" for schizophrenia. No single level fully explains
disorders: biological factors (genes, neurotransmitters) create vulnerabilities, psychological factors
(cognition, coping) mediate expression, and social factors (stress, support, culture) influence onset and
course. Depression example: genetic vulnerability + negative cognitive patterns + chronic stress + social
isolation = increased risk. Treatment addressing multiple levels (medication for neurotransmitter function
+ CBT for cognitive patterns + interpersonal therapy for relationships) produces best outcomes. This
contrasts with reductionist approaches privileging one level. Option A, C, and D each privilege one level,
contradicting the integrative model.

59. B - Cultural contexts influence how psychological distress is experienced and expressed

The passage emphasizes: "Cultural considerations: Symptom expression varies culturally (somatic
symptoms more prominent in some cultures). Help-seeking patterns differ (collectivistic cultures may
prefer family intervention). Therapeutic relationship expectations vary (authority vs. collaboration).
Treatment effectiveness requires cultural adaptation." This demonstrates that culture shapes mental health
at multiple levels: which symptoms are expressed (some cultures emphasize somatic complaints—
headaches, fatigue—while others emphasize psychological complaints—sadness, worry), how distress is
interpreted (Western individualism pathologizes what collectivistic cultures see as normal

168



interdependence), what treatments are sought (individual therapy vs. family intervention vs. religious
healing), and what constitutes effective therapy (directive authority vs. collaborative exploration). This
doesn't mean disorders don't exist cross-culturally—depression and schizophrenia appear universal—but
cultural context shapes expression, meaning, and appropriate response. Clinicians must develop cultural
competence: understanding how clients' cultural backgrounds affect their experience and adapting
treatment accordingly. Option A is wrong—disorders exist cross-culturally but are expressed differently.
Option C is contradicted by cultural variation. Option D is wrong—culture profoundly affects mental
health.
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