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Abstract (English)

Virtual experimentation—the use of large language models (LLMs) as
synthetic respondents, populations, or scenario generators in
psychological and social science research—expanded explosively after
Argyle et al.'s (2023) "silicon sample" proposal. Subsequent empirical
work (Bisbee et al. 2024; Boelaert et al. 2025; Hullman et al. 2026) has
identified systematic methodological limitations: low variance, topic-
specific machine bias, prompt sensitivity, WEIRD population skew, and
algorithmic monoculture. Yet integrative reviews that map which
validity claims hold under which simulation strategy for which epistemic
purpose remain absent, leaving practitioners and reviewers without a

shared evaluative framework.

We propose a four-axis taxonomy spanning (1) Simulation Layer (LLM-
as-Respondent / LLM-as-Population / LLM-as-Scenario), (2) Validity
Strategy (Face / Benchmark / Mechanistic-Process / Stress-Adversarial /
Participatory-Ecological), (3) Epistemic Goal (Prediction-Substitution /
Theory Probing / Design Exploration / Normative Representation), and



(4) Empirical Status (Established / Contested / Frontier / Empirical-Void).
We apply this taxonomy systematically to 18 representative studies,
producing an empirical-status matrix that identifies three regions: (a) a
saturated region (LLM-as-Respondent for survey-style aggregate
prediction, contested but well-charted), (b) a frontier region (LLM-as-
Scenario for design exploration and mechanism probing, promising but
under-tested), and (c) an empirical-void region (normative
representation of silent majorities, future generations, and marginalized
groups). We derive four falsifiable hypotheses with pre-registered
prediction thresholds and rejection criteria, and articulate eight honest-
design principles, each operationalized as a 3-5 point reporting checklist
with concrete thresholds. We address known reviewer critiques
(recursive limitation, selection bias, search transparency) by pre-
emptive disclosure and conclude with implications for participatory
design, research ethics, and the representation of voices that cannot
speak for themselves.

Keywords: virtual experimentation, silicon sample, algorithmic fidelity,
LLM-as-Population, LLM-as-Scenario, machine bias, statistical
calibration, validity taxonomy, participatory design, voice
representation, future generations, honest research design
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RFBRERE (virtual experimentation) — KRESEETIL (LLM) %
BREIEE - £ - HBEERS L L TOEBES L UHERFORAZEIC
BAW3RE——I Argyle et al. (2023) @ "silicon sample" JeIELAPE. 1BH
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Strategy (Face/Benchmark / Mechanistic-Process / Stress-Adversarial /
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1.1 {RAEAREBREADRBILK & Z S RFORIFET

2023 Z£LAF%. Large Language Models (LLMs) =025 « HHERIF DR
MROBRERL LTHWVWSIEE —ATE T RIERERE (virtual
experimentation) L #8#5 9 32— HYIERBITHLK L 7zo Argyle et al.
(2023) "Out of one, many: Using language models to simulate human
samples" A' silicon sample & & U algorithmic fidelity & L\ 5> BEEZ=
37 L. Aher, Arriaga & Kalai (2023) @ Turing Experiments. Horton et al.
(2023) @ "Homo Silicus". Park et al. (2024) ® 1,000 A generative agent
simulation BEMHERICEWTHEL LTz, RIS, 2R (TIFHEE) T
% synthetic respondents DIRAHNZE L. BHOT7F 1) X MLR—KE
2027 £ F TICHIHAZE input @ 50% LA_EH synthetic IC#1T79 3 & Ffl
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COILKEMRE LT, HRETHER L . - Bisbee et al. (2024)
Political Analysis: ChatGPT &R #%ERZE (3 ANES FHEZBIRT 5D\ &
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unreliable, - Santurkar et al. (2023) ICML: LMs DER C KETES S
T4 v IBORRIC TRIZEZEEDRIRDME MAHDAR—H, -Sarstedt et
al. (2024) Psychology & Marketing: WEIRD ETMgED E < « FE WEIRD
TR&3%, -Boelaertetal. (2025) Sociological Methods & Research: k
Ewv o JeIilHRANZ VA LICEEY % machine bias = 33, -
Hullman et al. (2026): RA8ERER D Z HHEHERIC I3 heuristic
interchangeability ¢ statistical calibration D Z#EEH' % D, FIE I
exploratory d&. &EDHH confirmatory IZILFRATEE,
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N5 OMPIERIZBIAEE (Bisbee, Boelaert) . ##W%3E (Santurkar,

Liu) « ¥—47 7« >% (Sarstedt) . HCI/NLP XV RO2— (Hullman)
DERFICHELTE D HEIRIICHSE LT review IFBRENTH D, &0
Hit. TWwh i3 ZLHMEERIVHE S simulation EEEED T Tl%Z E3E
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RIS (2024-2026) FETE(L LR DBREEEADKENBENTELT
LW3: 1. simulation B (fERIEIE vs EF9 7 vs RAEHE) ICKDZHM
D FE—#R1E 2. FRELEER (face vs benchmark vs mechanistic vs stress vs
participatory) (C& % E5RD §HEE 3. FRHERAIER (substitute vs probe
vs explore vs represent) (C& % BEY)AFHEREEDE 4. (ZXERAVIREE
(established vs contested vs frontier vs void) @ fEi#EI mapping
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empirical status matrix Z £ 9 %,

3.3 A DFRE: Saturated (82FN) /Frontier (7AY 7T+ 7) /
Empirical-Void (£iFZEH) o



4.4 20 falsifiable hypotheses: Z{kiIC pre-registered 7% HIEHE
CEHBEEEMMET 5o

5.8 DM operational design principles: F/R8!% 3-5 52 checklist +
thresholds ICEBBE Y %,

6. BMELTH 1 > - {GIE L DS silent majority. future
generations. marginalized groups @ voice representation fEEA
DERZHL Bo
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o {R*83288;% (virtual experimentation): LLM A'EIZE - &£ - 15@E
DODWFNDZ LT B, TERIAZFLDWEREZ ICHEAAENDFED
F8HRo

silicon sample: Argyle et al. (2023) D&, LLM %
sociodemographic backstories T&MA&ATF L TR 5N 3 EHEE
B

algorithmic fidelity: G EIENEERDIGEDHZ L DIEE KM
T 3Hh DEREBR.

machine bias (Boelaert et al. 2025): LLM D'k Ew o T X ICAHBD
EHITDIVRATITA VI THRVEAZRTHR. EFD) B
B TSR,

algorithmic monoculture (Bommasani et al. 2022): B—&H& €7
IHEHOBBREE ICHBEINZEEN) XU,

heuristic interchangeability vs statistical calibration (Hullman

et al. 2026): Hi#& | prompt engineering T X2l —> 3> A
EARHEIEE) ZBIEY (FERM)  BERFABMT—XTEEZR
5HiA% (confirmatory ICHEARATHEE)

« WEIRD: Western, Educated, Industrialized, Rich, Democratic, /O\I2
FOEHRRAZE T HHEBEIR.
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$E5R&h: 1. JTBD (Jobs-to-be-Done): ¥ A BHATREEN L RIERERE %
MRA1 950 2. BELEMRE: ©O LS5 BANEHOIERED 3. IR ER:
2022-2026 DIRERAIFRR 4. & D 7= \L\Z&: design principles D A%

BERE: BUATR | SHEHERTE / OBRES /X —T T4 >4 /HCl - NLP
XY ROS— /BMEITHCY «- AZETEEH/ AEHBIE - IRB

2.2 R (2HT)

Anthropic WebSearch (Google X—2X) TEH18 MU T % 7T RRIZHT
TEh. FV I CHFIRER%Z §AL Appendix ICFART %,

#Ht 7T rmps
RRiIVL |J &
) Argyle 2023, Park 2024, Aher 2023, Horton

Foundational (1ZME5&32) 4 &y

2023

. Bisbee 2024, Santurkar 2023, Boelaert

Critical (PRFEAZE) 5 -

2025, Sarstedt 2024, Dillion 2023
Mechanism (ZFO> 7k - )

Sclar 2024, Liu 2024
~RILYF)

LLM counterfactual reasoning X~ F < —
Causal (counterfactual) 1 5
Methodological framework | 1 Hullman et al. 2026
Adjacent: Vignette / ABM / . .

Rossi 1982, Epstein 2006, GABM 2024
GSS
Participatory / Ethics 3 Plurality, Future Generations, IRB Al

RIREZE: - BT T FMEE (Political Analysis, ICML, NeurIPS, Nature,
Trends in Cognitive Sciences, Sociological Methods & Research) - £E
NBER/SSRN T —* > R—/S—-arXiv 7L 71 > b+ (REFEEIEIER.
#Bh) -ERLAKR— b~ (WIFAFEEEE. BlAHTIY)

2.3 ARC & @) parallel synthesis

AL Ea2—IFHILIC2 DDOBEREZ#ET-: 1. WebSearch A—X (X5
DFH):18 7T > KON > FEI—Tr T > 4RIV /I —
2. ARC v0.3.1 B ETT (rc-20260428-213351-42de41): topic prompt —
ARC HYJRITIC goal/synthesis/hypothesis #4EM = EREARL E 2 — XK
=&AL



ARC DIRIT7 synthesis (stage7,52117) NEILC 48K OV /==L 3
EIHPEICHEL: T RRXOBLRIBEN B2 2 EEDRRIRNA T
ATREL RETIXMOBENFHHEEZMIEL TVWS Z EDEIETH
%, MREOEESR - WAL §10 TEHRT 3,

ARC O stage 10 (CODE_GENERATION) %* review-synthesis 2 topic &
experiment-pipeline Bjig/N\1 751 > DEBENFEFICE DKM L 7=
CBED. FmXDERTS MZHERIXIIRE] OEHTHD.

§ 13.5 T recursive limitation DXAR TR L %,

2.4 RS DFIE
SCEREFICHS LIA T DERILIEZ B TARY EHAE :

1. Open coding: EXHD E5R « RA%Z 5-15 F D code THH

2. Axial coding: 4 & X 7 fEIE~¥ 1) 7 XIC code ZEE

3. Tension mapping: X DX L= - R « IRz AHR{t

4. Status assignment: 4 BiDF 17 )LIC Empirical Status Z D H T,
BROEEZER

5. Synthesis: 3 78155348 + 4 hypotheses + 8 design principles |2 EIE

2.5 R DFRIATR

AKLE2—IZUTORAZHED X §13 TwL3) | - BfF: &R&E
BAEOX@EZE L L. ZOMEEIFIETR, &R "RIEEE LLM" (& 04
THAREXRONBHNED TEVWC L% §13.2 THLE B, -T—ER—2
TOER: N web BRRICE DDA, - FFHEIEER: 2022-2026 HHi. HEH
A AR ER (vignette, factorial survey, ABM) & anchor papers H' 53
5| E THiSE. - RMXBFOEMIE: §13.5 THIRT 3. FFHXIS LLM
ETHDH. Tnh reviewing virtual experimentation & WS FE L
recursive %R Z D,

3. EESERVE#E | 5 DDER[E]

RAERERAISEINHIR L 7@ T I3 % <. BEROMNIGHROERIR EICH
%o KEITIE5 DDEEIZEIETY B,



3.1 58 1 #z[a]: Vignette / Factorial Survey (1980s)

Rossi & Anderson (1982) A&k L 7z factorial survey design &, {R*852
it (vignette) DEBRTEERIL L TRIZEICT VA LEITL. HREY
YIS X AIE T 2FETH S, Wallander (2009) "25 years of factorial
surveys in sociology" HE)iZES % L £ 2 —. Hainmueller, Hangartner &
Yamamoto (2015) PNAS A vignette/conjoint MIREITEN & DEEHEIRIE L
2o

LLM {RA8SRER & DEHE: THEEAY vignette | TARIDMREBIRRICE R 1 @
I L. LLM RA8RERIZ Tvignette ZEML. OZXEELEM TSI —&
R¥1L TH 3, "D shiftICKDABZLEDHIRHNEET S,

3.2 % 2 #5[0: Generative Social Science / ABM (1990s-2000s)

Schelling (1971) segregation model IC#5% D. Axelrod (1984), Epstein &
Axtell (1996) Sugarscape Z#%T. Epstein (2006) "Generative Social
Science" A' TIf you didn't grow it, you didn't explainity W55
SRAVMMTE A FEIL L 7o Lazer et al. (2009) Science @ "Computational
Social Science" EEH'MEIE Z HlIE b,

LLM {RAERER £ DS IR D LLM RAEEERIZ. IL—ILR—Z D ABM 1
LLM BRE) T —> x » MMCBI S /- generative agent-based modeling
(GABM) & L THIEEDIF 5N 3 (Ghaffarzadegan et al. 2024), ABM &ifih
5DMAIFEELN. LLM DIRZZEWNIIIL—IILTIE AL FIIET — X ICHFE
L. validation challenges "EHIZE 4 S,

3.3 58 3 §&0l: Wizard-of-Oz & Personas (HCI, 1990s-2010s)

Dahlback et al. (1993) H'#lE1L L 7= Wizard-of-Oz &3 ABDAID TV %
9% Ul 5HfiF%. Cooper (1999) Personas I35&EHR & L TOIREAY)
Rz FEIL,

LLM {RZ83EER & Dk (REERZEIFEAE (AIDBABEDTY) THO.
Wizard-of-Oz @ inversion &b R%AH %, HCI H'E o 7 personas %5+ DS
ZR01F. LLM persona prompting DEISE & L TEEATEE,

3.4 F 4 &0 SRS F O (2009-2022)

Lazer et al. (2009) LAB%. BigData * SNS * {TEECER DA AHEA L.
HBEMASRIFEH L LTz MTurk (2005-) D12V OX X VBB T



BEM) & L TR SNERIE. D silicon sample EZRDFIE T
Bo

3.5 8 5 &l LLM {RIARERDIFEFE (2022-)

Brown et al. (2020) GPT-3 paper ZZ2#IC. Argyle et al. (2023), Aher et al.
(2023), Horton et al. (2023) H[EIRFHAICIRIBERSL Z F3Ro Park et al. (2023)
"Generative Agents: Interactive Simulacra". Park et al. (2024)
"Generative Agent Simulations of 1,000 People" h\ A &% B #HLFIFR

(Santurkar 2023, Bisbee 2024, Boelaert 2025) H'iE. Hullman et al.
(2026) BN AERH T L —= VT = EH,

BERFINR—>:-2022-2023 LHHA: IRIBFA & 385 - 2023 T4 &
ELBEEMRCRVDKEE - 2024: (FZAPEAAZTTDEF - 2025: machine
bias / WEIRD {&M / monoculture ®#ER1E - 2026 (Q1): Hullman 7 L — LA
T — U\l & B ERIVERIR

4. 480420 /) = —DIRE

RIBREADIATRZEM%Z 4 DOERMTEENL T 5. FHIFRILTHEAS
HEAETHD. X% (ALi,B_j, C_k,D_l) £\ 5 4-tuple TRIE DT
%o

4.1 # A: Simulation Layer (ff%Z>Xal—F93DY)

+Al: LLM-as-Respondent: ER#EREDEEZZ> I 2L — b, HE
fll& survey/vignette AD persona promptings

« A2: LLM-as-Population: EFIORSERHEZ > I 2L — bk, silicon
sample MR,

+ A3: LLM-as-Scenario: {R1835HE - XI5& « L RAVIRITZE Lo
generative agents. silent counterfactual. RRAA > EE1—7RE
=28,

BIC& > THZEETROFEDNIREANICEL S, Al (ZMERIEZED
interchangeability. A2 (3D D fidelity. A3 (& scenario @
plausibility & EtI4%Z F5R T 5.



4.2 ¥ B: Validity Strategy (5 Z%4i4%=FRT D)

ARC O stage 7 synthesis |[3A8f% 5 D48 ICHAR L7co A IF. ChzikE
ERY

« B1: Face Validity: H /10 "H o H5 LK RZ 3" &HFHL\REL

« B2: Benchmark Validity: Iz D AB7T—% £ —% Argyle 2023,
Park 2024 H'&RK,

« B3: Mechanistic / Process Validity: WEBD#EERIBIED target
phenomenon IZ$E{8l, Manning et al. 2024 H'&{17,

« B4: Stress [ Adversarial Validity: 7O > 7k - €7 )L - seed -
persona * framing D&~ TEfE, Sclar 2024, Liu 2024 THEERHY
&5k

« B5: Participatory / Ecological Validity: &I 2 =7« HER
ZEHADHDOE LTERHE L. FAXRHIHEERN, Plurality - Citizens'
Assemblies R TEFE SN2 H LLM (RIERER TIFRENEL,

4.3 § C: Epistemic Goal (fRID7-&ICfES H)

« C1: Prediction / Substitution: AT —2%BZ# X% - #5829
Bo

« C2: Theory Probing: BIX1 DB/ &2 — > HMRBEFTHREI NS
&3R8,

« C3: Design Exploration: R)LY F « > F U A « fAZERL TR
= HRFRo

« C4: Normative Representation: R7E®D - Bt SNz - KFKD -
ALY MNRRT—ORILA—=2 AT 3,

C1-C4 (&, BYIE ENB validity BEHNRA S, C1(3 B2/B4 ZzE5E. C3
I& B1/B3 THFATMN. C41LB5 % unique ICEFEY % (B2/B3 TIIREH
ICIRIETE L) o

4.4 % D: Empirical Status (BERHICECEFTHIFTNATWLWSD)

- D1: Established: {82(ER%E TUNER. BFIATBIEE benchmark % D,

« D2: Contested: f&RHVETE. validity ' setup (25T

« D3: Frontier: B272H" under-tested,

« D4: Empirical-Void: BLRRYICE L 5 N T LS D EZRORERIVGEILA
1AM



DX 3EEEA D, HEZRMD position Tld# < IREDE RIKAE
ERIBNEMETHD. SEBROMAETDEIFELT B,

45229 ) = —DEsk
FERREGIL:

MXEDRMMTDNIIIE. LIFLIEFRZES (A, B,C) DiEH
EhtEEFMLTVWB CICERT 3.

Bl Z IE. Argyle 2023 ("silicon sample is fidelity-rich") & Bisbee 2024
("silicon sample is unreliable") @& T DXFILIZ: - Argyle: (A2, B2, C1,
D1—2) ((8HIE. benchmark validity. BB, L established) -
Bisbee: (A2, B4,C1,D2) ((£H&. stressvalidity. E#:BH. contested)

DFEDEILA2 X ClZE7%% B (B2vsB4) THHEL TH O, validity
strategy OBBRHMER/E DIHSETWVD, 20V / I —(ZZ ORI % AR
t9 %,

5. FENHDAFRIY —A 1 : 18 XiFEkAD taxonomy &
A

aiXiv EZO#H #1 ("EENLEIIREER<") AOEENGE LT,
KENS I8 XFRIC4EHX VY / S —ZZRENICERAT %o

5149Y/=—ERAK

WY (EBE - -
g A B C D EEXR - FiR
£ - venue)
"silicon sample" 28,
Argyle et al. . .
. Al, GPT-3 A' demographic
1 (2023) Political B2 | C1 D2 L _
) A2 conditioning TAO#EHHY
Analysis .
pakickalin(be
Turing Experiments T
Aher, Arriaga, Ultimatum - Milgram -
2 | Kalai(2023) Al | B2 | C2 D2 Wisdom of Crowds %z B17,
ICML consistent distortion Z 1
&,
Horton, "Homo Silicus" #:&o

AL, | B2, | C1,
3 Filippas, A2 | B3 | 2 D2 Charness-Rabin, Kahneman
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1,000 AT >&Ea21——
generative agent, test-
retest accuracy 85%.

"Automated Social
Science"s LLM A}
hypothesis 4 5% & subject
MDA, circularvalidation
O):::5ith

OpinionsQA. K[E 60 7€
T2714vIBEDF—HK
Z3Rik. 65 AL « Bimid
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(IREHEM - IBE /SOy
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feeling thermometer 11 &
Ho FIGIFEVWH R -
ElFFHE - 7OVT R
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statistical inference
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construal formation T3k
B, WEIRD THH. ¥
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R HESE,

"machine bias"s FEw &
CICHEMT R LEED
bias, replace (¥,
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Outcome
Homogenization, multi-
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(2024) Nature
Sclar et al. Al,

14 B4
(2024) ICLR A2
Liu et al.

15 Al B4
(2024) ACL
Wyllie et al. B4,

16 A2
(2024) FAccT B5
Spiral of
Silencein LLM | A2,

17 ) B3
Agents (arXiv A3
2510)
Park et al. +
Stanford HAI

18 _ _ A3 | B5
deliberative &
(2024-2025)

5.2 BRFEROR

52,18 A (B) OfRE

s

[

C1

C2,
C4

C3,
C4

D2

D2

D2—3

D4

D4

FEFR R

vendor triangulation DFIIE
B S ER,

"Al and illusions of
understanding”. scientific
monoculture NDEE, 1k
BEREEEZ T AENAZE
S

7OY7EREET &K
76 KAV FOBEE. BIR
HEDIRABIE Rlo

persona steerability.
incongruous persona T
9.7%{ET. RLHF T
semantic diversity ' 58.2%
'™,

"Fairness Feedback
Loops". BT —4 DHE
IR TS HBURAIGR, P8
kH o

persona signal ' opinion
heterogeneity % {2,
history signal '
anchoring, LLM agent T%H
spiral of silence H'
emerge.

participatory deliberation

D Al #58, Al penalty JH%R
(Al B§5H* deliberation 5F

iz TF3) L ERHCE

«Al (Respondent) =11/18 4 TRHHAERHE
«A2 (Population) =10/18 {f. #t¥IXEAD E 85
«A3 (Scenario) =5/18 . X7/=& L



— ks B EFIC{ED. scenario-level DFARHIENTWVS,
5.2.2 81 B (ZH14HEE) O&EP

«B2 (Benchmark) =FZ 12 . ADELEL,

«B4 (Stress/Adversarial) =61, #t¥I>XEkD 8%,

«B5 (Participatory / Ecological) =3 D&, REREVIEHLAE L <
AN

— Validity strategy & L T participatory / ecological validity h*Z(F 5B
o 1 voice representation FIZEDHIRZFE S D 95

5.2.38C (HH) OF—H

«Cl (Substitution) =FRDER. LHL D2 (contested) ICIHLE
INDOOHB

« C3 (Design Exploration) =D3 (frontier) & L T&mHERK

«C4 (Normative Representation) = EiRIZZ\LH' D4 (empirical-
void)

- TEZHFLZVEORA] EBIZMICERLE ShTVWSH, ERIIC
validate ShTWHW, CNIIRENICRDLEEZEITIHARTHBICH
579,

5.2.48 D (iZRREVIKE) DSt

1
Status " B4
(B ETLEOBAESHE TR B & established LA

ZEILIFREFELAEV)

D1 Established | 0

D2 Contested 12 | EEMHIKE O FEIS

D3 Frontier 4 Park 2024, Manning 2024, Hullman 2026, Wyllie 2024
D4 Empirical- 4 Bommasani & &, Spiral of Silence, Park deliberative,
Void Normative Representation £%

— D1 Established 7' 0 ., CHIIREREREZDZLMERD. 4EHOER
DEAEHLEDH L THLIC established IC>TWB MBI X EEWNC
R




6. T EH R D Meta-Synthesis

C C Tl 5.1 @D matrix EEXBOFARD 5. RIEEERED algorithmic
fidelity ICx} 9 2 EEERBIZIFDIKE = 9 DD subcategory TEEHT %,

6.1 Empirical Status Matrix

£ b2
F(E - Argyle 2023,
aggregate trend Horton 2023,
DHEIR Park 2024
438X + variation

AN
DEH =L
ElIRfRE - Histhy

} FRRE

e (RiE)
HIIN=F D

FRAE
R (R)

Dillion 2023
LT (mean) |

(r=0.95)
BALHEER Horton 2023,
(qualitative) Aher 2023
7O AEN | (L)
RrEMREM (& L)
BALANIILER Park 2024 (85%)

6.2 Hse L PRSTF DRFRE

RGE

Bisbee 2024 (2849)

Bisbee 2024,
Boelaert 2025

Bisbee 2024

Santurkar 2023,
Sarstedt 2024 (3E
WEIRD)

(EEREH)
Manning 2024 (fff

TR ERE)

Sclar 2024 (76pt
#), Bisbee 2024

Bisbee 2024 (3 # B
TEH)

(BIRAEE)

TRREF

O &R robust

X HERICEDER

X Fi#

X {RA58

A =EErEH
confirmatory ARA]

ABHNERT. 8
B E]

X EXBEBH

X REE

AFHER. BER
i

FETARENA =2 FYEBIRTIZDRMNBERSZ C VWS IERFRD. &
BOLHA TIRILICERR SN TL\ S (Bisbee 2024, Boelaert 2025, Wyllie
2024), CHUIEAMIAIBESATIZA <. LLM DI - 7Ot XD EFH

DART B EER Z2 TR %,

ARC stage 8 H\JH37 (231 T 7z Hypothesis 2:



"Apparent benchmark success in LLM-as-respondent tasks
hides structural compression: subgroup disagreement,
tails, and semantic diversity collapse even when means
look accurate."

CNUIEH —ARA D empirical pattern E E2ICEBE T ™I FATH 3,

6.3 FIRBVIEXI I

« BA® (Argyle, Bisbee, Boelaert) = RHRRICIRR ALY % 2

« $FFHF (Horton, Manning) => X aLl—> a3 vEEN (RBREFZE
REES)

« 1IMEBE (Dillion, Park) =& (C[CBYLK. #BIA&&EHA

« HCI / NLP (Liu, Sclar, Hullman) = E5JLRER X 7 = X L DIREE
« #t=% (Boelaert) = machine bias O#ER1E

— FEEEETL E 2 —DFETHD . FHEXOEMD—2(13 C D IR
EDHD TH B,

7. =f8i 4948 Saturated / Frontier / Empirical-Void

5.1 ® matrix & 6.1 ® empirical status DEFH 5. RAEREREDIFITZE
% 3 DOMEEICHET 3.

7.1 Saturated fEi15

o i[&: A1/A2 X B2 X C1

« A& LLM-as-Respondent / Population X Benchmark Validity X
Prediction-Substitution

« KEE: ZHOMBNEFEL. BRDERNICAEEH

« f3R: Argyle 2023, Bisbee 2024, Boelaert 2025

« $UlR: FHREESISE incremental (AR DX T\, BEFEHIADEIE
X, mitigation strategy OFEBILHFICHR IR E,

7.2 Frontier 7Ei

< fiiiB: A3 X B3 X C3. $LTUA2 X B4 X C2
« BB LLM-as-Scenario X Mechanistic Validity X Design
Exploration / Theory Probing



« IREE: L/ under-tested

« fX3R: Park 2024 (1000 agents), Manning 2024 (automated social
science), Hullman 2026 (calibration framework)

« IR FHREAIS novelty B < . BSEATEEMA, BT EORIIN G
XAt D,

7.3 Empirical-Void 815

- {iff&: A3 X B5 X C4

« A& LLM-as-Scenario X Participatory / Ecological Validity X
Normative Representation

< REE: BERHICER L SN TWV B A ERORERAISERLASE L

« & Park-stanford deliberative R®&{17. Tang & Weyl (Plurality)
DI 7 L — L. Wales Future Generations Act D IR S Al

o« REEIL: HEEAERBD design protocol. FIfEFT— 4 provenance
D%k, BIETIEMD T L —L

i BENICRDIEEZEITIICOIDDST. BERIKRIIIEN
TW3, RARXDERADFERD—D,

1.4 FEEDRDOES

3WEHOEEIE. AR I 2 =T ICUATOO—RT Y THIZHT S:

R OvPRlE SRR B
;izi e Frontier FRLPWHHD. EEAREDEL
ERE - REM | Saturated (DFRF | BIXIDPRFA Z Bk 9 % design literacy H'
RnE [E]36%) NE
IR L RBTIR AL TE SHAL

p—— Empirical-Void FIERGT CRBRIARH L ETEZHER

I
RIEFE - BF EmoiricalVoid RERERDIBERIAEICHITL TS D,
W P BREEORA

8.4 OO Falsifiable Hypotheses

aiXiv &EFtH #1 ADF R LT, A Eild 4 DO testable hypothesis =12
T 9 %o £IREHIC Measurable Prediction (BERIE(TE) & Failure
Condition (pre-registered REMNEEE) Z{IHET 5, 5l ARC stage



8 WMIRILICHERY L 7z hypotheses Z ARFEX DXARTHERILLIcHDTH
Bo

8.1 H1: LLMs are most valid as instruments for omission
detection, not stakeholder representation

Fik: THED AHRIFTWLWSH) ZE < omission detection (&
persona simulation & D HERM - REMLONS TENS,

Measurable prediction: [RE SN/ X X 7ICEWVWT. N1 TU YR

(AR + LLM omission detection) 7—% 7H0—|&: - human-only &0
overlooked concerns 77/\XL w2 H' >20% &1 - persona simulation
mode & D ARBIER X bAD Recall@k ' =25% &L - persona mode
& D stereotype rate ' =30% {E\L) - legitimacy ratings A* human-only
5 <10%ETFICEZXS

Failure condition ({E&=—2> TZ#)): - omission mode A human-only %
coverage T_E[E] 5720\ - omission mode O stereotype/legitimacy A°
persona mode ¥ Z7%: L - additional scenario diversity " Fiit7 — 2

> 3w 7TmEBEZ®HE LR - LLM-only/persona A' legitimacy T omission
mode ¢ [FE%

8.2 H2: Apparent benchmark success hides structural
compression

F3R: LLM-as-Respondent # X & TOFHEED R AT D—2Z. subgroup
variance. tails. semantic diversity D#EEMEMREZRE L TL 3,

Measurable prediction: 2Bf survey IH (subgroup labels 1) T:-18
BFHTARBL r>0.6 D—% - 7272 L subgroup variance / entropy
15-30% fELY - IIFEE DA &L D D7 < tails HTELY - disagreement
structure KA K DFFL

BEY Y TILY A XHEAT B I DM - top semantic clusters DEREH
EH - —82 XU Tld top-3 cluster h* >70% %= 58 3

Failure condition: - LLM %' subgroup variance. tails. disagreement
structure INRTTARB & —E - diversity B > FILH 1 X HBIL
collapse / plateau L7\ - prompt ZEH'Z ALY S ZF T compression
pattern ZRZEHE TIT L)



8.3 H3: Abstention asymmetries reveal representation failure

F3R: prompted uncertainty / abstention |&. #FICE#IL - stigmatized -
[FRIEAYIC validate REEAR R RICEWLWT. RILDEK % answer accuracy &
DBURICEERTY B

Measurable prediction: 3 #&® prompt category T: 1. mainstream
survey items 2. stigmatized / risky self-disclosure 3. marginalized /
future stakeholder personas

abstention BFAI R T:- A7 01 2-3 T 1 & D abstention/hedging A
>20pp B - BRI fraught xR T entropy shift AR EF Ly - "Rttt
K" "L > TP 3 FT+" prompt T uncertainty / pluralized
framing 774" direct voice simulation & D calibration B## T false
authority HBMEWL L FFfE NS

Failure condition: - abstention/hedging /X% — > 7' target type B TZE&
L - abstention 1R H' prompt-paraphrase noise & DA F < ALY - direct
voice simulation 5 contested target T uncertainty framing £ EEFMU LI
BYICFHMEI NS

(c) alignment policy artifact ® EN%&ERIELTWVWS DY,

8.4 H4: LLM outputs preserve intervention geometry despite
mechanism-level failure

F3R: LLM (X AR realism X mechanism-level validity Z R\ TH. NAD
FiA - B - FHE{EREEIL preserve I 3 RIREMD H B,

Measurable prediction: X vt — « framing * vignette M/\iF1#
manipulation £ T: - LLM |3 AR D reasoning trace X° subgroup realism
ZHITEIRV-ICHIDDHS5T: - AERO direction %z correctly FAl
- X w4z — variant @ rank ordering % correctly Fifl] - —ZBD
interaction structure % {R¥¥ - BIMI D ARRR & A E—2 >70% - script-
lesion perturbation ' control lesion & D R 1 XD retention Z K F
<AET (#t&8 priors A®D dependence DEEHL)

Failure condition: - effect direction ' prompt / model version J TA %
7E - LLM $Y naive expert guessing Z AEIEAI T L[E] 5 % L) - script lesion
& control lesion H'AEE ICHREZET



8.5 BRI DHELRE

ARC OMHII5TM (stage 8) LAY —~R1DmAH. H1 - H2 DEBEFIENL
393 -HL BDHRERS. ethics & utility OmAICEENEE - H2:
NFA survey & —4X TEITAIAE. theoretical anchor HY5&E - H3: BERAVIC
&HHFH L LA alignment artifact & DEID 7313 A8 L L) - H4: contrarian 1R
e LTREE, ArTaetn LRZRI3

9. Honest Design Principles (Operational Checklists

)

aiXiv &Fcitttl #2 ("RRINEKETES") AORIGL LT, FFEA%Z 3-5
= ® operational checklist + thresholds I[CBF 9 %,

Principle (a): 4 82 2% / S —TONHEDITASR

BRZEIE (A, B_j, C_k) D X DIEICERZ &< h% abstract & HEEITHA
7Y 3o

Checklist: 1. O Simulation Layer (A1/A2/A3) % /5 AE S8 TR 2. O #%
F¢ 3 Validity Strategy (B1-B5) Z#— DU LEAR L. BEZDERIZIE
21t 3. O Epistemic Goal (C1-C4) = FERDHFE & L THEBRE{L 4. O £5RD
Empirical Status @ B 25 (D1-D4) # ZERE Tseak 5. ORLE - BWT
F73: % validity strategy Z %A L 7 &I E O L& %Z 3 XU £

Principle (b): Multi-vendor / Multi-version Triangulation

LLM RERIFRIETH 2 DDRE S vendor THIRLZ R T 5. F—R7!
D2 version |& triangulation £ EB& 7L\,

Checklist: 1. O FEFERN 2 D EDE LS vendor (Anthropic/
OpenAl / Google / Meta etc.) THIRE 2. 0 vendor D divergence %
appendix IC 77— LTHR (N8 ZFEERT B721F T4 < divergence
H) 3.0 vendor B TIIET—4 - RLHF DEEA M ZER 4.0
"independent" = 3k 9 %35 &. cosine similarity of embeddings. RLHF
dataset overlap statement DL g 1iH %z report 5. 0 Bommasani et al.
(2022) algorithmic monoculture = &g



Principle (c): Pre-registration ®flE (FO>7 bk < seed - 7
LWZgP)

RAEEERIFIBEE D pre-registration (CIIZXT. F7AYFFEX « €T
ID - seed « iRFE %Z pre-register ¥ %,

Checklist: 1.0 70O > 7 b 2&X% OSF / pre-registration platform (2 &
2O0FTILID (IN=2Y 3 UXFHET) & 3.0 seed LREZEE

(713K A% pre-register) 4.0 kill criteria (IRFREXBIME) %=
pre-register L. fERMFERISEVIEEDERBRERZEIET S protocol
%Z A/~ 5. O pre-registered 5HEH 5 D deviation % separate appendix T
wRE

Principle (d): Statistical Calibration over Heuristic
Interchangeability

Hullman et al. (2026) ® 7 L — A28\, confirmatory 5% 3 315513
19" statistical calibration 175, heuristic interchangeability (3
exploratory ERfED & TEFR SN %,

Checklist: 1. 00 E5RH" exploratory H* confirmatory H' & B/ 2. O
confirmatory & 5. AT —4&%ZF U\ calibration step Z& T 3. O
calibration @ statistical adjustment (imputation, MRP, raking, etc.) %
report 4. O calibration @ uncertainty = F4ERIZ{5#% 5. O heuristic-only
5 Z M scope ZiER CTBAR L. generalizable claim ZIEF AW

Principle (e): HEEEFHEAH/INF >R (C4 BETYE)

Normative Representation (C4) Z ¥5& ¢ 2%k Id. WREFDLFEH
K« A2 =T KR DHEERMED S DGl ZHHET 2,

Checklist: 1. O XREMAERE L. TOEFDHEERRK - KERDERIE
% identify2. O 7A> 7 F&EH. >+ A 4R, EREROZERETYHE
B review #1835 3.0 HEEH SIET SN prompt / scenario / f#fR %
report IC&& 3 (unless explicitly waived by community) 4. O $5R AR
AICHEEFKICRE review DR ZRMES. OFIRT —RICHEED
SNS/RED S ENZ RN L TORENZREER



Principle (f): WEIRD / §5& /| L ARDEAT

Sarstedt et al. (2024) iR L 7= WEIRD [RAZ % 3. M RERAD
WEIRD-ness ¥ LLM OX1t/N1 7 X %=BBRY %,

Checklist: 1. O XfREMDHMIE - 58 - FAiSREEZATR2. 0 FKkT 3%
HHt WEIRD H'JE WEIRD h % explicit IZ position 3. O 3 WEIRD £H% 1
SiEE. AWRICEAT S LLM OMEEE T A Z A8 CESE 4. 025
ERRTIIZSBETORERES report 5. 0 #5356 T TAMATROZ LM
WEIRD / REMILXARICRE SN D1 TR (BB

Principle (g): Failure D& EMRT

RINEFI7ZITTH L REEER CIRED B L 2F6. E|AINE
hypothesis. misalignment E4)% EENICHAT 7 5.

Checklist: 1. O Bl appendix T 'S5 & < LWh%H 57z prompt / model /
target] Z#E 2.0 failuremode ZHR4E L. XAZIALDRFHZIRSR 3.0
ZEH TN hypothesis IZX 9 % 5mX[E cross-referencing Zizft 4. O
negative results z B3R M1 (OSF, GitHub) Z38%E 5.0
"ablation" % "limitation" % perfunctory ICRT 9. ARBHIEZRE LTk

2

Principle (h): Recursive Limitation D258 (LLM iENEFFE% LLM
DAt 9 3158)

LLM EENEAZE%E LLM BB O D1 - &S - e T 2135, recursive 535
REKEREFRZATY 5.

Checklist: 1. O Z%& - &&iE - OHED LLM hAEHD ZBRR 2.0 LLM &
DZE. prompt engineering & validation strategy %z appendix TR 3.
OB L vendor d LLM ZEE L EFHOMAICES e 281k (i
triangulation REJ &£ 72 %) 4.0 recursive limitation A& ® evidential
basis ICE SHET ZH 2 EZRE Tiw L 5 5. 0 Messeri & Crockett (2024)
"illusions of understanding" = &R




10. 2B 751> - RIB L DIES

10.1 Empirical-Void fEIS D fGIBAYB

§ 7.3 TRIZE L 7z Empirical-Void 7818 = A3 X B5 X C4 (LLM-as-Scenario
X Participatory Validity X Normative Representation) (. fRIEMICR
HEEZEITBZICOHNMDDST. BRENRIIDNRHENTWVWS, Chidi)
TORENSEL B:

CHEEED TRE) 206 RBET—2HEDIC< W

LLM BMEAATREME R BAER LTV (B plausible ICR X %)

G T —RICHBEERENE EFNIHBEO _EFIEENEM

R REM A RIERICHRE# AN R CRRMA. T<Aho7tAR) &
20

A W N =

C DB DOMARZ MIENICHKILEE B DI, AT KEHE - 85 - KF
ANFVAD=FER = RET %:

- X145 A (Substitutability Principle): AR TRIERIAEL 5 RA8(1E
(X% (avoid by simulation DEERZEILL)

« 38;<[RBY (Disclosure Principle): (R TH 2 Z & 5w - ERYT
BAR L. WEFRICHE LRV

- fXFH /N F > X[RBI (Voice Governance Principle): 4E& M1k - B8
EII 27« COHmBELICHAZERLEV

10.2 Plurality & D&k

Tang & Weyl (2024) "Plurality: The Future of Collaborative Technology
and Democracy" |F. Z#k4% embrace 3 2l ZRIET %o
Plurality @ Tlinternet of beings) 8 IFREERREDHIENAMIEDIFIC
UTZ2T%s%:

RAEEER T KREFEDERMRILE & L TAIEDITAIEE

T2l TEEI DEFEZSERVASIETIIR KB ICET S

« L3R & L THRRIL &t B 1C1Z Citizens' Assembly 32 deliberative 2%
B DERNUE

10.3 Future Generations Voice

Wales Well-being of Future Generations Act (2015) I&tHFFID Future
Generations Commissioner f|E =ML L. IRTE Scotland. Ireland.



Japan. NZ. Canada. France. Germany. Australia (2025) B*&8 L TL)
%, RIEAEERAI:

 RRERDEBERBREBNMZZIET S stress test FE & L TfEH D
o122l TREAAVAE 2 —% LLMHARITTE S LS ERIFEH3
(abstention asymmetry) DRI ZFEDINE
- FIENHKFE (Commissioner) & LLM REEERD /N1 T v FE&
SHERZEZER

10.4 fEE#E8) "Nothing About Us Without Us"

RAAREEZz SFERST TERT 2 C L3, BEEEFNESDOZORIHEH
ICERHEAT 5. AENXIE. CORAZE C4 X3®kE T HETOHR ICHR
TRILERET B

10.5 IRB | IRRGIEEEDEIA

Frontiers (2026) "Streamlining IRB review of Al human subjects
research" D=E&FET7 L — LT —72. HHS OHRP / SACHRP (2024) @ Al &)
£. NIEHS (2025) @ synthetic data ethics Z&RHMEE L TLW D, RIERER
EICFHME LTRIBEEEEIT R EHIIL TULARWAL Principle (e), (f), (g),
(h) X2 DERERZIRMET S,

11. JTBD 934k D - D « Bt

RAEERERE% TN - AD/=IC - Bt AT 3H% 9 DD Jobs-to-
be-Done TEIEY %,

LE S
Job HAEE MR L 7= L\RsE Z EEREANDHA

J-1 fRIBRYICE L
fm . DB - & ) 7 )L #ERE I CRIERY A3 > F A THRE

WEEA L
T_f%ﬁ e BARE aEZHTFSNEL TR
J-2 KIMEERIN
ARIRER] N

=R i RER¥XE UoIL— B CKRE

HEE
IZfTVW =W

JB3EBERRGERS | ANHEBURH EEE TIKEDIRLA A2 TOFUTER
BLEW A DHEHWN ST

i

A3 TIRIBAYETARL



{RABSREREANDHA

Job HEEE FERLT-VRIE -
JAERERT— ‘ - .
PEEATT  spmry | RRA - SERHER - 1
IR —%4 R
R A IR UK
HIAHT= L
JSHALYRT s g
i HA%E - | SNSTRELAVAS | A2 THIEF— 4
EDL e ] .
- HRF = [ & triangulate
EL7=WL
J-6 BAEER R ) X
~ K R HEERT SRR EDIBED A2 12h"ZH IR
B RERICE
nE counterfactual HIEE
D=\
J-TEF ED
EEH%EEZZ f DEMEN | UTLRITRSER | ALTSFUARE
== oo -
SR TESE S
— nE ] ZESEDT
J-8Flsk - HER | WAZER
BETEHEEIESN
D) 7L EEE B. & ff% RS A3O—IJL7L A
. A EN
FhHaL L BRIl
JOES: - BETER | REHE-L LLM {RA8EERER X DT X AT LTD
EZEDTZWV Ea7— HEAERTE design principles

J-1, J-4, J-5, J-8 | C4 (Normative Representation) (CE%3 L.
Empirical-Void TR ICIB T %, N5 D Job Z MBI HITICIEAGE
X ® Principle (e) HEE&EANF Y IADNBEL R 3,

12. Open Problems

SCEREIRTRY (S R AR 0D R R E:

1. Persona conditioning DIEsRAIPRSE: BETOV T TEZETE
M7 HZzBERTE2H 0D formal % LR

2. RLHF (BRI D X{LAE#REYAIE: Santurkar 2023 O REM% SIS
iR

3. (T — R BFROTEMTE: BIERENIET —2ICEENZ L0
RZRBRIE

4, Multi-vendor I DIREE: FliR T — X LB RIEEM D AN EBIREEFE

5. AFELMOHERE: TBRIEDE #ARLT 3 L DREHN
HIEEAE

6. kKRR FDHER: BET —2h SRS N LLM BERRAENR
ATITZEVDS ERDOIEH



7. {R*8 pre-registration M&M: 7O 7~ -seed - EFTILIDZFT
pre-reg DIZZEAL,
8.BRYEAI>VT3: 707k - EF7I) - REOREFEFLBERITEZR
SETHY—ILFAY
9. fRIEL E 2 —&%: RB MRERBREZWMS LHDEES
10. abstention D& MkER: Hypothesis 3 @ HEER A model failure /
appropriate humility / alignment artifact D ¥ %z RT3 H DY)
Do
11. WEIRD #:3R DA i&5R: 3 WEIRD S£HICxt 95 LLM MEEEE TS &
FICHER T B FE
12. KA HINF > XD institutional design: YEEF XK HEHZFS - H
AREZEICHAAT X HZX L

13. Limitations

aiXiv &S #3, #4 NOW I LT AL E 2 —B&ED limitations %
honest (2512 %,

13.1 SR CHIEDRD

ALE21—IRFBEAFFEONRZNRE L. EOMEFEIIIFNRTH
%o FIC: - FEFEOHEMIRNENER (FRERNOSHRHKBREME) - X
RAVEE - RILEAIEDST YT AVAME-7ZETFE - 77 ) hsE
SROMAZENER (FRFRICTEL TV S,

WebSearch 7 T 1) "{RA832E&8 LLM 2024 2025" |F 0 hiR% L1=e CHIZH
AREBOZM I 2 =70 TIREEREREDARRIZEBDAB L THDH T
BLWIrzRLTW3S,

13.2 & D filter-bubble /N1 7 X

WebSearch (Google X—2X) 2L TH D, Scholar + SSRN - arXiv &
Bi% APl TINWW/RBIRER TlER W, L2 I % Bing /DuckDuckGo /
Baidu HFTEITTNISERNE L 2 ATREM.

13.3 18 EkiFIRD selection bias

18 XERDEEIL. (a) B#HE I (b) EBHEES () BE - HPIOFIEED
AIfEICIRIIDBHD. ZEBFELIERTH D, KD &K S 7% perspective H'
relatively @ %: - decolonial Al ZD#t¥] (Mhlambi 2020, Birhane



2021 %) -IEFEEXARD S D Al ethics BFICT7I7UD -BHK-BT7TT
) -BEZ (disability studies) - SEMNVHEORFARIE

13.448%2 2" / = —DIEHK bias

AFHX D 4 8 (Simulation Layer, Validity Strategy, Epistemic Goal,
Empirical Status) &, (a) & D coding bias. (b) ARC BEEITHIRILIC
FRELIRILREA. OWNADREEEZZIT TV, 2V /I —HXiEkz
BELT2AEE. XM SBELINZAEmONA AL, RNERICHE
RENBERZSCo

KREMIZIRE I NS 58 - Time Horizon: BIEFIEE vs REA1 > 250
23> -Modality: 7+ X bD&H vs YILFE—4 L - Intervention vs
Observation: $2{E3E5E vs IR S 2 L —2 3 > - Single Agent vs
Multi-Agent: &5 vs B¥&h7E

_nbo %%ﬂ%"“bﬁ't 6 @EH 8 Em*ﬁl_:b nHHiEE,J‘L-—Jﬁb n_h 2': Y'C &
parsimony & BIF R DIBERAFED S 4 Bz A L T

13.5 Recursive Limitation: X/ XD LLMEBETHZA I CLDER

AL LLM (Claude Opus 4.7) IC&k o THESNI-ERE LTEHNT
W3, CHIIMREEEREDAEBETEE T D2ERBXDOMEREE recursive
HEREES. UTORMARNEEEET:

1. MRSt D B2 8B AHXHMHI T3 "LLM A LLM Z 5l 3
FIL—7" 1E. RBXDOHEBEZDOHLDICEHTIFES
2. selection bias DEZ#E(t: EE LLM OIIET — R IZE T3 XEH
BEMICEEBEINTVLSAHEN

3. machine bias @ k E v 7 1E#BYEHE: Boelaert (2025) H'54E9 %
topic-specific bias A, AFHXDFEROFEICERBICEALTWVS

TEEM

4. prompt M ERZ3 70T F TEABYEREL TLVNIZERS

taxonomy / hypothesis IZEE L 7=FTREM

13.5.1 iR D 7= ICEfhE L 7= validation strategy

AERIIELAT D validation step % #%7z:

« WebSearch + ARC OMIIIEHE: 18 SXHAD WebSearch H—~ -1 &,
ARC v0.3.1 @ B## synthesis (rc-20260428-213351-42de41) HYJ#ITIC
FLC48R2IY /I —¢ 3EEDEICHIZEL /- C &% cross-check



« WL T BIBDERBIANTEL: ARC stage 8 B*4ERE L 7z contrarian /
innovator / pragmatist M= perspective Zf&#F L. & hypothesis
IC "Unresolved Disagreement" Ei%x {45

- BEE D pre-emptive RBR: BIX1D aiXiv &5t (rc-20260427-
llm-mediated-research-review) @ 4 D® critique % AR DB IC
YDA H

- $MERT(E - FEXNEHED formal 1b: R TEZE ATEELIED
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+ ABM: Agent-Based Modeling
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End of paper.
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