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We propose a novel benchmark, ChronoBias, to highlight the importance of time-conditional (temporal) group bias analysis in fully uncovering the mechanisms of group bias
in the time-sensitive knowledge of large language models (LLMs).

ChronoBias Benchmark

Problem 1: Group Bias of LLMs

RAG Partially Mitigates Temporal Group Bias
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= LLMs often show disparate performance across factors such as demo- = ChronoBias is tailored to time-conditional group bias analysis!

0.6 | ==« Time-marginalized
graphic groups, regions, or levels of popularity. — Group: Geographical regions
. . , . . 0.5
= This undermines LLMs' fair deployment for diverse groups of users. — Date of knowledge update
Metric Brazl  Spain  England  Korea  Saudi  Algeria = ChronoBias consists of QA pairs in the sports domain across 6 geo-
Model Performance 0378 (1)~ 0.275(2)  0237(3)  0.14(4)  0.136(5) 0.073(6) graphical regions from 2015 to 2025, each aligned with a gold passage.
Monthly Page-views 47,028 (3) 219,607 (2) 622919(1) 10324(5) 28,197(4) 4,098 (6)
Web Crawling 1. 3 % \ o2
_ e ® e - morldiootball net r'__r“"f {:Ieague_name:::EPL”, ) . i
Problem 2: Tlme-sensmvnty of Knowledge °°° season_nome”: 124/25" é % >
EPL 24/25 Round 2 e P e : '
» LLMs must adapt to time-sensitive knowledge that are updated after T || eew [ e s ( *® Before Right before Right after After > Before Right before Right after After
their knowledge cutoffs, to maintain performance uniformly across all R S uestion Tue me fhe op 1 eam n -t roune (3) Vanilla LLM (b) RAG-based LLM
. : - 5 O 2 during the 24/25 season, along with their points, Time-marginalized group bias and time-conditional group bias.
t|me |ntervals o . “time-sensitivity”: “Fast-changing’,
Question Template ;“‘““‘i'_'"': «gqroup" *EPL", . . o .
= Knowledge cutoff of an LLM: The most recent date of the knowledge Fast-changing et 25082024 RQ 3. Guidelines for Building Fair and Accurate RAG-based LLMs
. . . Give me the {top_n} teams in {league_name} at round {round
Used fOI’ |tS pretra|n|ng -:Iuringthte {sgaznn}_r:ame}, aLing?uith their}pntints. { : “answer”: [“Man. City”, “6 pts”], . . id vy . 6é yy
Slow-changing "gold context’: “This s the league table of round 2 Guideline 1: “UNFAIR” retrieval for “FAIR” model performance

Fast-changing during the 24/25 season in EPL..”, ..

- _ Who are the {top_n} scorers in {league_name}? If the season is
Sﬁim t{t:":n:zz}t:s?irg"':hipl_ [‘Newcastle”, “3 pts’] [‘Brighton”, “6 pts’] - [‘Man. City”, “88 pts’] [“Man. City”, “91 pts’] ongoing, refer to the previous one. } 0.5 % 0.50-
e — : 045 ~
. 0.4 - n
Slo-w-changlng- [Son”, “23 goals’], [Son”, 23 goals’], [Son”, “23 goals’], TR B l a S | n Va n | I l a I.. I.. M S © 0.401
Who is the top 1 scorerin EPL?  [ug(ah” “23 goals”] [“Salah”, “23 goals’] o [“Salah”, “23 goals’] S - @
If the season is ongoing, refer - c 0.35-
to the previous one. ‘-l;;" 0.3 - S ’
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Round 1 Round 2 Round 37 Round 38 (End of the Season) 0.351 o & = 0.20 - B Gold (Oracle)
O v Q) A Contriever (K=1)
0.30 - é 0.15 - ’ Contriever (K= 3)
- - _ - - . 0.1 ' ¥ OpenAl Emb. (K=1)
Possible Solution: Retrieval-augmented Generation (RAG) . 010, . CoamEnb(x-3
= 0.20 - ¥ ChatGPT-40 (Web)
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= RAG can be a possible solution to aforementioned problems, since it... | | O 00 01 02 03 04 05
. 0.1 : 0.10- :
— supplements knowledge acquired before the knowledge cutoff that s - Overall (1) GroupBlas (4)
. : : 0% Pairwise scatterplots of Group Bias, Overall Performance, and RAG-Vanilla Gain Bias.
Was n Ot Wel | reta I n ed I n m Od el pa ra m ete rS ( P rOblem 1 ) ; o0 Beflore Right Ibefore RightI after Aféer 0.00- Brazil (-0.233)  Spain (0.127)  England (0.178)  Korea (-0.086)  Saudi (0.089)  Algeria (0.001) :Marginal (0.016)
— Processes new information without further fine-tuni ng (Problem 2) : (Left) Time-marginalized group bias and time-conditional group bias. (Right) Group-wise model = Overall Performance: Grou P-WISE model performa nce

performance before and after the knowledge cutoff. = RAG-Vanilla Gain Bias: Disparity between the maximum and mini-

= Main Goal : Construct RAG-based LLMs, which are fair and |
accurate uniformly across all time intervals! RQ 2. Rationale for Temporal Group Bias in Vanilla LLMs mum performance improvements from RAG.
. . . Guideline 2: E hen th t f retrieval , time- itivity bi
Research Questlons (RQ) Parametrlc knowledge blaS : Before and After the knowledge CUtOfF ulaeline ven wnen € Ssame type Ofr retrieval error occurs, time-sensitivity Dias Causes
variation in how much useful partial information is present in the retrieved document.
.. . Metri Brazil Spai England K Saudi  Algeri

« RQ 1. Group bias in vanilla LLMs il Spain  England  Korea  Saudi  Algeris -

) o ] Model Performance  0.378 (1)  0.275(2)  0237(3) 0.14()  0.136(5) 0.073 (6) i virong
= RQ 2. Rationale for group bias in vanilla LLMs Monthly Page-views 47,028 (3) 219,607 (2) 622919 (1) 10324 (5) 28.197 (4) 4,098 (6) oo
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= RQ 3. Guidelines for building fair and accurate RAG-based LLMs
Main Challenge: Lack of Group Bias Analysis in

Time-sensitivity bias : After the knowledge cutoff

Parametric Knowledge High Low 3 0-3
the Time-sensitive Knowledge of LLMs Time-varying Slow ~ Fast | Slow  Fast
Region England Spain Brazil | Saudi Korea Algeria 0.2 -
= For questions involving time-sensitive knowledge, LLMs provide correct 1 542 416 642 | 423 459  6.03
. . . . 0.1
answers only during specific time periods. Top 3 9.81 921 1276 | 155 125 124
T .. : 5 13.13 1508 16.84 | 1192 17.86 155
- leltatlon Of eXlSt'ng group blas analyses ] They average Over all l 9.32— 8_63 9.13 8_42 T_SS 9_?? 0.0- Saudi (1.330) England (1.172) Korea (1.016) Spain (0.963) Algeria (0.850) Brazil (0.776)
time points, thereby overlooking such temporal variability. Bottom 3 21.53 2037 21.55 | 1892 15.18 22.33 Group-wise performance of Vanilla and RAG-based LLMs only on queries with incorrect retrieval.
5 27.58 2505 28.66 | 23.77 17.95 26.97

= We refer to this type of evaluation as time-marginalized group bias.



