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Abstract

With the rapid increase in the use of search engines, the need for developing more effective information
retrieval and ranking methods has become critical. One of the key challenges in information retrieval is
predicting query performance, which involves estimating how well a search engine can fulfill a user's
information need. Accurate prediction of query performance allows search engines to take adaptive
actions, such as query reformulation or ranking adjustment, to enhance retrieval effectiveness. Query
Performance Prediction (QPP) methods fall into two main categories: pre-retrieval prediction and post-
retrieval prediction. Pre-retrieval predictors estimate query difficulty before the retrieval process,
relying on linguistic and statistical query features rather than retrieved documents. In contrast, post-
retrieval prediction methods assess query performance based on the ranking list and document
collection, providing deeper insights into retrieval effectiveness. In this study, we propose a novel
unsupervised post-retrieval QPP method that evaluates query performance by analyzing the clustering
behavior of retrieved documents. Our method defines five new metrics—CC, DCIC, DCNIC, DCNICR,
and CCR— to measure the distribution and coherence of retrieved documents. These metrics help assess
query difficulty by capturing how documents group into clusters, identifying outlier documents that do
not fit well into clusters, and evaluating the overall structure of retrieved results. By leveraging these
metrics, our approach provides a more fine-grained estimation of query performance without requiring
human-labeled data. To evaluate the effectiveness of the proposed method, we conduct experiments on
three datasets: TREC DL 2019, TREC DL 2020, and DL-Hard. The results demonstrate that our
approach improves Spearman's correlation coefficient by 0.009 and 0.163 on the TREC DL 2019 and
DL-Hard datasets, respectively. Additionally, it increases Pearson’s correlation coefficient by 0.037 on
the TREC DL 2020 dataset compared to state-of-the-art unsupervised QPP methods. These

* Corresponding author Ol Hlvengs 3-*-3“%.93*

Y 2l ) Ll VFeY JLle g axllae g9 @ VEF/TIVA £yLacsl g, @ VEYNTA 5 iy Gy @ VE VMY tallie Jluyl Gyl @



improvements indicate that clustering-based QPP methods can effectively capture query difficulty and
retrieval quality without the need for external supervision.

Keywords: Query Performance Prediction, Information Retrieval, Search Engines.
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(Figure-1): The Architecture of our Proposed Method.

©

Y 2l ) 5Ll VFeF JLle



Slbs 993 L9 oS b 9393 Tl SyShes Fusyia

L casloas colainl Glegoge Laweis daul 5l ccils
3l aley ol Slegbge ais 4 HLDA s,
Wl gamade sl (pl @b
o9 e iy, SeSa 3,50, onl ([Y0] QPP-PRP
s, Joe S b 5 oS 1, bl ol
ol bl .o)sta Cawddy gl oo gl il Y@m
s G gainady SYlaisl az o aS cowl pl g
oo Jeial wdl 5l s w4 S

Lol iy 929 0,Sdes (s S99 (2L

bl ey lre-Y-F
gl &l BM25 51 [V iags alin 055 5o, o
WD ooliiul grgmn o Sl S e el gl 03
) Caz obasgeze 2 cemy lajlae Sl alpl
@ bgipe (o) e D98 oo oolitul Zdge ik 3,55,
1ol [YA YY] NDCG@10 s 590 03l dc gz dus
g5 leidnn gy O8des (it (b Sl e
5 T VYD) ladgep 5 ol Byme slajlre (Stayen
e s Slae (il 2 oS olagrg pn degene m (O
Cowddy NDCG dlwsg 4y o5 oyl a8ly o Sloc 5 wiloas
Oy 3 8kee 2l sl i (s 0 dle W s
ool 5 TN Togm ale lagh sdledin
Wl oo dalol jo ol sl (Byre .l dilgs (6 ol

oS Sl (G (S o Ko Gsesm
Dbl ©po ol 5 Compd 93 il lssS e S
RN E P BNCRC TN

Pearson = %’ZH@ @)

St Sy S plgiear (IS oo
28 Gloj 1y iy onegdy call (ganad,
gl oo (SIS 0ad Sariny 9 (s8ly 3 Shee Lol
S o (6 S o5l

)

number of concordant pairs — number of discordant pairs

Kendall =

number of pairs

Sl anas) (Saed e S oyl 0 pd
Syzgmn  Om Swped oo Olgea
1390 g0 Ry gL
cov((R(M),R(M))

Spearman = ———————= )
O9R(M) OR(M)

O

2 neural ranking models
3 Pearson

4 Kendall

5 Spearman

Y 2l ) 5Ll VFeY JLle

s Julod g (ob5) -F

5o oolaul oy90 slaoslsacgemme ol (i (pl o
Slahs; o Wiphin Brme ibsy slagile)
o Oypon laasdly BT 0wl sielss Byxe 4l

255 (o0 g gl koS g 0sd (815

oolode goxo (8 ypro—)-¥
559> ;0 Bgyre bobdacgeze aw 3l iegh opl o
[¥-] TREC DL 2019 g3y o, 5hec ol
ool [¥y] DL-Hard 4 [¥\] TREC DL 2020
xl sl @l sl (V) Jsaz 0 Cesleads
TREC (sloolodcgazmo uwlonds i 35 aoslsdc goze
Jolss o5 54 DL-Hard 4 TREC DL 2020 .DL 2019
6‘)‘.’ L@OQ‘OASM L)"‘ LRGN L ) g 9 Of XY

s oo )l lad e diw (paiz g9y

So3ld acgormn 43 by yo (5 kol i ()~ Jgu)
Gole LG9l 50 cud oolaiul
(Table-1): Statistics of the datasets used in current research.
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(Table-2): The performance of the proposed approach for the top 10 and 100 retrieved documents. The validity of the results has
been confirmed using a two-tailed paired t-test at a 95% confidence level.
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(Figure-1): Comparison of correlation coefficients for the five proposed metrics on the TREC DL 2020 dataset for the top 10
and 100 retrieved documents.

sl oui sl 3 G wiuw w0 (51 )5 9y B9y b 65l B9 30 GOl b3y 2l Aunn o (Y- J3u)
Cawload sl 740 ¢ylueb! gaw g t-test b gl

(Table-3): Comparison between the effectiveness of the proposed method in the current study and unsupervised methods for
the top 100 retrieved documents. The validity of the results has been confirmed using a two-tailed paired t-test at a 95%
confidence level.
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