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[Abstract]

With the advancement of large language models(LLMs), in-context learning has become a key
approach, driving research on prompting techniques. Among them, few-shot Chain-of-Thought(CoT)
prompting, which induces explicit reasoning, shows strong performance but depends on example
composition. While prior work focused on diversity or uncertainty in example selection, difficulty-based
approaches remain underexplored. This study proposes a method to identify high-difficulty questions by
combining pairwise difficulty comparisons conducted by an LLM with a Swiss tournament structure,
constructing few-shot CoT exemplars with human reasoning annotations. Experiments on 1,319 GSM8K
problems show that the proposed method outperforms random, uncertainty-based, and direct difficulty
evaluation approaches by 2.12%p, 1.36%p, and 10.16%p, respectively.

» Key words: Large Language Model, CoT, Difficulty, Swiss Tournament, Inference

(2 <]

lo

At o] melo] Hbdo] we}
olo] T ZELE || 8IS
CoT(Chain-of-Thought)i= 22572] oA] Algvtez F2 AeS Fuset Wyoz dHA o,
Al FACl Wt As B ARt A7 EART Ve dTs gy B34
T 4% VeSS AL l

AT grHow

92 EURE 725 Agstel, udE 28-S A
(] S [e)
SN =

S
A
ot
>
oXx
N
e
I
AC)
k=l
i
-
k1

« First Author: Jooeun Lee, Corresponding Author: Namgyu Kim
*Jooeun Lee (wndms2047@kookmin.ac.kr), Graduate School of Business IT, Kookmin University
*Minseob Song (magnet9805@kookmin.ac.kr), Graduate School of Business IT, Kookmin University
*x*Namgyu Kim (ngkim@kookmin.ac.kr), Graduate School of Business IT, Kookmin University

* Received: 2025. 12. 12, Revised: 2026. 01. 13, Accepted: 2026. 01. 28.

Copyright © 2026 The Korea Society of Computer and Information
http://www.ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



32 Journal of The Korea Society of Computer and Information

I. Introduction
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II. Preliminaries

1. Language Model
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5. Difficulty-based Learning Approaches
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III. The Proposed Method

1. Research Process
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Dataset Human Annotating
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? Inferencing with q !
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Answers & Rationales 5 5
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3 ? Few-shot sets
Random Pairing of
Two Questions

New few-shot CoT II
Randomly
p. 4 II

Exemplars

aired Questions
? Inferencing q
3 Test Ouesnons
Estimating Difficulty q
? by Tournament Approach
Predncted
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Top-N Difficult II
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Fig. 1. Overall Research Process
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2. Data Construction with Few/zero-shot CoT
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( UNLABELED_QUESTIONS ( RECONSTRUCTED DATASET h

Q1: Natalia sold clips to 48 of her...

R1: Natalia sold 48 clips in April and half
of 48, which is 24 clips, in May, so
altogether she sold 48+24=72 clips.

A1:72

Q1: Natalia sold clips to 48 of her...

Qn: Fem is checking IDs to get into an...

A\

Qn: Fern is checking IDs to get into an...
Rn: Femn denied 20% of the 120 kids

Ciiauisl) from Riverside High, which means
Q: < UNLABELED_QUESTION > 24 kids were denied. She denied...
A: Let's think step by step. An: 112

[ N )

Fig. 2. Dataset Reconstruction via zero—shot CoT
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3. Pairwise Difficulty Comparison via Swiss
Tournament
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Fig. 3. Random Pairing
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Pairwise Comparison Prompt

S
You will evaluate the difficulty level of questions.\
Specifically, you will compare a pair of
questions, rationales, and answers to determine
which question is more difficult for you.

Respond only with
“The more difficult question is {question_idx}."

- [[Q53: Je
(@19, R19, A19), | [(@53, 53, AS3), Sijarnrns
ot et N RES

(Q16, R16, A16), | | (Q68, RES, A6S),
(Q81, R81, AB1) || (Q97, R97, A9T)

(@20, R20, A20), | [ (@3, R3, A3),

(Q39, R39, A39) || (Q47, R47, A4T)

A53: 3

Fi

g. 4. Pairwise Comparison
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Pairwise Comparison Prompt

-~
You will evaluate the difficulty level of questions.
Specifically, you will compare a pair of
questions, rationales, and answers to determine
which question is more difficult for you.
Respond only with

*“The more difficult question is {question_idx)."

Q53: Jemma saw 7 grassh a
RS3: Jemma found 2x12-24 baby grasshoppers o+
AS3: 31
Qss: €a : toppe banana slices
ASS: 4

Fig. 5. Tournament based Pairwise Comparison

e
i
o
ol
—=1
o)
i
><
O
=
© X
1o
% K
rC
Im 1
19
A
rlo
2ol
e
g
[Ra VS

L -

10 o Y 2o Ho O
=]
o _4
oo
_Ei

}HP}\HOP A 0]

gt 29 o]

EPARC LR

olet owﬂ—
ECENEE

M

40 ot

1o
ofd
o
|
¢
fo
st
4>
O
l‘[[‘

e o
>«

A EUHE "RAlS XA HFE, J2]10 e AR X0}
of| A ua }\}_Q_QL Aoz nE 7<El_t,'_o] Lol

of

m
rlo [~
_ko_l'

ol
4
15
E
]
=2 n
ok
N
e
oL o
_lﬂ
_Ei
r o
\rl
o |
11

Jo
>
e
o|A

|

Mo Mo rek
=

|

T
>{El
mE
|
-
PA
U
nx
é
i
£
w
oo
ﬁ
rE
_>.i
-|>
O
s

[l
)
o
o
fo

ko

< —F& 17} 0% OHM ek el

A EHUSE AU, o 2les
1—7(4 A?ﬂ 7]§_ 7] Qi

Hol olgofaIck. al Ao 57
27h 849 B% $A502 M2 4 9
ol mul A] 710N Melel pAle A
t}. Fig. 62 294 ELiBIE0] o] woln,

7
/
Ao SR 24, Haks 24, 2T B

%fn Al g A

o HiollA A== oj

7(7(1

o2 9
Oz FAEo] Qltt. & THoM= 7T Al ¥ o
shs 4% ol% 7194 AefEE A2 drAez A
Ll

T

ROUND 1 20 | &
e (0-@ Q"9
®O-Q| 1oO-@
0:-®|| |®
- 2O ® 0o
O - 1@ O
0O ®
=@
®

o
o
@

000
|
|
®
)
[
®

oAl eheERtg YRS ARG, Qo Rl dAut
[©) E'._'_ SHEE 2 A
T o= U

7} 480] k53t V%J 1o} 25Ho
2 5aER, 8 58 21E 491 200 228 Vi
MBS0 uE Ao MgHt

4. Inference using New Few-shot CoT Exemplars
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DIFFICULT QUESTIONS

ANNOTATION

NEW EXEMPLARS

i Q1 Alice has 20 quarters, She wants to. 3\

R1: A quarter is worth five nickels because
.25/.05=5. She gets 100 nickels from
the bank because 20x5 =100. 20 of...
\A1: 64 )
|

Unlabeled Questions

I
*
’ Zero-shot CoT Inference

!

Q with &A (QRA Triple)
(A) Random (B) Disagreement (C) Difficulty Score (D) Tournament
Sampling based Sampling | | based Sampling | | based Sampling |

(A) 8 few-shots II W‘l w‘l (D) 8 few-shots II

Inference

vy [ N

ﬂ (A) Accuracy J U (B) Accuracy ] U (C) Accuracy J [] (D) Accuracy J

(QN: Fer is checking IDs to get into an h

RN: First find how many kids from Riverside
High are rejected:<<20*.01"120=24>> |
24 Kids. Then find how many Kids... ]

\AN: 148 |
= z —

TEST QUESTION

Q: Afarm has 10 2-legged animals and 15
4-legged animals. f all animals are...

|

INFERENCE

Fig. 7. Pipeline of Human Annotation and Inference

IV.

Experiment

1. Experiment Overview
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Table 1. System Environment

CPU 24 core 3.4GHz
HW GPU NVIDIA GeForce GTX 1660 SUPER
Memory 32GB
Python 3.12.7
SW
Pytorch 251

Fig. 8. Overall Process of Performance Evaluation
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2. Data Construction and Example Selection
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Table 2. Example of QRA Triple

Idx Question Rationale Answer
A beadshop To find out the
earns a third of profit made on
1156 its profit on Wednesday, let's $1,200
Tuesday and... follow the...
Bertha plays Let's break down
2965 tennis. Every ten | the probler.n step 8 balls
games, one of by step: 1.
her tennis... Bertha starts...
John bakes 12 To find the total
7137 coconut weight .of. the 12
macaroons, each remaining
weighing... coconut...

o] A= AES A6t Active Prompt ®4 (B)=
7F 28 Azol tisf 108] vk 222 2385k, 38 &
RS =Y Arr Pisto FS =38t 1
2t 109] L% 2UAE 2 =

LLM Yol 4 W4 (O 7} 2

Agotirt. R oF o= Hol
AstFod, ol7it] “The difficulty of this question is
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3. Performance Evaluation
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Qi: A beadshop earns a third of its profit...
A1: On Monday, 1200/3=<<1200/3=400>>400 dollars
were made. On Tuesday, <<1200/4=300>>

300 dollars were made. ..
ALl: 500

Q2: Bertha plays tennis. Every ten games, one of...
R2: Bertha wears out 20/10 = <<20/10=2>>2 tennis
balls in 20 games. She loses 20/6 = <<20/6=4>>

8 few-shots — 4 tennis balls...
10

08: Mr. McNeely takes a register of the total...
A8: On the third day, 1/7¢280 = <<1/7#280=40>>40
students called in sick. If the number of
students absent on...

40

— | 0: Anthony had 50 pencils. He gave 1/2 of his
pencils to Brandon, and he gave 3/5 of the remaining
pencils to Charlie. He kept the remaining pencils.
How many pencils did Anthony keep?

Test Question —

Fig. 9. Inference Prompt Template
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Table 3. Results of Few-shot CoT Inference

Method Accuracy Correct
(A) Random Sampling 0.3518 464
(B) Active prompt 0.3594 474
(C) Difficulty based Sampling 0.2403 317
(D) Proposed Method 0.3730 492
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Accuracy

0.3518 0.3594 0.3730

0.4
0.35
0.3
0.25
0.2
0.15

0.2403

0.1
(A) Random (B) Active (C) Difficulty (D) Proposed
Sampling Prompt based Sampling Method

Fig. 10. Method—wise Accuracy
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4. Comparative Analysis
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Table 4. Performance Comparison Across Tournament
Structure

Method Accuracy Correct
General Tournament 0.3397 448
Swiss Tournament (Proposed) 0.3730 492
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