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Agent4Stu; Efficient LLLM-based Student Answer Behavior Simulation Agent

LIU Suyi.LIU Qi and GAO Weibo
School of Artificial Intelligence and Data Science, University of Science and Technology of China,Hefei 230027, China

Abstract Personalized learning has become a core focus of the digital transformation in education, with its success hinging on the
precise understanding and modeling of student response data. However, real-world educational scenarios often face challenges
such as sparse learning behaviors,dynamic evolution of learning states,and privacy compliance constraints. Additionally,discrep-
ancies between offline data and online learning behaviors result in insufficient behavioral data and distribution shifts, significantly
limiting the modeling capabilities and generalization performance of intelligent education systems. To alleviate these dilemmas,
previous studies have attempted to simulate student response behaviors to expand data scale and improve model performance.
However,existing methods struggle to simultaneously balance generation quality, efficiency, and resource costs. To overcome
these limitations, this paper proposes Agent4Stu,a student response behavior simulation framework that integrates large language
models(LL1LMs) with retrieval-augmented generation(RAG) techniques,enabling low-cost, efficient,and highly generalizable per-
sonalized response generation. The framework comprises a pre-built retrieval database with retrieval strategies and an LLLM-based
agent. The retrieval database is constructed from student response behaviors,and two retrieval strategies are designed: similar-
student collaborative retrieval and relevant-fact retrieval. These are combined with each student’s short-term memory to dynami-
cally generate highly relevant prompts. Internally,the agent integrates three core modules, profile.memory.and action, which are
responsible for modeling students’ learning characteristics and cognitive abilities, integrating historical experiences with know-
ledge from the retrieval database,and simulating students’ responses on specific items based on their profile, memory,and know-
ledge mastery. Compared with existing LLLM-based student agents, Agent4Stu has a smaller memory footprint and simplified ac-
tion reasoning, while leveraging a behavior-oriented structured retrieval database to provide auxiliary information. This design en-
ables low-cost, efficient, and highly generalizable personalized response generation. Quantitative and qualitative experiments on
two real-world learning datasets demonstrate the effectiveness and superiority of Agent4Stu in simulating student learning re-
sponse behaviors.

Keywords Data synthesis, Large language models. Retrieval-augmented generation, Agents, Human behavior simulation, Cold-

start, Intelligent education
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KRR AT 4 SRR AR R B T o MR
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Wi S Z e R R B 2, ARG SR AR L B 0 F A RE T . B
W REAE 10] & 55 HOF R A9 AT S BOHE S R AE AR R R T SR
Ja BB A PEARAT A AR L5 L B

g5 I 2 IR A B 25 B AT R 2 T RUAS 50 B R 3R
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B A MG R A JT AR AR HRE Ty . R YR
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XFRARE SR S, BART S R o (R
B A5 > e, (RDEE @ RAEZZ0) B R 58 1 Se 3R UH Ja i 42, B
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3.4.3 FHAEALB

T FL A2 R T 5 E A2 45 He 30 B 19 SR b L Ok 1 A 1
At e DL A B9 ) B A Je AT N OF A RS R R O . R
AgentdStu B T IERI I T UE 32 3 % 1E 447 0 10 4
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B 7 G051 S AR 2 S 02 ST iR S AR
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B Ry, €(0.1).
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VR 25 ey, HEAT HOXE S LI E RS0 AT S 5 BUSC 4T e 75 75
TEMR2E . B 7 e o BV AEREIDL R 22 , 00 73] 580 fl k0
1004 DU F S R T ) 9 0097 90 E A A 1 B R
W ST RS P I AR S 2 A L I 2 I R 2 A 2R B A
SEALM, o T80 2 TR0 015 052 AT S 2 T 199 0 22
LI T o o R 90000 B b 5 1 3 I

4 X

TR RGIEAGITHE H) AgentdStu B BB R AR HL 8K
BERCR,IFEZELL T W 5% 1) % (Research Questions, RQ) Ji&
F AU 53T o

RQI: AHE TG A W 77 vk I Jk T R B35 5 B R A 2
B A AR, AgentdStu TER I 27 L5 AE B AT Jy 1Y HE B 1 J7 R
B 4 ey 2

RQ2: Agent4Stu % BE 1 #4 @ Jr %8 BE 7 7 {2 15 155 40 1 B
T T 3 4 A ORI B AR R e I R A 2

RQ3: AgentdStu & Re K (10 & > HAF X TEEEHITH
BT 55 02 A 307

RQ4: AgentdStu F GE 14 1 5C 8 2 BN 2 A AR B AT A
NI 0 5 v {2

RQ5 : 76 2% A AR 2 B 76 B 1 15 0 F » Agentd Stu 76 #5241
2 A AR EAT SR HE R R O IR 3R B AN AT 2
4.1 EWiEE
41,1 H¥ESR

1 Dbe-kt228% Fl EduDatal™ £ Sy 52 56 5 31F A9 5045 45
P AL 2 A AR e sk 5 8 H SCAS S B, i 3 43 R
MR8 SC IR B, 1T T 20 ) 25 2] 22 [0 1) o SL B 45 48 DG Tk, AT
SCREEREHE AR OGS S5O R IR AE . BB ST
Bk 2 g,

* 2 BURSEHTE

Table 2 Description of datasets

" ¥k R %u.i)’\,\,ﬁ 1% EH R

HE & HE RIXEE Hn/%
Dbe-kt22 300 212 98 28785 64.43
EduData 480 2074 248 9133 74.40

4.1.2 #BEX»

BB R 55 I R Bk B A s AL
BF PP AR A 1 o B 24T O T B T 00 AT AT . R ARIERS [
S 0 A B 5 T o B A A A A O e A B
X5 RN R IR L 901,

X T MR SRR AR U ] TR RN SN R R R
2050 MIBURAE A IR IEHE AT R L SR . X T AgentdStu, i
GRAEHE— 5 703 BRI 43 < HT 70 06 B9 RCHE T T M o [ R
RIE RS G5B 5 307 09 B4 FI T 58 50 8 e ik 1y
IO M AR B 51012, W B, AgentdSteu ffi JI] BT A #6 R
VRS UL R I RS0 ke b 2 A TR, i A A AL K 7 R ]
HETHEREBT 3 W MEFHER,

4.1.3 A AE A B A 48 AR

H RGN AgentdStu 78 ¥ AEAEBAT UL 55 h i H
B, R 2 A BA R ST IR E AN LS . T ok,
TE 27 AT 18] L 51 2 3T B B DAISIMY L3207 T4
EAESE TR 5T P AR S 22 R AT g BRI B A A0 . A g )
A AR T 5 BT 55 LEA T L 386 Boxt 2 A Rk R B
AR E— 2D g A I RN TR B R A LLAR T X B i o R
DKT!M, EERNN, DKVMN®! f1 SAKT™?Y , H b, EE-
RNN [f] B 2% J& A H SCAS 55 2% A Ty S0 /R 280 80308 ok Tl 4 2% %
IR T G A A T D) B 1 24T R 7 B0 3 AT T

TER @O 5 A T T BEIOR R 1 i WA T LLM
2 E B ek £ 48 EduAgent™ F1 Agentd Edu™ 4 R X 1L 7
Z LVBRIE Agentd Stu 78 5258 BT A 119 w5 251 FR SR A TT 85

PEAl 8 b5 77 18 . 76 B30 BE 1SR T VE 8 BE (Accuracy) |
F1 43 %t (Fl-score) 5 Bl % (Precision) . 4 [Fl & (Recal) 1E K
PR AT i b v 5 7505 5 AR S AT L A3 G T A R T e
REAA T 5 14 S B TR] DA R 7 A R 00 B3040 ot 8 e 98 1 R
RS APT Al 55 Jir 7= A 19 S8 28 5 AR
4.1.4 EMEKE

Sy R A ST 5 T 0 RE AR SR T L O R RO F R A
DeepSeek $24L1Y APT ik 551 40 e B 51 55, HL A& BE FH HL
N ETRA DeepSeek-V3 5 DeepSeek-R1, VL5 IF J7 % 75 A~
() A5 Y B ity b A 3 o M SRR E M . A T AR 2R i R Y B AL
PR G — 4 KR IR S B E N 0,

TES R E J5 T AEHEAT F AR B R R v, 5 B F] API
B B2k bR L 15 IR AT 2 AR A BB S 50, 2 AR AR LR T
TR A s R 0. 8 AR A B BIR £ iR 3.1
FICAZ R E m WE N 5. A SER TR B0 A B I SR 58 R
56 L, CPU 2 Intel Core i7-1165G7 @ 2. 8GHz.4 #% 8 Z#2,
KA GPU ik .

4.1.5 ARAB I b X

TESZ b, WoB SR 5 vk i ol 2 2R X 45 8 2 ) LR
IERf MR, Mz Mt 0.5 B, T 45 5 R IF
7 s A WA E A IE AR 7. A HE 2R L BT LLM R fE i
TR H AN o BB R R A EBEEH E
CIE#TECAN ES T DR Jo R B S
4.2 EWHER
4.2.1  FABIFLRQD

AgentdStu FTEA S HIAEZ T sk JE — B 24 B 1
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BRI o g LB URR K AgentdStu 5§ Z L 5t
B By 1 B T LLM I R ik s AT 3 bb . % &
B APT mi Jiy i (7 fg R ], 78 4 B 5248 (1) DeepSeek-R1 AR 52
B v ASOE 50 44 2 Az AT AL, AT SRR 44 B R BRbR i 50
(I AgentdStus,) . SRS UK 3 MK 4 Frol. oLk
s B A R UL AR R s £ 5 A (V) 378 18 AR (B 25 (D)
PEREBUL s A1 * AY 52 56 20 58 FF XS 50 44 % A Ay G Al 4R R
KL
# 3 AFBEA 2 03T H 525 (Dbe-kt22)

Table 3 Comparative experiment between different models

(Dbe-kt22)
HA EHEL Fl ot FaEir AEFt
DKT 0.5663 0.6528 0.5518 0.7990
DAISIM 0.6078 0.5842 0.6003 0.5690
EERNN 0.6351 0.6527 0.6246 0.6836
DKVMN 0.5355 0.5534 0.5423 0.5651
SAKT 0.6111 0.6196 0.6097 0.6298
EduAgent(DeepSeek-V3) 0.6696 0.6568 0.6908 0.6260
Agent4Edu(DeepSeek-V3) 0.6872 0.6849 0.6970 0.6732
Agent4 Stu(DeepSeek-V3) 0.6965 0.6916 0.7102 0.6739
Agent4Stuzo (DeepSeek-R1)  0,7095*  0.6943%  0.7294* 0.6625"

4 ORI 2 i 4 W 925 (EduData)

Table 4 Comparative experiment between different models

(EduData)
AL EHEA FloaHAr kKext AExi
DKT 0.7191 0.8142 0.7927 0.8369
DAISIM 0.6605 0.6776 0.6545 0.7023
EERNN 0.5711 0.5877 0.5594 0.6190
DKVMN 0.7092 0.8234 0.7410 0.9265
SAKT 0.7074 0.8277 0.7125 0.9873
EduAgent(DeepSeek-V3) 0.7375 0.8116 0.8390 0.7859
Agent4 Edu(DeepSeck-V3) 0.7568 0.8241 0.8588 0.7920
Agent4Stu(DeepSeek-V3) 0.7760 0.8388 0.8695 0.8102
Agent4Stuso (DeepSeek-R1)  0.7685"  0.8299"  0.9531" 0.7349"

ST R R

1) AgentdStu TERBIILL 2 4 /R AT Sy i HE 8 M J7 i b 35 10
TG W B LI BIA M A BT LLM M E & he ik, H
Hedlm e BB Mae ., WEEZNE, R T84
TR AR 52 VR TE SUREAS 43 A1 A ¥ 48 (95 0k (4 Dbe-kt33 Al
EduData FJIEFEAS 5 L6430 29°8 6426 F 74%6) , H A [l 4
AR 388 e AELRG 6 3 ) S0 A A1 150 ) 30 28 T 1 SR B A X 43
TESURRAS TSR ABT ) 1 35000 4 LGB 22 0 IE AR AR, O A o i 32
JUTFSER FIEREAR LG, X —HE 3 — L HIE T AgentdStu
T8 05 BT 4 ff b 4SS 401 27 2B VR B AT Sy, S B T SRR AR 19 A 804
26 AT AE A [l 58 ol B 0 F0 8 (AOoRs il 1 B X R B 5+

2)7E Dbe-kt22 ¥ 4, I B BRI EERNN i@ i A
BORE A 25 2] SO B AR T 00 T o Ath W B 78 1) P 5 (AL AE
it BN EduData 088 4R 0, 1 THOEL S 8052 2% Bl %
FEARG R S AFE T A A A, LA B 4 B AR
TR

DIERBERI N T, Agentd Edu 815 H & 4 191012 T H7
ML B HE B 2 F EduAgent,

4)FHTF DeepSeek-R1 ) AgentdStu 7£ A BR 27 A FEA {48
R 3 — 5 3F TR S 3E LLM #4 £ % B 14 g 1%
SRS Y 2 9D G S AR B N 1 43 A R AE 0 )
4.2.2 BEBEERZFRAFERERQ)

558 VB ik, 2T LLM (%8 /8 1 76 Bl 2%

SR (ER v & T e A TR = O e A S U T B 1
Agentd Stufr 5% bR & v (19 08 80 L 78 25 5 2 RS R AR 1 T R
HERER I LS EduAgent 1 AgentdEdu #47 T %
t. 25 3 6 5 H T 3T DeepSeek-V3 LAY 3 Fl Y fik 140
TE 58 L) A Ak B 78 24 395 72 v g R R] VA AR 5 & T AR
5 BIIACE BB A PEAG 55 5 (Dbe-kt22)
Table 5 Simulation efficiency and cost assessment experiments

(Dbe-kt22)

HA i 8 ¥ /min BAN /Y
EduAgent(DeepSeek-V3) 92 63.43
Agent4 Edu(DeepSeek-V3) 126 103. 49
Agent4Stu(DeepSeck-V3) 39 26.01

F 6 BUIEOR KO A AL 55 38 (EduData)

Table 6 Simulation efficiency and cost assessment experiments

(EduData)

A B 17 v /min BARY /Y
EduAgent(DeepSeek-V3) 29 13.93
Agent4 Edu(DeepSeek-V3) 44 20.74
Agent4dStu(DeepSeek-V3) 14 7.70

T AR R W] AL G0 R e AR A7 TE 30 10 TR HL I 2 2%
Tt ST 8 R A6 I L, 5 SORE AR A 8 280 AR AR LA 3
Ft. MILZ T, Agentd Stu i i & (b0 A2 B 11, 45 & P
o 2R IR SR AL R T S A R A 5 i BRI A R T T HEROR
AT T 8l A o L BT 8 1) 3 2 3 7 e R S AR
4.2.3 HaREERQ3I)

FPEAL T DeepSeek-v3 & AR AgentdStu 454~ ¢
B R E A, 7€ Dbe-ke22 B4a v R T I Al 52 3%, 8 1
A 3R i N VAR ZY B e SRk VANITEE ¥ 8- N i g LA TRk VAN N K )
SACAL LA B AR R T ST AL, 23 BT 45 2 X 2 S AT AR RO
) STk, SCI A5 AN 2 TR .

072
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070 06965 06955
069 06885 06gso 06882 — 0550
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066
065
s EEMA AR - SREERT o« BRER
"RERL sHRAGFEL s RXFLRRL

B2 s
Fig. 2 Ablation experiment

LU AR R B SR AT — 2 1 1 2 2 30 AgentdStu £
PERE 9T B DT B0 I T 4 A SC B 41 7E 27 A AT B P 1y
HA TR DTk
4.2.4 B RHCEFEHHT(RQD

A BPEAL EE T DeepSeck-v3 i & BEAR AgentdStu WS
B FLAE DL BE A B2 L 7 Dbe-kt22 B4R 4E B TR T S50
TR A3 AT 388 A A 2 A A R SR P i A DL B s DL R
ARABL 2% A 0 1 B & SR AT A 330 9T A 2 30O 48 0L 1 B 1 2 i
VLYE B S g8 bR A S B 40P R 52 e AR AE . ZE AR IR SE I L iR
BA A ARG R 1,3, 5, AU R s i 0.7,0.8 LU
K 0.95, 545 R ANE 3 iR,
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Fig. 3 Parameter sensitivity experiment
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4.2.5 A3 F BB AR IR (RQS)

BRI 5T, 3T Dbe-kt22 $4E 4 7E RQL 525 vh 43
U R BT X B2 AR BE LR B 000,20 %6 B 500 Y
O T U0 25 5 B AL IR B0 4R 1k AgentdStu, M EE T 3 FROR
G2 B2 P RCE A0 B 358 . (B4R TR A TR S Ak 2 AT AR
UL A AT 9 A s 9 00 T AR SR T 8 KO 2 A 7 TR AL
By, BARME M K-means B k0t H AT A 245
¥4 T R I AT TR A0 AT L 1 el S LR R 40 o T L B

J5 0 8 L o AR RO R 2 O R IR A TS IR
25 TG HETE b (AN RE J7 K7 L M SR 55D Y MR, A AR R i 2
Az T A SR RRAIE 9 57 289 K ST 2 A T8, T LR AR T 2 AR Y
WARER, SCRES RN 7 s,

gEREW .

D78 TCARAT 3 50 A 25 KO0 1% B0 T A S0 A6 10 I G v
YNGR IEEE R — 73R8, 1 AgentdStu REHS IE # AL B %
I .

2) B VI R KA A sl 2 A7 M S R Y P B SR B B W
i H ER AR BT, WA 48 T LLM 38K Az AL e 0 K 4 6
B A, Agentd Stu RINT N F € HAER A X8 & .

RTOVHBIHET AR B ] M e H
Table 7 Performance comparison among different models in cold

start scenarios

UEE S

wE 0% 4 20% 4 50% A 100% A

DKT — 0.5336 0.5550 0.5663

DAISIM — 0.5763 0.5927 0.6078
EERNN — 0.5830 0.6042 0.6351
DKVMN - 0.5199 0.5291 0.5355

SAKT — 0.5802 0.5953 0.6111
Agent4Stu(DeepSeek-V3)  0.6590 0.6812 0.6905 0.6965

4.3 BURGISH

4 FEANIEIR T AgentdStu BN — 2 EARE AT 1Y 5
. ZEARFW] R REIRRE S B G 2 ] F WA 5 IC1L (5 B P
S SPIRAS W 2 00 B L T B8 2 2 3 R TR SRR KT o A
PO A A B AR & R

A AR AR B
£ Profile #

# Short-term Memory # :

base Security} (i 4~ 4212
# Similar Question Record # ;

Join;Dependency preservation; Normalisation}

# Learning Status #

# Action #

# Answer Statistics &

# Task &

LR RS A S URITEA R
Yes
2 B RN 1277 AR B IE ) ] 2% )

{ You are a student engaging in online practice exercises. Your practice frequency is high,which indicates that your learning motivation is high. The diver-
sity of the exercise categories you practice is high, which means you explore wide variety of knowledge categories. Your current accuracy in problem-sol-

ving is high.and you possess good analytical and problem-solving skills. } (2 & % 5 )

T will give you some of your most recent practice records(as Short-term Memory) below:{ Record 1: You rightly answered the exercise and its information

is depicted below: ** Textual Content * * ; Which technology is not used to enforce confidentiality of database security? ** Knowledge Concept * * :Data-

Your question-answering record of answering similar questions is: {Record 1:You rightly answered the exercise and its information is depicted below: **
Textual Content** ;R={A,B.C} and S={A—>B,B—>C}. The decomposition of R into R1={A,B} and R2={B,C} ** Knowledge Concept * * :Lossless

Your current * * Learning Status ¥ % is summarized as: {-Reflection: 1’1l simulate this student by maintaining high accuracy in «++
.-Updated Learning Status: Expanding focus to include precise SQL-+} (£ 5 & 4512 12)

Currently, you start to answer the # Recommended Exercise #. Its content information is as follows: { ** Textual Content** :In SQL, which of the--
** Knowledge Concept * * ; Access Control; Discretionary access control(DAC) ; GRANT. } CY i %8 H 5 80
Your current ** Knowledge Proficiency ** on the # Recommended Exercise # 's knowledge concept is: { Concept ‘Access Control” : *high” , It means that

you maintain a high mastery level of this concept. Concept-++} CHIY s % 2 15 Bt )

The record of students who have similar behavior to you answering # Recommended Exercise # : { Record 1:Student # 261,who behaves similarly to you

has also done this question. His ability factor is 0. 999 He correctly answered this question. } (¥} [A] {55 5-i212)

Your task is to estimate whether you can correctly solve # Recommended Exercise # based on your # Profile #, # Short-term Memory # , # Similar
Question Record# , # Learning Status# , ** Knowledge Proficiency ** ,and # Answer Statistics . For this recommended exercise If you think you can

correctly solve this problem,answer Yes. If not.answer No. Do not output any other words({T: 45 k)

B4 RIS
Fig.4 Case study
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