Cah
2 il g ~
'”1@ ® _A 4 ’t’ b )
2 S tj\ 5‘. Ju
2, Tani é\s'
,,:'“II [ \u“i>~ NANJING UNIVERSITY OF AH- AL S AN AL IHIMALITT S
U A

D eepTutor: Towards Agentic Personalized Tutoringmmms

The University of Hong Kong 2026



I Background
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Hybrid Personalization Engine
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Personalized Question Generation
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Static Knowledge Grounding
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I Hybrid Personalization Engine

Dynamic Personal Memor
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I Hybrid Personalization Engine

Trace Forest (F):
o ZIREIRBLZ SN
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I Hybrid Personalization Engine
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Personalized Problem Tutoring
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I Extending the Personalization Substrate
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I Extending the Personalization Substrate
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Level Instantiation Relation to Core Tutoring Reused Substrate

Capability Deep Research First-class capability for Query decomposition;

runtime open-ended knowledge synthesis, KB/web/paper search; tool
parallel to Deep Solve. execution; report synthesis.

Capability Visualize / Math  First-class representation Dialogue context; visual-code

runtime Animator capability for diagrams, charts, generation and review; rendering
animations, and demos. loop.

Capability Subagent (My Consults a live external agent, or Turn context;

runtime Agents) imports its transcripts, without consult_subagent tool
reimplementing its expertise. (bounded rounds); imported

transcripts as context.

Learning Mastery Path Long-horizon practice plan that Learner profile and weak

surface sequences and reschedules review concepts; scheduling; grading;
across sessions. question generation.

Learning Co-Writer Document-editing page with Markdown workspace; selected

surface embedded AI writing actions, not spans; optional KB/web
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I Extending the Personalization Substrate
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I Extending the Personalization Substrate

Adaptive Learning Capabilities
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Interactive Books through Substrate Reuse
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I Extending the Personalization Substrate
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I Extending the Personalization Substrate

Proactive Multi-channel Tutoring
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I TutorBench
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I First-Person Interactive Evaluation &t AKS
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Student Simulator | i First-person Interactive Evaluation
First-person Interactive Evaluation: 2 o § +[ Student ]__
Profile . i . Propose a Question -
« RHB—ARZETEN P (TutorBench) Gi B | ohelst Ifaﬂ Tutor 2
& FrmE _I Tutor i in
 Student Simulator (Gemini-3-Flash) R#IEF>] T Sg‘{\?;‘?::f |t e | [Respondwith Solution _"g
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I First-Person Interactive Evaluation

Evaluation Metrics:

Tutor (HEHRE) Practice (ZxJHE)
* Source Faithfulness (ZESEZ—3#k) * Fitness (MEEEULED)
* personalization (/MEALTEE) * Groundedness (HITRHKIE)

* Applicability (PJ#/EHE) * Diversity (% H Z#E1%)
* Vividness (RIZEEMH) * Answer Quality (ZE&{F &)
* Logical Depth (FEFEEE) * Cross Concept (BERESZEE)

Baselines & Results:

Baseline: DeepTutor: Towards Agentic Personalized Tutoring

* Naive Tutor

e CoT Tutor Tutoring Quality Practice Quality Overall

. System SF PER APP VID LD Avg FIT GND DIV ANS CC Avg O0OQ A%

* Self-Refine Tutor Naive Tutor 322 424 444 389 3.99 3.96 3.20 2.46 283 3.87 3.12 3.10 3.53 =

e ReAct Tutor CoT Tutor 3.34 422 447 3.82 401 397 3.18 250 2.79 3.81 3.04 3.06 3.52 -0.28%
Self-Refine Tutor 3.28 4.28 4.61 3.94 4.14 4.05 3.17 2.49 288 3.88 297 3.08 3.57 +1.13%

Resu |tS : ReAct Tutor 335 437 440 3.70 396 396 3.16 247 2.75 394 3.07 3.08 3.52 -0.28%

o DeepTutor j%’leg)—ﬁ EEF/_\E%}I‘ 10.76% DeEepTUTOR 3.36 4.59 456 4.81 4.61 4.39 3.35 2.96 3.44 3.98 3.38 3.42 391 +10.76%

 Tutor ¥8FR1E Personalization. Vividness. Logical
Depth $& & I &

* Practice f8¥57E Groundedness. Diversity. Cross
Concept I f 1F
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I Cross-Domain Generalization

Tutoring Side s Practice Side
5.0 459 4.52 o0 461

45 - 02es® i @
4.0 -
354
3.0 A1
e
20 4
1.5
1.0
0.5 4
0.0 -

.O @

3.36 3.44

Score (1--5)

PER APP VID LD FLT GND DIV ANS

e Humanities e Sciences e Engineering « Business e Research

S NIRIZ A EE ST -

o TE 5 MR RFRRRE RS, HA RIS S8z 1 pe

o AN[EAHREAR R B SN 0.16 43, TR T 5) 0.36 47
 Source Faithfulness J¢ B Kk, XTASE AR BURTEE =,

o HEFBE I RIR IR AR RIS E

o ZxIHE R Answer Quality I E 1, Groundedness 1578 £ B NS,
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I Human Evaluation of Preference Alignment

80%
o ® Tutoring Side Practice Side

® 100 -
' | ol I ;
N5 “ 5l “I

60 -
T elim

30.2% ,e° 40 1 .

£ &
(] g 20 9
e 0-

Preference rate
Preference share (%)

53.3%
53.3%

55.6%
73 37«
75.6

40.0%
71.17-
55.6%

""_‘ H L H L H L H L H_ : . . HIL
0% - ; = : SF PER APP VID LD FI DIV ANS
DeepTutor wins Tie Baseline wins == DeepTutor Win Tie w0 Baseline Win
m—— Human — LM

Blind Pairwise Evaluation:

 1F TutorBench HHHHX 45 ~<1f (5 M4, BN 9 1)

o NILVPHE N4 DeepTutor 5 Naive Tutor % H 3E47 P ELAR

s WNRGILEMEIMZIHEG . 55 WEAIR. SR8 N2 S A i R
o EHMOLVEEE WA, LA Tie

Results:

o NLPFH 5 LLM Judge Y25 i if DeepTutor

 {F Personalization. Vividness. Diversity i3 & B &

« NLEH LM Wmif s E—% (Pearson r=0.82, Spearman p=0.83)

o Ut LLM Judge BEBIT e B N VP fm4F, 1 JE T8 #. ki 7] DeepTutor



I Experiments

(a) Overall Quality (OQ) Drop (%)

|
w/o DPM
wlo SK&

oD -
‘SKG r T T T T T 5‘4

(b) Metric-level Variation (%)

Solve Quality Practice Quality
w/o DPM 0.0 -8.1 +0.2 +0.4 -2.0 -6.0 -5.4 -2.9 -2.0 -2.1
w/o SKG -7.4 =3.9 -0.2 +0.4 -1.7 -1.2 - -4.1 -3.5 -5.6
wio DVP I -9.2 +0.9 +0.2 -2.8 -3.0 - -4.9 -3.3 -7.1
SF PER APP VID LD FIT GND DIV ANS cc
STEM Reasoning General Agent (GAIA) Long Ctx
Pass@1 HLE* GPQA-D** LiveBench** L1 L2 L3  Overalll AA-LCR Avg A
Gemini-3-Flash 19.40 81.31 70.00 43.40 40.70 15.38 37.58 63.00 +29.24%
+DEepTuTOR 30.80  84.85 96.00 56.60 50.00 23.08 47.88 74.67 e
Sonnet-4.5 8.40 72.22 64.33 37.74 30.23 7.69  29.09 53.33 +392.03%
+DEepPTUTOR 14.60  73.23 82.00 50.94 48.84 23.08 45.45 54.00 e
Qwen-3.5-Plus 16.80 88.38 69.00 44.23 3571 13.64 33.94 66.00 +25.69%
+DEEPTUTOR 24.20  87.88 93.00 50.94 53.49 32.00 49.09 69.67 b
GPT-5-Mini 16.46 80.81 71.00 32.08 30.23 7.69  27.27 68.67 +28.51%
+DeepTuTorR 21.20  80.30 93.00 54.72 52.33 2692 49.09 71.00 R
Minimax-M2.5 14.00 82.83 59.30 35.29 22.78 12.00 23.64 66.00 +31.50%
+DEepTUTOR 19.40  83.33 73.00 52.94 44.30 32.00 4242 76.40 e
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Ablation Study:
o WIFEER SKG. DPM S W JL A #4
I3

« £PRSKG 5, GND. SF. CC R[4

-0

¥ Ui

- -10

A vs. Full(%)

« [ DPM J5, PER. FIT |P&HH
H

-20

o ISR TR,
HH SKG 5 DPM #H AN 7%

Extended Generalization:

FE AR, AR
Investigate—Solve—Write #EFE i FE

f£ HLE. GPQA. LiveBench. GAIA. AA-
LCR HANAF Benchmark _E il

1.2 Backbone 1 REHE Tt 25.69% ~
32.03%

Ui =B B R AR B A R 4 i A
Agent [7] K fif RE /)
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