AP Rl
AR L B R PITE R I o\ T Rl

Kseniia Petukhova, Ekaterina Kochmar
Mohamed bin Zayed University of Artificial Intelligence
{ kseniia.petukhova, ekaterina.kochmar } @mbzuai.ac.ae

Abstract

REGEFHEA (LLM) ERAEM MY, T
HREHEH SRS TRAEERNET).
IRTT, A A 5 75 B 5 B SR A — 3
X AU HI) LLM FE A i AT 55 1
B 1 0 T 2 B R R . FE X I AR,
FATHEST T B R B RS 4 A5 3 2 75 n]
PAFE R LLM Az J i i S [l B g o i . 3K
1K ¥E MathDial |, —NE B XA £
WA, I —A B 3R e 326l A
TR+ — M BE B A R E B AR
BAREN —5r. SRIEFRATTA X L8 )
FRyE R —A LLM, 5 e 5 5
TRV A B B T L . B
BAE PR R, AR A T
fre8es H s HEAR R FATr 0
AR T BEE R AR T RE
T P SO A B M, FRAT A
T FRATT B A E R A A A DA BE B — 25
HIHF5E: https://github.com/Kpetyxova/
autoTree/tree/main/mathdial

1 &

NESIMREE KB, W&
A At 2P 0 KRR EEAE . %t
— PRI DORGHA M2 B AR (Bloom,
1984) ; SR, HT&4&FITRA RAT HME, 3
Iz A B BRI . TR, ERER =Y,
LLMs &/~ TR 7 (Wang et al., 2024;
Gan et al., 2023) , XSE THET LLM & i
S 2% (ITS) A+ I (Pal Chowdhury et al.,
2024; Liu et al., 2024) DA Sz 3@ 17 =5 42 78 SR mE (i
il LLMs /E A5 (Denny et al., 2024; Mollick
and Mollick, 2024) , X2 Al R0k %S T—&
N E HAER (Wollny et al., 2021) , H s
A 2 U E 2 A A A TR B R DR —43
Ak LEHED) AL B S RS & (Macina et al,
2023; Wang et al., 2023) ,

IR RAGE F R A TS5
AP AR HERRAT S5 (508 T AT SR
HEFE  (Achiam et al., 2023; Kojima et al., 2022;
Laskar et al., 2023; Yang et al., 2024) ) J5 i 3

PR, HENMARIERGERHEWEL T
HEZNHTHE RS . A0SR
ARG S EENET | ST EH ER
MEZR. WFr I 2 P R At g o o %,
T2 S, Blanss TR . Tk hiea
A% 4R ] (Carey and Mullan, 2004) , &%
AR g e, R, BT RAE SR
) TR 00T B 5 N BHT 556 m% (Nye
et al., 2014) F1 9 kB AT $ 5 24 A BRI 3230
23] 5z (Freeman et al., 2014) {335—34.

T IA R, FRATT TR EERE R A
i4E . MathDial (Macina et al., 2023) B2 iXFf
— AR, AL F R SRR HE AT 55 1) 3 -
AT . RSN & E AR AR IC o Macina
et al. (2023) WY UM NERBLZ —: B4
(FEAESHEE) « maX (BUiSIHRER) . &
w(TE2EAE BB W SR AR B ), Bk d A
(AEHEARE R A ) o XSO RE B AE B U A 11
(B RO HEHER), PABE b S P 2= AR 125 > .
B IRIXFR ISP o S T i 24
M, ABE = m gy H andafilm S AR 5. B
Ay AR AT S H AT A AT 5 B AR B 2
7o [IBF, SRR EE ) RE AT BEREAS P T FT A
BEE . MOGEBEE 3, HFER SR
U5 T B AL B R 2R T 4

R MathDial (1) i 7 RIE AU FE Y AT
W, Rt T Ay Er A
FEREL, X ATREA AT A 8l e 5 $ 41t
ORISR Z e . FEBR b, AExX i T
e, JATH 77— 584 H S S35 51E
FRFHEZE (Petukhova and Kochmar, 2025) %] fii
Mgy 1— &l 5 35 % MathDial b
R0 — TRy AT P RE o AR HEZR AT T
LLMs H g\ 73231 @ o S H 2ok il
A, PR TR AR A T AR R
Vo PO EAE VB RE  SAR R T
T, HWAVE T AMRITE M (Eggins and
Slade, 2004) .

FATH B AR 2 DAL a0 S i R 2 15 RS
SLIPRR N ep €y IR S Ta B 2t O €l Wi @ i
RPEEET RAGE TR . Bk

www.xueshuxiangzi.com


https://github.com/Kpetyxova/autoTree/tree/main/mathdial
https://github.com/Kpetyxova/autoTree/tree/main/mathdial

U, FRATHE A RRL R0 4L R R
_Ef%E Mistral-7B-Instruct , Fffi [ Hzhds
FRAn N APt A AU e B A T U . 3
TR EE SRR, AR BERREAY ™ A ) Y AR
XPFERBCR EREAL . R T gk — 2 A
Tk, AR TN, AR
R R R . !

2 1¥at & MR
2.1 MathDial %ide

FATE L FE Macina et al. (2023) gyl TAEZ
b, HEESE I BE I R T e
3Rl . MathDial J&— N RAY., i Xy ih
HSAWhEsE, THT2SBECeAER NG, 5
ZHITEBE AL BB/ NE B = B 4 7
HAFAEA L E R AR, MathDial #2411
HF P A B R A RS 1) R AR
HHIAT —MHe 2o BRI E S, K%
TN 5 A0 2 A R A R i R B AR A
(LLMs) X, Befgnlis A RS A] & 5 H
S R S EE M E G ZTEAL
L T 5 A B S35 A 56 4 B R 1R) AT
o )

YEZWI R — 132 “GE g BER
HEZE (Kelley, 1984) 41, H & \L# iS5 7
W2 A ) LLM - F7— X — 5l S0 i . X seef
AR ARG LT, MEAFAERE, I
X LLM A= BRI 22 R4 R AR 00 A 73R SR
PR R A R . B B B S
(MWP) K JiT GSM8K (Cobbe et al., 2021) .
ST 45 (50 ) DU R 24 1) A A 4 ok 32
R i Bk . R . R F @A ey,
T EAENNEE (W Table 1 ).

KR, FERTRN 2 HT, FORAFARE T
R HF RS, SR A H R A 5R  f
o XS R T ORI K
SERE AL, B R S, ARG TS
Flfgde, ARSI AL Il EE Y.

SCUEVEAL 2, 7E MathDial b A pfsi sy
TEERAPERI 2T 1% 50 T 2 2 0 T S 4 dE
AR LLM, il 40 ChatGPT . {54
R, ORI IR B A 2 A ) LR e T
F RS TR NS, FRES T A
—— i R R B S . N TP IESE
XSGR A T B . IR A RO
EROCT 0 /R A ALY

by JE  https://github.com/Kpetyxova/autoTree/
tree/main/mathdial $£45,

22 BRTEHER
RETFIhEE TR & HAen, HET
RAGEFHRA (LLM) R L 7 —
RARHEAFRTRE, EBE, — R
e 77 1 R el (Gilardi et al., 2023; Hao
etal., 2024) , Petukhova and Kochmar (2025) %
PR T — M FEEE, HTAH LLM #17
A EETR. BIRME, REE S
JERBSERE 7 Z8 DA SO 3% H B ) i ok, il
Hh—fifa st Bl ik, Al At
SE TG ) 20 5 YRR F | MathDial £
.

Petukhova and Kochmar (2025) #5528 1 # 4 2
AR Z FhECE, A4 = SORIHE A5
BT o RN S A5 B, UL,
i GPT-40 M5 T-J0 248 5 1 B fE 43 e 4%
TERHERAT 55 B T F 1B RE 2 i T AR
f3, THEH (Eggins and Slade, 2004) , [ H4 44,
TERERT ] AR A 30 /NisF i BN E 1.5 /N
U, FERAT TAES, ORI XA LT 7]
ISP BL . 2

2.3 ZEiEak
I SCARA W (CTG) BAEHE T 5 A A B
e e s 2R (g, XUgsitial)
P4 . CTG Hr—Fhas ILIY) Jy e a3 5 Y]
T BRSO  BL A TR , AT A= B
HFrFEAT A—8 A (Liang et al., 2024) .
Fe TR T & R — A A SR . A
Bnde EUNGBAL, Hoh P s g in T B R
HE TR EE RS, B oM Y R
i1 % . B, InstructCTG HEZLJE/R THEH
SRTE TR ZRER AT, BB ] 7E
AR F R A AR I 0 2B B R A5 PR 1Y
A (Zhou et al., 2023)
EAETEHE AR RENAE R, oA
I NS S AR 5 2 R B .
i 45 22 H SR R ORI BLAL, AT R
U RT DA Ay 2 > 3 B AL B A 200ORT it B 7 i) 3¢
£ (Jiaetal., 2025) .

3 diii e MathDial $diidi:

T M MathDial R YT SR A 2R, FK
{1146 F§ T Petukhova and Kochmar (2025) [
o fEHE SR % ) ) e A e A
1 P R G PR DK 37w i W s wa v
Hef B m W R AR, R ICVETE AT
PR sy, WSRA B . Ak, IR T
] AT B R B AR, AT s, IF

P IR G S R B S A SRS T AT o

Zhttps://github.com/Kpetyxova/autoTree

www.xueshuxiangzi.com


https://github.com/Kpetyxova/autoTree/tree/main/mathdial
https://github.com/Kpetyxova/autoTree/tree/main/mathdial
https://github.com/Kpetyxova/autoTree

Category Intent Example
Seek Strategy So what should you do next?
Focus Guiding Student Focus Can you calculate ...?
Recall Relevant Information Can you reread the question and tell me whatis ...?
Asking for Explanation Why do you think you need to add these numbers?
Probing Seeking Self Correction Are you sure you need to add here?
Perturbing the Question How would things change if they had .. .items instead?
Seeking World Knowledge How do you calculate the perimeter of a square?
Telling Revealing Strategy You need to add ... to ... to get your answer.
Revealing Answer No, he had ...items.
. Greeting/Farewell Hi ..., how are you doing with the word problem? Good Job! Is there anything else I can
Generic .
help with?
General Inquiry Can you go walk me through your solution?
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information or asking the student to explain their reasoning?

|
| L Perturbing the Question (probing)
|

Seeking World Knowledge (probing)

|
| L Asking for Explanation (probing)
. -

L— Seeking Self Correction (probing)

their attention towards a specific part of the problem?
|

| | L—— Seek Strategy (focus)

|

| L— Recall Relevant Information (focus)

|

L Guiding Student Focus (focus)

| — Greeting/Fairwell (generic)
|
L General Inquiry (generic)

|—— The tutor's intent is to directly provide the solution.
L Revealing Answer (telling)

Revealing Strategy (telling)

Does the dialog utterance involve the tutor asking the student to perform an action, or does it involve the tutor revealing
—— The dialog utterance involves the tutor asking a question that perturbs the original problem or seeks world knowledge.
Is the dialog utterance asking a hypothetical question or seeking factual or general knowledge?
—— The dialog utterance is asking a hypothetical question.
The dialog utterance is seeking factual or general knowledge.
—— The dialog utterance involves the tutor asking the student to explain their reasoning or correct their own mistakes.
L—— Is the tutor asking the student to provide an explanation or to reconsider their own statement or action?
—— The tutor is asking the student to provide an explanation.

The tutor is asking the student to reconsider their own statement or action.

—— The dialog utterance involves the tutor asking the student to perform an action.
| L—Is the dialog utterance asking the student to perform a specific task, recall a certain piece of information, or guiding

—— The utterance is asking the student to perform a specific task.
—— The utterance is asking the student to recall a certain piece of information.
The utterance is guiding the student's attention towards a specific part of the problem.

—— The dialog utterance involves the tutor greeting or saying farewell to the student, or making a general inquiry.
| L—Is the dialog utterance used to initiate or conclude a conversation, or is it used to seek an explanation or clarification?
—— The dialog utterance is used to initiate or conclude a conversation.

The dialog utterance is used to seek an explanation or clarification.
The dialog utterance involves the tutor revealing information or answers.

L—— Is the tutor's intent in the dialog utterance to guide the student towards the solution or to directly provide the solution?

The tutor's intent is to guide the student towards the solution.
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Hi Alejandra, could you please outline your approach to this solution?
Teacher

Intent: generic

Teacher

Intent: probing

Intent: focus

Sure, | started by calculating the number of slices of each type of pie. For shepherd's pie, ... &

| see. But we're dealing with individual pies here, rather than slices. If you had a birthday cake, and lots of guests at your party,
you couldn't just keep producing slices of cake. Can you think of another way to figure out how everyone gets a piece?

Yes, | could count the number of slices of each type of pie and then divide ... &

But there are always 4 slices in a shepherd's pie, so using the total number of slices might not be helpful. Are there are any
Teacher other quantities you could use to divide by the slices in the pie?!

Yes, | could use the number of customers that ordered each type of pie. For shepherd's pie, ... &

Yes, that's the correct solution! Well done for changing the way you approached that problem.
Teacher
Intent: probing

~

Student
Student

Student

/
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Overall Distribution of Predicted Intents
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Predicted Intents

Figure 3: X #HrR i Bcn 4 th i iy +— Pt P ) S AR A1

Configuration CHRF++ SACREBLEU ROUGE-1 ROUGE-2 ROUGE-L
Zero-Shot, 4 intents 16.50 0.93 8.93 2.19 7.10
Zero-Shot, 11 intents 17.11 0.73 8.72 1.95 6.87
Fine-Tuning, 4 intents 16.82 2.67 17.13 5.61 15.95
Fine-Tuning, 11 intents 18.06 4.59 20.73 7.39 19.28
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Task

Student's Incorrect Solution

Dialog

Chalktown High
School had their
prom last
weekend. There
were 123
students who
attended. If 3
students
attended on their
own, how many
couples came to
the prom?

Let's call the number of couples
that attended the prom \"c\".
We know that there were 123
students total, and that 3 of them
attended on their own. This
means that the rest of the
students attended as couples.
So we can set up the equation:
couples + 3 =123

Subtracting 3 from both sides:
couples = 120

So there were 120 couples that
attended the prom.

120

Teacher: Hey Heidi, do you know what a couple is?

Yes, a couple is two people who are together, usually a romantic couple.
Teacher: So if we had 120 couples attending the prom, how many students would
that be in total?

: 120 couples would be 240 students in total, since each couple is made up
of two people.

Teacher: Great.
Teacher: would you like to check your solution again, bearing in mind what youve
just told me, please?

: Sure. So if we have 120 couples, that would mean there are 240 students
in total. We know that 3 students attended on their own, so if we subtract 3 from
240, we get 237. So there were 120 couples and 237 students in total at the prom.
Teacher: We need to read the question again.

Teacher: the question tells us how many people were at the prom.

Next Teacher Utterance:
Gold: lets start over from the beginning and ill help you if needed.

So, if we have 120 couples, how many students attended the prom?
FT-11 (Seek Strategy): So, if we know that there were 123 students at the prom,
how many couples were there?

40% of a
farmer's cattle
are males. The
rest are females.
If a female cow
produces 2
gallons of milk a
day, how much
milk will the
farmer get a day
if he has 50 male
cows?

If 40% of the cattle are males,
then 100% - 40% = 60% are
females.

Let's say the farmer has a total of
100 cows, then 40% of 100 = 40
cows are males.

So 60 cows are females.

If each female cow produces 2
gallons of milk a day, then 60 x 2
=120 gallons of milk will be
produced a day.

Since the farmer has 50 male
cows, they don't produce milk, so
the total milk produced a day is
120 gallons.

Teacher: Hi, could you please walk me through your solution?

: Sure. | started by figuring out that 40% of the cattle were males, so 100%
- 40% = 60% were females. Then | assumed that the farmer had a total of 100
cows, so 40% of 100 = 40 cows were males and 60 cows were females. | then
multiplied the number of female cows (60) by 2 gallons of milk a day to get 120
gallons of milk produced a day. Since the farmer only has 50 male cows, they don't
produce any milk, so the total milk produced a day is 120 gallons.

Next Teacher Utterance:
Gold: Claire, why did you assume that the farmer had 100 cows?
Hi, could you please explain how you got 120 gallons of milk from
60 cows?
FT-11 (Seek Strategy): How did you get 100 cows?

It takes 3 men
an hour to
complete a job. If
they are hired to
work on 5 such
similar jobs by a
company that
pays each of
them $10 per
hour, calculate
the total amount
of money the
three will earn
when they
complete the
jobs?

It takes 3 men an hour to
complete a job, so it will take
them 3 x 5 = 15 hours to
complete the 5 jobs.

If they are paid $10 per hour, the
total amount of money each of
them will earn when they
complete the jobs is $10 x 15 =
$150.

Therefore, the total amount of
money the three will earn when
they complete the jobs is $150 x 3
= $450.

Teacher: Hi Brenda.
Teacher: lets take this step by step.
Teacher: How much would one man earn for one job?
: Hi, one man would earn $10 for one job.
Teacher: How many jobs are there?
There are 5 jobs.
Teacher: How much would one man doing the 5 jobs earn?
One man doing the 5 jobs would earn $10 x 5 = $50.
Teacher: Great, How many men are there?
There are 3 men.
Teacher: So each man is paid 50 total for the 5 jobs and there are 3 men.
Teacher: so how much is the total for the 3 men?
The total for the 3 men is $50 x 3 = $150.

Next Teacher Utterance:
Gold: Thats right.

So how much is the total for the 3 men?
FT-11 (Revealing Answer): Correct.
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Task: Harry decided to buy some balloons for his friend's birthday party. One balloon costs $0.5, and a pack of 10 balloons is
cheaper and costs only $3. Finally, Harry wants to bring to the party exactly 14 balloons. How much did he need to pay for
them?

Correct Solution: To buy 14 balloons, Harry should buy one pack of 10, and 14 - 10 = 4 separate balloons.
The price of 4 balloons is 4 * 0.5 = $2.

In total, the pack and separate balloons would cost Harry in total 3 + 2 = $5.

5

Student's incorrect answer: Harry needs to buy 2 packs of 10 balloons, which will give him 20 balloons in total. He will then
need to buy 4 more individual balloons to get to 14.

2 packs of 10 balloons cost 2 x $3 = $6.

4 individual balloons cost 4 x $0.5 = $2.

Therefore, Harry needed to pay $6 + $2 = $8 for 14 balloons.

8

Dialog:

Teacher: (generic)Hi Michael, could you please walk me through your solution?

Student: Sure. | calculated that Harry needed to buy 2 packs of 10 balloons, which cost 2 x $3 = $6. Then, he needed to buy 4
individual balloons, which cost 4 x $0.5 = $2. So, the total cost was $6 + $2 = $8.

Teacher: (focus)So can you please tell me why he needs two packs of 10 (which is 20) and another 4 on top? What's 20 +47?
Student: Harry needs two packs of 10 balloons because each pack costs $3 and buying two packs is cheaper than buying 20
individual balloons. Then, he needs to buy 4 more individual balloons to get to 14 balloons in total. 20 + 4 = 24, so Harry has
enough balloons for the party.

Teacher: (focus)Please could you tell me how many balloons Harry requires in the math problem.

Student: Harry needs 14 balloons for the party.

Teacher: (focus)So is that 24?IEOMIStudent: No, 14. He needs two packs of 10 balloons and 4 individual balloons, which
gives him a total of 24 balloons, but he only needs 14.

Teacher: (focus)So how many packs of 10, plus single balloons does he really need to equal 14?

Student: Harry needs two packs of 10 balloons and 4 individual balloons to equal 14.

Teacher: (probing)so what's 10+10+4?

Student: 10+10+4 = 24.

Teacher: (telling)ls that 14?

Student: No, 24 is not 14. Harry needs two packs of 10 balloons and 4 individual balloons, which gives him a total of 24
balloons, but he only needs 14.

Teacher: (telling)So Harry needs one pack of 10, which equals $3. Plus he needs four separate balloons at $0.5 each, can you
tell me how much he needs to spend?

Student: Harry needs to spend $3 for one pack of 10 balloons and $2 for four individual balloons, so the total cost is $3 + $2 =
$5.

Teacher: (generic)Brilliant, can you see where you were duplicating the packs of 10

Student: Yes, | was calculating that Harry needed to buy two packs of 10 balloons, which cost 2 x $3 = $6. Then, | was
calculating that he needed to buy 4 individual balloons, which cost 4 x $0.5 = $2. So, the total cost was $6 + $2 = $8, which
was incorrect because | was duplicating the packs of 10.

Figure 6: 3% H MathDial &M XTiER~F .
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B TSR

[INST]

You are a math tutor. You will receive a task, a correct ("gold") solution, a student's
incorrect solution, and an ongoing dialog between the student and the tutor.

Your objective is to generate the next tutor response based on the given intent.

Task:
{task}

Gold Solution:
{gold_solution}

Student's Incorrect Solution:
{student_incorrect_solution}

Dialog:
{dialog}

Intent for the Next Tutor Utterance:
{intent}

[/INST]
### Tutor:

Figure 7: [ T4F MathDial FAJiER3R R o
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