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22 WRITE A MATH PROBLEM

GRADE LEVEL UNIT
Algebra Il Unit 4: Exponential Functions and Equations

LEARNING OBJECTIVES

In this unit, students build on their understanding of exponential
functions... they write, interpret, and evaluate exponential functions
whose domain is the real numbers...

L )

[] WRITE FEEDBACK COMMENTS

WRITING ASSIGNMENT

Math problem generation
- Selected standalone practice
problems targeting Grade 6 ~
Algebra II from MathFish (2,047
math items from the 20 units of

In the article "Driverless Cars are Coming," the author presents... create an
argument for or against the development of these cars.

STUDENT ESSAY

A driveless car how cool would that be? | bileve we should have Driveless
Cars in the future. | say this because...
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l l

:g FRONTIER & OPEN-

WEIGHT LLMS
+ Prompting Interventions

O CURRICULUM
\ MATERIALS

A population of 1,500 insects
grows ... Select all equations
that represent or approximate
the population: ...

A bond is worth $100 and
grows.. Explain why the value
of the bond after T years is
given by...

The population of a certain bacteria
culture grows ... Write an
exponential function that models
the population...

The population of a certain bacteria
culture grows ... Write an
exponential function that models
the population...
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@ ACCEPTABILITY LEXICAL DIVERSITY Q DOMAIN DIVERSITY

Solvable
Unit-relevant

Pairwise Self-BLEU,
Embedding Similarity

Cognitive Objective
Task Type

Intervention

DIRECT PROMPTING

open-sourced math curriculum
[llustrative Mathematics)

| l

O  EXPERIENCED 3&3:
\ TEACHERS

FRONTIER & OPEN-
WEIGHT LLMS

This could be a good place to expand + Prompting Interventions
with more evidence from the article;
which companies? How far along are

they...

This sentence might work best as an
attention grabber...

Consider adding details or
examples from the article to
support this ... point.

Essay feedback
- 3,021 inline excerpt-comment
feedback by 61 experienced
middle and high school ELA
teachers on 448 student essays

across 18 topics from public
PERSUADE & ASAP-AES datasets

Try rephrasing this sentence to
Is this where the comma belongs? improve clarity.
Think about where you pause when

reading... Fix spelling errors to improve

clarity and correctness.
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LEXICAL DIVERSITY Q DOMAIN DIVERSITY

Pairwise Self-BLEU,
Embedding Similarity

() ACCEPTABILITY

Content Focus
Discourse Move

Accurate
Actionable

Evaluation against human reference

Step1: Masking Step 2: Existing & new

09 You are a helpful, creative K-12 math assistant. Generate a practice O O Models for inference-
problem that addresses the given mathematical learning goal: _ - = = L L
+ [Unit Learning Objective Summary] O ‘ O O GPT_ 5 . 2 Slmllarlty metrlcs
‘O 0O ¢ Domain Original Output Masked Output - Lexical ( S elf-BLEU)
(] You are a middle school English Language Arts teacher. Write inline OO Gemlnl' 3 . 5 = FlaSh, Math Jada has a sleeping bag [text_variable] has a . . .
feedback comments for the given writing assignment prompt and student GPT 4 1 . Ll that is rated for 30 degrees  sleeping bag that is rated - Semantic (avel‘age palrwise
essay to help your student revise. Each comment must include an exact -4.1-.1N1 ama F. Write an inequality that  for [whole_number] . .k . .
excerpt from ;he student’s essay and a feedback comment addressing a 3 3 7 O B ’I ¢ represents the outdoor degrees F. This means that embeddlng Slmllarlty US1ng
single topic of revision related to the excerpt. - -lnstr temperature at which Jada  if the temperature outside - : _2._
+ [Writing Assignment Instructions] ] st UCt' will be able to stay is at least [whole_number]| text embeddlng 3-small
+ [Student Essay Text] Qwen3 - 3 2 B warn... d‘flglrccs F, [text_variable] - Domaln-speCIflc (entr()py of the
will ...
VERBALIZED SAMPLING Essay  Check spelling: 'assitance’ Check spelling: [quote] ltems)
should be ’assistance.’ should be [rewrite] - ¢
Generate 20 possible responses to the input prompt. Each response MOdElS for RLHF. - — - - — - BlOOm S Taxonomy for math
must include the response string and the estimated probability 0.0 to - Essay  Clarify this idea by saying  Clarify this idea by saying _

1.0 of this response given the input prompt (relative to the full

something like, "One good

something like, [insertion]

Content Focus (development,

distribution). Randomly sample the responses from the full
distribution.

+ [Direct Prompting User Prompt]

NEGATIVELY CORRELATED SAMPLING

Generate 20 possible responses to the input prompt that represent
diverse instructional values.

+ [Direct Prompting User Prompt]

Qwen2.5-7B-Instruct,
Llama-3.1-8B-Instruct
using DPO & SFT

thing about driverless cars
is that they could help
elderly people.’

analysis, organization, rhetoric,
and mechanic), and Discourse
Moves (open question, criticism,
praise, reader response,
corrections)

Table 1. Examples of unmasked and masked outputs for math and
essay feedback.

Results

- L - ' Math Items Essay Feedback
]
R1: Lack of lexical & semantic diversity SALBLED | B @1 SAEBLED | £S 601
A k ]l d l d h h h Generator Unmasked Masked Cog. Obj. Unmasked Masked Cont. x Disc.
Ccross tasks, all models proauce more nomogeneous outputs than humans, Human | 0525 0.655 3.206 | 0.2699 0.3179 42.189
with Self-BLEU scores that are on average 67-81% higher than the human GPT-5.2 0.8859 (cov)  0.8955 i) - 04603 1% 05271 sy -
: : : + Verbalized sampling 0.5722 (+9%) 0.7280 +11%) — 0.3577 (+33%) 0.4325 (+36%) -
distribution. + Negative sampling |  0.5653 s 0.6857 (55 - 0.3576 %) 04298 asw) -
Gemini 3.5-Flash 0.8595 (619 0.8693 (134, - 0.4823 (799 0.5453 29 -
+ Verbalized sampling 0.5917 +13%) 0.7155 +9%) - 0.4048 (+50%) 0.4836 (+52%) -
Math Feedback + Negative sampling 0.5740 (+0%)  0.6314 (4%) - 0.3240 20%)  0.3949 (2% -
Generator | Unmasked Masked Unmasked Masked GPT-4.1 mini 0.903 .72 0.916 (+10%) 2.038 (- 0.4448 (.65%) 0.5231 (+65%) 17.688 (-s8%)
Human | 0.3096 0.4275 | 0.2455 0.2565 + Verbalized sampling 0.634 +21%) 0.773 (+18%) 2.586 (-19 0.3810 (+41%) 0.4485 +41%) 28.445 (-33%)
GPT-5.2 0.7440 .. 120, 0.7460 (.15 0.3689 (50 0.4093 .o, + Negative sampling 0.630 |...‘w.| 0.753 (+15%) 2.794 (- 0.3811 1 0.4393 (+38%) 16.627 | m'.:»
VS 0.3904 (.2 0.5199 (12 0.3160 (129 0.3512 (176 Llama 70B 0.922 (+76%) 0.937 (+43%) 1.591 0 0.5336 (o84 0.5758 (+s1%) 25.398 (-40%)
¥ ' ) ' : o e ; i ; ' S + Verbalized sampling 0.898 +71%) 0.955 (+46%) 1.900 (-4 0.5003 (+85%) 0.5418 +70%) 22.038 (-48%)
= NCS: | 03938« DA ewm | 03160020 03004 (%) +Negative sampling |  0.905 2% 0.942 ass) 2042 (36%) | 05068 cissw)  0.5475 o) 23.097 (a5
semini 0.6301 .. 10 0.6750 s | 03116 o) 0.3796 (vsss) Qwen 32B 0.775 (s484 0.814 215 2.170 (3 0.3937 (is%) 04920 sy 22,101 (as)
3.5-Flash + Verbalized sampling |  0.575 (+10% 0.753 (+15%) 2.506 (-2 0.2900 (+7%) 0.4493 (wa1%) 15.087 (-64%)
+ VS 0.3363 v 0.4647 (9% 0.2950 (+20%) 0.3855 +s50%) + Negative sampling 0.585 (+11%) 0.712 +9%) 2475 2 0.3144 (+16%) 0.4724 (+19%) 16.093 (-62%)
] , Y (45 . v 146 2 b 17%) (429%)
ol I B! D00 VIR0 Llama SB 0.850 cov)  0.890 s 1460 (< 0.5003 55y 05479 120y 31618 (259
+ Verbalized sampling 0.700 (+33%) 0.823 (+26%) 2414 (25%) 0.5597 (+107%) 0.6024 (+89%) 28.118 (-33%)
+ Negative sampling 0.679 (+29% 0.778 (+19%) 2.061 (-36%) 0.5242 (+94%) 0.5689 (+79%) 30.424 (-28%)
+ SFT 0.810 (+54% 0.866 (+32%) 1.494 (s34 0.3032 (+12%) 0.3283 (+3%) 40.070 (-5%)
. = + DPO 0.583 +114 0.638 (-3%) 2.751 11 0.6493 (+141%) 0.7145 +125%) 30.078 (-29%)
R2: Narrower pedagogical coverage Qwen 0962 096400 14T oo | 052w 0STT e  13301
o 7 : + Verbalized sampling |  0.875 (674 0.949 (asw)  1.692 (4 0.464 (+72%) 0.563 (+77%) 11.713 (72%)
In math, humans span 3-4 cognitive objective levels v.s. baseline models +Negative sampling |  0.887 o) 0955 asw) 1764 (asm) | 0475 o) 0573 esosy) 11921 (72
+ SFT 0.910 +73%) 0.920 (s+40%) 1.597 (-50%) 0.3035 (+12%) 0.3273 +3%) 40.876 (-3%)
span only 1-2. In essay feedback, humans have support for 42 out of 60 + DPO 0.808 +ss%)  0.838 (s28%) 1.805 (44%) | 0.4858 so%)  0.5414 70%)  13.764 (7%
content x discourse categories, but models cover only 21 on average.
a b c
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