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Auditing Cultural Translation of 
Math Word Problems Across Diverse 

Languages and Regions

Who Brought Easter 
Eggs to Eid? 



THE MARKET MATHEMATICIANS

Recife, Brazil, 1980s:
• Child street vendors (age 9+) calculating prices and 

making change in markets
On the street: 98% accuracy

• Real transactions, familiar context, everyday 
mathematics

Same problems on paper in school: 37% accuracy
• Same math, different context

What changed?
• Not their mathematical ability, but the languages, 

names, context, social situation, and cultural 
meaning

Mathematical competence isn't just in the mind.
It's the mind situated within a cultural context

Carraher, T. N., Carraher, D. W., & Schliemann, A. D. (1985). Mathematics in the streets and in schools. British journal of developmental psychology, 3(1), 21-
29.



What do mean by cultural adaptation of
math word problems?

English Math Word Problem Adapted for Italian

→ Cultural Translation →
"Sarah bought 3 apples
at the farmer's market

for $2 each..."

"Sofia ha comprato 3 
mele al mercato per €2 

ciascuna..."

The name changed. Sarah became Sofia. The currency changed. Dollars became 
euros.

The question is: is that enough?



CUlture Tree Framework

In culturally responsive teaching, cultural adaptation is NOT one thing, it

operates on different levels

SURFACE CULTURE (visible, easy to change)

• Food, dress, music, holidays, celebrations

• The decorative elements you can see and touch

SHALLOW CULTURE (below the surface)

• Courtesy, conversational patterns, personal space

• Social norms and communication styles

DEEP CULTURE (invisible roots)

• Values, worldview, beliefs about fairness, time, learning

• How people make sense of the world

Deep culture grounds identity and shapes how students process information.

Hammond, Z. (2014). Culturally responsive teaching and the brain: Promoting authentic engagement and rigor among culturally and linguistically diverse students. Corwin 

Press.



How teachers do Cultural Adaptation

It's skilled pedagogical work

Teachers draw on deep knowledge:

• Students' lived experiences, family routines, community practices

• What matters for mathematical understanding vs. surface decoration

• Ground instruction in students' funds of knowledge

This is culturally responsive teaching

• Not just swapping names and currencies (surface culture)

• Understanding students' worldviews, learning approaches (deep culture)

• Making the math accessible without making it culturally incoherent

Moll, L., Amanti, C., Neff, D., & Gonzalez, N. (2006). Funds of knowledge for teaching: Using a qualitative approach to connect homes and classrooms. In Funds of knowledge (pp. 71-87). 

Routledge

Gay, G. (2018). Culturally responsive teaching: Theory, research, and practice. teachers college press.

Ladson-Billings, G. (1995). Toward a theory of culturally relevant pedagogy. American educational research journal, 32(3), 465-491..



What is the problem: LLMs
well.. they are also a solution to limited resources

of English language arts, math, and science teachers reported using AI for instructional planning or teaching

25% 53%
2024 2025

Common use: Translating and culturally adapting word problems for multilingual classrooms

Doss, C. J., Bozick, R., Schwartz, H. L., Chu, L., Rainey, L., Woo, A., ... & Dukes, J. (2025). AI use in schools is quickly increasing but guidance lags behind: Findings from the RAND survey panels. RAND.



Research Questions

RQ1. Cross-model consistency:
Do different LLMs produce the same cultural outputs?
→ Model choice is a cultural decision, not just technical

01

02
RQ2. Cultural diversity:
Does adaptation preserve or compress cultural variety?
→ Localization at scale may paradoxically reduce diversity

RQ3. Cultural salience:
Which entities do LLMs treat as culturally important?
→ Do model priorities match teacher judgment?

03

Teachers do this with expertise and care. Now LLMs are increasingly doing this work.
How do LLMs make these cultural choices?



1. Source
a. 60 English math problems from GSM-8K
b. 66 entities identified (names, foods, places, currencies, etc.)

2.Translation Task
a. Asked 3 frontier LLMs to translate and culturally adapt each problem
b. Models: Claude Opus 4, GPT-4.1, Gemini 2.5 Pro
c. Target languages:

a. India: Bengali, Hindi, Punjabi
b. Pakistan: Urdu, Sindhi
c. Italy: Italian, Sicilian

3.Analysis
a. Tracked what happened to each entity across translations
b. Five action types: preserved, localized, generalized, type_changed, 

missing

Study Design



Action Distribution



Level 1: Action Agreement (62.5%)
• Do all 3 models make the same type of decision?
• Example: All chose "localize" vs. one preserved, two 

localized
• Agreement rate: 62.5%

Level 2: Full Agreement – Action AND Value (33.5%)
• Do all 3 models take the same action AND produce the 

same output?
• Example: All localized "Sarah" → All chose "Sofia"
• Agreement rate: 33.5%

Model choice determines which cultural world students 
encounter

RQ1: DO MODELS AGREE ON CULTURAL OUTPUTS?



RQ2: does Adaptation Compresses Diversity?

How we measured cultural variety:
Entropy = measure of diversity/surprise

• High entropy: Many different entity types 
appear

• Low entropy: Same entities appear repeatedly
We compared:

• Source (English): How much variety exists in 
original problems?

• Adapted (7 languages × 3 models): How much 
variety in each adaptation?

• Entropy difference: Adapted entropy -
Source entropy



RQ2: does Adaptation Compresses Diversity?



RQ3: Which entities do LLMs treat as culturally 

important?



RQ3: The eid hunt problem



RQ3: Regional Clustering

How we measured cross-linguistic similarity:
Jensen-Shannon Distance (JSD) = how different are 
adaptation patterns?

• Compares: Which entity types get which 
actions in each language

• Range: 0 (identical patterns) to 1 (completely 
different)

• Lower values = more similar adaptation 
behavior



RQ3: Regional Missattribution



• Given this prompt, parameters, models in this study:

• Are models stable? No — models disagree 67% of the time, they 
choose different cultural worlds (They are not designed to produced 
the same results)

• Are they diverse? No — adaptation compresses variety across 7 
languages, 3 models, 60 math word problems (homogeneity affects) 

• Are they culturally grounded? No — they work at surface level, cross-
cultural and cross-regional contamination (empathy can’t be coded)

Surface plausibility makes culturally adapted problems look correct. That's 
exactly what makes deeper failures easy to overlook.

to conclude



Questions, remarks, 
recommendations?



RQ1: Models Disagree on Cultural Outputs






