Learning another
language changes

English representations

Double Trouble: Bilingual Pretraining
Leaves Language-Conditioned Effects
in Shared-Language Representations

Anjishnu Mukherjee Ziwei Zhu Antonis Anastasopoulos

Experimental Setup: Train 8 bilingual LLMs (300M params) from

Takeaway 1: Concept associatations in
English depend on the second language it

scratch on 100M tokens of BabyBabel LM data for 8 languages.

was trained with, across a wide range of

5o i concepts.
A Controlled pretraining
Same arCh,teCture and tOkenlzer © ZH @ FR @ FAS @ NILD © UKR @ BUL @ IND @ DEU
Langu ages we evaluate Endpoint 1 English-onl;y reference Endpoint 2
wedding dress = white oe® .: e red
w prophet  fasting e &, E % o ® oot
father —uniform ® ° e S0 i o) personalized
ZH FR

earring — ornate '. E o8 plain
FAS NLD oo

. . e .
ceremonial mask —uniform 0® @4 e personalized

| : | | 5l | .' f . hosting tradition © . ® .GE e : modernity
‘ A English + ZH (3 English-only B English + FR ’ ' - l | meal | clan ER ‘ 0o el
| ( EN tokens + ZH tokens J ( EN tokens ] I-Eﬁ tokens + FR tokens ' UKR BUL DEU N faSt,mg . : . . o feas_tmg
e S J | pho spicy o 0‘ E o mild

— —— —— — - = —_— . chieftain | majority o Lok © E.’. minority
B Alignh embedding spaces between model pairs, then observe held out concepts - O

Difference in projection (bilingual minus English-only)

Orthogonal procrustes embedding alignment Held-out evaluation
3,000 shared English anchors 1,000 English concepts , .
50 semantic axes Takeaway 2: The difference between a

time _work House LA monolingual English-only model and a

& % A y bilingual English+X model significantly

exceeds the variation from training the

\\.\I/‘/r English only model with different seeds.
A-—eo—— * :
./// \\\‘. ‘ Am = m(Mgn, MENt+12) — Mseed-var

v

’ Aligned English space ‘ |
- | | Takeaway 3: The difference changes across
~ layers, with the middle layers showing the
C Language-conditioned effects largest disagreements across all 8 languages.
- weddingdress -~ __ ) Where is the effect visible?
: \ Token embeddings L
mm— =3 Concept associations
7 RS look similar in E
. _ v _ . input embeddings. | %
e
A Engllsh + ZH ' English-only . English + FR gg—?;)e/exl’tg’:jlesctt?)tis Concept associations g
;\‘Im . SN2 g'm ' . = however change iz
Z1= Z1S Z1[S High ,'"f.\"l . across layers. £
Mismatch i~ A '\::-—- S
The position of an English concept on a semantic axis (from EN-only) ; ,;:’/‘/‘/ e |
changes depending on the second-language it was co-trained with. 2 1 Layer 1’2 ; , . - . o 12

Transformer layer

Email @ amukher6@gmu.edu




