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Modern neural machine translation (MT) sys-
tems have achieved remarkable quality but remain
opaque to users, limiting their trustworthiness and
usability in professional settings. While inter-
pretability research has produced valuable insights
into language model internals, these findings rarely
translate into practical benefits for end users. This
dissertation bridges this gap by developing and
evaluating interpretability methods end-to-end to
improve MT trustworthiness and controllability in
real-world applications.

The thesis pursues three interconnected objec-
tives: (1) developing methods to precisely quan-
tify how MT systems and multilingual language
models exploit contextual information during gen-
eration; (2) creating robust techniques for control-
ling MT output style and personalizing translations;
and (3) integrating interpretability insights into pro-
fessional translation workflows through evaluation
with end users.

Part I: Attributing Context Usage in Multilin-
gual Language Models. We first introduce Inseq
(Sarti et al., 2023a, ACL Demo 2023 and Sarti
et al., 2024b, XAI Demo 2024), a Python toolkit
democratizing access to feature attribution for gen-
erative language models. Inseq addresses compu-
tational and conceptual challenges through careful
design and progressive disclosure of complexity,
making attribution analyses accessible across di-
verse computational budgets and expertise levels.
Its widespread adoption in works studying bias in
machine translation systems is a testament to Inseq
accessibility and impact. Using Inseq, we conduct
an investigation on gender stereotypes in MT, find-
ing that contrastive attribution can effectively iden-
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tify biased responses in these systems. Then, we
develop PECoRe (Plausibility Evaluation for Con-
text Reliance, Sarti et al., 2024a, ICLR 2024), a
framework that quantifies context usage in context-
aware MT systems through a two-step process: de-
tecting context-sensitive tokens using information-
theoretic metrics, and then applying contrastive at-
tribution with ecologically valid counterfactuals to
identify motivating contextual cues. When tested
on popular multilingual systems, PECoRe exposed
critical weaknesses, including gender-agreement
failures traced to incorrect anaphora resolution and
occasional overreliance on target-side context cues.
We adapt PECoRe for retrieval-augmented genera-
tion with MIRAGE (Qi et al., 2024, EMNLP 2024),
demonstrating how model internals can augment
answers of multilingual large language models with
faithful source citations in retrieval-augmented gen-
eration settings. Unlike post-hoc rationalizations
based on lexical similarity, MIRAGE grounds cita-
tions in actual context processing, achieving qual-
ity comparable to or better than self-citation ap-
proaches while ensuring faithfulness with models’
inner workings.

Part II: Conditioning Generation for Personal-
ized Machine Translation. We begin by intro-
ducing RAMP (Sarti et al., 2023b, ACL 2023), a
prompting strategy pioneering retrieval-augmented
generation for attribute-controlled translation. By
leveraging multilingual LLMs with cross-lingual
retrieval and explicit attribute marking, Ramp
achieves zero-shot attribute control (formality, gen-
der) without model tuning, outperforming standard
prompting and specialized MT systems in both ade-
quacy and attribute accuracy.

Building on this, we conduct a comprehensive
evaluation of prompting- and interpretability-based
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steering techniques for MT personalization, focus-
ing on literary translation where subtle stylistic
choices are paramount (Scalena et al., 2026, EACL
2026). We propose a novel approach using sparse
autoencoder (SAE) latents to identify and manip-
ulate style-relevant latent features from model ac-
tivations, efficiently capturing distinctive stylistic
signatures of individual translators. Our method
achieves personalization comparable to few-shot
prompting while avoiding inference-time overhead
from long contexts. Through probing experiments,
we demonstrate that both methods converge on sim-
ilar internal mechanisms, suggesting that SAEs dis-
till in-context demonstrations of translation style
into interpretable latents.

Part III: Interpretability in Human Translation
Workflows. We conduct DivEMT, an initial user
study with 18 professional translators across six ty-
pologically diverse languages, revealing that MT’s
productivity contribution varies significantly by lan-
guage pair (Sarti et al., 2022, EMNLP 2022). Typo-
logical similarity emerges as a key factor for qual-
ity: closely related languages show substantial post-
editing gains while distant pairs show minimal im-
provement. Crucially, traditional MT quality met-
rics such as BLEU and COMET correlate poorly
with actual productivity gains observed across lan-
guages, challenging assumptions about technical
quality and the practical usefulness of these metrics
for evaluating post-editing workflows.

Our second user study, QE4PE (Quality Esti-
mation for Post-Editing), investigates how word-
level error highlights affect productivity, quality and
usability for 42 professional post-editors working
across two translation directions (Sarti et al., 2025a,
TACL 2025). We compare supervised state-of-the-
art supervised methods, unsupervised uncertainty-
based techniques, and oracle human annotations to
assess the impact of error-detection quality on these
metrics, finding no meaningful differences between
highlight sources in coarse-grained metrics but a
15-20% reduction in critical errors across all high-
lighted conditions compared to regular post-editing.
Our findings suggest that highlights help translators
catch mistakes they would otherwise miss, though
at the cost of higher cognitive effort.

We conclude with a comprehensive evaluation
of unsupervised quality estimation methods for de-
tecting translation errors across 12 translation di-
rections (Sarti et al., 2025b, EMNLP 2025). To-
ken log-probability variance estimated with Monte

Carlo Dropout proves particularly robust, matching
state-of-the-art supervised approaches. Proper cali-
bration dramatically improves performance to near
human inter-annotator agreement levels, while anal-
ysis reveals that annotators’ subjective judgments
substantially influence metric rankings.

Broader Impact. This thesis pioneers the sys-
tematic assessment of interpretability methods by
examining their effects on professional users’ pro-
ductivity, decision-making, and satisfaction, posi-
tioning the field of machine translation as a prime
context for such an assessment. By demonstrating
concrete improvements in professional translation
workflows, it provides both a proof of concept and a
blueprint for the next generation of transparent and
controllable translation systems. Its technical con-
tributions address critical challenges in accessibility
and computational cost that typically hinder the pro-
duction and deployment of these methods, charting
a path toward improved human-AlI collaboration in
translation workflows.

The full dissertation is available at:
https://hdl.handle.net/11370/97754e4b-197
8-477e-a394-83f67cca257c
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