Multilingual Needle in a Haystack: Investigating Long-Context Behavior of
Multilingual Large Language Models

Amey Hengle ¥ Prasoon Bajpai®

{ameyvhengle,

Soham Dan"*
*Indian Institute of Technology Delhi, India

Tanmoy Chakraborty®
“Microsoft

prasoonbajpai786}@gmail.com

sohamdan@microsoft.com, tanchak@iitd.ac.in

Abstract

While recent large language models (LLMs)
demonstrate remarkable abilities in responding
to queries in diverse languages, their ability to
handle long multilingual contexts is unexplored.
As such, a systematic evaluation of the long-
context capabilities of LLMs in multilingual
settings is crucial specifically in the context
of information retrieval. To address this
gap, we introduce the MultiLingual Needle-
in-a-Haystack (MLNeedle) test, designed
to assess a model’s ability to retrieve
relevant information (the needle) from a
collection of multilingual distractor texts (the
haystack). This test serves as an extension
of the multilingual question-answering task,
encompassing both monolingual and cross-
lingual retrieval. We evaluate four state-of-the-
art LLMs on MLNeedle. Our findings reveal
that model performance can vary significantly
with language and needle position. Specifically,
we observe that model performance is the
lowest when the needle is (i) in a language
outside the English language family, and (ii)
located in the middle of the input context.
Furthermore, although some models claim a
context size of 8k tokens or greater, none
demonstrate satisfactory cross-lingual retrieval
performance as the context length increases.
Our analysis provides key insights into the
long-context behavior of LLMs in multilingual
settings to guide future evaluation protocols.
To our knowledge, this is the first study
to investigate the multilingual long-context
behavior of LLMs.

1 Introduction

In recent years, Large Language Models (LLMs)
have demonstrated remarkable capabilities across
a wide range of natural language processing tasks,
including text generation, translation, and question-
answering. A critical aspect of these models

*This work was done independent of position at Microsoft.
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Figure 1: Monolingual long-context performance
(accuracy in radial axis) for various LLMs averaged
across different context sizes (4K, 8K, 16K, and 32K).
We observe a considerable drop in performance for all
languages except English, suggesting that multilingual
LLMs struggle to process non-English (or non-Latin)
long input contexts.

is their ability to handle long input contexts
effectively — a capability that is essential for
applications such as document summarization, long-
form content generation, and multi-turn dialogue
systems (Petroni et al., 2020; Lee et al., 2022;
Thoppilan et al., 2022). This ability directly impacts
the relevance and accuracy of LLM responses over
long inputs (Khandelwal et al., 2018; Mallen et al.,
2023a; Shaham et al., 2023a; Kandpal et al., 2023a).

A recent study (Hsieh et al., 2024a) has
shed light on the potential and limitations of
LLMs in handling extended sequences. They
evaluate various attention mechanisms and model
architectures, revealing that while some models can
technically manage long contexts, their effective
utilization of this capacity is often suboptimal.
Furthermore, Liu et al. (2023) highlighted a
major problem faced by LLMs while handling
long contexts: a marked decline in performance
when the relevant information is located in the
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middle of a long input context. The performance
curve is characteristically “U-shaped", where
models exhibit better accuracy when the relevant
information is at the beginning or end of the
context, underscoring the challenges LL.Ms face in
maintaining attention and relevance throughout
an entire input sequence. This phenomenon,
dubbed the lost-in-the-middle problem, suggests
that current LLMs are not yet fully equipped
to handle long contexts robustly and reliably,
particularly in tasks that require retrieval of
dispersed information (Liu et al., 2023; Ivgi et al.,
2023; Wang et al., 2024).

While these papers shed some light on the
long-context capabilities of LLLMs, a significant
research gap remains: most existing benchmarks
and evaluations have focused exclusively on
monolingual English settings. This leaves a critical
question unanswered: How do LLMs perform
when the long input contexts are multilingual,
particularly when the context is in a low-resource,
non-Latin language? As shown in Figure 1,
LLMs usually perform poorly while handling non-
English long contexts. Furthermore, multilingual
and cross-lingual contexts introduce additional
complexities, such as varied syntax, grammar, and
semantic nuances, which can significantly affect
a model’s retrieval and processing capabilities.
In this paper, we address this gap by analyzing
how LLMs process and retrieve information from
long multilingual contexts.  Specifically, we
introduce the MultiLingual Needle-in-a-Haystack
(MLNeedle) test, which extends the multilingual
question-answering task to assess the LLM’s ability
to locate and extract relevant information (the
needle) from a large collection of multilingual
distractor texts (the haystack). Our experiments
systematically vary the language and position of
the needle within the haystack to evaluate the
robustness of several state-of-the-art LLMs in
handling multilingual long contexts. we make
the following contributions':

* We introduce the Multilingual Needle in
a Haystack (MLNeedle) test, a first step
towards systematically evaluating the long-
context capabilities of multilingual LLMs.
MLNeedle assesses model performance across
seven languages in both monolingual and cross-

IThe source code and dataset are released publicly and
can be found at https://github.com/AmeyHengle/multilingual-
needle-in-a-haystack

lingual settings, providing a comprehensive
benchmark for future research.

* We conduct a series of controlled experiments
to examine how changes in the language and
position of the needle affect model performance.
Our findings reveal that LLM performance is
highly sensitive to both the language and position
of the needle in the haystack.

* We demonstrate the relative robustness of LLMs
to variations in the language of distractor passages,
indicating that the key challenges lie in how LLMs
process and retrieve the needle from diverse
linguistic environments.

* We perform several ablation studies to understand
the role of temperature sampling, instruction
tuning and the choice of evaluation metric on
performance.

2 MultiLingual Needle in a Haystack

In this section, we introduce our MultiLingual
Needle in a Haystack (MLNeedle) benchmark.
As our goal is to better understand how LLMs
process multilingual input contexts, we analyze
the performance of the model on a multilingual
question answering task, which requires a model to
find relevant information (the needle) from the input
context (the haystack) to answer the given question.
Specifically, we conduct experiments where we
systematically change (i) the position of the needle,
(ii) the language of the needle, and (iii) the language
of the haystack, and study the effect on performance.
If LLMs are able to use information from long
multilingual contexts, their performance should
remain relatively stable regardless of changes in
language or needle position.

2.1 Experimental Setup

In the multilingual question-answering task, the
model is provided with a question Q to answer and
K documents. Among these documents, exactly
one contains the correct answer to the question Q,
while the remaining K — 1 distractor documents
do not. We denote the document containing the
correct answer as N (the needle) and the K — 1
distractor documents as H (the haystack). Figure
2 offers an overview of our evaluation setup using
a randomly sampled example from the MLNeedle
dataset (details in Section 2.2). As illustrated in
the figure, we systematically change the language
of both the needle (highlighted in green) and the
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Write a high-quality answer for the given question using only the provided
passages (some of which might be irrelevant).

### Passages

[0] John Francis "Jack" Welch Jr. (born November 19, 1935) is an American
business executive, author, and chemical engineer. He was chairman and
CEO of General Electric between 1981 and 2001. During his tenure at GE,
(a) the company's value rose 4,000%. In 2006, Welch's net worth was
estimated at $720 million.

Question: John Welch Jr. was CEO of what company beginning in 1981?

Answer:

Write a high-quality answer for the given question using only the
provided passages (some of which might be irrelevant).

### Passages

[0] STeT SHifEE "Sie" deer, SR (ST 19 v 1935) 3N saawmrh 3R
ATEH &1 1981 T 2001 F T 98 STl Seltareeh & 3regeT 31 AS3T (CEO) 7.
Ao T ool AATTAT Fafer 720 FAforget sio 1

Question: John Welch Jr. was CEO of what company beginning in 19812

Answer:

Write a high-quality answer for the given question using only the provided
passages (some of which might be irrelevant).

### Passages
[0] For example, if General Electric (GE) ... If General Electric's stock price
was $19.42, its dividend yield would be 3.5% ($0.68 divided by $19.42).

[1] John Francis "Jack" ... During his tenure at GE, the company's value
(b) rose 4,000%. In 2006, Welch's net worth was estimated at $720 million.

[2] John Connolly, EdD, President and CEO of Castle Connolly ... John
Connolly, EdD, has disclosed no relevant financial relationships in
addition to his employment.

Question: John Welch Jr. was CEO of what company beginning in 1981?

Answer:

Write a high-quality answer for the given question using only the
provided passages (some of which might be irrelevant).

### Passages

[0] Wenn beispielsweise General Electric (GE) im letzten Quartal ..,
wirde die Dividendenrendite 3,5% (0,68 US-Dollar dividiert durch 19,42
Us-Dollar) betragen.

[1] ST HIFAE S I, SR (ST 19 ATFR 1935) ... TE. oA T Frol
g guf 720 fAferas ster &1

[2] John Connolly, EdD, Prasident und CEO von Castle Connolly, ... hat
neben seiner Anstellung keine relevanten finanziellen Beziehungen
offengelegt.

Question: John Welch Jr. was CEO of what company beginning in 19812

Answer:

Desired Answer: General Electric | STeldl Selfegeh

Figure 2: Example of a multilingual question-answering input from the MLNeedle dataset. (Top) There are no
distractor documents and the same needle (highlighted in green) is present in English (Left) and Hindi (Right);
(Bottom) There are distractor documents present (highlighted in red) and the same needle is present in English (Left)

and Hindi (Right).

distractor documents (highlighted in red) during
our experiments. The content of N and H remains
unchanged, only the language varies. Therefore,
the LLM’s performance should ideally not fluctuate
due to these changes. We also vary the position
of N within the input context, as highlighted in
Figure 9 (Appendix), to understand the effect on
the LLM’s ability to retrieve. The language of the
question is kept fixed in English.

2.2 The MLNeedle Dataset

We instantiate MLNeedle with the MLQA dataset
(Lewis et al., 2020), which consists of over 5K
extractive question-answer instances across seven
languages (English, Arabic, German, Spanish,
Hindi, Vietnamese, and Simplified Chinese) in the
SQuAD (Rajpurkar et al., 2016) format. We choose
MLQA because of its aligned dataset structure,
where each question-answer pair is present in
multiple languages. Specifically, for each question-
answer instance, there are corresponding versions
in at least four different languages, allowing for
a direct comparison of how the same question is
answered across various linguistic contexts. We
highlight this in Figure 2 (a), where for the given
question, the needle document with the correct
answer can be presented in both English as well
as Hindi. This setting allows us to systematically

study the effect of changing the language of the
needle N.

Constructing the Haystack (H). In MLNeedle,
we collect the K — 1 distractor documents for
each question-answer pair using the following
procedure: we use Wikipedia passages from
mMARCO (Bonifacio et al., 2022), a well-known
multilingual passage ranking dataset, as the source
of the distractor documents. For each question-
answer pair, we use multilingual sentence-BERT
(Reimers and Gurevych, 2020) to retrieve K — 1
documents from mMARCO that are most relevant
to the question but do not contain the answer.
Appendix A provides a detailed explanation of
our retrieval system. In the final input context,
we arrange these distractor documents in order of
decreasing relevance. As highlighted in Table 1, we
conduct experiments across different context sizes
ranging from 4K up to 32K tokens. To modulate
the context length, we simply increase or decrease
the number of distractor documents in H. Further
details on varying the context length can be found
in Appendix C.

Positioning the Needle (V). We modulate the
position of the relevant information within the
input context by placing the document with the
correct answer (V) at either the start, middle, or
end of H (Figure 9 in Appendix), following prior
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experimental setups (Liu et al., 2023; Ivgi et al.,
2023).

2.3 Models

We analyze several state-of-the-art open-source
language models for our evaluation, spanning
32K, 8K and 4K models. We report Mistral-7B-
Instruct-v0.2 (Jiang et al., 2023), which features
a maximum context length of 32,768 tokens and
is a multilingual model capable of understanding
and generating text in multiple languages. It makes
use of a unique positional encoding method, ALiBi
(Press et al., 2022), to effectively manage long-
range dependencies. Next, we evaluate Cohere-
Aya-23-8B (Aryabumi et al., 2024), which also
supports multilingual capabilities and has a context
size of 8,192 tokens. This model is designed to
perform well across various language tasks. We
include Llama3-8B-Instruct (AI@Meta, 2024), an
instruction fine-tuned version of the Llama3 base
model (Dubey and Jauhri, 2024), which supports
a context size of 8,192 tokens. This model is
optimized for following instructions and engaging in
open-ended dialogue. Lastly, we evaluate Llama2-
7B-Chat (Touvron and Martin, 2023), which has a
maximum context length of 4, 096 tokens.

2.4 Evaluation Metric

As we evaluate the model’s ability for retrieval
in question-answering, we use exact accuracy
(Kandpal et al., 2023b; Mallen et al., 2023b) as
our primary evaluation metric. Additionally, in our
ablation study (see Section 4), we report existence
accuracy (Wang et al., 2024), which evaluates the
secondary task of determining whether relevant
information is present within the input context.
Below, we formally define each of these metrics:

* Exact Accuracy measures the proportion
of samples where the model’s predicted
output contains any of the correct answers,
as specified in the MLQA dataset. This metric
checks whether the ground-truth answer is
contained in the model’s predictions.

» Existence Accuracy is the proportion of
samples where the model correctly identifies
whether a document containing the correct
answer exists within the input context.

We define the evaluation prompt templates for
respective tasks in Appendix B. For consistency, we
use the same evaluation prompts across all models
in our experiments. Furthermore, for each input
prompt, the model generates a prediction, which

may be in a different language from the ground
truth. To ensure accurate comparison, we translate
the prediction to English (since each instance has
a golden answer in English in MLQA) using the
Google Translate API>. We then use the translated
predictions and the ground truth to calculate Exact
Accuracy as defined earlier. Further details of our
evaluation framework are given in Appendix D.

3 Experimental Results

We run experiments with context sizes ranging from
4K to 32K tokens to compare the performance of
various models on MLNeedle®. Table 1 summarises
each model’s performance, averaged across the
seven languages in MLNeedle. As the context size
increases, all models show a significant drop in
performance. To evaluate the maximum context
size that each model can handle effectively, we
define the effective length as the maximum context
length at which the model’s performance does
not decrease by more than 25% from its baseline
accuracy *. Our findings show that all models
struggle with longer contexts, exhibiting significant
drops in accuracy beyond their effective lengths.
Figure 1 shows the monolingual (both needle and
distractors in the same language) performance of
different models on the MLNeedle test. Models
consistently perform better in English than non-
English languages. In the following sections, we
will investigate the effect of modulating the position
and language of the needle.

3.1 Effect of Changing the Needle Position

In this experiment, we evaluate how the position
of the needle (N) within the input context affects
retrieval performance. We systematically place the
needle at the start, middle, and end of the input
context to understand how its position influences
the model’s ability to accurately retrieve the correct
information. As shown in Figure 4, the model
performs best when the needle is placed at the
beginning or end of the input context. These
findings extend Liu et al. (2023) to multilingual

Zhttps://cloud.google.com/translate/docs/reference/api-
overview - Google Translate API

3All generation experiments were conducted using fixed
sampling parameters to control the randomness and diversity
of the generated responses. Specifically, we set the temperature
to 0.7 and used top-k sampling with k = 50. These parameters
were kept constant across all selected models to ensure a fair
comparison of their performance on the MLNeedle test.

“4Baseline accuracy refers to the model’s performance when
there are no distractors in the input context (see Figure 2(a)).
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Model Claimed Length Effective Length Baseline 4K 8K 16K 32K Avg.

Llama2-7B-Chat 4K <4K 0335  0.171 - - - 0.253
Llama3-8B-Instruct 8K 4K 0.622  0.479 0.295 - - 0.465
Cohere-Aya-23-8B 8K 4K 0.700  0.460 0.449 - - 0.536
Mistral-7B-Instruct-v0.2 32K 8K 0.579 0.485 0.455 0.427 0.397 0.469

Table 1: Long-context performance of selected models on the MLNeedle test. Models are evaluated for context
lengths ranging from 4K to 32K. Each score is determined by averaging the accuracy of MLNeedle’s multilingual
question-answering task. The effective length is the maximum context length beyond which the model’s performance
decreases by more than 25% from its baseline performance. The accuracy values within 25% of baseline performance
are underlined, showcasing the effective length. For all models, we observe that the claimed context size differs
from the effective context size.

No Distractor 10-15 Total Distractor 25-30 Total Distractor 50-65 Total Distractor
Documents (~1k tokens) Documents (~4k tokens) Documents (~8k tokens) Documents (~32k tokens)
1.0 1.0 1.0 1.0

0.8

0.6
0.4

0.2

Accuracy

0.0 en de es zh vi hi ar 0.0 en de es zh vi hi ar 0.0 en de es zh vi hi ar 0.0 en de es zh vi hi ar

-@ Cohere-Aya-23 —& LUama3-Instruct —@— Mistral-Instruct

Figure 3: Effect of changing the language of answer document (needle). We observe a similar trend across two
differently pretrained families of models: Cohere-Aya-23 trained on highly parallel training data and Mistal-Instruct
/ Llama-3-Instruct trained on comparatively skewed training data.

settings. The preference for starting and ending  we change the language of N from English to
positions to retrieve relevant information indicatesa  non-Latin languages such as Chinese and Arabic.
potential weakness in the model’s ability to maintain =~ The substantial drop in performance indicates that
effective attention throughout the input sequence  the models struggle to effectively process and
(Hsieh et al., 2024b), and exploring this in the  retrieve the same content when presented in these
multilingual setting is an important future work. linguistically distant languages.

Our findings suggest that although the content of
3.2 Effect of Changing the Needle Language N remains unchanged, LLMs display considerable
variability in their ability to retrieve the correct
information depending on the language of N.

In this experiment, we investigate how changing the
language of the document containing the correct
answer (N) affects the retrieval performance of This inconsistency underscores a critical limitation
selected models. To isolate the effects of needle ~ Of current LLMs:  The retrieval capability is
language, we keep the distractor passages (H) heavily influenced by the language in which the
in English. The results, illustrated in Figure 3, content is presented. The models performs better
show that LLMs perform best when N is either in ~ for high-resource languages like English, but
English or in a language that is close to English. their performance diminishes in lower-resource
However, as we move away from the Latin languages ~ 1anguages such as Hindi.

family, we notice a significant drop in performance.
The decrease in performance is most noticeable
when N is presented in languages significantly = Here, we investigate how varying the language of
different from English, such as Chinese and Arabic.  the distractor documents, H, impacts the retrieval
When the language of N is changed from English  performance of LLMs. We keep the language of the
to German or Spanish, both of which are close  needle constant, as English, and then systematically
to English, the performance drop is moderate. change the language of the haystack. Table 2 shows
This suggests that the model is relatively effective  that changing the haystack language from English
in processing content in languages that share  to Arabic does not significantly affect the model’s
similarities with English. On the other hand, the = performance. This observation suggests that LLMs
drop in performance is more pronounced when  are relatively robust to changes in the language
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10-15 Total Distractor
Documents (~4k tokens)

25-30 Total Distractor
Documents (~8k tokens)

50-65 Total Distractor
Documents (~32k tokens)
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—@— Mistral-Instruct

Figure 4: Effect of changing position of answer document (needle). For all models at various context lengths,
retrieving relevant information situated in the middle of the context is hard.

of non-relevant information, indicating that the
model can focus on and retrieve the relevant content
without being easily confused by the language of
distractor passages. In contrast to the significant
decline in performance observed when changing the
language of the needle, the models’ performance
appears comparatively more stable when only the
language of the distractor documents is altered.
This suggests that the retrieval task’s difficulty is
more sensitive to the language of the needle than to
the language of the haystack. LLMs focus on the
content of the needle, rather than being distracted
by the language of the haystack, highlighting its
ability to prioritize relevant information effectively
in this cross-lingual setting.

4 Ablation Studies

Effect of Temperature Sampling. Here, we
investigate whether the choice of generation strategy
significantly influences the model’s performance.
Table 4 compares the performance of Mistral-
7B-Instruct-v0.2 under two different generation
strategies:  sampling with fixed parameters
(temperature = 0.7, top-k = 50) and greedy
decoding. Both strategies yield comparable results
with minimal deviation across different context
sizes. Furthermore, as shown in Figure 6, the
overall accuracy remains consistent regardless of
the generation method.

Effect of Instruction Fine-tuning. To

understand the impact of instruction fine-tuning
on LLMs’ use of multilingual long contexts,
we compare the MLNeedle test performance of
Mistral-7B-Instruct-v0.2 with its base variant (pre-
instruction tuning) using the same experimental
setup as in Section 2. Table 3 shows that Mistral-7B-
Instruct-v0.2 consistently outperforms Mistral-7B-
v0.1 across different context lengths. Instruction-
tuning also reduces worst-case performance
disparity from nearly 70% to 30%. These findings
align with prior work showing that instruction-
tuning enhances cross-lingual knowledge alignment
and improves information retrieval across languages
(Shaham et al., 2024; Gao et al., 2024).

Effect of the Task Format. The task of
multilingual question answering through fact
retrieval from a long context can be considered
a challenging task for the choice of models under
study. To prove the reliability of our results as being
a property of long-context multilingual LMs, we
also evaluate the models on a simpler secondary task
— identifying the presence of relevant information
within the input context. To this end, we defined the
existence accuracy metric in Section 2.4, which
measures the proportion of samples where the
model correctly identifies whether the relevant
information is present in the provided passages.

Figure 7 shows the results for Mistral-7B-Instruct-
v0.2 across four different context lengths. We
observe similar results for both Exact Accuracy and
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[HN | en de es zh vi hi ar |
Mistral-7B-Instruct-v0.2

en [ 068 037 035 030 031 025 024
de | 0.71 0.37 0.38 0.24 0.34 024 025
es [ 070 040 039 031 034 026 0.28
zh | 0.73 043 039 031 035 028 027
vi 0.75 047 042 033 037 030 0.27
hi 0.80 047 044 036 038 032 033
ar | 0.76 049 043 031 040 0.33 0.30
Llama3-8B-Instruct

en | 0.61 021 024 021 023 023 022
de [ 064 025 025 0.15 020 022 0.19
es | 0.66 028 028 0.19 025 024 024
zh | 0.61 022 023 0.19 0.19 020 0.18
vi 0.65 029 028 0.18 030 024 0.20
hi 0.70 032 032 026 027 029 0.26
ar | 0.65 027 029 022 025 025 025
Cohere-Aya-23-8B

en [ 070 051 047 036 039 033 0.30
de | 0.71 0.53 046 036 041 033 0.33
es | 068 048 062 035 043 035 032
zh | 0.72 0.47 044 0.57 039 0.38 0.37
vi 0.73 046 046 031 049 036 0.36
hi 0.61 042 044 034 039 035 031
ar | 0.66 045 044 035 041 0.37 0.50

Table 2: Pairwise accuracy results of selected models
(averaged across the context lengths) on the MLNeedle
test. Language of relevant information and distractor
documents is abbreviated as N and H, respectively.
We observe that performance is heavily influenced by
the language of relevant information (N), whereas the
language of distractor documents (H) plays a limited
role.

Existence Accuracy, showcasing that our findings
are not solely because of the nature of the task.
We also observe similar results when we vary the

language of distractor passages in the input context.

More details can be found in Appendix E.

Statistical Significance. Figure 5 presents the
results of significance testing for selected models,
computed over linearly increasing sample sizes from
100 to 16, 800. We observe that accuracy stabilizes
after approximately 2, 500 samples. Furthermore,
a significant reduction in standard error is observed
as the sample size increases from 100 to 2, 500.
These results underscore that a sample size of
2,500 is sufficient to achieve reliable and consistent
evaluation outcomes. Further details are provided
in Appendix E.

5 Related Work

Multilingual Question Answering and
Information Retrieval. Multilingual question
answering (QA) and information retrieval (IR)
have become increasingly important as LLMs
are deployed in diverse linguistic environments
(Shaham et al., 2024). Historically, QA datasets
and benchmarks have been monolingual, primarily
focusing on English. However, efforts such
as MLQA (Lewis et al., 2020) and XQuAD

(Artetxe et al., 2019) have introduced datasets
supporting multiple languages, facilitating
cross-lingual evaluation of QA systems. Despite
these advancements, much of the research in
multilingual QA has focused on scenarios where
the context is relatively short or where the question
and context are in the same language (Artetxe et al.,
2019; Lewis et al., 2020; Longpre et al., 2021).
A significant gap persists between monolingual
and multilingual QA performance, particularly
when models encounter cross-lingual scenarios or
low-resource languages (Loginova et al., 2021; Guo
et al., 2023). The MLQA (Lewis et al., 2020) and
MKQA (Longpre et al., 2021) datasets, for instance,
provide a foundation for evaluating cross-lingual
extractive QA, but do not address the complexities
introduced by long contexts. Our work extends
this line of inquiry by examining how LLMs
perform in retrieving relevant information from
long multilingual contexts, where input context
may span multiple documents — an increasingly
common scenario in real-world applications.

Long-context Language Models. The ability of
LLMs to effectively handle long input contexts
is a critical area of research, underpinning tasks
such as document summarization, long-form text
generation, and multi-hop question answering (Qin
et al., 2023; Wang et al., 2024). Transformer-
based models (Vaswani et al., 2017), traditionally
limited by their quadratic complexity relative to
sequence length, have spurred the development of
various techniques to scale attention mechanisms
and manage long contexts more efficiently (Dai
et al., 2019; Dao et al., 2022). Recent innovations
have extended context windows significantly, with
models now capable of processing up to 100K
tokens in some cases. Hsieh et al. (2024a)
explored the practical usability of long-context
LLMs and the effectiveness of different attention
mechanisms. Despite the recent improvements,
the practical utility of LLMs in long-context
scenarios is often constrained by issues related
to attention decay, memory management, and the
ability to accurately retrieve relevant information
from within extended sequences (Hsieh et al.,
2024a; Li et al., 2024; Qin et al., 2023). Liu et al.
(2023) highlighted a significant challenge in this
domain: a marked decline in LLLM performance
when relevant information is situated in the middle
of along context. This study revealed a “U-shaped"
performance curve, where models performed best
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when relevant information was at the beginning or
end of the context, with performance dropping
significantly for information located centrally.
These findings underscore ongoing challenges in
designing LLMs that can robustly handle long
contexts, particularly in maintaining attention
(Hsieh et al., 2024b) and relevance (Hsieh et al.,
2024a) across the entire sequence.

Long-context Benchmarks and
Benchmarking the ability of LLMs to handle
long contexts is crucial for understanding their
real-world applicability (Hsieh et al., 2024a).
Previous benchmarks, such as ZeroSCROLLS
(Shaham et al., 2023b) and LongBench (Bai et al.,
2024), have provided insights into the potential
of LLMs in processing extended input sequences.
These benchmarks typically involve tasks such
as long-document QA or multi-hop reasoning
(Liu et al., 2023; Hsieh et al., 2024a). L-Eval
(An et al., 2023) curates tests using realistic
data, which is filtered manually to ensure quality.
Infinite-Bench Zhang et al. (2024a) includes tasks
with length greater than 100K tokens. However,
these benchmarks primarily focus on monolingual
English contexts, leaving a significant gap in
understanding how LLMs perform in multilingual
settings with long input sequences.

Recent findings by Zhao et al. (2024) reveal that
LLMs process multilingual content in three stages:
first, they convert input into an English-centric
representation, then process it during task solving,

and finally, generate output in the original language.

Our results extend this hypothesis by suggesting
that models struggle with retrieving information
when dealing with non-Latin languages (Figure 3).

Furthermore, a recent study (Hsieh et al., 2024b)
highlights the intrinsic positional attention bias in
Transformer-based architectures (Vaswani et al.,
2017), where models disproportionately focus on
tokens at the beginning and end of a sequence.
This explains the U-shaped performance curve
observed in Figure 4. We further speculate that
since the model’s attention mechanisms are already
biased due to positional encodings, the additional
complexity of processing low-resource languages
could exacerbate the difficulty in retrieving and
utilizing middle-positioned information.

6 Discussion

Why are language models sensitive to language
of relevant information? Recent findings by Zhao

Tasks.

Model Baseline 4K 8K 16K 32K Avg.

Mistral-Base 0.383 0.142 0.100 0.097 0.102 0.165
Mistral-Instruct | 0.586 0.478 0.453 0.436 0.398 0.470

10203 10336 10353 10339 10296 10.305

Amodel" —model”

Table 3: Effect of instruction fine-tuning.

Model Baseline 4K 8K 16K 32K Avg.

Mistral-Instructgp) 0.586 0.478 0.453 0.436  0.398  0.470
Mistral-Instruct rs) 0.580 0.485 0.455 0.427  0.398 0.469

A 10.006  70.007 70.002 |0.009 0.000 | 0.001

‘model” —model*

Table 4: Effect of temperature sampling vs greedy
decoding.

et al. (2024) reveal that LLMs process multilingual
content in three stages: first, they convert input
into an English-centric representation, then process
it during task-solving, and finally, they generate
output in the original language. This conversion
step, particularly for non-Latin languages like Hindi
or Arabic, can lead to significant information loss
due to structural and semantic differences from
English. During the task-solving phase, the model
relies on this English-centric representation, but
the lost or distorted information may not be fully
reconstructed, resulting in inaccurate or incomplete
internal representations. Consequently, the model
struggles more with retrieving correct information
when dealing with non-Latin languages, leading
to a more pronounced performance drop, as seen
in Figure 3. In contrast, languages like German
or Spanish, which share more similarities with
English, tend to retain more information during the
conversion process, resulting in better performance
and less information loss. This is potentially why
LLMs perform unevenly across different language
families and we aim to explore this further in future
work.

Why are language models sensitive to position
of relevant information? Hsieh et al. (2024b)
identify an intrinsic positional attention bias in
Transformer-based architectures (Vaswani et al.,
2017), such as LLMs. This bias manifests as
a U-shaped attention distribution, where models
disproportionately focus on tokens at the beginning
and end of a sequence, over those in the middle.
The authors show that this skewed attention
distribution is not merely a byproduct of positional
encodings but an inherent characteristic of the
models’ attention mechanisms (Hsieh et al., 2024b).
This explains the U-shaped performance curve
observed in Figure 4. As shown in the figure,
models consistently performed best when the needle
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was positioned at the start or end of the input
context, with a noticeable drop in accuracy when it
is placed in the middle. We aim to study this in the
multilingual context in depth in future work.

Arelanguage models answering from parametric
knowledge? We construct our MLNeedle test
using the publicly available MLQA dataset (Lewis
et al.,, 2020). Since MLQA is curated from
Wikipedia there is potential for leakage into
LLMs’ pretraining data (Agarwal et al., 2024;
Bohnet et al., 2024; Zhang et al., 2024b), which
may interfere with the LLM’s performance on
MLNeedle. However, several aspects of our
experimental design and findings suggest that LLMs
are actively processing the provided context rather
than relying on memorisation . Firstly, as shown
in Figure 4, LLMs struggle with mid-context
retrieval ("lost in the middle"). If LLMs relied
purely on parametric knowledge, performance
would remain stable across positions since the
query and needle content stay unchanged. The
baseline scores in Table 1 further support this
claim. If models were purely retrieving parametric
knowledge, they would be expected to achieve
near-perfect accuracy when no distractor passages
are present. However, we observe that even in
the absence of distractors, models fail to answer
correctly in some cases. Lastly, our ablation study
on existence accuracy shows performance varies
with needle position and language (Figure 7). If
models were relying entirely on parametric retrieval,
existence accuracy would be consistently perfect
(a score of 1), irrespective of the needle’s position
or language. These findings suggest that models
are dynamically processing input text rather than
answering solely from parametric knowledge.

7 Conclusion

In this study, we introduced the MultiLingual
Needle in a Haystack (MLNeedle) test, designed to
systematically evaluate the long-context capabilities
of multilingual LLMs. Through a series of
controlled experiments, we investigated how
changes in the language and position of relevant
information in a long-context affects the LLMs’
retrieval performance. Our findings revealed that
LLMs exhibit significant sensitivity to both the
language and position of the relevant information,
particularly struggling when the relevant content
is in non-Latin languages or positioned in the
middle of a long context. Conversely, the models
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Figure 5: Exact accuracy of models on varying sample
sizes for evaluation. Solid lines denote the accuracy, and
the shaded area denotes the standard error.

demonstrated relative robustness to variations in
the language of distractor passages, suggesting that
the primary challenges lie in how LLMSs process
and retrieve the needle from diverse linguistic
contexts. These findings underscore the need
for further research to enhance the multilingual
capabilities of LLMs, particularly in handling
scenarios where relevant information may be
dispersed across different languages and positions
within the input. Our work represents a first step
towards systematically evaluating the long-context
behavior of multilingual LLMs.

8 Limitation

We select the distractor passages (haystacks) purely
based on semantic-similarity with the query. We do
not experiment with randomly selected distractors -
as Liu et al. (2023) has shown to be a non-effective
strategy. Due to resource and budget constraints, we
were unable to evaluate LLMs greater than 8 billion
parameters—Ilike Command-R or LongAlapaca.
Simialrlu, we were also not able to assess API-
based models such as GPT-4 and Claude. In
future work we plan to extend our study in these
dimensions. We have used a single evaluation
prompt template for all our experiments. Since
LLM outputs can be prompt sensitive, it may be
necessary to evaluate across different prompts to
improve the reliability of our results. In our study,
we focus on evaluating foundational multilingual
LLMs via zero-shot prompting. We leave it to
future work to explore SFT models or strategies
like Chain-of-Noting (Yu et al., 2024). We leave
this for future work.
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A Process of retrieving the distractor
documents

We randomly sample 10,000 Wikipedia passages
from mMARCO for each of the languages
under study. We encode every question in
MLQA and every passage in mMARCO in a
768 dimensional dense embedding space using
paraphrase-multilingual-mpnet-base-v2, trained on
50+ languages. Following that, we rank 300 most
similar Wikipedia passages for every language
against each question in MLQA using cosine
similarity score.

B Prompt Templates

In our experiments, we adopt a vanilla
prompt template commonly used in multi-
document question answering, following the
linear <Instruction> + <Documents> +
<Query> input sequence. Table 5 and Table
6 highlight the respective prompt templates
used for evaluating exact_accuracy and
existence_accuracy. Additionally, Figure
2 and Figure 9 provide a example of actual input
prompt for exact_accuracy evaluation using
three documents.

C Controlling Context Length

To control the size of the input context within
provided context size proposed by the model
specifications, we allow for maximal number of
distractor passages to fit within the size allowance.
Using mMARCO passages as distractor passages
we observed following number of documents to
appear in the input context for each context size
: 4K - ~10-15 distractor documents, 8K - ~25-
30 distractor documents, 32K - ~50-65 distractor
documents.

D Automated Evaluation Framework

This section outlines the key steps involved in our
automated evaluation process. To better understand
our evaluation setup, we provide an example of a
positive and negative instance from MLNeedle in
Figure 10.

For each input prompt, the model generates a
prediction (y_pred), which may be in a different
language from the ground truth (y_true). Each
question-answer instance in MLNeedle dataset
from MLQA has a golden answer provided in
English, regardless of its language. To accurately
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125-30 Total Distractor Documents (~8k tokens)

10, 50-65 Total Distractor Documents (~32k tokens
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Figure 6: Performance of mistral-7b-instruct-v0.2 using
different decoding strategies. We report similar trends
for two different context lengths: ~8K tokens and ~32K
tokens.
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Figure 8: Exact Accuracy and Existence Accuracy plots
for Mistral-7B-Instruct-v0.2 across four different context
lengths on the varying language of distractor passages
(Haystack).

compare y_pred with y_true, both must be in
the same language. However, since y_pred can
be generated in any language, we translate all model
predictions into English using Google Translate.
As shown in Figure 10, the translation step
ensures that the prediction is in the same language
as the ground truth, allowing for a direct and reliable
comparison. Once the predictions are translated,
we proceed to compute the exact accuracy metric
as defined in section 2.4. This comparison helps us
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Figure 7: Exact Accuracy and Existence Accuracy plots
for Mistral-7B-Instruct-v0.2 across four different context
lengths on varying (from left to left) : (i) Position of
Document with the Answer (Needle) and (ii) Language
of Document with the Answer (Needle).

determine if the model has successfully identified
and retrieved the correct information from the input
context.

By translating all model outputs to English
before comparison, we minimize the risk of false
negatives due to language differences. This process
ensures that all comparisons are reliable and that
the evaluation accurately reflects the model’s ability
to retrieve relevant information, regardless of the
input language.

E Additional Results

E.1 Ablation Study: Effect of Evaluation
Metric

In Section 4, we discussed how we obtained
similar plots for ‘Exact Accuracy’ and ‘Existence
Accuracy’. From Figure 8, we observe the similarity
between plots obtained on changing the language of
the distractor documents in the input context. Both
‘Existence Accuracy’ and ‘Exact Accuracy’ do not
vary in changing the language of the distractor
documents in the input context.

E.2 Statistical Significance

To ensure the reliability of our evaluation, we
conduct a hypothesis test for exact accuracy as
defined in section 2.4. We conduct the test for
selected models under a binomial distribution
Binomial(1, p), where p is the probability of
success on an individual trial. The standard error
(SE) of this test is computed as follows:
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sE = PU=P) (1)
S

where s is the number of trials (evaluation
samples). We vary the sample size linearly, starting
from 100 samples and increasing by 500 samples at
each step, i.e., 100, 600, 1100, 1600, and so on, until
reaching the full sample size of MLNeedle (16, 800
samples). Note that at each step, we randomly
select the samples from the MLNeedle dataset.
Figure 5 highlights the results of our statistical tests.
We observe that the exact accuracy stabilizes after
approximately 2,500 samples, and the standard
error decreases significantly as the sample size
increases from 100 to 16, 800.
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Prompt Template
for Exact Match

Write a high-quality answer for the given question using only the
provided passages (some of which might be irrelevant).

### Passages
{input_passages}
Question: {question}

Answer:

Table 5: Prompt template used for evaluating exact_accuracy. The model is asked to generate an answer based
solely on the provided passages.

Read the following list of passages and indicate whether any of the

passages contain the right answer for the given question.
"Yes’ or ’'No’.

your output strictly as

### Passages

Prompt Template {input_passages}

for Existence

Match

Question: {question}

Answer [Yes/No]:

Format

Table 6: Prompt template used for evaluating existence_accuracy. The model is asked to determine if the

correct answer is present within the provided passages.

### Passages

Question: John Welch Jr. was CEO of what company beginning in 1981?

Answer:

Write a high-quality answer for the given question using only the provided passages (some of which might be irrelevant).

[0] Wenn beispielsweise General Electric (GE) im letzten Quartal .., wiirde die Dividendenrendite 3,5% (0,68 US-Dollar dividiert durch 19,42 US-Dollar) betragen.
[1] ST SHITEE "SiF" I8, A (ST 19 FTFR 1935) ... T. I I Fel HFATTAT Uy 720 FAforget stew &1

[2] John Connolly, EdD, Prasident und CEO von Castle Connolly, ... hat neben seiner Anstellung keine relevanten finanziellen Beziehungen offengelegt.

(needle position: middle)

Write a high-quality answer for the given question using only the provided
passages (some of which might be irrelevant).

### Passages
[0] STieT SHIFRE "SteF" dee, S (ST 19 FAaFaR 1935) ... TE. I & Fel AT
9t 720 AT STer &

[1] Wenn beispielsweise General Electric (GE) im letzten Quartal .., wiirde die
Dividendenrendite 3,5% (0,68 US-Dollar dividiert durch 19,42 US-Dollar)
betragen.

[2] John Connolly, EdD, Prasident und CEO von Castle Connolly, ... hat neben
seiner Anstellung keine relevanten finanziellen Beziehungen offengelegt.

Question: John Welch Jr. was CEO of what company beginning in 19812

Answer:

(needle position: start)

Write a high-quality answer for the given question using only the provided
passages (some of which might be irrelevant).

### Passages

[0] Wenn beispielsweise General Electric (GE) im letzten Quartal .., wiirde die
Dividendenrendite 3,5% (0,68 US-Dollar dividiert durch 19,42 US-Dollar)
betragen.

[2] John Connolly, EdD, Prasident und CEO von Castle Connolly, ... hat neben
seiner Anstellung keine relevanten finanziellen Beziehungen offengelegt.

[3] SATeT SRR "Sieh" qeeT, S (ST 19 FaFaR 1935) .. T. Ao &1 Tl AT
wafer 720 fafager steR &

Question: John Welch Jr. was CEO of what company beginning in 1981?

Answer:

(needle position: end)

Figure 9: Modulating the position of relevant information (‘needle’) within the input context (‘haystack’) presented

in Figure 2.
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Ground-truth

Model prediction

Translation

Exact Accuracy

(y_true) (y_pred) (y_pred_translated)
{ ey il JI i “general electric” 1
“General Electric”
}
“déng vé phia bac” “east to north” 0
“noroeste”,
“northeast”
}

Figure 10: An example of a positive and a negative instance while computing exact accuracy. The translation step

enables a direct comparison between y_true and y_pred, which in turn helps reduce false-negatives.
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