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ABSTRACT

A standard way to evaluate the abilities of LLM involves presenting a multiple-
choice question and selecting the option with the highest logit as the model’s
predicted answer. However, such a format for evaluating LL.Ms has limitations,
since even if the model knows the correct answer, it may struggle to select the
corresponding letter simply due to difficulties in following this rigid format. To
address this, we introduce new scores that better capture and reveal model’s un-
derlying knowledge: the Query-Key Score (QK-score), derived from the interac-
tion between query and key representations in attention heads, and the Attention
Score, based on attention weights. These scores are extracted from specific select-
and-copy heads, which show consistent performance across popular Multi-Choice
Question Answering (MCQA) datasets. Based on these scores, our method im-
proves knowledge extraction, yielding up to 16% gain for LLaMA2-7B and up to
10% for larger models on popular MCQA benchmarks. At the same time, the ac-
curacy on a simple synthetic dataset, where the model explicitly knows the right
answer, increases by almost 60%, achieving nearly perfect accuracy, therefore
demonstrating the method’s efficiency in mitigating MCQA format limitations.
To support our claims, we conduct experiments on models ranging from 7 billion
to 70 billion parameters in both zero- and few-shot setups.

1 INTRODUCTION

Questions with multiple answer options are a common form of benchmarks evaluating question
answering (Hendrycks et al. 2021), common sense (Zellers et al., 2019), reading comprehen-
sion (Huang et al., 2019), and other abilities of large language models. In multiple choice question
answering tasks (MCQA), the model is provided with the question and multiple answer options, e.g.
”Question: How many natural satellites does the Earth have? Options: A. 0. B. 1. C. 2. D. 3. E.
None of the above. F. I don’t know.” Sometimes the context that might be helpful to give the answer
is added before the question, such as a paragraph or a dialogue for reading comprehension or some
common sense reasoning. The model is asked to output the letter denoting the correct answer option.
This format is similar to certain real-life students’ exams and shares some benefits with them: it is
straightforward to evaluate, using automated tools.

On the other hand, for LLMs, especially smaller ones, understanding and adhering to a multiple-
option format is not always trivial. The model’s performance on a given multiple-option dataset de-
pends not only on the ability to solve the task itself but also on its in-context learning or instruction-
following capabilities. The model may produce correct answers with formatting issues, which hin-
ders the automatic evaluation of the MCQA task. Consequently, some works delegate answer eval-
uation to another LLM instead of relying on exact string comparison (Wang et al.l 2024). When
assessing the logits of the model for options, LLMs can follow shallow patterns such as options
distribution. Some LLMs are inclined to prefer the answer option “A”, while others tend to choose
“D” (Zheng et al., [2024a). All of these issues demonstrate pitfalls in the current MCQA evaluation
process, especially for smaller LLMs.

However, the model’s inability to follow the task format does not imply a lack of actual ’knowledge’
regarding the correct answer. In this work, we show that while small LLMs generally perform
poorly on MCQA benchmarks, their intermediate attention states can often provide better insights.
Specifically, we introduce the method that uses the queries and keys within individual attention
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Figure 1: Our method calculates the Query-Key score between the end-of-line token of an answer
option and the last token of the prompt for the designated head, from which we derive the answer.

heads to select an answer. We identify certain select-and-copy heads that can choose the option with
semantically relevant information and transfer further its representation. Our findings suggest that
LLMs process MCQA tasks more effectively in the middle layers but tend to revise this information
in the later layers, leading to reduced performance. Our method belongs to the class of ”white-box”
techniques, meaning that we use the internal representations of LLMs to extract solutions for given
tasks.

We identify the principal elementary algorithmic operation performed by pretrained Transformer
models when answering multiple-choice questions. This task is complex, requiring the model to
first compute a representation of semantic information contained in both the question and the op-
tions inside such specific heads. After completing this task, the model selects the most appropriate
option using the query-key alignment mechanism, see section [3} and then copy and outputs the
option. Based on this intuition, we propose to identify the heads in the model that perform this
select-and-copy operation on the aggregated embeddings of the possible answers. Our results reveal
the presence of such heads in all models we examined, ranging from 7 billion to 70 billion parame-
ters. Remarkably, the best few performing heads are the same for different datasets. Moreover, the
answers produced by these heads are significantly more accurate than the final output of the model,
particularly in zero-shot scenarios.

Our contributions are as follows: (1) We demonstrate the presence of select-and-copy heads in LLMs
of the wide range of 7-70B parameters, performing option selection operation for MCQA task; (2)
We introduce QK-score, along with attention score, the option scoring methods based on key and
query representations derived from such heads. This scoring leads to 9-16% improvement of the
accuracy with task-specific heads; (3) We demonstrate that our method is more stable than the base-
lines to option permutations, renaming and also when supplementary options, like “I don’t know”,
are added; (4) Our results provide further support for the hypothesis observed in other papers, e.g.
Li et al.|[(2023b); |Stolfo et al.| (2023)), that the representations of the semantic meaning of a phrase
are encoded in certain heads in the query, key, and value vectors of the phrase’s last tokens—namely,
the end-of-sentence punctuation token or the end-of-line token; (5) We study the attention patterns
of select-and-copy heads and their behavior under various conditions. This is a step towards better
understanding how the LLMs work in general.

2 RELATED WORK

Question answering datasets are the standard way to measure capabilities of the Large Language
Models to retain the knowledge, understand given texts, and perform reasoning. The results of such
testing can be seen in a number of technical reports on new LLMs, such as LLaMA?2 and LLaMA3,
gpt-4o, or Claude 3 Opus (Touvron et al., |2023; Dubey et al., |2024; [OpenAll [2024; |Anthropic,
2024)). Also, MCQA tasks are often included in benchmarks for these models, as this task is easy
for evaluation (Ye et al., [2024; [Pal et al., 2022).

There are several setups for MCQA task. The first one, multiple choice prompting (MCP) is when
we present the question and multiple answer options to model. It has many advantages over Cloze
Prompting (CP), when a model is asked to complete partial inputs with a single probable word or
phrase (Robinson & Wingate, 2023). While in CP normalized answer probabilities are used for
evaluation, in MCP we can use the probabilities of the options’ single tokens as a proxy. However,
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recent works highlight some issues in evaluating models on MCQA tasks. |Gupta et al.| (2024) and
Pezeshkpour & Hruschkal (2024) show that permutation of the contents for options can significantly
affect the accuracy using MCP. Similarly, |[Zheng et al.| (2024a) describe selection bias for different
LLMs and propose a debiasing method PriDe to boost the accuracy.

In our work, we investigate the inner mechanisms of LLMs, especially the role of attention heads
in MCQA tasks. Functional roles of attention heads were analysed for transformer-based models
from the very beginning of encoder-only models (Jo & Myaeng| [2020; Pande et al., 2021)), and
nowadays even more detailed approaches were developed for decoder-only models in the common
track of mechanistic interpretability (Elhage et al., 2021} |Olsson et al., 2022; Bricken et al., [2023).
For example, induction heads identified by Elhage et al.|(2021)) play an important role in in-context
learning (Olsson et al., 2022; |Von Oswald et al., 2023), indirect object identification (Wang et al.,
2023)) and overthinking (Halawi et al.|[2024). Additionally, there is a number of research connecting
theoretically constructed networks with real pretrained language models, revealing elements such
as constant heads (Lieberum et al.| 2023)), negative heads (Yu et al.| |2024), and content gatherer
heads (Merullo et al.l [2024), among others. For more information on mechanistic interpretability
and attention heads, we refer to Rai et al.|(2024) and Zheng et al.| (2024b).

In our work, we focus on select-and-copy heads that are used to select the right option for the MCQA
task. The special case of such heads looking on option labels was mentioned in (Lieberum et al.,
2023). However, we show that not only are other tokens more representative for MCQA, but they
can be used to significantly increase accuracy compared to baseline.

Moreover, our experiments conclude that those heads that outperform the baseline on MCQA are
located on the middle layers of LLM. It correlates with previous findings that many information is
present in earlier layers, but is somehow lost or revised in later layers (Kadavath et al., 2022; Azaria
& Mitchelll 2023} [Liu et al., [2023; [Zou et al.l [2023; (CH-Wang et al.| |2024). These studies mainly
focus on linear probes of hidden representations (Ettinger et al., 2016} |Conneau et al., [2018}; |Burns
et al., 2023), but we show that the disagreement between model output and inner structures can be
captured in the level of query-key interactions and attention maps.

3 ATTENTION AS SELECT-AND-COPY ALGORITHM

In this section, we describe how attention mechanism can work as select-and-copy operation. Sup-
pose we have a sequence of N token embeddings {x;}},, which serve as an input to the cor-
responding attention head of transformer, each x; € R%*!. In classical transformer architecture
Vaswani et al.| (2017)), each attention head performs the transform of input embeddings:

.
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where q; = Wy, k; = Wiz, v; = Wyx; and W, W, W, € Rmoact X4 gre Jearned weight
matrices. The resulting matrix A = {anym}ﬁ{ m—1 18 stochastic, meaning that all its rows sum up to
one. For decoder transformers, causal mask is applied to A before softmax: a; ; = 0,j > 7. Thus,
from equation |1} for each token position & in decoder transformers we can write

Om = Z Ay, ,nUn (2)

n<m

meaning that the m-th token of output embedding is the linear combination of values of the preced-
ing tokens weighted by m-th row of the attention matrix A. If all but one component here are close
to zero, this transform can be considered as a conditional copy mechanism. Indeed, if a,, ; is the
only non-zero weight in the m-th row, then a,, ; ~ 1, and o, = v; (by . Each token position
from 0 to m can be considered as a cell storing the corresponding value vector; and attention weights
@m0, - - -y Am,m are responsible for the choice which cell to copy to the m-th output.

Based on this, we came up with the idea of select-and-copy heads, which implement such copying
mechanism. Namely, in this work, we are interested in finding heads in the model, which select the
proper option and copy the information from it to the answer. In such heads, the attention of m-th
row should be concentrated on a few selected tokens, where m is the output answer position.
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In modern models, positional encoding information can be represented as the additional transform
of queries and keys in Eq. [I| For example, in Rotary Position Embedding (RoPE) (Su et al., [2024)
the rotation function R(-) is applied to them before taking dot product. Pre-softmax logit of the
standard attention becomes Rf(qm)” Ry (kn) = Ry(qum, kn, m — n), introducing the dependency
on the position shift m — n.

In this paper, we evaluate the efficiency of the answer options scoring derived from select-and-copy
heads. We aim to choose heads which rely on options semantics rather than the position; to mitigate
the effect of the relative position shift, we consider the QK-score, which does not use the positional
shift when comparing the queries and keys (see details in the next section).

4 APPROACH

Consider some MCQA task with the corresponding dataset D = D,,q; U D¢, Where each instance
represents the request to the model, consisting of prompt, question, and labelled answer options
(Fig.[I). Given the request, the model should generate the label of the best option from the request.

To find the heads in the model that implement the described above option selection mechanism,
we pick best-performing heads using D, based on the accuracy there, and then evaluate their
performance on much larger D;.¢:. If such heads are in fact fully responsible for option selection,
the performance just on them should be at least comparable to the performance of the whole model.
We prove this claim by experiments in Section[5.4] Another way to select such heads is proposed
in Section [6} we demonstrate by attention maps analysis, that the best-performing heads indeed
implement the option selection algorithm described above.

QK-score and Attention-Score. Given a data sample of MCQA task, we denote by ¢ the question
supported with context if applicable, by o = {01, 02, ..., 0, } the semantic content of the provided
answer options, and the corresponding labels by d = {d1, da, ..., d, } (e.g A/B/C/D); we believe that
the labels are default-ordered. All these parts are concatenated to a string q x dq * 01 * - - - x d,, * Op %,
where * stands for any kind of delimiters, usually punctuation marks or newline characters (Fig. [I)).
The model should estimate P(d; | ¢,d, o) — the probability of option d; given the question ¢ and
contents of the answer o, concatenated with the answer options d.

Lett;,i € {1,2,...,n} be the indices of tokens that incorporate knowledge about the corresponding
answer options. We call them option-representative tokens. Choosing such tokens properly is im-
portant for the success of our algorithm. In most experiments, we use the end-of-line token after the
i-th option content as ¢;; other possible variants are presented in Fig.[2a] We study them in Sec. [

Let N be the length of the whole text sequence, and consider the head with index h from the layer

l. Then, given (¢,d,0), we can compute QK-score Sg’;(l) (d;) for option d; (from query and key

vectors), and Attention-score Sg;?) (d;) (from attention weights):
Sor (i) = a\" TR, S () = aly, e {1,2,..,n} 3)

Our QK-score of i-th option is calculated as a dot product of the ¢;-th key and the last query vector
gn (see Fig.[I). In QK-score we do not apply positional transformation, therefore it is not equal to
the attention scores before softmax. The best token by QK-score does not necessarily correspond to
the token with maximum attention, see Figure 8] for an example.

For each method, the prediction is straightforward: we take the option, for which the score gives
maximum. By applying softmax function to scores we could also estimate the head and score
specific probabilities for options.

Choosing the predicting heads. We do not aggregate heads predictions. Instead, we use the scores
from the single best head, which is selected by the accuracy on the validation set D,,,;. In Sec-
tion[5.4] we report the results obtained from the best heads chosen separately for each dataset and
each number of shots (i.e. number of examples provided in the prompt). In Section [6} we show that
for each model, there exist universal heads working well on the most tasks and number of shots.
Furthermore, we demonstrate that such universal heads can be found without access to labelled
validation data.
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Figure 2: (a) Scheme for option-representative token types. (b) Performance of QK-score and
Attention-score for different option-representative tokens on Llama2-7B base.

5 EXPERIMENTS

5.1 DATASETS

We experiment on four challenging real-world MCQA datasets from LLM benchmarks:
MMLU (Hendrycks et al}2021]), CosmosQA (Huang et al.}2019), HellaSwag (Zellers et al., 2019)
and HaluDialogue, which is a "dialogue” part of HaluEval (L1 et al.,2023a). All of them consist of
questions with four possible answer options and some additionally have a context to be used to give
the answer. More details about each dataset can be found in Appendix[A.T] Additionally, we intro-
duce Simple Synthetic Dataset (SSD) created as a synthetic task in MCQA setting that will allow
to estimate the ability of the model deal with the bare task format. Tasks from SSD do not require
any factual knowledge from the model. The main version of this dataset contains questions of the
form “Which of the following options corresponds to “<word>" ?”” and contains 2.500 examples.
Options include a word from the question and 3 random words, all mixed in a random order and
marked by letters ‘A’-‘D’. Other variations of this dataset have another number of options, sampled
and named by the same principle. These other versions are described in more details in Appendix[H]

Finally, following (2024) in all five datasets we specially modified questions by adding two
extra options “E. None of the above.” and “F. I don’t know.” that are intended to
aggregate the uncertainty of LLM. Despite adding these two options, there are NO questions for
which ‘E’ or ‘F’ are correct answers. Examples from all datasets are listed in the Appendix[A72] as
well as prompt formatting we used.

Following the previous approach by [Zheng et al.| (20244d), with fixed N-shot setup, we select Dy
as 5% of D for each dataset that is dedicated to assessing each head’s performance. Based on this
evaluation, the best head is chosen and applied to other questions in the dataset.

5.2 BASELINES

The standard approach for MCQA is to use output probabilities from LLM for all options d; to
choose the predicted option d:

d = arg max P(d; | q,d, o), )
where ¢ is the question, o0 = {01, 09, ..., 0, } are option contents, and d = {dy,ds, ...,d, } are the
options labels (e.g A/B/C/D). In our experiments we refer to this method as Baseline.

In recent work (Zheng et al.| [2024d),it was proposed to mitigate the option selection bias, averaging
the results over options permutation. The idea is to use the set of all cyclic permutations 7 =
{(G,i+1,..,n,1,....;5 — 1)}, to calculate the debiased probability:

1

7 > log P(rs(d;) | . d, w1 (0)) )
IeT

Since computing probabilities for all permutations for each question is expensive, authors propose

to estimate the prior distribution for option IDs on test set which is 5% of all samples, and use it to

p(dl | q7d70) =
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debias new samples. In our experiments we refer to this method as PriDe. The test set is the same
as we use for the best heads selection.

5.3 EXPERIMENTAL SETUP

Our main experiments were carried out according to the following pipeline: first, we took a frozen
pre-tranied Transformer LLM (its weights were not modified in any of the experiments); then, we
passed through it questions from the validation subset and for each head of the model and each
question obtained best in terms of QK-score answer. After that, we chose a single head on which
the highest accuracy was achieved (if several heads appeared to have equal accuracy scores we
chose one from the lower level of the model; although, in our experiments this happened extremely
rare). Then we obtained answer predictions via baseline method and via QK-score on the chosen
head. Finally, we perform random shuffle of options in all questions and repeat the abovementioned
procedure: it is done to correctly compute the Permutation Accuracy metric. Note that it may be two
different heads that achieve best QK-scores on validation set before and after option permutation.

We report two quality metrics on the test subset: accuracy of predicted answers (from the first run)
and Permutation Accuracy (PA) metric. The latter was introduced in |Gupta et al.| (2024) and is,
in a sense, accuracy stable for choice permutation. PA metric is computed as the percentage of
questions for which model choose correct choices before and after random permutation of options.
PA = % vazl LI”, where N is the dataset size, I; is the indicator value equals to 1 iff model’s
answer on question 7 is correct, while I¥ equals to 1 iff model gives correct answer on question i after
its options (their texts not letters) were permuted. Answer options “E. None of the above.”
and “F. I don’t know.” are special and therefore are exempt from shuffling.

The prompt templates we use in our experiments are provided in Appendix[A.3] In few-shot regimes
before asking the question we provide model with demonstrations in the same format except that the
true answers (single capital letter for the correct option) are given after each example separated by
single whitespace. Examples are separated from each other and from the actual question by single
line breaks. The demonstrations are the same for every question in the given dataset. The set of
examples for (k + 1)-shot prompts contains the set of examples for k-shot prompts and one new
example. The demonstrations were chosen from the first fifteen entries of the validation set, and
their choice was mostly arbitrary, but we tried to filter out questions that we considered suboptimal
from the perspective of an English-speaking human expert.

5.4 RESULTS

Figure |3| demonstrates the results of our method for LLaMA2-7B model. We observe an impressive
improvement by 7-16% on all the datasets in zero-shot regime. Although QK-scores is not com-
pletely robust to option permutations, it is more stable than the baseline: the relative performance
drop by PA metric is less than the baseline on all the datasets. In the few-shot regime, our approach
is on par or outperforms other methods, with the most visible improvement on Halu Dialogue dataset
by 5-9% depending on the number of shots.

PriDe results are added on Figure [3]for the comparison. PriDe in the most cases performs better than
the baseline, but sometimes fails in zero-shot regime. Our analysis reveals that this method is not
robust for additional uncertain options ”E” and ”F”. We additionally provide experiments without
such options in Appendix B} where PriDe performs better in few-shot regimes, but still loses in
0-shot setup. But overall, in all cases and for any options set, QK score outperforms PriDe.

We also applied our method to larger models of LLaMA family: LLaMA2 (-13B, -70B) and
LLaMA3 (-8B, -70B) as well as to their chat/instruction-tuned versions. Table [I] presents the re-
sults of our method for large models in zero-shot regime; full version including few-shot regimes is
provided in Appendix [G] Overall, the results are in line with those obtained for LLaMA2. For all
the smaller models of 8B and 13B size in zero-shot settings, our approach outperforms the baseline
on all the datasets, both on accuracy and permutation accuracy, with the improvement up to huge
27%, achieved on HellaSwag dataset with LLaMA3-8B model. With larger models, MMLU is the
most difficult benchmark for our method, likely because questions from it are oriented on general
knowledge while our method by design focuses more on the semantic relations between the question
and the possible answers.



Under review as a conference paper at ICLR 2025

MMLU CosmosQA Hellaswag Halu Dialogue

A QK-score
o7 ---a- Baseline

/-~ PRIDE ’
J —e— Attention | |¢ 1

A

® /
o 1 2 3 4 50 1 2 3 4 50 1 2 3 4 50 1 2 3 4 5
-shot prompting -shot prompting -shot prompting -shot prompting

Figure 3: Comparison of different methods for LLaMA2-7B (base) on various Q&A datasets. Re-
ported metrics are Accuracy (Acc) and Permutation Accuracy (PA).

LLaMA... LLaMA... (chat, instruct)
Method -30B -65B 2-13B 2-70B 3-8B 3-70B | 2-13B 2-70B 3-8B 3-70B
MMLU

Baseline 504 483 346 597 603 753 | 474 577 605 78.2
ra | 379 357 224 485 504 68.8 | 346 459 477 701
QK-score Acc | 452 462 422 567 610 745 | 497 589 63.0 779
pa | 307 321 259 392 515 660 | 383 471 493 679

Cosmos QA
Baseline 599 657 296 655 549 820 | 48.1 68.5 854 916
ra | 475 531 194 563 393 757 | 368 583 710 825
QK-score Acc | 60.1 635 582 695 706 876 | 67.7 848 88.6 94.1
pa | 444 508 443 562 609 81.7 | 51.6 759 751 88.1

Hellaswag QA
Baseline 352 334 368 71.6 335 825 | 416 614 674 86.8
ra | 165 137 17.1 629 158 761 | 258 49.0 278 712
QK-score Acc | 439 538 529 749 609 82.1 50.8 73.0 725 863
pa | 215 350 388 633 508 752 | 373 649 363 728

Halu Dialogue
Baseline 36.3 467 41.0 394 466 443 | 494 394 621 68.8
pa | 21.1 29.8 222 254 291 335 | 326 266 426 63.8
QK-score Acc | 448 424 472 584 523 67.8 | 562 581 64.7 76.7
pA | 27.6 225 302 42.6 367 579 | 425 428 46.6 65.6

Table 1: Comparison of different base models in zero-shot setup on various Q&A datasets. Reported
metrics are Accuracy (Acc) and Permutation Accuracy (PA). Best results are highlighted in bold.

Regarding performance of models on synthetic dataset SSD, in Figure[5b| we can see that in baseline
zero-shot setting LLaMA2-7B struggles to point onto the correct option, meanwhile, our method
allows to extract the needed information from the model and gain much better quality. The figure
shows accuracy for QK-score from five best heads (we denote them by their (Layer, Head) indices).
Three of these heads can also be seen in the Table ??; the other two ((8, 8) and (12, 15)) are unique
for this particular dataset.

6 ANALYSIS

Choosing option-representative tokens. To compare our scores, we need to select option-
representative tokens {t;}, where the semantic information about each option semantics is con-
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Figure 4: Zero-ablation of heads for LLaMA2-7B (upper) and LLaMA3-8B (lower)

centrated. Due to the causal nature of the attention in LLMs, the logical choice is the last token
after the content of the option, which is the end-of-line token. We use it in most of our experiments,
although there are other tokens worth analysing: label itself, period after label and period after op-
tion content (see Fig.[2a). We also experimented with the mean aggregated score through all tokens
in the content of the option, but it gave poor results. The detailed analysis of such variations for
attention scores is presented in Fig.[2b] We observe that the period after content and the end-of-line
tokens are the most representative of our scores. There is an interesting finding concerning label
token: despite it being almost useless in 0-shot setup as was shown in (Lieberum et al., 2023) also,
we can see the better performance for 5-shot setup, in different heads. We hypothesise that there
exist several types of “select-and-copy”” heads, which influence the logits differently.

Select-and-copy heads ablation. To investigate select-and-copy heads and their relation to the
performance of the model, we use zero-ablation of heads (Olsson et al.,2022)) to analyze the causal
relationship between select-and-copy heads and model output. In this method, we replace the output
of a selected set of heads with a zero vector, effectively removing their contribution to the residual
stream. We experiment with a set of the 10 best heads based on the Attention-score with EOL and
label option-representative tokens and report the results in Fig.[d] Additionally, we perform random
ablations by selecting 10 random heads and aggregating the results from 5 runs. To ensure a fair
comparison, we select random heads only from the middle layers (12 to 20), where the top heads
are also located. We observe a significant drop in accuracy, sometimes below random performance,
for the most of dataset, when ablating heads by EOL token, indicating a causal relationship with the
model’s output. Some additional experiments where logit lens (Nostalgebraist, 2020) is utilized to
further evaluate the layer-wise dynamics of the answer and select-and-copy heads in the model can
be found in Appendix [F}

Best heads. As choosing the best head on validation set requires a sufficient amount of training data,
we would like to determine whether universal heads exist, that perform on par with the calibrated
for particular topic heads. Moreover, finding such heads would help mitigate the effects of a poorly
chosen validation set, when discrepancies exist between the questions in the validation and test sets.

To illustrate how best-performing heads change in different setups, we select the best heads on
the mixes across datasets and across shots, and select the 5% ot the best heads for each mix
based on mean accuracy of each head. See Appendix@for more details. The result is shown on
Figure 5al This heatmap highlights the most stable heads, which appears among the best in sev-
eral mixed tasks: when “shots” are mixed (framed cells), or when datasets are mixed (coloured
cells). Most notably, the majority of robust heads in this sense lay within 12 and 21 layers. The
most universal heads w.r.t. to the dataset change are (14,24) and (14,20). They appeared in the
top 5% pairs in mixed-shot setup for all four datasets. They also demonstrate high performance
on the synthetic data when the number of options is increased up to 24, as shown on Figure [5b]
while the performance of the baseline method drops below random. These results provide an ad-
ditional evidence that the selected heads indeed able to perform the option selection task based on
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Figure 5: (a) Heatmap for (layer, head) indices for the best performing heads in LLaMA2-7B. The
top 5% heads were selected for each N-shot setup, with all 4 datasets combined. The intensity of
color indicates the maximal N where this pair appears. The framed cells indicate best-performing
pairs that are uniform for 3 or 4 datasets. The first 8 layers are omitted because no interesting heads
are found there. (b) Synthetic Dataset QK-score accuracy for various numbers of options (number
of options is plotted on x axis, varies from O to 24) in zero-shot for LLaMA?2-7B. Different colors of
the lines correspond to different heads. “Square” markers correspond to the heads, performing well
across real datasets (they are “framed” on Figure [5a)), and “round” markers correspond to the heads
that work well on the synthetic dataset specifically. The “triangle”’-marked dotted line reflects the
baseline model’s performance.

option content. For more detailed analysis for 0-shot performance see analysis using percentiles in
Appendix [E|

Attention patterns analysis. Figure [0]reflects the typical attention pattern together with QK scores
for our most stable head (14, 24); attention patterns of the other best heads across our tasks - (14,
20), (14, 26), and (14, 13) (right top corner of the Figure [/ are reflected in Appendix, Figure
We can see that the attention weights are concentrated on option-representative tokens, namely \n
symbols after options, with the highest weight on the correct option, and exactly that is expected
from select-and-copy heads. Interestingly, that QK score gives the clearer picture.

Finding best heads without validation labels. Based on this observation, we can propose an
algorithm to find such stable heads without a labeled validation set. Namely, such heads should
have heavy attention weights on option-representative tokens and high variability in the options they
attend to. Thus, we can score each head using a product of two values: 1) sum of average attention
weights to all \n symbols after options on this head; 2) a frequency of “choosing” any option aside
of the most popular one (see formal definitions at Appendix [[). If some head doesn’t attend on the
options, then the first value is close to zero, meanwhile when the head is “looking” on options, but
“chooses” the same option most of the time, the second value is close to zero. Multiplying these
two values yields low scores for heads that consistently “look™ at the same option or ignore options
entirely. Conversely, heads that “look™ at diverse options receive high scores. Sorting all the heads of
LLaMA2-7B model by this score, we see that the named four heads have very high score. Namely,
they get into top-20 heads if scored across real datasets we use, and they get into top-10 heads if
scored on our synthetic dataset, see Figure

Selection bias. Following previous studies on selection bias |[Pezeshkpour & Hruschkal (2024);
Zheng et al.| (2024a), we investigate our methods towards the tendency to choose specific option
rather then choosing a correct answer. We observe that among best heads we also have uneven
distribution in predictions, which are corrected as well when increasing the number of shots. How-
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Figure 6: QK-scores after softmax (upper part of the diagram) and attentions (lower part of
the diagram) for the last token on the 0-shot MMLU example on (14, 24) head. The task
is “Question: What singer appeared in the 1992 baseball film 'A
League of Their Own’\nOptions:\nA. Brandy.\nB. Madonna.\nC. Garth
Brooks.\nD. Whitney Houston.\nE. I don’t know.\nF. None of the
above.\nAnswer:”. Full version is on Figure

ever, there is an interesting pattern that two best heads distributions are complementing each other,
ie 5’8}4(’20) is biased to options ”A” and ”D” an 5824(’24) - to options "B and ”C”. More detailed
information can be found in Fig.[28]in Appendix

7 CONCLUSION

In this work, we introduced two novel scoring mechanisms: QK-score and Attention-score, derived
from internal mechanism of LLM that can help to improve the performance on multiple-choice ques-
tion answering tasks. Our experiments demonstrated significant improvements (up to 16%) across
popular benchmarks, and even more striking results (up to 60%) on a synthetic dataset designed to
test the model’s understanding of task format.

We identified a subset of attention heads, which we termed select-and-copy heads that play a critical
role in these performance gains. These heads are relatively stable across different datasets and
exist universally across model scales, and we explored their causal effect on task performance.
Our findings suggest that these specialized heads have the potential to deepen our understanding
of LLMs’ capabilities not only for MCQA but for other reasoning tasks as well.

This work opens up new avenues for further research into the internal dynamics of LLMs, including
a deeper exploration of attention mechanisms and their role in complex task-solving that requires
selection and copying information from the text.

8 LIMITATIONS

Our method cannot be applied to models without an access to attention matrices. Also, our method
is not applicable on scarce-resource tasks, even though one can utilize the heads we marked as robust
enough. Besides, MCQA task itself was criticized for oversimplification (Balepur et al., 2024).
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A  DATASETS

A.1 DATASETS DETAILS

Massive Multitask Language Understanding (MMLU) (Hendrycks et al., 2021) contains 4-way
questions on the variety of topics related to STEM, the humanities, the social sciences, and other
fields of knowledge. We sample 10,000 instances from the test set to utilize them in our experiments.

CosmosQA[H (Huang et al., [2019) together with question and answer options additionally contains
text paragraph that is supposed to be used by a model to give the final answer. The purpose is to
evaluate reading comprehension and commonsense reasoning capabilities of the model. Similar to
MMLU, we sampled 10,000 instances from the test set.

HellaSwag (Zellers et al., |2019) evaluates the commonsense reasoning capabilities of the model
through selecting the best sentence completion for a given sentence prompt, given a short text as a
context. We, once again, extracted 10,000 entities from this dataset.

Halu Dialogue is a dialogue” part of HaluEval (Li et al.| 2023a)) dataset with about 10,000 exam-
ples. Here a model is asked to choose an appropriate continuation of a dialogue from four possible
options.

A.2 EXAMPLES OF QUESTIONS FROM DATASETS

'https://wilburone.github.io/cosmos/
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Question: Where is the Louvre museum?

Options:
A. Paris.
B. Lyon.
C. Geneva.
D. Vichy.
E. I don’t know.
F. None of the above.

Listing 1: MMLU example

Context: My house is constantly getting messy and I ca n’t keep up . I am
starting at a new school with no one I know and it is 4 times bigger
than UAF . I am now going to have to balance school , homework ,

kids , bill paying , appointment making and cleaning when I can
barely keep up without the school and homework ( keep in mind this is
a full time GRADUATE program at a fairly prestigious school ) . We

are in financial crisis
Question: What is causing the narrator ’s recent stress ?
Options:
A. They are moving to a new house
B. I would have tried to guess their password and alternatively gone
to a coffee shop for wifi.
C. They are moving to a new university
D. They are moving to a new house for the kids
E. I don’t know.
F. None of the above.

Listing 2: CosmosQA example

Context: A young boy is wearing a bandana and mowing a large yard. he
Question: Which of the following is the best ending to the given context?
Options:

A. is unrelieved by the weeds and is barely smiling.

B. walks away from the camera as he pushes the mower.

C. moves and walks the mower but gets stuck because he is engaged in

a game of ping pong with another boy.

D. seems to be doing a whole lot of things and talks to the camera

from behind a white fence.

E. I don’t know.

F. None of the above.

Listing 3: HellaSwag example

Context: [Human]: I like Pulp Fiction. What do you think about it? [
Assistant]: I love it. It was written by Roger Avary [Human]: I
heard he also wrote The Rules of Attraction. Do you know who is in
that movie?

Question: Which of the following responses is the most suitable one for
the given dialogue?

Options:

A. Swoosie Kurtz is in it.

B. Fred Savage is in it.

C. Yes, it is a drama and crime fiction as well. Do you like crime
fiction stories too?.

D. No, it was not made into a film. However, it was adapted into a
popular Broadway musical.

E. I don’t know.

F. None of the above.

Listing 4: Halu Dialogue example
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Question: Which of the following options corresponds to " optimal "?
Options:

A. ion.

B. optimal.

C. coins.

D. jackie.

E. I don’t know.

F. None of the above.

Listing 5: Simple Synthetic Dataset example

A.3 PROMPT TEMPLATES AND EXAMPLES

Variable parts are highlighted in bold; whitespace placing is marked by underscores; position of line-
breaks is explicitly shown by symbols ‘\n’ (note that the last line always ends without whitespace or
line break). In our datasets we ensured that each question ends with question mark, and each choice
ends with point (single whitespace before it does not affect the logic of tokenization by LLaMA
tokenizer).

Question:_{Text of the question}?\n
Options:\n

A. _{Text of the option A}_.\n
B._{Text of the option B} .\n
C._{Text of the option C}_.\n
D._{Text of the option D} .\n
E._I_don’t_know,.\n
F._None_of_the_above .\n

Answer:

Listing 6: MMLU prompt template

Context:_{The context of the question/situation or the dialog history}\n
Question: {Text of the question}?\n

Options:\n

._{Text of the option A}_.\n

..{Text of the option B}_.\n

C._{Text of the option C}_.\n

D._{Text of the option D}_.\n
E
F

w >

..I don’t_know,_.\n
._None_of_the_above_.\n
Answer:

Listing 7: CosmosQA/HellaSwag/Halu Dialogue prompt template

Following are an example of 1-shot prompts from MMLU. 2-3-4-5-shot prompts were built in the
same way and prompts for dataset with context are built the same way, except each question is pre-
ceded by its context. Note that in demonstrations we add a single whitespace between “Answer:”
and the correct choice letter; for example, “Answer: A”,but NEVER “Answer :A”. This is done
because sequences like “:  A” and “:A” are differently split into tokens by LLaMA tokenizer, and
the former produces the same tokens corresponding to letter “A” as in the choice option line, while
later yields a different version of “A”. From LLaMA’s point of view, these two versions of letters
are separate entities and are NOT interchangeable. Removing those symbols of whitespace in many
cases leads to noticeable drop in performance.

Question: A _medication_prescribed_by, a psychiatrist_for major_depressive,
disorder_would _most_likely_influence_the_balance_of which of the_
following,_neurotransmitters?\n

Options:\n

A._serotoning .\n

B._dopamine_ .\n

C._acetylcholine_.\n
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D._thorazine_.\n
E._I_don’t_know,_.\n
F._None_of _the_above_ .\n
Answer: A\n
Question:
Meat should be kept frozen at what temperature in degrees Fahrenheit?
\n
Options:\n
A._0 degrees or below_.\n
B._between 10 and 20 degrees_.\n
C. _between 20 and 30 degrees_.\n
D._0 degrees or below_.\n
E._I_don’t_know_.\n
F._None_of_the_above .\n
Answer:

Listing 8: An example of 1-shot prompt for a question from MMLU dataset

B SOME MORE INTUITION ON OPTIONS ‘E’ AND ‘F’

As we mentioned in the main text, inclusion of fictional, though always incorrect, choices “E.
None of the above”and “F. I don’t know” in every question was aimed at creating the
“uncertainty sinks”. However, they are also beneficial for the analysis of attention head roles, but
that is somewhat beyond the scope of this article. Here we would like to provide some intuition to
1t.

We performed experiments on a modified version of our datasets, where questions include only 4
“meaningful” choices, i.e. options ‘A’-‘D’ only. Scatterplots on Figure 9] show the correlation be-
tween accuracy of heads using QK-scores on options without ‘E’-‘F’ (by y-axis) and their accuracy
on questions with all 6 options (by x-axis). Here, only validation subsets were used. We present
plots for few of the possible setups, but other follow similar pattern. From these charts we can see
that if a head reaches good accuracy answering 4-choice questions, it usually will reach nearly the
same accuracy on questions with 6 choices and vice versa, see points around the diagonal y = x in
the upper-right quadrant.

We can also observe another major trend: horizontal stripe near y-level 0.25. It can be explained
in the following manner: in the data used, ground-truth answers are perfectly balanced — that is,
for every choice ‘A’-‘D’ 25% of the questions have it as the correct answer. And if a head reaches
4-choice accuracy of = 25%, it falls into one of the three categories:

1. This head chooses only one option in all questions. Usually it is the last one of the list.

2. This head “guesses” answers, choosing options nearly randomly and “independent” from
their meanings.

3. This head “understands” questions, but is genuinely bad at answering them.

Addition of choices ‘E’ and ‘F’ drops the performance of the first type heads down to nearly 0%,
second type — to around 16.7%; QK-scoring accuracy of the third type heads, however, usually
remains the same.

Thus, we can conclude that choices ‘E’ and ‘F’ cause little effect on performance of good heads, but,
at the same time, their inclusion creates separation between heads that are bad at Multiple Choice
Question Answering and heads which do not have MCQA in their functionality at all (they may
perform other roles for LM).

C NUMERICAL RESULTS FOR COMPARISON OF QK-SCORE WITH OTHER
METHODS

Table [2] provides numerical results for our main experiments with QK-scores from heads of
LLaMA2-7B model that are presented on Figure [3in the main text.
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...-shot prompting
Method \ 0 1 2 3 4 5
MMLU
Ace | 2677 39.1 43.1 437 44.1 438
PA 8.9 213 262 274 285 284
Acc | 155 369 398 408 415 42.7
PRIDE PA 5.7 20.8 242 246 256 289
Attention Acc | 348 399 398 405 410 42.1
score PA | 172 194 219 234 241 243
QK-score Acc | 33.6 40.7 421 405 42.0 42.7
PA 17.2 21.7 23.7 22.0 234 240
Cosmos QA
Baseline acc | 31.1 393 59.1 569 579 54.7
PA 11.1 21.9 44.1 39.2  40.7 35.7
PRIDE Acc | 152 446 58.6 592 60.7 613
PA 6.8 257 427 437 457 463
Attention Acc | 40.6 485 609 61.8 623 623
score PA | 238 283 468 47.7 484 48.2
QK-score Acc | 414 50.0 61.5 593 615 61.0
PA 25.6 336 473 436 47.1 46.4
Hellaswag QA
Baseline acc | 26.5 28.8 30.6 333 36.1 34.6
PA 7.5 9.4 11.8 13.9 17.3 15.0
PRIDE Acc | 17.8 327 356 38.6 39.6 414
PA 49 12.9 16.0 20.5 21.8 23.2
Attention Acc | 34.8 40.0 41.7 426 432 435
score  PA 183 229 249 272 266 265
QK-score Acc | 33.0 37.1 404 427 45.7 423
PA 159 143 230 222 285 246
Halu Dialogue
Baseline acc | 21.1 309 342 361 345 356
PA 5.4 10.2 14.3 18.9 16.8  20.7
PRIDE Acc | 3.0 32.0 355 363 365 36.1
PA 0.5 12.8 18.2 17.7 18.9 20.8
Attention Acc | 314 399 393 411 421 399
score  PA 109 194 175 19.0 223 213
QK-score Acc | 371 366 40.6 423 453 42.8
PA 17.7 14.6 19.6 22.0 259 222

Baseline

Table 2: Comparison of different methods for LLaMA2-7B (base) on various Q&A datasets. Re-
ported metrics are Accuracy (Acc) and PErmutation Accuracy (PA). Best results are highlighted in
bold.
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D BEST HEADS

Dataset Best (Layer, Head)
Setup Best (Layer, Head) MMLU (14,24), (15, 4), (17, 0),
0-shot (14,24) (14, 20), (20, 10), (18, 30)
1-shot (15, 5), (15, 23), (14, 20) HaluDialogue | (14, 29), (14, 24), (14, 26)
2-shot (14, 24), (15, 5), (15, 4) HellaSwag (15,5), (15, 4), (18, 10),
(18, 10), (15, 23), (16, 17) (14, 20), (14, 13), (13, 22)
3-shot (14, 24), (15, 5), (15, 4) CosmosQA (14,24), (15,5), (15, 4),
(18, 10), (15, 23), (14, 26), (17, 18) (18, 10), (17, 0), (15, 23),
4-shot (14,24), (15,5), (14, %) (14, 20), (14, 26), (14, 13),
(15, 4), (18, 10), (15, 23) (18, 30)
(14, 20), (14, 26), (17, 18), (16, 17)

(b) Top 1% heads based on accuracy, intersected for 5
(a) Dataset-mixed setups on each dataset separately.

Figure 10: Comparison of top 1% heads based on accuracy for different setups and datasets.

mmlu_top_heads = {
0: [(14, 24), ...]1,
1: [(14, 20), .1, ... # for all 5 shots top 1% heads for MMLU
}

hellaswag_top_heads =
0: [(15, 10), ...]
1: [(14, 20), ...]

N~ N

# for all 5 shots top 1% heads for HellaSwag
}

top_heads = [[] for i in range(5)] # 0 shot to 4 shot

for index in range(5):
top_heads[index] = mmlu_top_heads[index] + hellaswag_top_heads[index]

best_heads_across_shots = set (top_heads_for_each_shot[0])

for index in range(l, 5):
top_heads_for_each_shot &= set (top_heads_for_each_shot[index])

Listing 9: Example of calculation of best heads for all 5 shots for two datasets

E STABILITY OF BEST HEADS

Then, we utilized the minimum of accuracy percentiles as a way to determine stable heads, that can
be seen on Figure[TTal Again, the heads from 14th layer are showing the highest accuracy on almost
all percentiles. We also listed the top 1% pairs for all setups based on accuracy in Table ?? and Table
??. There is a noticeable overlap between heads for various setups, and, once again, all of them are
middle layers of the model.

If we compare the performance of the “stable” heads with results obtained with preceding calibra-
tion on Figure[7] (14, 24) and (14, 20) are frequently chosen from validation set, but even when they
do not, their performance is comparable to their validation-chosen counterparts, except for HaluDi-
alogue. Besides, we tested the heads (14, 24), (14, 20), (14, 26), and (14, 13) for a stability against
increasing the amount of options in SSD dataset (see Figure [5b) and against changing the symbols
that denote an options, following |Alzahrani et al| (2024) (see Appendix . We also added other
heads that are performing well on SSD dataset to these plots for comparison.
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F LOGIT LENS EXPERIMENT

We follow Halawi et al| (2024) and track the accuracy in the intermediate layers using logit
lens (Nostalgebraist, 2020). Denoting h() € R? as a hidden state corresponding to last token in
layer [, we extract intermediate probabilities for options d; using:

P(d; | ¢g,d,0) = Logitsg), Logits") = Softmax (W - LayerNorm(h"))) (6)

Fig. [[2) demonstrates the results for LLaMA2-7B base model, which shows some interesting pat-
terns. In most cases, we see the improvements after the 12 layer for all setups excluding O-shot.
As we compare it with the maximal accuracy over Attention-score for two different types of option-
representative tokens, we see the similar trend. However, the peak accuracy is seen in the middle
layers, after which it degrades. Interestingly, that the logit lens performance demonstrate a sud-
den performance drop around 20. This indicates that some alternative “thoughts” about the answer
emerges at this point, being overlapped further by the correct answer.

G COMPREHENSIVE RESULTS FOR EXPERIMENTS ON LARGER MODELS

Here we provide complete results of our experiments with QK-scores on four main datasets (MMLU,
CosmosQA, HellaSwag and Halu Dialogue) for larger models. As before, reported metrics are
Accuracy and Permutation Accuracy.

* Figure[I3]contains results for LLaMA2-13B, and Figure [I9]for its chat-tuned version
 Figure [Ef] contains results for LLaMA2-70B, and Fi gure@ for its chat-tuned version

* Figure|l5|contains results for LLaMA3-8B, and Figure [21|for its instruct-tuned version
* Figure[I6|contains results for LLaMA3-70B, and Figure [22]for its instruct-tuned version
* Figure(l7|contains results for LLaMA-30B

* Figure[I8]contains results for LLaMA-65B.

Note that in our experiments the accuracy scores for these baseline models are somewhat lower than
ones you can see in the original technical reports (Touvron et al.l [2023; Dubey et al., [2024). The
main reason for this is that we added additional “E” and “F” options that were not used in those
reports; some differences in prompts and particular examples for few-shot learning also could play a
role. Also note that in many experiments we focus on zero-shot scenario without chain-of-thoughts
prompting, that has received less attention in the original technical reports.

H BEHAVIOUR OF THE BEST HEADS UNDER THE CHANGE OF OPTIONS
SYMBOLS AND OPTIONS AMOUNT

Recall that aside of the standard version of Simple Synthetic Dataset (with four essential options
and two additional options “E” and “F”’) we consider alternative versions of SSD containing various
numbers of possible options. For example, the variation of the dataset that corresponds to the number
“10” on the x-axis of the Figure@]contains ten essential options - A, B, C, D, E,F, G, H, I, J, - and
two special options - “K. I don’t know” and “L. None of the above” (see the Example[I0). Also note
that in these experiments we used 200 examples from each version of the dataset to get the attention
scores.

Figure [24]is an extended version of the Figure [5b] that includes more heads for LLAMA2-7B (left)
and the similar experiment for several heads of LLAMA3-8B (right), four of which are taken from
the upper right part of the Figure as the most stable across real datasets.

Which of the following options corresponds to " mediterranean "?
Options:

A: acceptance

B: specialties

C: charitable

D: typically
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0-shot 5-shot

Method | Orig. A B C D | Orig. A B C D
Baseline 26.6 734 7.9 0.6 283 | 439 417 534 382 425

(+46.8) (-18.7) (-26.0) (+1.7) (22)  (+#9.5) (-57) (-1.4)
g(14.20) 314 439 9.0 10.8 602 | 376 782 405 252 124
QK (+12.5) (-22.4) (-20.6) (+28.8) (+40.6) (+2.9) (-12.4) (-25.2)
g(14.24) 336 307 585 332 144 | 430 143 497 530 519
QK (-2.9)  (+24.9) (-0.4) (-19.2) (-28.7) (+6.7) (+10.0) (+8.9)
§(15,23) 26.2 309 2.1 5.0 63.6 | 363 712 363 147 270
QK (+4.7)  (24.1) (21.2) (+37.4) (+34.9) (+0.0) (-21.6) (-9.3)

Table 3: Selection bias for different methods on MMLU 0-shot and 5-shot using LLaMA?2-7B. The
table compares original accuracy (for task to predict A/B/C/D/E/F) and recall only on subset with
single ground truth option (i.e. only questions with answer A).

: access

jose

findlaw

colonial
mediterranean
data

I don’t know.

None of the above.

HCExNagHID QMA@

Listing 10: Modification of SSD with ten options - example

On Figure 23] we return to standard 4-options SSD dataset but change the symbols for option labels.
We include (renamed) special options “E” and “F” for the upper plot and omit them for the lower
plot for LLaMA2-7B model, and Figure [26]shows the same but for LLaMA3-8B model.

I HEAD SCORING WITHOUT VALIDATION SET

Let D be some unlabelled MCQA dataset. Then, for each head we may calculate a score

1 . 1 .
HeadScore = ﬁ Z Z ant, (mﬂ{arg max(ant;) # z}) ,
p i=1 '

where ¢ denotes the most frequent option for the given head; head indices (1, h) are omitted. The left
component here denotes the average amount of attention, concentrated on the option-representative
tokens ¢;,7 = 1, ..., n. The right component reflects the frequency of the situation, when the largest
attention among the options falls on the option other than i, i.e. any not the most frequent option.

The results of ranking heads according to this scores are presented on Figure

J SELECTION BIAS

We investigate our methods towards the tendency to choose specific option rather then choosing a
correct answer. Fig. 28] presents a selection bias for baseline and 3 heads for QK-score in 0-shot and
5-shot regimes.

Table [3] shows the selection bias in terms of recall. We can see that most methods (especially in
0-shot setup) concentrates on single or several options.

K SYNTHETIC DATASET IN DIFFERENT LANGUAGES

We regenerated our synthetic dataset using three languages in addition to English. Figure [29]shows
that the general distribution of QK-scores across heads of LLAMA-2-7B model on these datasets
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remains largely unchanged; for instance, layers 8—15 still contain the most performant heads every-
where. However, differences in the performance of individual heads are also observed.

Below are the top-10 best-performing heads for each language, sorted by decreasing accuracy:

* EN: (8, 8), (15,4), (12, 15), (14, 24), (12, 10), (14, 13), (14, 27), (12, 25), (12, 21), (14, 20),
accuracy decreasing from 0.995 to 0.815;

* IT: (12, 21), (15, 4), (8, 8), (14, 20), (12, 13), (14, 24), (14, 27), (12, 0), (12, 25), (12, 10),
accuracy decreasing from 1.0 to 0.9;

* FR: (12,21), (12, 13), (8, 8), (14, 20), (15, 4), (14, 27), (14, 24), (8, 21), (12, 25), (12, 0),
accuracy decreasing from 1.0 to 0.905;

* RU: (12, 25), (14, 20), (8, 8), (12, 13), (12, 15), (12, 21), (15, 4), (14, 24), (14, 27), (12, 6),
accuracy decreasing from 1.0 to 0.91.

We colored green those heads that perform best across four real datasets (see Figure [5a). Addition-
ally, we highlighted in bold those heads that are common across the top-10 in all four languages.

As shown, 7 out of top-10 best heads are shared across synthetic datasets on different languages
(including two “green” heads that are also the best across our real datasets). It is significant overlap,
which gives us hope for a substantial degree of universality among the identified heads. It is also
interesting that the QK-scores for the best heads are somewhat lower for English compared to the
other languages we analyzed. However, we cannot draw final conclusions from this observation
without further investigation. A more thorough study into how exactly QK-scores and the best-
performing heads vary with the dataset’s language remains a topic for future research and is beyond
the scope of this paper.

L RESULTS FOR OTHER MODEL FAMILIES

Here we provide results of our experiments with QK-scores on four main datasets (MMLU, Cos-
mosQA, HellaSwag and Halu Dialogue) for the models from other families. As before, reported
metrics are Accuracy and Permutation Accuracy.

* Figure 23| contains results for Phi-3.5-Instruct.

M BEST HEADS ON SYNTHETIC DATASET FOR QWEN 2.5-1.5B

In Figure [30a we provide an accuracy of the QK-score for each head of Qwen 2.5-1.5B-base on our
Synthetic dataset. Interestingly, the layers with the best heads are closer to the final layer compared
to those in the LLaMA-family models (7B and larger). Namely, the best heads are concentrated
around layers 16-22, while the model itself has a total of 28 layers. Figure |[30b|shows similar ten-
dency for Qwen-2.5-1.5B-Instruct: the best heads are concentrated around layers 13-22 in this case.
However, overall, the situation resembles the corresponding heatmap for LLAMA-2-7B, shown in
Figure|29a
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MMLU Cosmos

0.6 (14,24)
(14,20) (14,20)

(14 24)

0.5 (14,20)
(14,4) (144 (14,4) (14,24)

—

0.41(14,24)

03 —— (14, 20)
0.2 — (14, 24) — (14, 20)
— (14, 4) —— (14, 24)

0.1 —4§— Calibration —§— Calibration

0 1 2 3 4 0 1 2 3 4
HaluDialogue HellaSwag
0.6
0.5 (15,23) (15,23)

(16,17)

(15,23)

0.4 (14,24)(14,19)

- —

03 — (14, 20) — (14, 20)
0.2 —— (14, 24) — (14, 24)
— (15, 23) — (16,17)
0.1 —— Calibration —— Calibration
0 1 2 3 4 0 1 2 3 4

Figure 7: Accuracy of the best performing heads and of the most robust heads - (14, 24), (14, 20)
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Figure 8: Attention maps of (14, 24), (14, 20) and (14,4) pairs (Head, Layer) for O-
shot setting for MMLU example: Question: What singer appeared in the
1992 baseball film ’'A League of Their Own’? \nOptions: \nA.
Brandy.\nB. Madonna.\nC. Garth Brooks.\nD. Whitney Houston.\nE.

I don’t know.\nF. None of the above.\nAnswer:. Second plot for each pair
corresponds to the same, but scaled to the end-of-text-sequence attention map. Values in annotated
cells are corresponding QK-score values. End of each option is denoted with \n symbols. 33th
token is the end of A option, 38th token is the end of B option, 46th token - the end of C option,
53th token - the end of D option, 62th token - the end of E option, 70th token - the end of F option.
The answer from QK-score of (14, 24) and (14, 4) is B, of (14, 20) is D. The correct answer for this
example is B.
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Figure 9: Correlation between heads QK-scoring accuracy on questions with 4 (‘A’-‘D’) and 6 (‘A’-
‘F”) answer options. Solid red lines mark the accuracy level of 0.25, dashed red line — 0.167 (6
options random choice accuracy).
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Figure 11: Stable heads for QK-score in (a) LLaMA2-7B and (b) LLaMA3-8B for 0-shot setup
across all tasks. “k-th Minimum of Percentiles” means that the head is better than & share of all

heads for all tasks.
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Figure 12: Logit Lens results on LLaMA?2-7B base model for 0-shot and few-shot setups (upper)
and a comparison to maximal accuracy per layer via Attention-score (lower)
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Figure 13: Comparison of different methods for LLaMA?2-13B (base) on various Q&A datasets.
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Figure 14: Comparison of different methods for LLaMA2-70B (base) on various Q&A datasets.

26



Under review as a conference paper at ICLR 2025

Llama-3-8B
Halu Dialogue Cosmos QA MMLU Hellaswag QA
65 1
> 60 1
[}
I
3 551
<
50 —e— QK-score —e— QK-score —e— QK-score
-4- Baseline -4- Baseline -4- Baseline
501
1
1
< /
& 40 /
1
’," —e— QK-score |29 '/ —e— QK-score |51 | ':' —e— Qkscore | 7 —e— QK-score
3017 -4- Baseline ! -4- Baseline / -4- Baseline 2071/ -4- Baseline
1 4014 A £
2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
- shot prompting - shot prompting - shot prompting

1
- shot prompting
Figure 15: Comparison of different methods for LLaMA3-8B (base) on various Q&A datasets.
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Figure 16: Comparison of different methods for LLaMA3-70B (base) on various Q&A datasets.
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Figure 17: Comparison of different methods for LLaMA-30B (base) on various Q&A datasets
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Figure 19: Comparison of different methods for LLaMA?2-13B-chat on various Q&A datasets
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Figure 20: Comparison of different methods for LLaMA2-70B-chat on various Q&A datasets.
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Figure 21: Comparison of different methods for LLaMA3-8B-instruct on various Q&A datasets.
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Figure 22: Comparison of different methods for LLaMA3-70B-instruct on various Q&A datasets.
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Figure 23: Comparison of different methods for Phi-3.5-mini (instruct tuned) on various Q&A
datasets.
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Figure 24: The results for a various numbers of options in the Simple Synthetic Dataset in zero-
shot for LLaMA2-7B (left) and LLAMA3-8B (right). Different colors of the lines correspond to
the results of QK dot products from different heads. “Square” markers correspond to the heads,
working well across real datasets, and “round” markers correspond to the heads that work well on
the synthetic dataset.
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Figure 25: Performance of the QK-score from the best heads of LLaMA2-7B model for different
options symbols when uncertainty” options (i.e. “I don’t know” and “None of the above”) are pre-
sented (upper figure) and not presented (lower figure). The accuracy of the best four heads from the
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Figure[ITa]declines in these new setups, but the head (12, 0) keeps being stable across all of setups.

Another interesting head is the head (5, 11): it’s accuracy is high for all setups with “uncertainty”
and for “$&# setup, but drops abruptly for “ABCD” and “ptgU”. Studying such “anomalies” is a

matter for future research.
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Figure 26: Performance of the QK-score from the best heads of LLaMA3-8B model for differ-
ent options symbols with and without “uncertainty” options. Interestingly, the best heads of the

ABCDEF
ptguzj
$8H@ %

LLAMA-3-8B

(17, 26)

(14, 23)

(17, 24) (14, 5) (19, 23) best head

ABCD
ptgu
$&#@

LLAMA-3-8B

(17, 26)

(14, 23)

(17, 24) (14, 5) (19, 23) best head

LLAMA3-8B model (see Figure|l1b)) are significantly more stable across considered setup.
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Figure 27: Left: average top heads scores across real datasets (first twenty). Dark blue marks four
heads from the right top corner of Figure [[Ta] Medium blue marks other heads with minimum of
accuracy percentiles on all tasks more then 0.9. As we can see, the first two heads that get the best
scores across real datasets, belong to the group of the best heads from the right top corner of Figure
[TTa] Right: top heads scores on Simple Synthetic Dataset (first ten). Here, the top-scored head (14,
4) doesn’t appear at the right top corner of Figure [ITa] but it appears at the Figure [7] as one of the
best heads for MMLU dataset. Note that for calculating this score we didn’t use the dataset labels.
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Figure 28: Distribution of predictions across options for different methods on MMLU 0-shot (upper)

and 5-shot (lower) setup. (I, h) depicts the distribution for Sg’]?)

33



Under review as a conference paper at ICLR 2025

1.0
0.8
0.6
0.4
0.2
0.0
(a) English (b) Italian
0 1.0 0 1.0
5 0.8 5 0.8
10 10
0.6 0.6
15 15
0.4 0.4
20 20
25 0.2 25 0.2
30 30
0.0 0.0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
(c) French (d) Russian

Figure 29: Performance of QK-score across different heads of LLAMA-2-7B on a synthetic dataset
generated in multiple languages
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