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Abstract

Implicit Sentiment Analysis (ISA) aims to capture emotions that are subtly expressed, often obscured by ambiguity
and literary devices. This requires a shift in thinking based on memorized prior knowledge (past cases) and
multi-stage logical reasoning to uncover the hidden emotions of the speaker. Inspired by human memory and
reasoning, we propose a What, Why, and How three-question (3Q) framework that incorporates a memory
mechanism for past cases. We design a three-step prompt principle for it: based on domain priors, first identify
what the most crucial entity is, then infer why the speaker mentioned it, and finally uncover how the hidden
emotions are. During the reasoning process, historical queries and responses are stored in memory as past
case pairs. These pairs can be used to retrieve and generate improved prompts for any new queries, thereby
enhancing the implicit sentiment analysis capabilities of LLMs. In addition, we compile a more practical and
complex benchmark for ISA tasks. It spans multiple domains and includes bilingual corpora in both English
and Chinese. Our framework is universal and minimalist, and achieves a new state-of-the-art by significantly
outperforming previous methods in both zero-shot and fine-tuning settings. It also significantly reduces the
tendency to over-interpret emotions.
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1. Introduction

Sentiment analysis (SA) aims at detecting the sentiment polarity of a given text. SA can be divided into
explicit SA (ESA) and implicit SA (ISA), with the former being the mainstream task where sentiment
expressions are explicitly present in the text [1]. In contrast to ESA, ISA is more challenging because
sentences in ISA may not contain factual descriptions that directly express clear opinions or sentiments
[2]. there may also be problems with ambiguous referential components. For example, given the text
‘No one can stop him from rampaging like a bull’ as shown in Figure 1, ‘him’ could refer to a particular
athlete or a friend of the speaker. Some sentences may also contain literary devices such as irony,
metaphor, quotes, rhetorical questions, etc., which serve semantic expression needs but also pose
challenges for sentiment analysis tasks.

Traditional research on implicit sentiment analysis has leaned on paradigms such as attention
mechanisms and feature extraction [3, 4, 5, 6]. However, these methods struggle to effectively process
implicit sentiment data. As we can see in the example, the phrase ‘like a bull’ is a simile used to describe
a person’s behavior. In contrast, humans can infer the sentence sentiment as positive by referring to
prior knowledge (past cases) and engaging in multi-step questioning and reasoning processes, given a
certain possible domain, such as ‘competition’. Based on human experience in performing sentiment
analysis, we argue that there should be two critical elements for tackling ISA tasks: memorized prior
knowledge and multi-step logical reasoning.
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Figure 1: Detecting the explicit and implicit sentiment polarities towards the sentence. Explicit emotions can
be directly inferred, while detecting implicit emotions requires acquiring domain priors and simulating human
memory reasoning, considering step by step ‘What, Why and How’.

The advent of large language models (LLMs) such as ChatGPT [7] has made significant progress in
realizing the above two key factors. LLMs are recognized not only for their extensive prior knowledge
(8], but also for their ability to maintain consistent dialogue. This makes it possible to equip them
with the memory of past cases [9]. Some studies [10, 11] have also shown the remarkable common
sense understanding and logical reasoning of LLMs. In addition, the Chain-of-Thought (CoT) method
has revealed LLMs’ potential for complex logical reasoning [12, 13], which can be harnessed through
strategic prompting. Inspired by these ideas, THOR [14] designed a least-to-most prompt process to get
LLMs to explore aspects, opinions, and sentiment polarity of sentences.

While THOR has made progress in ISA tasks, there are cases where its performance is not effective.
This problem motivates us to rethink the ISA task from the perspective of simulating human memory
and reasoning. First and foremost, domain knowledge is essential for judging emotional polarity.
Consider the sentence ‘No one can stop him from rampaging like a bull’ again, its interpretation and
associated emotions vary significantly between contexts. In a competitive setting, this might praise an
athlete’s impressive performance and convey a positive sentiment. Conversely, in daily life, it might
criticize someone’s careless behavior, reflecting a negative sentiment. Without the relevant domain or
context, humans would also experience cognitive ambiguity in decision making. Furthermore, people
will subconsciously recall past cases and use them to identify the most crucial entity that evokes emotion
in a sentence (e.g., ‘him, which may refer to an athlete’). They then use empathy to understand why the
speaker mentioned that entity by probing for its true intent (e.g., ‘The speaker wants to highlight this
entity’s determined and unstoppable nature in relation to competition.’). Finally, based on the previous
inferences and past cases, we can discern the underlying emotions (e.g., ‘which can be seen as positive
attributes’).

Based on our findings, we propose a universal What, Why, and How three-question (3Q) framework
with a memory function for past cases. It is structured in three steps: based on domain priors, 1) identify
what is the most crucial entity in the sentence, 2) infer why the speaker wants to mention it, 3) uncover
how the hidden emotion is like. During the above process, historical queries and responses are stored in
memory as past case pairs. These pairs allow the retrieval and creation of improved prompts for any new
query. This minimalist approach, which mirrors human memory and reasoning, effectively captures
the essence of sentence emotions and reveals hidden meanings, thereby simplifying the judgment of
sentiment polarity.

Moreover, to evaluate the effectiveness of the proposed framework, we enable a Chinese-English
bilingual dataset derived from several official datasets. Experimental results show that the 3Q frame-
work sets a new state-of-the-art (SOTA) benchmark in both supervised fine-tuning and zero-shot
settings. Furthermore, it significantly outperforms THOR and Direct on F1 and neutral F1 metrics, while
mitigating the negative effects of excessive emotion interpretation.

To sum up, our contributions are:

« We propose a What, Why, and How three-question (3Q) framework with a memory mechanism
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for past cases. It mimics human memory and reasoning and puts LLMs in the shoes of speakers
for ISA tasks. It refines ISA tasks into three simple steps, each coupled with a memory function:
based on domain priors, 1) identify what the most crucial entity is in the sentence, 2) infer why
the speaker wants to mention it, 3) uncover how the implied emotions are like.

» We enable a more practical and complex benchmark for ISA tasks, where it includes both English
and Chinese languages, covering 28 domains or scenes.

« Extensive evaluations on the benchmark reporting SOTA results in both zero-shot and fine-tuning
settings. Experimental results show that the 3Q framework can effectively handle various complex
situations, such as over-interpretation of emotions.

2. Related Work

2.1. Implicit Sentiment Analysis (ISA)

Current research on ISA task predominantly centers on deep learning based methods. For example,
the SCAPT model [5] utilizes supervised contrastive pretraining to better capture implicit and explicit
sentiment orientations towards specific aspects. The CLEAN model [6], using causal intervention,
eliminates confounding causal effects in the corpus, suppresses sentiment polarity judgments influenced
by explicit cues, and extracts pure causal effects between sentences and emotions. However, these
studies primarily focus on extracting features from the plain meaning of the text using a combination of
neural networks and attention mechanisms, overlooking the essential role of human logical reasoning
and extensive external knowledge in addressing ISA task.

We observe that many implicit sentiment analysis models, including THOR, are based on traditional
fine-grained sentiment analysis, such as Aspect-Based Sentiment Analysis (ABSA) tasks. We find that
by referencing these fine-grained sentiment analysis tasks, decomposing the sentiment analysis of the
corpus into key emotional elements such as ‘aspect words’ can improve the accuracy of sentiment
analysis. However, ABSA requires manual annotation of aspect words, which is difficult to achieve in
large datasets. Inspired by human memory and reasoning, we propose 3Q, a What, Why, and How three-
question framework that integrates a memory function for past cases. It is minimalist and universal,
facilitating efficient implicit sentiment analysis.

2.2. Large Language Models (LLMs) with Case-Based Reasoning (CBR)

There are several common methods of case-based reasoning with LLMs. Few-shot prompting involves
incorporating case demonstrations into prompts to guide the model toward better performance [15].
Retrieval-augmented generation (RAG) is used to address complex and knowledge-intensive tasks,
where an external knowledge system is established to access case examples from external knowledge
sources to aid in inference [16]. Previous research has combined the above techniques to enable LLMs
to tackle more complex problems such as mathematical applications and ethical reasoning [17, 18]. For
more complex ISA tasks, however, these approaches are difficult to apply. This is because many implicit
sentences involve multiple ambiguous entities and even complex literary techniques like metaphor,
irony, hyperbole, and quotation. To deal with these situations effectively, we need not only classical
paradigms to refer to and learn by transfer, but also multi-step logical reasoning [14] to dive into implicit
emotions.

The rise of the Chain-of-thought (CoT) has been effective in alleviating these problems. It enhances
the multi-step reasoning ability of LLMs by inducing models that simulate human step-by-step reasoning
processes to reach conclusions [19, 20]. Research on ISA based on CoT with LLM is limited. The only
THOR model, employing a three-hop reasoning pattern, induces implicit aspects and opinions in
the corpus, and elicits sentiment polarity judgments on the language [14]. However, THOR requires
excessive prior target information in the corpus. It is idealistic and restrictive because real-world
sentences often lack specific targets and require manual annotation. In addition, since THOR emphasizes
Least-to-Most prompting, each conversation is independent, which in turn affects reasoning capabilities
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Figure 2: An illustration of 3Q framework for reasoning implicit sentiment.

of LLMs [21]. The above issues prompt us to rethink the ISA task in terms of human memory and
reasoning. We propose a What, Why, and How three-question (3Q) framework that incorporates a
memory function for past cases. Not only does it effectively mimic the way humans think when faced
with an ISA task, but it also drastically improves emotional over-interpretation. In addition, the memory
mechanism allows LLMs to learn classic paradigms from past cases. This helps to uncover hidden
emotions.

3. 3Q Framework with a Memorized Mechanism

3.1. Task Definition

The task of Implicit Sentiment Analysis (ISA) is to determine the sentiment polarity of a given X
sentence, categorizing it as positive, neutral, or negative. A standard approach without memory is to
use a Direct Prompt template as input for LLMs, typically in the following form:

Given the sentence X, what is the sentiment polarity towards it?

LLMs should return the answer via: § = argmax p(y | X).

3.2. Implementation of Memory

In the 3Q framework, users sequentially ask three questions @Q; (i = 1,2, 3) to query the model for
sentiment analysis of the input sentence X. At each step, the questions ); and the corresponding
model-generated answers A; are stored in memory M as past case pairs. If there are past case pairs
in memory, LLMs will automatically retrieve them from memory and integrate them into the current
question. The memory implementation consists of the following components:

Memory M: Memory M is a dynamically expanding table managed by the LLM itself that contains
past case pairs. The i-th case pair is denoted as C; (Q;, A;). The memory M contains all these past case
pairs for future reference. It supports the store operation M.append(z) and the fetch operation fy;(x)
itself. These operations can be achieved using simple key-value lookups and prompt concatenation.
Figure 2 omits the mathematical formulas of these two operations for simplicity.
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Past Case Pairs PC;: All existing cases stored in memory M can be concatenated to construct
PC;, which represents the totality of past information. It can be represented as: PC; = fi/(C1) +
fam(C2) + ... + far(C;). PCj can also be combined with the next question ;41 as a new query.

Combiner concat(xz1,x2): It supports combining past case pairs PC; and questions (); as a new
query.

The prompt-based memory can be structured as follows:

<Ci> [INST] {Qi} [/ANST] {Ai} </Ci>
<Cy> [INST] {Q2} [/INST] {As} </Co>
<C3> [INST] {Qs} [/INST] {As} </Cs>

It is worth noting that the structure of the prompt-based memory will vary slightly to accommodate
the different prompt formats required by different LLMs.

3.3. 3Q Framework

In our novel 3Q framework, we aim to have the LLM identify the most crucial entity é that influences
sentence sentiment, then ask it to put itself in the speaker’s shoes to uncover the reasons 7. Finally, the
LLM should determine the sentiment polarity ¢ based on these prior inferences. We break this process
down into three steps as follows:

What. We first provide the sentence X along with its corresponding field f, and then we ask the
LLM to identify the most critical entity e within the sentence:

Given the sentence X, the field of it is f. What is the most crucial entity described in it?

This step is represented as ¢ = argmax p(e|@Q1(X, f)), where é is the model’s inference of the entity
e, explicitly stating what the entity is and its possible reasons. Note that the entity needn’t be explicitly
stated in the sentence; instead, it can be generalized and abstracted based on the semantic content of
the sentence. After this step, the query and answer are stored in memory in the form of case pairs:
M = M. append (C1 (Q1,€)).

Why. Now, based on C, we position the model from the speaker’s perspective. In this step, we ask
the LLMs to uncover the reasons why the speaker mentioned this particular entity é:

PCy. Why is this entity mentioned in this sentence?

This step can be formulated as: 7+ = argmax p(r| PC1, Q2), where 7 represents the model’s inference
regarding the reason for mentioning the entity. After this step, the query and response are stored in the
form of case pairs in the memory: M = M. append (Cs (Q2,7)).

How. With the PC5 as the premise, we prompt LLMs to infer the sentiment polarity y as the final
outcome:

P(C'5. Based on the above reasons, how would you describe the sentiment polarity towards the
sentence?

This step can be formulated as: § = argmax p(y|PC2,Q3), where ¥ is the sentiment polarity
ultimately predicted by the model. After this step, the query and response are stored in the form of case
pairs in the memory: M = M. append (C3 (Q3,9)).

The 3Q framework combines the memory mechanism with CoT [22], allowing LLMs to use their
conversational consistency capabilities to learn information from past cases. In addition, the prompt
itself is simple and universal. In contrast, THOR emphasizes the Least-to-Most prompt [23]. This results
in each dialog being independent, which in turn affects the reasoning capabilities of LLMs [21].
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Table 1

Statistics on three English datasets and two Chinese datasets. ‘Pos’, ‘Neg’ and ‘Neu’ represent the number of
positive sentences, negative sentences and neutral sentences, respectively. ‘Implicit Sen’ means the percentage
of implicit sentences.

Implicit
Dataset Pos Neu Neg Total

Sen(%)
« English
SemEval-2014 Task 4 995 511 769 2289 0.501
SemEval-2015 Task 9 - 147 120 267 1.000
Twitter US Airline Sentiment - 325 109 434 0.251
« Chinese
SMP-ECISA 2021 355 877 921 2153 0.501
CCL2018-Chinese-Metaphor-Analysis 646 122 111 879 0.827
Total 1996 1982 2030 6008 -

4. Experiment

4.1. Datasets

We construct a bilingual dataset in both Chinese and English for ISA tasks. It spans multiple domains
and includes high-quality explicit and implicit corpora. We select 6,000 samples from a number of
publicly accessible datasets: SemEval-2014 Task 4 [1], SemEval-2015 Task 9 [2], SMP-ECISA 2021 !,
CCL2018-Chinese-Metaphor-Analysis #, and Twitter US Airline Sentiment >, Among them, 4000 samples
for training and 2000 for testing. In both the training and testing sets, the ratio of explicit sentences to
implicit sentences is 1:1. The ratio of English sentences to Chinese sentences is also 1:1. Each sample
is classified into one of three sentiment polarities: positive, negative, or neutral. The ratio of these
sentiment polarities in the training set and test set is 1:1:1. The details of the dataset can be found in
Table 1.

As we analyzed before, one sentence can convey different meanings or emotions in different fields
or contexts. It is unrealistic to perform sentiment analysis without specifying the related field. None
of the existing official datasets meet this requirement. To address this issue, we annotate each sample
with its corresponding field. Specifically, samples from SemEval-2014 Task 4 are labeled as either
‘laptops’ or ‘restaurants’, while those from Twitter US Airline Sentiment are marked as ‘aviation’.
Chinese datasets represented by SMP-ECISA 2021 have already specified the field or topic in its official
description. Therefore, samples from these datasets are annotated accordingly, including fields such
as ‘daily’, ‘travel’, ‘politics’, etc. Finally, we obtain a bilingual benchmark dataset * with 28 different
domains.

4.2. Models

We choose the Llama 2-CHAT model from Hugging Face as our backbone LLM [24]. It is available in
three sizes: 7B, 13B, and 70B. We also experiment with a leading closed source model, ChatGPT [25].
Note that ChatGPT does not release its model parameters, and we use it in the querying way via the
gpt-3.5-turbo-1106 API. We also compare to the current classic baselines, including BERT-SPC [26] and
DistilBERT [27]. Given the model’s ability to encode a Chinese and English and to load a bilingual
tokenizer, we find only these two pre-trained models in the open source community.

'https://github.com/sxu-nlp/ECISA2021
*https://github.com/DUTIR-Emotion-Group/CCL2018-Chinese-Metaphor-Analysis
*https://www.kaggle.com/datasets/crowdflower/twitter-airline-sentiment
*https://github.com/qinfengsama/3Q-framework
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Table 2
Results on Zero-shot setting. Best results are marked in bold. ‘F1-neu’ means neutral F1. ‘ZeroCoT’ means
prompting LLMs with the zero-shot CoT, ‘let’s think step bu step’ [28].

ISA All

F1 F1-neu F1 F1-neu

Direct 47.91 11.89 51.43 12.72

Llama2-7B-CHAT THOR 52.84 13.87 54.76 13.83
ZeroCoT 64.10 52.77 68.09 54.11

3Q 72.51 67.66 77.24 70.62

Direct 68.05 53.10 71.34 54.39

Llama2-13B-CHAT THOR 52.38 14.10 55.00 14.13
ZeroCoT 69.73 59.97 74.72 63.27

3Q 74.30 70.46 79.61 73.85

Direct 75.00 66.98 78.79 68.46

Llama2-70B-CHAT THOR 59.66 29.61 62.31 31.01
ZeroCoT 69.12 55.42 71.59 54.87

3Q 79.73 76.86 84.37 81.09

Direct 73.06 65.56 74.83 65.76

gpt-3.5-turbo-1106 THOR 60.39 21.88 59.42 17.20
ZeroCoT 82.41 75.52 84.89 77.98

3Q 79.70 72.06 83.07 75.23

DistilBERT 42.85 14.92 48.31 14.68
BERT-SPC 50.85 29.86 55.22 31.00

4.3. Baselines

In both zero-shot and fine-tuning settings, we compare our methods with two baseline methods: THOR
and Direct. THOR is the only method that combines LLMs and CoT. The prompt used for it is the
same as the corresponding research [14]. Direct itself has no memory mechanism and no multi-step
reasoning. The prompt defined in Section 3.1 is used for comparison. To be fair, we do not provide
system messages for all the methods.

In the zero-shot scenario, we also use Zero-Shot CoT, which has no memory mechanism, as the
baseline method. We adopt the standard prompt from this study [28]. The only difference is that we
concatenate the test question with the prompt ‘The sentiment polarity toward the sentence is” instead of
‘The answer is’ as the LLM’s input.

4.4. Implementation Details

For the Llama 2-CHAT model, we use a temperature of 1 and top-p of 1. This configuration is consistent
across models with 7B, 13B, and 70B parameters. For gpt-3.5-turbo-1106 API, we set temperature to 1,
top-p to 1, and leave other parameters (such as frequency-penalty) unchanged.

We use cloud A100x1 GPU (40G) instances, cloud A100x1 GPU (80GB) instances, and cloud A100x4
GPU (40GB) instances to fine tune the Llama2 model with model sizes of 7B, 13B, and 70B. The average
tuning time is 1 hour. After fine tuning, it takes an average of 17 hours to perform inference on the
2000-sample test set. For the gpt-3.5-turbo-1106 model, we use the OpenAlI API for fine tuning, which
takes about 2 hours on average. After tuning, the inference process on the entire test set takes about 5
hours.

To train the BERT baseline, we use the AdamW optimizer with a learning rate of 5e-5. The batch size
is set to 64 and the dropout probability is set to p=0.1. We use NVIDIA 3090x1 GPU instances in the
cloud.
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Table 3
Results on supervised fine-tuning setup.
ISA All
F1 F1-neu F1 F1-neu
Direct 85.87 85.55 90.04 89.42
Llama2-7B-CHAT THOR 71.96 62.76 76.35 67.17
3Q 91.30 92.17 94.16 94.53
Direct 86.68 86.76 90.81 90.39
Llama2-13B-CHAT THOR 77.15 70.42 80.42 72.79
3Q 93.47 93.71 95.39 95.26
Direct 87.79 86.18 91.24 89.61
Llama2-70B-CHAT THOR 82.23 78.91 86.11 81.97
3Q 94.01 93.06 95.66 94.83
Direct 92.20 90.69 93.89 92.19
gpt-3.5-turbo-1106 THOR 86.95 86.95 89.71 85.78
3Q 93.61 92.74 95.60 94.67
DistilBERT 69.13 76.79 74.94 82.50
BERT-SPC 69.97 78.20 76.42 83.09

4.5. Evaluation Metrics

We take the F1 as one of the evaluation metrics. During the experiments, we observe a significant
difference in the neutral F1 compared to the positive and negative F1s. Therefore, we also include
the neutral F1 in our evaluation metrics, recognizing its importance in assessing the interpretation of
excessive emotion.

5. Experimental Results

5.1. Results on Zero-shot Reasoning

Table 2 presents the comparison results under zero-shot settings. It is evident that four methods
that combine LLMs with prompt engineering significantly outperform current state-of-the-art (SoTA)
baselines. Among these, 3Q stands out for its impressive performance. Specifically, when equipped with
the 7B Llama 2-CHAT model, it leads the best performing baseline (BERT-SPC) by 21.66%. As the model
scale increases, the gap in F1 between the two also widens, peaking at a 28.88% difference with the 70B
parameter model. This is consistent with the study’s conclusion [14] that reasoning-based methods can
achieve significant advances over traditional non-reasoning methods.

On all three scales of the Llama2 model, 3Q outperforms the other three prompt methods and achieves
anew SOTA performance. Specifically, in the ISA setting, its F1 score is approximately 7.86%, 11.86%, and
20.55% higher than Zero-shot CoT, Direct, and THOR, respectively. This suggests that the combination
of both memory mechanisms and multi-step reasoning can provide a greater improvement in implicit
sentiment analysis than neither memory mechanisms nor multi-step reasoning. Interestingly, the
difference in F1 score between 3Q and THOR is the most significant. This is because a sentence usually
contains multiple targets or entities. Sometimes sentence-level sentiment may contradict aspect-level
sentiment. We argue that THOR’s ability is limited by its own prompt architecture, which is more
concerned with aspect-level sentiment. This is likely to lead to significant errors. In contrast, 3Q
does not initially specify entities. Instead, it encourages LLMs to infer the entity that best identifies
sentence-level sentiment based on the domain. In the subsequent ‘why’ section, LLMs are prompted to
understand and contextualize the reasons behind the most critical entity assertions. In addition, 3Q’s
memory mechanism helps to model the relationship between the most crucial entity and other entities
in the context, thereby improving the understanding of sentiment at the sentence level. Similar benefits
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Sentence: I went to a movie theater, and the woman asked if I wanted my golden-ager discount.

Target: golden-ager discount Label: neutral Field: daily
THOR 3Q
Given the sentence "I went to a movie theater, and the wom Given the sentence "I went to a movie theater, and the
-an asked if I wanted my golden-ager discount.", which spe woman asked if I wanted my golden-ager discount.", the
-cific aspect of golden-ager is possibly mentioned? field of it is criminal justice. What is the most crucial entity
described in it?
The specific aspect of the "golden-ager discount" mentioned The most crucial entity described in it is the "golden-ager
in the sentence is its availability at the movie theater. discount", o
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/ towards the aspect of the golden-ager discount, and why? \\
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\ discount"is that offering discounts to senior citizens or older basic information about a specific discount offered at the _
% individuals is often seen asfa gesture of respect and movie theater. It implies alfactual descriptionfofthe speak
P |appreciation|for their patronage and contribution to society -er's experience and provide context for the interaction with
s/ over the years. the woman at the theater iwithout expressing any particu]ar|
OVCI",-/i m‘erpret |sentiment or emotiorL| \
| Based on such opinion, what is the sentiment polarity towa Based on the above reasons,how can you describe the | ratio nnally
\ -rds golden-ager discount? sentiment polarity towards the sentence? ; inTer‘pr‘eT
\ . . . . 4 . 7
N ‘The sentiment polarity towards the "golden-ager discount" The sentiment polarity of the sentence lsIt merely
would be Offering discounts to senior citizens is states a fact without any strong emotion or subjective bias.
generally viewed favorably.

objective
subjective @

Figure 3: A visual comparison of emotional over-interpretation. It analyzes the effects and results of the THOR
and 3Q methods using an implicit sentence as an example.

are seen in both Zero-Shot CoT and Direct.

In addition, we note that as the model scale increases, not only does the gap between 3Q and THOR
widen, but Direct has also surpassed THOR. These two phenomena are primarily due to the ever-
widening neutral F1 gap, which is related to the ‘over-interpretation of neutral emotions’ phenomenon
that we discuss later.

5.2. Results on Supervised Fine-tuning

The comparisons under fine-tuning are shown in Table 3. Overall, high-quality instructional fine-tuning
significantly improves performance. This is consistent with the conclusions of the Flan-T5 study [29],
which suggests that model performance improves significantly with more fine-tuning tasks. Taking the
7B model as an example, instruction fine-tuning increases the F1 of 3Q, THOR, and Direct by 18.79%,
19.12%, and 37.96%, respectively. Similar trends are observed in other configurations, and 3Q achieves
SOTA performance when equipped with the 70B model. Under this configuration, the F1 score reaches
an impressive 94.01%, surpassing that of BERT-SPC by 24.04%. Furthermore, after comparing three
prompt methods, we find that 3Q consistently outperforms THOR by at least 10% in F1 score, a stable
improvement that is also reflected in the zero-shot settings. In addition, a major benefit of prompt
tuning is the increased gap between 3Q and Direct: 3Q leads Direct by 5.43% F1 even on the smallest 7b
model.

5.3. Emotional Over-interpretation

Table 2 shows that the F1 score for neutral sample sentiment classification remains low regardless of
the configuration. Performance improves slightly when the model parameters reach a large size, as
seen in Llama 2-CHAT 70B and gpt-3.5-turbo-1106. This suggests that accurate identification of neutral
sentiment continues to be a significant obstacle in ISA tasks.

It is worth noting that THOR maintains an average of 20% F1-neu in most cases. Such poor perfor-
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Figure 4: Influence of LLM scales.

mance results from its second step, the induction of the implicit opinion. The original prompt is, ‘Based
on common sense, what is the implicit opinion towards the mentioned aspect of t, and why?’. The phrase
‘implicit opinion’ causes LLMs to infer inappropriate implicit opinions from neutral sentences, which
introduces great interference and error into the next step of judging sentiment polarity.

In contrast, 3Q outperforms THOR by nearly 50% in average neutral F1 and establishes a new SOTA
score of 76.86% on the 70B Llama 2-CHAT model. It is also 9.88% higher than Direct under similar
configurations. This is because in the ‘why’ section, 3Q does not introduce subjective interventions like
‘implicit opinion’. Instead, it only leads LLMs to infer the reasons for mentioning entities. In neutral
sentences, the most critical entity tends to state a specific fact or serve a specific purpose. It is usually
mentioned for objective reasons. Therefore, 3Q can effectively mitigate the problem of over-interpreting
emotions. Figure 3 visualizes the entire analysis. While Direct also has similar benefits with a relatively
high neutral F1 score, it is still 10% lower on average than 3Q. This suggests that the combination of
both memory mechanisms and multi-step reasoning can provide a greater improvement in implicit
sentiment analysis than neither memory mechanisms nor multi-step reasoning.

5.4. Influence of Different Model Sizes of LLMs

In Figure 4 we examine the influence of different LLM scales. As the model scale increases, the F1
for all three methods generally show a growth trend. This is consistent with the existing findings of
CoT prompting methods [12, 13, 30], suggesting that larger LMs have more extensive prior knowledge
and improved logical reasoning abilities. In addition, high-quality instruction fine-tuning leads to a
significant improvement in F1 scores. This aligns with the conclusions of the Flan-T5 study[29], which
proposes that instructional fine-tuning is a general method for improving the performance and usability
of pre-trained language models. Among these prompt methods, 3Q experiences the largest increase,
with an average improvement of 18%. Most strikingly, its zero-shot performance approaches that of
THOR after instructional fine-tuning, suggesting that 3Q has significant potential and a higher ceiling
for performance.

5.5. Error Analysis

We examine the error rates and error cases of the 3Q model in both zero-shot and supervised fine-tuning
settings on our test set. Errors are categorized into three types: Type A error represents over-analyzing
neutral corpora, where the model mistakenly interprets neutral content as positive or negative sentiment;
Type B error occurs when the model fails to capture sentiment clues in the corpora and misjudges
negative and positive as neutral; Type C error means the model confusing two non-neutral emotions,
labeling positive as negative or vice versa. The distribution of these three types of errors is illustrated
in Figure 5.
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Figure 5: Error analysis.

From the experimental results, it is evident that in the zero-shot setting, the gpt-3.5-turbo-1106 is
predominantly associated with Type A errors, i.e, among the total error rate of 21.21%, Type A errors
accounts for 18.72%. Supervision Fine-tuning reduces the Type A error rate to a low level (3.64%), i.e.,
eliminating approximately 80% of Type A errors. In contrast, the proportions of Type B and Type C
errors show no significant changes before and after supervised fine-tuning. Moreover, these two error
types account for a smaller portion of the overall errors, possibly due to the inherent difficulty of the
self-built corpora and the limitation of model capabilities.

In contrast, the Llama2-CHAT-70B model, unlike gpt-3.5-turbo-1106, tends to misclassify neutral
sentences. In the zero-shot setting, the Llama 2-CHAT-70B model exhibits a Type B error rate of 7.09%,
which surpasses the Type A error rate (5.79%). Even after supervised fine-tuning, the Type B error rate
(3.09%) exceeds the zero-shot results of the gpt-3.5-turbo-1106 model (1.60%). This suggests that the
Llama 2-CHAT-70B model is prone to misclassifying sentiment-unnoticed samples as neutral.

6. Conclusion and Future Work

In this research, we propose a What, Why, and How three-question (3Q) framework that incorporates
a memory mechanism for past cases. Specifically, 3Q performs a sequential three-step prompt by
simulating the human memory and reasoning process. It first determines what the most critical entity in
the sentence is, then infers why the speaker mentions it. Finally, 3Q uncovers how the hidden emotions
are based on the past cases. During the reasoning process, historical queries and responses are stored
in memory as past case pairs. These pairs enable the retrieval and creation of enhanced prompts for
any new query, thereby enhancing the implicit sentiment analysis capabilities of LLMs. To verify the
effectiveness of it, we construct a Chinese-English bilingual dataset based on several official datasets.
3Q achieves a new SoTA under both supervised fine-tuning and zero-shot settings. Experimental results
show that it significantly outperforms THOR, Direct and Zero-Shot CoT in F1 scores, and effectively
reduces the negative effects of over-interpretation of emotions. We release the dataset in an associated
repository and hope that the accessibility of the dataset will encourage the community to evaluate novel
methods for implicit sentiment analysis. In the future, we will extend this approach to the real-world
document understanding. In addition, we plan to further explore the ISA task by simulating the human
nonlinear reasoning process from the perspective of Tree of Thoughts (ToT) and Graph of Thoughts
(GoT).
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