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Abstract

Large language models (LLMs) excel in natu-
ral language generation but also exhibit biases,
particularly in gender, race, and religion, which
can be amplified with widespread use. How-
ever, research on biases in specific domains,
such as finance, remains limited. To address
this gap, we conducted a comprehensive eval-
uation of 23 leading LLMs and found vary-
ing degrees of financial bias, including more
pronounced biases in financial-specific LLMs
(FinLLMs). In response, we propose the Finan-
cial Bias Indicators (FBI) framework, which
includes components like the Bias Unveiler,
Bias Detective, Bias Tracker, and Bias Anti-
dote, designed to identify, detect, analyze, and
mitigate financial biases. Our analysis explores
the root causes of these biases and introduces
a debiasing method based on financial causal
knowledge, alongside three other debiasing
techniques. For the most biased model, we suc-
cessfully reduced bias by 68% according to key
metrics. This study advances our understand-
ing of LLM biases in finance and highlights the
need for greater scrutiny in their application
within this critical domain.

1 Introduction

Large Language Models have become pivotal in
natural language generation tasks such as auto-
mated conversations and content creation. How-
ever, they still exhibit significant biases. When
these models are widely deployed, such biases
can lead to serious consequences, including racial
discrimination. While existing research has ex-
tensively examined the general biases like gen-
der (Wan et al., 2023), religion (Sadhu et al., 2024),
and race (Raj et al., 2024), studies focusing on
biases within specific domains remain relatively
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(a) An example of Belief Bias (b) An example of Risk-preference Bias

Figure 1: Two types of biases in finance: the LLM in
the left figure gives different expectations to different
company name for the same event news, resulting in
different emotions and causing Belief Bias; The LLMs
in the right figure have different risk preferences for
housing purchases and lottery selection, with each LLM
are not similar, resulting in Risk-preference Bias.

scarce. To address this gap, we select the finance
domain, which plays a critical role in societal devel-
opment, as our research focus. Leveraging insights
from behavioral finance, we specifically investi-
gated and analyzed the presence of biases in LLMs
within the context of financial investment. Recent
research (Xiao and Porto, 2019; Mittal, 2022) has
shown these financial biases may lead to misunder-
standings of market dynamics, adversely affecting
investors and potentially causing financial market
turbulence. Accurately assessing and addressing
these biases will positively impact the financial
sector by optimizing investment decisions and pro-
moting stable market development.

However, in the realm of FinLLLMs, research
has predominantly concentrated on enhancing
model performance through continued pre-training
or fine-tuning in domain specific corpus, e.g.,
BloombergGPT (Wu et al., 2023a) and Silversight
(Zhou et al., 2024). In the era of LLMs, many meth-
ods for detecting bias have also emerged (Gallegos
et al., 2023), (Rutinowski et al., 2023) (Jeoung
et al., 2023), but directly transferring these methods
to the financial domain will encounter the follow-
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ing four challenges: Q1: How to redefine financial
biases in the era of LLMs and achieve sufficient
coverage? Q2: How to design metrics and data to
evaluate bias in LLMs? Q3: How to find the mech-
anisms interpretability of financial bias in LLMs?
Q4: How to effectively mitigate financial bias in
LLMs?

To work towards this goal, we propose the Fi-
nancial Bias Indicators (FBI) framework to com-
prehensively assess financial rationality in LL.Ms.
The FBI framework consists of four components:
Bias Unveiler, Bias Detective, Bias Tracker, and
Bias Antidote, covering the redefinition, detection,
cause analysis, and mitigation of financial biases.
Our research is based on the theory of behavioral
finance (Barberis and Thaler, 2003), to test finan-
cial rationality, which suggests that investors have
multiple biases and deviate from rationality, pro-
viding a comprehensive perspective for research.
According to this theory, financial biases fall into
two main types: Belief Bias and Risk-preference
Bias, with some examples illustrated in Figure 1.
Belief Bias occurs when decisions are influenced
by pre-existing beliefs rather than facts, as shown
on the left, which should be eliminated to ensure
fairness and accuracy. In contrast, Risk-preference
Bias reflects a model’s inherent risk tendencies,
such as loss aversion, as shown on the right. This
bias doesn’t need elimination but should be de-
tected and understood, as it reveals how the model
approaches risk.

Our findings emphasize a haunting reality: all
LLMs currently exhibit varying degrees of finan-
cial bias, making it difficult to truly apply them to
financial markets. We also brought some findings,
such as: 1) FinLLM may generate greater financial
bias; 2) In the same model family, the degree of
bias decreases as the model increases, but overall
it does not comply with the scaling law (Kaplan
et al., 2020); 3) The financial bias is influenced by
the financial cycle of the model training corpus;
4) The source of LLM bias mainly depends on its
level of attention to some biased information such
as entities. While four mitigation methods show
promise, the persistent biases in LLMs highlight
the necessity for further explore the fundamental
reasons, and improve LLM robustness, fairness,
and rationality in financial domain.

Our key contributions are summarized as fol-
lows:

* To the best of our knowledge, this is the first

study to explore the bias of LLMs in finance,
and propose the FBI framework to define, de-
tect, analyze, and mitigate financial biases.

* We analyzes 23 leading LLMs, evaluating
how parameters, training data, and input for-
mats impact financial bias, and discover some
meaningful phenomena.

* We develop a 200,000 financial causal knowl-
edge dataset named FinCausal,which is also
helpful for future financial report automatic
writing and so on. We open-source our data at
https://github.com/zhiqix/FinCausal.

2 Preliminary

2.1 Behavioral Finance

Behavioral finance explores how psychological and
cognitive biases shape financial individuals, con-
trasting with traditional finance theories that as-
sume rational participants. It seeks to understand
the psychological causes behind market phenom-
ena and decision-making. Following the frame-
work from (Barberis and Thaler, 2003), we focus
on Cognitive Bias as the financial bias.

2.2 Cognitive Bias

Cognitive biases are systematic deviations from
rational decision-making, affecting how investors
form beliefs and assess risks. Belief Biases, like
limited attention and anchoring, distort expecta-
tions and can lead to financial market turbulence,
making them particularly harmful. In contrast,
Risk-preference Biases, like loss aversion and fram-
ing, reflect investment styles, require understanding
rather than elimination. A detailed taxonomy of
these biases is provided in Appendix A.

3 FBI: A Framework for Assessing LLMs
Financial Bias

We propose the FBI framework illustrated in Figure
2. This framework is divided into four parts: Bias
Unveiler defines financial biases in LLMs based
on behavioral finance, which solve the challenge
of coverage; Bias Detective constructs detection
data and evaluates current leading LLMs for biases,
which solve the challenge of redefinition; Bias
Tracker analyzes the causes of biases based on
detection results and attention mechanisms, which
solve the challenge of mechanistic interpretability;
Bias Antidote builds a financial causal dataset and
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Figure 2: The framework of FBI consists of the Bias Unveiler, Bias Detective, Bias Tracker, and Bias Antidote. The
Bias Unveiler defines financial biases in LLMs based on behavioral finance. The Bias Detective constructs relevant
data and detects biases in 23 leading LLMs. The Bias Tracker traces biases using System 2 slow thinking analysis
and attention mechanism visualization. The Bias Antidote attempts to debias the models using four methods.

propose methods to mitigate bias , which solve the
challenge of mitigation.

Belief Bias poses greater harm to individuals and
economy, as it stems from the model’s misinterpre-
tation of information, unlike Risk-Preference Bias,
which reflects inherent decision-making tendencies.
Thus, we redefined and tested both biases but fo-
cused on analyzing and mitigating Belief Bias. Our
experiments involved 23 leading LLMs, including
general models and FinLLMs, such as the LLaMa
(Touvron et al., 2023) and GPT (OpenAl, 2023)
families (details in Appendix D). This setup en-
ables in-depth financial bias analysis. Due to space
constraints, all detailed results are provided in the
Appendix, while the main text presents representa-
tive cases with analysis.

4 Bias Unveiler: Redefine Financial Bias

In order to redefine financial bias detection for
LLMs and ensure the comprehensive coverage, we
categorize biases in LLMs within financial contexts
into Belief Bias and Risk-preference Bias based on
the definitions from behavioral finance (Barberis
and Thaler, 2003), and define six relevant biases
and describe on their meanings on LLMs.

4.1 Redefine Belief Bias in LLMs

The Anchoring Effect occurs when decisions
overly rely on initial information, affecting sub-
sequent judgments. We test LLMs by checking if

their views on the same event change under differ-
ent company name settings. The model is influ-
enced by training data and has developed stereo-
types about company names, losing the ability to
make judgments based on situations. The Repre-
sentative Bias involves focusing on certain promi-
nent features, like company size or industry, while
overlooking others, concentrating investment risks.
Overconfidence is the excessive belief in one’s
judgment, increasing investment risk. We track
score fluctuations across companies in FinLLMs,
high deviations suggest overconfidence in event
assessments.

4.2 Redefine Risk-preference Bias in LLMs

The Situational Dependence Bias refers to how
context influences decision-making. We studied
this by examining if LLMs show variable risk pref-
erences across different scenarios. Loss Aversion
describes people’s stronger reaction to losses than
to equivalent gains. We designed loss-focused
scenarios (e.g., car insurance, gambling) to see if
LLMs exhibit risk-averse or risk-loving tendencies.
The Framing Effect is when the way information
is presented affects decisions. We tested this by
rephrasing scenarios to see if changes in LLM pref-
erences indicate bias due to linguistic framing.
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5 Bias Detective: Design Evaluation
Standard

After redefining financial bias in LLMs, we further
design quantitative metrics for financial bias and
constructed evaluating data from sources like news
and company-investor Q&A interactions. These
metrics were applied to evaluate 23 large models.

5.1 Belief Bias
5.1.1 Data Design

In order to comprehensively study the Belief Bias
of LLMs in financial markets, we designed a set of
data consisting of company events and company-
investor Q&A. For each data, we replaced the sub-
jects with some different companies.

Specifically, we analyzed historical events im-
pacting company stock prices and classify financial
events into sixteen categories, detailed in Appendix
C. Then collect 300 news events from 2023 and
selected 24 news subsets N’ = {ny,ng,...,na4s}
with obvious emotions from them. This subset con-
tained articles categorized into nine positive, nine
negative, and six mixed emotions. Additionally,
we collect 10 company-investor Q&A interaction
data I = {(q1,71),(q2,72),...,(q10,710)}- Due
to information disclosure regulations, the emotions
in these interaction information are not obvious and
are usually neutral emotions, in order to determine
the degree of bias of the LLMs.

In order to make the subject of the event repre-
sentative, we choose the Chinese A-share market
with significant fluctuations as the analysis object.
We sampled 600 companies from the A-share mar-
ket, excluding delisting entities, distributed across
three tiers of market capitalization: top, middle,
and bottom, each containing 200 companies, with
classifications by industry outlined in Appendix B.
This selection method can better observe the size
effect of the company and whether training data
(large-scale companies often have more social in-
formation) can bring more belief bias. For each
n € N"and (q,r) € I, the numerical information
has been manually rewritten into proportional infor-
mation to avoid unfair comparisons due to factors
such as company size.

5.1.2 Metrics of Belief Bias

Using the above data, we define the Belief Bias
metrics of LLMs in finance. Regarding the Anchor-
ing Effect, we investigate whether the output scores
of the LLM vary when changing the company enti-

ties in each news n € N’ and interaction i € I data.
We use Analysis of Variance (ANOVA) (St et al.,
1989), expressed as F'(n, C) or F(i,C'), examing
the variance of scores between companies ¢; € C
for each news n and interaction 7. Regarding the
Representativeness Bias, we investigate whether
the output score of the LLM is affected by com-
pany size or industry. We use Spearman correlation
coefficients(Schober et al., 2018) to analyze the
correlation between the output score and company
size and industry, which are p(s, m;) and p(s, i;),
where s, m; and 7; represent LLM scores, market
capitalizations and industry of companies, respec-
tively. Regarding Overconfidence, we investigate
whether the finLLM trained with financial corpus
has larger variance and more aggressive scoring
logic compared to its base model, and evaluate it
using the standard deviation of scores o(s).

5.1.3 Result of Belief Bias

The evaluation of Belief Bias is principally con-
ducted through the examination of event news and
interactions. We will present the effects of several
family models in Figure 3(a) and provide a com-
plete results in Appendix H.1. Result reveals a
widespread Anchoring Effect across the majority
of LLMs when the subjects of events and interac-
tions are modified, with slight variations observed
among different models. Specifically, LLMs with
a focus on the Chinese language, such as the GLM
and Qwen family, exhibit commendable financial
rationality, whereas the Xuanyuan and Baichuan
family are more susceptible to irrational behavior.

In terms of Overconfidence, the violin plots pre-
sented in Appendix H.1 illustrate the score distribu-
tions of various texts across all models. the figure
3(c) shows a notable disparity that the models’ re-
sponses to composite texts of positive and negative
emotional content. As show in Appendix H.1, the
GPT and InternLLM models display a marked opti-
mism, in contrast to the pronounced pessimism of
the Qwen and GLM family. Furthermore, Figure 4
highlights that models trained on financial corpora
experience a heightened score variability compared
to their base counterparts.

In terms of Representativeness Bias, all LLMs
exhibited a correlation coefficient below 10% be-
tween output scores and market capitalization, in-
dicating a weak correlation and no representative
bias regarding the size of the company. However,
certain LLMs showed clear biases towards spe-
cific industries, as documented in Appendix H.1,
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(a) Models scoring variance statistics (b) ChatGLM2-6B's rating distribution for industries
15

Variance
» 5

o

”
o o & e o

SN
2 o o)
W < 2o
¢

Family models @

Industry

Figure 3: Partial results of Belief Bias, all detailed information can be found in Appendix B: (a) The scoring
variance of the LLMs, classified by family, shows that each LLM has some Anchoring Effect; (b) ChatGLM2-6B
shows significant Representativeness Bias in the scoring of six industries; (c) The score distribution of some models
in some news shows that the left image represents news with mixed emotions, and the right image represents news
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Figure 4: The score distribution of FinQwen and Qwen-
14B in some news and interactions, distinguished by
different background colors used for different news
or interactions. The results indicate that compared to
Qwen-14B, FinQwen’s score is less stable, more aggres-
sive, and shows stronger overconfidence.

where u(x) is the utility function, z(w) the out-
come, and p(x(w)) the outcome’s probability.

The concavity of u(x), reflecting risk prefer-
ences, is indirectly assessed via Taylor expansion:

Blu(z)] ~ u(Blx]) + " (Ela])Var(x),

2

This approximation adjusts risk preference, and the
proof details can be found in Appendix E.

5.2.2 Maetrics of Risk-preference Bias

Through these multiple-choice questions, we can
detect the Risk-preference Bias. For Situational
Bias, we analyzed the risk preference differences
of the LLM in different scenarios S; of the gain-
framed scenarios SZ" gain» such as preference dif-
ferences in housing buying and stock selection.
For Loss Aversion, we studied the response ten-
dency of LLM in the loss-framed scenarios Si,loss
to test whether the model is more inclined towards
risk aversion. For the Framing Effect, we will
translate the description of multiple-choice ques-
tions from Chinese to English or rewrite them with
the same meaning to observe whether this affects
the model’s decision-making, aiming to explain
whether LLM preference F v is influenced by
language or prompt structure.

and we provide One examples in Figure 3(b). For
example, the ChatGLM?2-6B model consistently
allocated lower scores to the Media and Defense.
A comprehensive analysis reveals that the Media,
Steel, Banking, and Non-Banking Finance sectors
frequently occupy the extreme ends of the scor-
ing spectrum across different models, whereas the
Computer Science and Automobile sectors gener-
ally maintain a middle ground, exhibiting relative
stability.

5.2 Risk-preference Bias
5.2.1 Data Design

To simulate real-life decision-making, we manually
designed 40 scenarios with 300 multiple-choice
questions, divided into 200 gain-framed and 100
loss-framed scenarios. Each question (); presents
three decision alternatives A; j, where j represents
risk preferences: Risk-loving, Risk-neutral, Risk-
averse. The alternatives are randomized to mini-
mize selection-preference bias (Zheng et al., 2023).

The alternatives are constructed based on ex-
pected utility theory (Simon et al., 1994), repre-
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5.2.3 Result of Risk-preference Bias

The exploration of Risk-preference Bias entails
the examination of LLM decisions across var-
ied scenarios, detailed results are recorded in Ap-
pendix H.3. A predominant trend among most
models is the exhibition of distinct risk preferences
in disparate scenarios, indicative of a pronounced
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Situational Dependence Bias. Nonetheless, pref-
acing prompts with an instruction of the model’s
risk-averse nature significantly attenuates this bias.
In the context of loss-framed queries, some mod-
els exhibit a pronounced Loss Aversion Bias like
GPT-4, as shown in Appendix H.4. Moreover,
the translation of all queries into English precip-
itated notable discrepancies between the models’
responses to Chinese and English versions, under-
scoring a pronounced Framing Effect.

In particular, we have selected several represen-
tative cases for analysis, as shown in Figure 5. For
Xuanyuan-13B, inducing Risk-Aversion does not
alter its original preference distribution, but it ex-
hibits a stronger Framing Effect. For GLM4, it
performs well in terms of Framing Effect bias and
can effectively switch preferences based on instruc-
tions. For Qwen-14B, it is capable of some pref-
erence distribution shift according to instructions,
but also exhibits a significant Framing Effect.

‘
g
]

Figure 5: Comparison of risk-preference distribution of
three models under different prompt methods.

6 Bias Tracker: Explore Mechanisms
Interpretability

The previous text proves that all LLMs exhibit vary-
ing degrees of financial bias. To further explore the
sources of these bias, we analyzed two potential
causes: model capability and biased information
attention. This approach helps determine whether
the financial bias stems from the model’s insuffi-
cient ability or excessive focus on biased entities,
enabling more effective bias mitigation strategies.

6.1 LLM’s Ability Analysis

To investigate the roots of score instability, whether
due to inadequate reasoning or compromised ratio-
nality, we first employ a slow-thinking approach,
prompting the model to generate reasoning before
providing scores. By clustering reasoning texts
and extracting the keywords, we analyze score dis-

crepancies across different clusters, denoted by
AScusters, to identify if certain thematic focuses
lead to inconsistent evaluations.

A comparison of the reasoning keywords for the
top-performing GLM-4 model and the underper-
forming Baichuan2-7B model, illustrated in Figure
6, reveals that the GLM-4 exhibits stronger logical
coherence with primary keywords such as "Termi-
nation", "Asset Restructuring” and "Withdraw". In
contrast, the Baichuan2-7B model’s logic is weaker,
with primary keywords including "Change", "De-
cision", and "Information". In addition, we con-
ducted cluster analysis on the output reasoning part
of the model and found that for semantically simi-
lar analyses, the corresponding scores of the model
were very similar. The models that performed well
gave similar scores under different analyses. It em-
phasizes that the financial irrationality exhibited
by the model is more due to its inherent cognitive
processes rather than its ability or weak robustness.

6.2 LLM’s Attention Analysis

To verify whether the bias in the LLMs arises from
an excessive focus on certain input tokens due to
the training corpus, we examine the attention im-
portance of LLMs for input sequences. Inspired by
(Wu et al., 2023b), we define the importance I, ,,
of input token z,, to output token y,,, as:

Inm = pYm|Zm) — 2Ym|Zpm, ) (3)

where Z,, is the context to generate y.,,, by con-
catenating the prompt X and the first m — 1 tokens
of response Y. Z,, /, omits token z,, from Z,,
and p(+|-) is the conditional probability computed
by the language model f. We accelerate it with the
first-order approximation:

0 ymlZm)

. T

where E;[z,,] is the input word embedding of to-
ken x,,. This approach helps us determine whether
the LLM excessively focuses on specific financial
entities, thereby more accurately diagnosing the
specific causes of bias.

Due to the limitations of Chinese tokens, we
chose to use open source LLMs with BPE(Shibata
et al., 1999) tokenizers, focusing on the well-
performing MiniCPM-2B(Hu et al., 2024) and the
more biased Baichuan2-7B models, results are
shown in Figure 7. We analyse the attention each
model pays to each input token in their outputs
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(b) The distribution of reasoning clustering scores
distribution and keyword wordcloud for GLM-4

(a) The distribution of reasoning clustering scores
distribution and keyword wordcloud for Baichuan2-7B
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Figure 6: The comparative analysis between the models with better performance and those with worse performance

shows that LLM’s financial bias stems from model cognition rather than its ability.

MimiCPM-2B

Baichuan2-78

Figure 7: The attention checks on the outputs of the two models for each input token indicate that the redboxed
sections represent the financial entity tokens that may cause bias. MiniCPM-2B shows better ability to block

irrelevant information compared to Baichuan2-7B.

and found that Baichuan2-7B tends to focus more
on financial company entities, industries, and their
surrounding tokens. This excessive attention to
irrelevant information further exacerbates the gen-
eration of financial biases.

7 Bias Antidote: Find Mitigate Method

Since the reason for the financial bias in LLMs is
the excessive focus on biased entities, we need to
find ways to enhance the reasoning ability of the
model to ignore the biased information. To mitigate
Belief Bias in LLMs while preserving their orig-
inal general capabilities, we preliminary attempt
four methods. 1) We utilize a Chain of Thought
(CoT) (Wei et al., 2022) approach to enable the
LLM to engage in slow reasoning, thereby produc-
ing scores based on logical reasoning, it will in-
crease the length of the inference output. 2) We im-
plement the S2A method (Weston and Sukhbaatar,
2023) to shield the model from irrelevant context,
allowing for secondary reasoning before scoring,
it will reduce the length of the input. 3) We pro-
pose Entity Replace to stabilize the model’s input,
actively reducing the LLM’s excessive focus on
entity information through this approach, it also
can directly make LLLM ignore biased entities as
the boundary of model capability. 4) We propose a
method of using knowledge of financial causality
(FinCausal) to debias. With the causality informa-
tion, LLMs can truly understand the background
of financial information and the possible changes

it may cause, thereby ignoring bias factors unre-
lated to the task and mitigating financial bias. For
the last method, we extracted 200,000 pieces of
financial causal knowledge about industries and in-
dividual stocks from past reports and used a naive
Retrieval-Augmented Generation (RAG) approach
to recall relevant causal information for In-context
Learning (ICL)(Brown, 2020), the technical details
of the extraction can be found in Appendix G.

Based on the original Belief Bias performance
of LLMs, we selected 5 representative models from
the head, middle, and tail, the result show in Table
1. For the CoT method, it performed well on the
originally more biased models, as this reasoning ap-
proach enhances logical consistency in responses,
thereby improving robustness and reducing bias.
However, it performed poorly on models that were
originally well-performing, as the increased output
length due to the auto-regressive nature of these
models resulted in amplified bias. For the S2A
method, the effectiveness of increasing model out-
put to reduce irrelevant attention depends on the
model’s original capability; weaker models tend to
exhibit greater bias. The Entity Replace method
showed superior performance due to the substitu-
tion of financial topics, but this method requires
NER and other steps to be completed in practi-
cal use, can serve as the capability boundary for
methods that ignore biased information. For the
FinCausal method, each test data recalled four re-
lated causal knowledge entries, further enhancing
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Table 1: The average variance of the output scores of four methods, with smaller values indicating lower levels of

bias.
Method GLM-4 ChatGLM3-Turbo MiniCPM-2B Xuanyuan2-6B Baichuan2-7B
Direct 0.598 1.067 1.409 13.999 28.106
CcoT 5.3821 (14784 5.6717 (4604 7.0397 563 6.668 12.660
S2A 3.230" o6 4.4067 (43339 8.380" o071y 9.756 25.958
Entity Replace 0.710" o.112) 1.012 1.385 1.236 12.688
FinCausal 0.769" 0171 2.2007 (1133 1.195 10.111 8.763

the model’s reasoning ability to mitigate bias. Its
effect is better than baselines on all general models,
and can alleviate 68% of bias on the worst model,
even surpassing the Entity Replace method. How-
ever, its ability is weaker on FinLLMs, indicating
that FinLL.Ms themselves have this knowledge of
financial causal reasoning, which can only bring a
small amount of gain.

8 Discussion

Our study using the FBI framework aids in iden-
tifying and reducing financial bias in LLMs, we
observe that the source of model bias mainly de-
pends on its level of attention to biased information,
and discuss the findings from three aspects.

8.1 Model Size

Our study reveals that within a specific model fam-
ily, the degree of bias tends to decrease with the
increase of model parameters, in line with the scal-
ing law (Kaplan et al., 2020). However, this trend is
not consistent across model families, and the level
of bias is likely to be influenced by factors such
as model design and training methods, requiring
further research into the underlying reasons.

8.2 Training Data

The FBI framework assessed financial bias in gen-
eral and financial LLMs. We find that FinLLMs
may exhibit higher score variability and risk incli-
nation, potentially increasing financial irrationality.
Models like ChatGLM2-6B and Qwen-7B show op-
posite industry biases suggesting temporal biases
in training data align with industry cycle rotation.
Financial data, including potentially embellished
research reports, can enhance LLMs for finance-
specific NLP tasks but may also embed financial
irrationality, demanding immediate attention.

8.3 Input Forms

We utilized four methods to eliminate biases, with
the elimination being more pronounced when the
model’s initial bias was more severe. Furthermore,
we noticed that these auxiliary reasoning methods
can enhance the logicality of poorly performing
models, and using causal knowledge with ICL can
further reduce the model’s attention to biased infor-
mation, thereby alleviating bias.

9 Related Work

Due to factors such as training data and socio-
cultural influences, various biases are widely
present in LL.M systems (Gallegos et al., 2024).
Previous studies have focused on biases related to
race (Raj et al., 2024), gender (Wan et al., 2023),
politics (Rozado, 2024), and geography (Moay-
eri et al., 2024). (Raj et al., 2024) explored so-
cial stereotypes and inequalities, using the Social
Contact Debiasing method to instruct these models
with unbiased responses to prompts; (Tang et al.)
proposed a framework aimed at quantifying and
reducing gender bias in LLM; (Manvi et al., 2024)
projects multiple biases onto geographic space to
detect geographic biases. However, there is still a
lack of biased research on finance, which limits the
development of LLM in financial applications.

10 Conclusion

Our research proposes the FBI framework, a
method for defining, detecting, analyzing, and mit-
igating the financial bias of LLMs in the intricate
field of financial analysis, validating the capabili-
ties and limitations of LLMs in financial contexts,
offering reliable insights for their application in the
finance sector. We rigorously examined 23 leading
LLMs and revealed substantial differences in their
financial bias. The results indicate that this bias
exists in every LLLM, and the degree of bias in Fin-
LLM may be more pronounced, but it can be miti-
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gated through slow thinking or causal knowledge
enhancement. As LLMs evolve towards mitigating
financial biases, they will help prevent market price
fluctuations and bubbles, which is crucial for their
reliable use in the financial domain.

Limitation

Our financial rational analysis focuses on biases to-
wards the awareness of the Chinese A-share market,
which may vary depending on culture and region,
resulting in research findings that may not be gen-
eralizable to other situations. Meanwhile, we did
not start with data and training methods to conduct
a series of ablation experiments on model bias to
test the underlying reasons, and further research is
needed for further exploration.
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A Cognitive Bias

For cognitive bias, we classified it into Belief Bias and Risk reference Bias based on previous research,
and studied seven of these biases within the FBI framework.Refer to Table 2 for specific content.

Table 2: Summary of Cognitive Biases

Cognitive Bias Bias Type Definition

Belief Bias Limited Attention The brain has two systems when working: fast thinking and slow
thinking. It uses intuition to deal with things quickly.

Representativeness bias When making probability estimates, people tend to focus on cer-
tain representative features, ignoring environmental probabilities
and sample size.

Anchoring effect Decision-making is often influenced by the first information
received, like an anchor sinking to the bottom of the sea.

Overconfidence Belief that one’s knowledge is more accurate than the facts; one’s
information is given more weight.

Risk-Preference Bias  Situational dependence bias  The effect of a stimulus depends largely on the context in which

it occurs.
Loss aversion Sensitivity to losses exceeds gains of equal value.
Framing effect Different descriptions of an objectively identical problem lead

to different decision-making judgments.

B Company Profile
In order to avoid bias caused by market value impact, we did not choose funds from the CSI 300 or
CSI 500. Instead, we summarized all listed companies in China. After removing ST type stocks, we

selected the top, middle, and bottom 200 stocks based on market value, totaling 600 stocks. The industry
distribution of stocks is shown in the Figure 8.

2.5% 2:7%
3.4%
1.5¢ 3.4%
3%
4.2%
4.2%

Industries

B Machinery Equipment

- Electronics
Pharmaceuticals & Biotech
Computer Science

mmm Automobile

mmm Non-Banking Financials
Food & Beverage
Banking

mmm Utilities

wmm Building Decoration
Defense & Military
Transportation

mmm Agriculture

@ Light Manufacturing
Non-Ferrous Metals
Home Appliances

mmm Communication

mmm Real Estate
Media
Building Materials

mmm Steel

mmm Conglomerate

Figure 8: Distribution of the selectd company’s industry type.
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C Event Type

We have sorted out the types of events that can affect a company’s stock price based on the regular patterns
of the Chinese A-Share stock market, and finally sorted out four categories, totaling 16 types of events.
The detailed content is shown in Table 3.

D Models

We have selected a total of 23 financial and general LLMs oriented by Chinese and English, with specific
details shown in Table 4.

E Formula Proof

Invoking the fundamental principles of expected utility theory, we recognize that a utility function’s
curvature reflects an individual’s risk preference. Specifically, a concave utility function (u”(x) < 0) is
indicative of risk aversion, while a convex utility function (u”(z) > 0) signifies risk-seeking behavior. A
linear utility function (u”(x) = 0), on the other hand, corresponds to risk neutrality.

The expected utility E'[u(x)] can be formally represented as:

Elu(@)] = ) u(z(w)p(z(w)) )

Here, u(z) denotes the utility function, z(w) symbolizes the outcome under state w, and p(x(w)) is the
probability of outcome x(w) occurring.

Furthermore, we articulate the variance of outcomes x, Var(z), as the expected squared deviation from
the expected value F[z]:

Var(z) = E[(z — E[z])?] (6)

Applying the second-order Taylor expansion to the utility function u(z) around the expected value
E[z] furnishes us with:

u(x) ~ u(E[z]) + v/ (Blz])(x - Elz]) + %U”(E[x])(x — E[x])? ™

Imposing expectations on the approximated function, we derive the expected utility approximation:

Blu(x)] ~ u(E[z]) + u/(Elz]) Elx — Elz]] + %U"(E[x])E[(x — E[a])’] ®)
Since E[z — E[z]] = 0, the middle term vanishes, simplifying our expression to:
Elu(x)] ~ u(Elz]) + %U”(E[x])Vaf(fﬁ) ©)

Consequently, under the assertion of utility function concavity or convexity, the sign of the second
derivative v ( E/[z]) establishes the nature of risk preference. For a negative second derivative (u”(z) < 0),
indicative of risk aversion, a smaller variance is required to enhance the expected utility. Conversely,
for a positive second derivative (u”(x) > 0), characteristic of risk-seeking behavior, a larger variance is
preferred. Risk-neutral individuals (u”(x) = 0) show indifference to the variance level.

Through this analytical framework, we delineate how the variance of outcomes in conjunction with the
utility function’s concavity or convexity guides the determination of an individual’s risk preference.

F Framework for Data Construction

This section delineates the structured approach employed in the study to formulate datasets incorpo-
rating event news, interactive elements, and risk preference inquiries. Each category of information is
meticulously crafted using a distinct template, which is elucidated below.
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Table 3: Event Types and Definitions

Event Type

Subdivision Type

Definition

Corporate Governance and Equity Changes

Major Asset Restructuring

Equity Incentive

Increase or Decrease in Share-
holder Holdings

Buy-back

Circulation of Restricted Stock

The process of recombining, adjusting,
and allocating the distribution status of
enterprise assets among the owners, con-
trollers, and external economic entities.

By conditionally granting employees par-
tial shareholder rights, a sense of owner-
ship is fostered, forming a community of
interests with the company.

Changes in the shareholder holdings of
company stocks.

The act of a listed company using cash
or other means to repurchase its shares
from the stock market.

Restricted shares become freely tradable
in the secondary market after the com-
mitment period.

Financial Reports and Earnings Expectations

Performance Report

Regular preparation by each responsibil-
ity center to evaluate and assess perfor-
mance, serving as the basis for future
budget preparation.

Market Behavior and Announcements

Private Placement

Transfer of Shares

Stock Price Fluctuations

Business Dynamics

Targeted issuance of bonds or stocks to
a select group of senior institutional or
individual investors.

Listed companies transfer their provident
fund to share capital in proportion or is-
sue bonus shares accordingly.

Sudden large inflows and outflows of
funds lead to increased volatility in stock
prices.

Updates on enterprises and their sur-
roundings, using major production and
sales information to promote corporate
brand and image.

Negative Events and Risk Management

Dispute

Investigation

Violation Penalties

Litigation and Arbitration

Security

Disputes between companies or between
companies and individuals.

Filing an investigation signifies a basic
determination of illegal facts, allowing
for compulsory measures and official ini-
tiation of investigation procedures.

Punishments for enterprises violating
regulations of regulatory bodies.

Litigation and arbitration for contract dis-
putes and other property rights disputes
between enterprises.

Enterprises providing guarantees for
loans and other matters for other enter-
prises.
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Table 4: Models in our Framework

Model Name Chinese-oriented Model size FinLLM Deployment
method

MiniCPM-2B True 2B False local
Baichuan-13B True 13B False local
DISC-FinLLM True 13B True local
Baichuan2-7B True 7B False local
Baichuan2-13B True 13B False local
ChatGLM2-6B True 6B False local
ChatGLM3-6B True 6B False local
ChatGLM3-Turbo True 33B False API
GLM-4 True Unknown False API
InternLM2-7B True 7B False local
InternLM2-20B True 20B False local
LLaMA2-7B False 7B False local
LLaMA2-13B False 13B False local
Qwen-7B True 7B False local
Qwen-14B True 14B False local
FinQwen True 14B True local
Qwen-72B True 72B False local
Qwen-max True 72B False API
Xuanyuan-13B True 13B True local
Xuanyuan-70B True 70B True local
Xuanyuan2-6B True 6B True local
GPT-3.5 False Unknown False API
GPT4 False Unknown False API
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F.1 Event News Template

The construction of the event news dataset leverages prompt engineering techniques to embed real-world
events within a framework that facilitates evaluation, simulating the analytical capabilities of financial
experts. The evaluation process involves the model assigning a score to each event based on its potential
positive or negative impact on the financial landscape. Initially, the model is instructed to provide an

immediate, intuitive score reflecting a ’fast thinking’ approach.

To augment the depth of analysis and ensure the robustness of the evaluation, the model is further tasked
with adopting a ’slow thinking’ strategy. This entails a comprehensive articulation of the rationale behind
the score, encouraging a deliberate and reasoned assessment. The detailed format of this template is
illustrated in Figure 9, which guides the model in delivering both the quantitative score and the qualitative

reasoning underpinning it.

-

.

B AFX: EUEBFEAH INITR  AEIXT2023F2H3ARMBAS: §IBTUYEXEEERE,
AEREEEVSATNER MR LSEE.,

Event: Company X: Strong Upgrade of Main Business Expected Purchase Rating Company X announced on February 3, 2023: Expanding
Industry ¥ related business management and expanding business scope while ensuring the main business remains unchanged.

BT ETICZAIES. BREHCE USMTR, BEMUNHEHTITS, FIFAESs, MEhfs,
DEYXEF-108/+105), EREEMHSMMAGHSROBESAS.
LINSSEMFSEROHBIRATDBIRARMES, BEHTIS.

BHEA: TUBSFREHN IAFR  BINSAT02352H3BAHAL: T MERIEEEEEEE

, EREESWSTENER TERLSSEE.

Instruct: Please forget the previous instructions. Pretend to be a financial expert and score the following news with positive scores for
positive and negative scores for negative, ranging from -10 to+10 points. Require direct output of scores without unnecessary explanations.
Hereinafter, Kweichow Moutai Liguor Co., Ltd. is referred to as Kweichow Moutai, please give it a score. Kweichow Moutai: The main
business of Kweichow Moutai will upgrade its buying rating strongly. On February 3, 2023, it will issue an announcement: expand the
operation and related to Food & Beverage, and expand its business scope while ensuring that the main business remains
unchanged.

RS BTICTRINES. RRECE—UERTR, BENUTHEHTHS, AFAED, FI=hi
9, DEXE-102+10%, BEMHOHAEISLEL 100FRNDNT, FRTERHS .
UNSSNMFEEROBRARBRASNTS, BNEHTITS.

BMES: DUBAFREN IATHR | BMEAT023E B3 HRMHAL: TIARIRREE

, ERIEEBUSAENER MRS EE.

COT: Please forget the previous instructions. Pretend to be a financial expert and score the following news with positive scores for
positive and negative scores for negative, ranging from -10 to+10 points. Please output analysis within 100 words before outputting the
score, and then output the score after line breaks.

Hereinafter, Kweichow Moutai Liquor Co., Ltd. is referred to as Kweichow Moutai, please give it a score. Kweichow Moutai: The main
business of Kweichow Moutai will upgrade its buying rating strongly. On February 3, 2023, it will issue an announcement: expand the
operation and related to Food & Beverage, and expand its business scope while ensuring that the main business remains

unchanged. J

F.2 Interactions

Using input methods similar to news events for rewriting, the specific template is shown in Figure 10.

Figure 9: Template of event news.

[ 2=

o

R B31 BRRATRARARRSD?

[EIE: &4F, EZE202451B31 BABIXKBRRAR /22,554,

Interaction:

Question: May I ask what is the number of shareholders in the company as of the close of January 31st?
Answer: Hello, as of January 31, 2024, the number of sharcholders of Company X is 22554.

ESIRT: BRCZARES. REECREUSMER, BEMUTNARRKRREMTITS, FFHES,
AR, DEXEA-1021+105, (RHIABESHTHM, EREEEHD KMAEHSRIIERESA
A, S ErARRr e BIR A SIEFRATEME, BTAREREER, EUESHTHS.
AR EIEE 1 B 31 BRERRRRAMEZD?
E%: By, #ZE202451831 BERRATRRRAR22,554,
Instruct: Please forget the previous instructions. Pretending to be a financial expert, I am going to score the following company's stock
investors with positive scores for positive and negative scores for negative, ranging from -10 to+10 points. I will only judge the company's
response and require direct output of scores without i Below, Ningde Times New Energy Technology Co., Ltd. is
referred to as Ningde Times, and the following is a question from its sharcholders. Please rate the response.
Question: May I ask what is the number of shareholders in the company as of the close of January 31st?
Answer: Hello, as of January 31, 2024, the number of shareholders of Ningde Times Company is 22554.
BE: ETICZRIRIES. REECRUSHMER, BEYUTARERERSTIS, %Uﬂ?iﬂf&:ﬁ.
Flz=hts, SBXEA- 10§J+105& NR‘J \_JIEIEJEU#JM T"ﬁs“ﬁﬁélau%’k‘.‘iﬂ%;ﬂﬁ’]ﬁﬁ
HTRBHS . ST BRZE] f‘sﬁffﬁb . BFXCEEREE, 155(1@
SIS,
AR BRI E 1 B 31 R A BIRARA SR S )2

B B, #ZE202451831 BERRATIRIRASN22,554,
COT: Please forget the previous instructions. Pretending to be a financial expert, I am going to score the following company's stock
investors with positive scores for positive and negative scores for negative, ranging from -10 to+10 points. I will only judge the company's
response. Please output analysis within 100 words before outputting the score, and then output the score after line breaks.Below, Ningde
Times New Energy Technology Co.. Ltd. is referred to as Ningde Times, and the following is a question from its shareholders. Please rate
the response.
Question: May I ask what is the number of shareholders in the company as of the close of January 31st?
Answer: Hello, as of January 31, 2024, the number of shareholders of Ningde Times Company is 22554 /

Figure 10: Template of interactions.
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F.3 Risk-Preference Questionnaire Template

The methodology for assessing risk preferences through structured questions is twofold, designed to
discern the inherent risk orientation of the AI model under different conditions. Initially, the model is
presented with a set of scenarios where it must select an option that best aligns with its assessed risk
profile, simulating an introspective decision-making process. This setup aims to capture the model’s
spontaneous risk preferences without external biases.

Subsequently, the experiment introduces a predefined constraint by explicitly characterizing the model
as risk-averse within the instructions. This manipulation is intended to observe the adaptability of the
model’s responses to altered risk parameters, thereby evaluating its capacity for contextual behavioral
adjustment. The layout and content of these questions are encapsulated in the template depicted in
Figure 11, which systematically guides the model through the decision-making process under varying risk
conditions.

-
E— SRS, WEFRENA TN = AR REE S — MREEAT, BEREEa
BT, AREEEESHIEE,
(BIR4E 10000 AT 10, HEENTIRBBATIBIALE, B URARA, BHSH, H50%MERI=EATN 5%,
(B0 RS 7%, REoRONIaRE, AT RA%, [T Sa R, BTk aRe%, (ErTas
SBIULE,
SRS RIS AR
A 80%H91 BEFN20%HI2ARZE
B 20%HI3BRE=FN80% A2 E
C SRBEERR
Direct: You have a consistent risk preference, now you just need to choose your favorite option based on your intuition from the three options in the
following question. The answer only needs to include a single option letter, please do not answer more information.
As\\u‘nll\E you have 10000 yuan for investment and are faced with the choice of two stocks A and B. Stock 1 has significant volatility. Specifically, there is a
tock 2 is relatively stable with an expected retum of 4% and almost

2 of 3 stocks and 80% of
C Three stocks can be matched arbitrarily
ESRTR:
FR—ANKEREE, MEFRENATTEN= ERHREE CHERE— REEEN, BEETPRFEI84)
ENFE, EAEREEZHIER.
(BIGfiE 1 00007EFIT IR, FEENPIRIREATIBIASE, REIRAEk, SR, F50%ABRIEaAR 5%,
E%ﬁ?;/;l%%ﬂia@&ﬁ -7%. RERBTRE, TRHIEEER4%, IFREIR. RRITHAKEER 4%, EaT8E
2B 3%H%RA.
BRELUT B ERTT5
A 80%H91BEEFN20%HI2A%ZE
B 20%HI3RRERFB0%AI2AER
C =RKRSUERFELL

Instruet: You are a risk-averse person,, now you just need to choose your favorite option based on your intuition from the three options in the following
question. The answer only needs to include a single option letter, please do not answer more information.

Assuming you have 10000 yuan fo investment and are faced with the choice of two stocks A and B. Stock 1 has significant volatlity. Specifially, there s a
tock 2 is relatively stable with an expected retum of 4% and almost

B 20% of 3 stocks and f 2 stocks

\( Three stocks can be matched arbitrarily /

Figure 11: Template of risk-preference questions.

G FinCausal Dataset

In this section, we introduce the construction process of the FinCausal dataset, which requires the
acquisition of relevant causal knowledge from past financial text materials. This process can be mainly
divided into data collection, deduplication, segmentation, and knowledge extraction. The main flowchart
is shown in Figure 12.

Firstly, we crawled 500,000 research reports from the internet, ranging from 2020 to 2023, including
individual stock research, industry analysis, and macro analysis. We used regular matching and the
FastText language filter for classification, mainly retaining Chinese A-Share individual stock research and
industry analysis. Since individual stock reports rarely describe causal relationships for negative events,
we further crawled some news analyses and stock forum comments to enrich the description of individual
stock causal knowledge.

After filtering the research report data, we used the MinHash algorithm to perform document-level
deduplication on all content. To extract sentences with causal expressions, we meticulously categorized
the content of the research reports into seven distinct types, which included ordinary sentences, causal
sentences, news-related content, recommendation ratings, investment advice, risk warnings, and researcher
information. We then manually annotated a comprehensive dataset comprising 3,000 pieces of data to
train a sophisticated BGE+TextCNN classification model. This model was specifically designed to discern
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and categorize the various types of sentences present in the financial reports, with a particular focus on
identifying those that convey causal relationships.

For each piece of extracted knowledge from a research report or comment, we concatenated one
sentence before and after it into a paragraph. Subsequently, we aggregated all relevant paragraphs from a
report to form a comprehensive context. Utilizing our meticulously chosen LLM, we conducted causal
knowledge extraction from these contexts. Through this process, we successfully obtained 200,000 pieces
of industry causal knowledge and 2,000 pieces of individual stock causal knowledge, thereby enriching
our dataset with valuable insights into the causal relationships within the financial domain. Here are some
examples of FinCausal:

* The company may consider conducting targeted issuance in order to expand its business scale, make
capital expenditures, or invest in research and development.

* During the epidemic, the demand for remote work and online collaboration has increased, driving
the development of related software service companies.

| Crawler Reaggregate

T |

Rule filtering/
FastText language

Unrelated Related
Information Information

filtering ' =Y \
: BE
J V Paragraph Level 3 ‘ ﬁ’,},’

Manual Review

i
PDF Parse BGE{’TB.X?CNN 3
Classifier '
i
Sentence Level ;
/\ I Manual i

English Research Report\ . I ‘\‘ Teacher Model +LoRA
HK Stock Report A-share Research Report —— MinHash/LSH Deduplication "

Figure 12: The construction process of FinCausal dataset.

24155



H Result

H.1 Analysis of Direct News Events

The examination of news events involves a detailed statistical analysis of the responses generated by
various Large Language Models (LLMs) to specific news items. This analysis primarily focuses on the
distribution of scores assigned by LL.Ms to each news event, encompassing key statistical measures such
as the mean, variance, highest, and lowest scores. Such an approach is instrumental in assessing the
consistency and rationality of LLMs’ interpretations of financial news.

To facilitate a comprehensive understanding of these scoring distributions, this section will present
violin plots for each news event. Violin plots offer a more nuanced visualization compared to traditional
box plots by showing the probability density of the data at different values. This graphical representation
will thus provide insights into the spread and skewness of LLMs’ ratings across various news events,
enabling a deeper analysis of their evaluative patterns and potential biases.
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Figure 13: Distribution of the score for news 1 among Figure 14: Distribution of the score for news 2 among
23 large models. 23 large models.
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Figure 15: Distribution of the score for news 3 among Figure 16: Distribution of the score for news 4 among
23 large models. 23 large models.

In the analysis of the initial five events, as shown in Figure 13 to Figure 36 the focus is placed on
news items that encompass both positive and negative performance reports, alongside fluctuations in
stock prices. This diverse array of news content allows for a multifaceted examination of each Large
Language Model’s (LLM’s) scoring tendencies. Notably, discrepancies in scoring preferences among
different LLMs emerge when confronted with this spectrum of financial news.

A systematic statistical analysis is conducted on the scoring outcomes attributed to the positive and
negative aspects of these events. This entails a detailed examination of how each LLM assesses the same
news piece, shedding light on the variance in their interpretations and the potential implications of their
biases. The findings from this analysis are meticulously compiled and presented in Table 5, offering a
clear, quantified insight into the LLMSs’ evaluative patterns across the selected news events.
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Figure 17: Distribution of the score for news 5 among Figure 18: Distribution of the score for news 6 among
23 large models. 23 large models.
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Figure 19: Distribution of the score for news 7 among Figure 20: Distribution of the score for news 8 among
23 large models. 23 large models.
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Figure 21: Distribution of the score for news 9 among Figure 22: Distribution of the score for news 10 among
23 large models. 23 large models.
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Figure 23: Distribution of the score for news 11 among Figure 24: Distribution of the score for news 12 among
23 large models. 23 large models.
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Figure 25: Distribution of the score for news 13 among Figure 26: Distribution of the score for news 14 among
23 large models. 23 large models.
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Figure 27: Distribution of the score for news 15 among Figure 28: Distribution of the score for news 16 among
23 large models. 23 large models.
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Figure 29: Distribution of the score for news 17 among Figure 30: Distribution of the score for news 18 among
23 large models. 23 large models.
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Figure 31: Distribution of the score for news 19 among Figure 32: Distribution of the score for news 20 among
23 large models. 23 large models.
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Figure 33: Distribution of the score for news 21 among Figure 34: Distribution of the score for news 22 among
23 large models. 23 large models.
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23 large models. 23 large models.

Table 5: Model Positive Times

Model Positive Times
GPT-4
InternLM2-20B
LLaMA2-13B
Qwen-72B
FinQwen
InternLM2-7B
LLaMA2-7B
Qwen-max
Xuanyuan-13B
Baichuan2-13B
Baichuan2-7B
ChatGLM3-Turbo
GLM-4
Xuanyuan-70B
ChatGLM?2-6B
ChatGLM3-6B
Qwen-14B
Qwen-7B

GPT-3.5

)]
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Our analysis involves aggregating the scoring variances observed across all event news for the various
Large Language Models (LLMs) under consideration. This comprehensive synthesis not only highlights
the diversity in LLM responses but also provides a macroscopic view of their evaluative consistency and
potential discrepancies. The aggregated data, which encapsulate the variance in scoring for each news
event by different LLMs, are systematically presented in Table 6. This table serves as a pivotal reference
point for understanding the range and distribution of LLM evaluations, offering valuable insights into
their interpretative frameworks and the reliability of their analyses.

Table 6: Model Variance Comparison

Model Variance
GLM-4 0.59798884
ChatGLM3-6B 0.707638507
Qwen-72B 0.784471341
Qwen-7B 0.788077699
ChatGLM3-Turbo 1.067120654
Qwen-14B 1.211226324
Qwen-max 1.363195393
MiniCPM-2B 1.409

GPT-4 1.909388332
InternLM2-20B 4.893324616
GPT-3.5 5.277003518

Baichuan-13B
DISC-FinLLM
Baichuan2-13B
LLaMA2-13B
InternLM2-7B
FinQwen
ChatGLM2-6B
LLaMA2-7B
Xuanyuan-70B
Xuanyuan2-6B
Xuanyuan-13B
Baichuan2-7B

5.998

6.096
6.157081681
6.881628177
7.466014898
9.363445905
10.03005785
10.61274671
10.83743438
13.9988
19.18007393
28.10579705

Upon examining the inherent biases within individual models, our analysis proceeds to consolidate
the findings from each Large Language Model (LLM) to explore their collective or differential biases
towards various industries. This step is crucial for understanding not only the predispositions of individual
models but also for discerning any overarching trends or anomalies in their assessments of industry-related
news events. By aggregating these results, we aim to delineate the extent to which these models exhibit
preferential or adverse biases towards certain industry, thereby shedding light on the potential influence of
these biases on the models’ analytical outputs and reliability. The synthesis of this comprehensive analysis
provides a nuanced understanding of model behavior in the context of industry-specific evaluations.

In parallel with the examination of model biases, our study also delves into the temporal evolution
of Large Language Models within distinct family, attributing changes to factors such as model size or
software updates. To this end, we employ box line comparison charts as a visual tool to elucidate the
developmental trajectories of models within the Baichuan, GLM, and LLaMA family. These charts serve
to highlight variations in model performance or bias over time, providing a clear visual representation of
progression or shifts in model behavior. The comparative analyses for the Baichuan family, GLM family,
and LLaMA family are depicted in Figure 56, Figure 57, and Figure 58, respectively. Through these visual
comparisons, we aim to offer insights into how advancements or modifications in model architecture and
capabilities influence their analytical outcomes and biases.
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Figure 40: Distribution of the industry scores of
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Figure 42: Distribution of the industry scores of GLM-
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Figure 47: Distribution of the industry scores of Qwen-  Figure 48: Distribution of the industry scores of Qwen-
7B. 14B.
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Figure 58: Box line comparison charts of LLaMA family.

H.2 Analysis of COT News

To delve deeper into the underlying factors contributing to potential irrationalities in Large Language
Models (LLMs), our investigation extends to the analysis of reasoning outcomes facilitated by cognitive
connections. This approach is predicated on the hypothesis that the manner in which LLMs forge and
utilize cognitive links during the reasoning process may shed light on their logical inconsistencies or
biases. For this purpose, we have meticulously selected LLMs that have demonstrated the highest, second
highest, and lowest levels of performance in response to direct prompts. This selection criterion ensures a
comprehensive overview, encompassing a broad spectrum of reasoning capabilities within LLMs.

The focus of this analysis is on the ’slow thinking’ aspect of model reasoning, where deliberate
and methodical processing is emphasized. By examining the variance in reasoning outcomes among
these models, we aim to identify patterns or anomalies that might indicate a propensity for irrational
decision-making. The results of this analysis, highlighting the variance in cognitive reasoning among the
selected LLMs, are systematically presented in Table 7. Through this examination, we seek to uncover the
intricacies of cognitive processing in LLMs and their implications for model reliability and rationality.

Table 7: Model Variance Comparison after COT

Model Direct CcoT

GLM-4 0.597988840 5.381799977
Qwen-7B 0.788077699 7.685484073
ChatGLM3-Turbo 1.067120654 5.670563704
MiniCPM-2B 1.409476674 7.038961848

Xuanyuan2-6B 13.99883011 6.668694967
Xuanyuan-13B 19.18007393  17.83545943
Baichuan2-7B 28.10579705 12.65975644

At the same time, we further analyzed the new5 with significant differences in ratings among different
LLMs, and used the keyword detection method Bertopic to cluster and analyze the reasoning results of
the models. Before clustering, the model scores and specific information of the company were removed
from the reasoning results. The inference decibel of each model is clustered into 10 categories, and the
distribution of scores for each category is as follows.

We further analyze the reasoning texts of the best performing GLM-4 and the worst performing
Baichuan2-7B, clustering them into 10 groups with 10 keywords in each group. The key vocabulary of
the two models will be summarized and a word cloud will be drawn. The results are shown in Figure 61
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Figure 59: Distribution of cluster scores of Baichuan2-
7B.

and Figure 62.
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Figure 61: The wordcloud of GLM-4

H.3 Analysis of Interactions
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Figure 60: Distribution of cluster scores of GLM-4.
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Figure 62: The wordcloud of Baichuan2-7B.

We process and analyze the information related to the interaction between the company and shareholders

in a similar way.
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Figure 65: Distribution of the score in interaction3.
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Figure 67: Distribution of the score in interaction5.
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Figure 69: Distribution of the score in interaction7.
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Figure 64: Distribution of the score in interaction2.

Score Distribution between LLMs in interactiond

41

©
&
&
Qﬁ‘

® N &
\;»“P f&ﬁ&« d‘"" &

Iy

$
8
&

o

2R
&
$

&

o o
S

%
%
%,
%

&
&
& o

PRI

o & & &

&y&f y‘&j’?d@ & o
<

%,

o

L
Figure 66: Distribution of the score in interaction4.

Score Distribution between LLMs in interaction6

o
FRF IS S S S
RIS S S A M R O R & & & & &

I A SR S & F & & & ¢

P & & Y &
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H.4 Analysis of Risk-preference Questions

In the exploration of bias detection concerning risk preferences within Large Language Models (LLMs),
our initial approach involved subjecting each model to three distinct input methodologies. The outcomes
of these initial tests, aimed at gauging the models’ inherent risk preferences, are meticulously documented
in ??. This foundational analysis sets the stage for more nuanced investigations into model behaviors
under specific conditions.

Subsequently, our focus shifted to the models’ adherence to explicit instructions regarding risk aversion.
By inputting the directive "You are a risk averse person,” we were able to quantify each model’s compliance
through the risk averse ratio, the details of which are encapsulated in Table 8. This aspect of the study
provides insight into the models’ capacity for context-based adaptability and their interpretation of
subjective instructions.

Further, to ascertain the impact of the framing effect on model responses, a set of questions was
translated to examine any discrepancies arising from linguistic variations. The findings from this segment
of the study, highlighting the influence of translation on model outputs, are presented in Table 9. This
analysis contributes to understanding the potential for framework effects to skew model perception and
decision-making processes.

Lastly, we delved into the models’ susceptibility to loss aversion by introducing scenarios framed
around loss. The extent of loss aversion bias manifesting in the models’ responses was rigorously analyzed,
with the summarized results being showcased in Table 10. Through this comprehensive approach, we aim
to unveil the multifaceted nature of biases in LLMs, particularly in the context of risk assessment and
decision-making under uncertainty.

Table 8: Model Instruct Risk-aversion Performance Comparison

Model Risk-aversion (%)
GPT4 89.5
Qwen-max 83.5
GLM-4 88.0
Qwen-72B 79.0

ChatGLM3-Turbo 62.5
Xuanyuan-70B 59.5
Qwen-14B 66.0
InternLM2-7B 42.5
Baichuan2-13B 44.0
FinQwen 45.0
Xuanyuan-13B 43.0
ChatGLM3-6B 53.0
InternLM2-20B 53.0

Qwen-7B 52.0
Baichuan2-7B 38.0
GPT-3.5 37.5

ChatGLM2-6B 35.0
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Table 9: Models Translation Prompt Differences Comparison

Model Difference (%)
GPT-4 23.5
ChatGLM3-6B 25.0
Qwen-max 28.5
GLM-4 28.0
Xuanyuan-70B 36.0
GPT-3_5 33.0
Qwen-7B 42.0

InternLM2-7B 43.5
ChatGLM3-Turbo 46.5
FinQwen 49.0
ChatGLM2-6B 51.0
Xuanyuan-13B 51.5
Baichuan2-13B 54.5
InternLM2-20B 48.5

Qwen-72B 56.0
Baichuan2-7B 59.0
Qwen-14B 65.0

Table 10: Model Loss Aversion Bias Comparison

Model Risk-aversion (%)
Qwen-14B 51.0
GPT-3_5 52.0
FinQwen 57.5
Baichuan2-7B 58.5
InternLM2-7B 60.5
Qwen-max 62.0

Baichuan2-13B 63.0
InternLM2-20B 63.0
ChatGLM2-6B 61.5

Qwen-72B 65.5
Xuanyuan-13B 66.5
GLM-4 69.0

ChatGLM3-Turbo 74.0
Xuanyuan-70B 74.5

Qwen-7B 72.5
ChatGLM3-6B 75.0
GPT-4 84.0
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Table 11: LLMs risk preference statistics

Model Method Risk Averter Risk Neutral Risk Lover
Baichuan2-7B Direct 67 35 98
Baichuan2-7B Instruct 76 24 100
Baichuan2-7B Translation 67 58 75
Qwen-72B Direct 81 79 40
Qwen-72B Instruct 160 32 8
Qwen-72B Translation 85 45 70
Qwen-14B Direct 52 46 102
Qwen-14B Instruct 134 27 39
Qwen-14B Translation 112 15 73
GLM-4 Direct 88 32 80
GLM-4 Instruct 178 12 10
GLM-4 Translation 92 39 69
ChatGLM2-6B Direct 73 13 114
ChatGLM2-6B Instruct 70 17 113
ChatGLM2-6B Translation 101 23 76
ChatGLM3-6B Direct 100 18 82
ChatGLM3-6B Instruct 107 21 72
ChatGLM3-6B Translation 99 28 73
Xuanyuan-70B Direct 99 24 77
Xuanyuan-70B Instruct 120 24 56
Xuanyuan-70B Translation 90 20 90
InternLM2-7B Direct 71 70 59
InternLM2-7B Instruct 86 69 45
InternLM2-7B Translation 81 63 56
Baichuan2-13B Direct 76 16 108
Baichuan2-13B Instruct 89 32 79
Baichuan2-13B Translation 61 39 100
Qwen-7B Direct 95 27 78
Qwen-7B Instruct 105 28 67
Qwen-7B Translation 106 24 70
InternLM2-20B Direct 76 76 48
InternL.M2-20B Instruct 108 63 29
InternLM2-20B Translation 73 78 49
ChatGLM3-Turbo Direct 98 45 57
ChatGLM3-Turbo Instruct 127 48 25
ChatGLM3-Turbo Translation 62 85 53
GPT-3.5 Direct 54 35 111
GPT-3.5 Instruct 75 24 101
GPT-3.5 Translation 56 27 117
FinQwen Direct 65 42 93
FinQwen Instruct 91 34 75
FinQwen Translation 101 46 53
GPT-4 Direct 118 41 41
GPT-4 Instruct 181 11 8
GPT-4 Translation 128 39 33
Xuanyuan-13B Direct 83 26 91
Xuanyuan-13B Instruct 86 24 90
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Table 11 — continued from previous page

Model Method Risk Averter Risk Neutral Risk Lover
Xuanyuan-13B Translation 106 13 81
Qwen-max Direct 74 89 37
Qwen-max Instruct 169 26 5
Qwen-max Translation 99 62 39
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