
Scientific Journal of Intelligent Systems Research                                                                                        Volume 3 Issue 10, 2021 

ISSN: 2664-9640                

26 

Question Classification of Question Answering System in 
Financial Management Based on BERT 

Limin Shao 1, Qingxia Xue1 and Xiaofang Liu1,2 

1 Artificial Intelligence Key Laboratory of Sichuan Province, Automation and Information 
Engineering, Sichuan University of Science and Engineering Zigong, 643002, China; 

2 School of Computer Science and Engineering, Sichuan University of Science and Engineering, 
Zigong, 643002, China. 

Abstract 

Question classification is the first step of the QA system, and the quality of classification 
results is the key factor that restricts the retrieval effect of the question answering 
system. Currently, most of the researches on question classification seldom focuses on 
the field of financial management. Thus, in view of the incomplete datasets of financial 
management questions and its complexity of semantic information, this paper 
constructs a question classification model based on BERT. Firstly, the training samples 
for classification are derived from real financial management questions that are crawled. 
Then, the question datasets are preprocessed. Finally, the SVM classification model, Bi-
LSTM classification model and BERT classification model are constructed to accomplish 
the question classification for financial management. The experimental results show 
that the accuracy, recall and   value of the classification model based on BERT are higher 
compared with other classification models, such as SVM model and Bi-LSTM model. The 
question classification model based on BERT has a good classification effect and be used 
as the question classification of financial management question answering system. 
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1. Introduction 

In daily life, financial management is closely related to people, such as banks, funds, insurance 
and investment, which are often used by people, all of which are inseparable from financial 
management, so it is related to people's livelihood and becomes popular . However, due to the 
great demand for knowledge related to financial management, many questions have not been 
solved in time and answered by professionals. With the rapid development of artificial 
intelligence technology, through construction of intelligent Question Answering (QA) system in 
professional field, it can provide more conveniently and accurately services for people who 
have doubts in this field. Therefore, constructing a financial management QA system can 
provide professional, accurate and timely answers to suit people's needs. The QA system 
consists of three parts: question analysis, information retrieval and answer extraction [1]. 
Question classification is an important part of question analysis and the first step of the QA 
system. Moreover, the classification result is the pivotal factor restricting the retrieval effect of 
the QA system [2]. 

With regard to the research on question classification, machine learning has been the 
mainstream method in the past few decades. But, after the emergence of deep learning, this 
method has been more widely used in question classification, for which it has greatly promoted 
the relevant research on question classification. The methods of traditional machine learning 
in question classification are mainly divided into two categories: empirical rules-based and 
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statistics-based machine learning methods [3]. Because the performance of the method based 
on empirical rules is poor, while the performance of the method based on statistics is better, 
the machine learning method based on statistics occupies a dominant position, in which the 
commonly used learning models are Support Vector Machine (SVM) [4], Naive Bayesian [5], K-
Nearest Neighbor model [6] and so on. The question classification methods based on deep 
learning mainly use deep learning to learn and analyze the semantics of questions, 
automatically extract features, and then classify [7]. The commonly used models in this method 
are TextCNN [8], Long Short-Term Memory (LSTM) [9] and attention mechanism [10]. With the 
continuous development of deep learning, neural network speech patterns based on 
preprocessing appear. The main patterns are Embedding from Language Models (ELMo) [11], 
Bidirectional Encoder Representations from Transformer (BERT) [12,13] and so on. The 
preprocessing model has made a significant improvement in question classification. 

At present, there is a relatively lack of large-scale corpus database in the field of financial 
management, so there are a few researches on question classification in this field, and only a 
small number of researchers have studied the QA system in the field of financial management. 
Minzhen Huang [14] constructed a QA system in the financial field based on machine reading 
comprehension, and proposed an end-to-end extractive machine reading comprehension 
model with multiple attention mechanisms, which achieved the effects of 44.65% of Rouge-L 
and 38.37% of Bleu-4. Xinwei Wang [15] focused on the optimization of text classification 
algorithms in the financial field, having achieved the classification accuracy of 95.1%. Ming Luo 
et al [16] also constructed a financial text classification method based on semantic tagging 
features. Through the lexical-semantic pattern method, some important semantic tagging 
features related to the profession were extracted from the text, which were used to construct 
the semantic vector space representation model, but the classification effect was only 80.1%. 
The above studies are unable to use contextual information or difficult to learn sentence 
representation. This paper studies the question classification performance of three question 
classification models based on BERT, Bi-LSTM and SVM in the field of financial management, 
and selects the most efficient classification model as the final model of this paper. 

2. Introduction of Question Classification Model 

2.1. BERT Model 

The pre-trained language model plays an important role in many Natural Language Processing 
(NLP) problems, such as QA tasks, named entity recognition and classification tasks. At present, 
there are mainly two strategies for applying the pre-trained language model to NLP tasks. One 
is the feature-based language model, such as the ELMo model: the main purpose is to train a 
complete language model, and then use this language model to process the text that needs to 
be trained to generate the corresponding word vectors. Finally, the generated word vectors are 
added as a feature to the specific NLP supervised model. The other is the language model based 
on fine tuning, such as Generative Pre-Training (GPT) [17]: firstly, the language model is trained 
with a large number of unlabeled text datasets, then softmax is connected to the last layer of 
the trained language model as the task output layer, and finally the model is fine-tuned 
according to the specific downstream tasks. Because both ELMO and GPT models are one-way 
language models, the understanding of context is not as profound as the two-way model of 
BERT, and it is not as efficient as BERT in extracting expected features [18]. In addition, BERT 
has modified the input layer and output layer to make it suitable for all kinds of NLP tasks. 
Therefore, this paper constructs a financial management question classification model based 
on BERT, see Figure 1. 
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Figure 1: financial management question classification model based on BERT 

In Figure 1, 
iTok  represents the ith Token (random occlusion of some characters). The [CLS] 

character represents the beginning of a sentence, and if there are two sentences, the character 
is omitted at the beginning of the second sentence. The [SEP] character represents the end of a 
sentence. Token, Segment and Position respectively stands for marker embedding, segment 
embedding, and placement embedding. 

iE  represents the ith word embedding vector. 
iA  and 

iB  represent the feature vector obtained after BERT processing. C  represents a set of feature 

vectors generated by BERT according to the [CLS] flag.  

Input the financial management questions into the model, and then transfer them to the word 
embedding layer to get the sum of the three vectors, which is used as the input word vector of 
BERT. Finally, after pre-training the output results of BERT, a classification layer is added to 
fine-tune and output the classification. 

2.2. Bi-LSTM Model 

In this paper, the Bi-LSTM question classification model [19] will build five layers, see Figure 2, 
which are input layer, word embedding layer, Bi-LSTM layer, full connection layer and output 
layer.  

(1) Input Layer: input financial management questions.  

(2) Word Embedding Layer: all the input financial management questions are segmented, and 
the Word2Vec method is used to represent the corresponding word vector for each word.  

(3) Bi-LSTM Layer: receive the word embedding output from the upper layer as input, fully mine 
the important information in the questions, and get the output vectors 1 2, , , nh h h .  

(4) Full Connection Layer: Because it’s a multi-classification problem, the activation function 
uses Softmax.  

(5) Output Layer: output classification result.  
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Figure 2: The Bi-LSTM question classification model 

2.3. SVM Model 

The main idea of the SVM model is to find an optimal separated hyperplane, and make the 
distance between the two sides of the data separated from this plane the largest. In this paper,  
since financial management data need to be divided into 11 categories, it is necessary to do 
multi-value classification. Therefore, One-versus-rest (OVR) method is used to construct multi-
class classifier [20], and the linear function is selected as the kernel function. In the experiment, 
the influence of feature extraction and other factors on the classification effect of SVM model 
are analyzed by the method of controlling variables. 

The idea of this method is: if there are three categories to be divided, they are A, B and C. When 
extracting the training sets, three training sets are selected as follows:  

(1) the vector corresponding to A is the positive set, and the vectors corresponding to B and C 
are the negative sets;  

(2) the vector corresponding to B is the positive set, and the vectors corresponding to A and C  
are negative sets;  

(3)the vector corresponding to C is the positive set, and the vectors corresponding to A and B 
are the negative sets;  

Use above three training sets to train respectively, and then get three training result files. In the 
test, the corresponding test vectors are tested by using the three training result files. Finally, 

each test has a result, respectively  1f x ,  2f x ,  3f x . Therefore, the final result will select 

the largest of the three values as a classification result. 

3. Experiment and Analysis 

3.1. Datasets  

In this paper, 11 kinds of common questions in the field of financial management are crawled 
by crawler technology, with a total of 16000 questions. There are 11 categories of financial 
management questions, see Table 1. 
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Table 1: 11 Categories of financial management questions 

Numble Category 

1 Venture capital 

2 Business management 

3 Finance and Taxation 

4 Bank 

5 Stock 

6 Financial management 

7 Fund bond 

8 Insurance 

9 Trade 

10 Business documents 

11 National economy 

 

Preprocess the crawled financial questions and answer data, that is: convert questions into 
statements, remove the answer information of questions, match the corresponding 
classification labels for each type of data, and so on. Then it is divided into training set and test 
according to the ratio of 7:3 to construct the financial management question datasets. In 
experimental training, the method of validation uses 10-fold cross-validation. There are A 
sample of partially preprocessed financial management questions, see Table 2.  

Table 2: A sample of partially preprocessed financial management questions  

Category Question Sentence 

Venture capital What industry is the most profitable now 

Business 
management 

How to manage staff well in stores 

Finance and Taxation 
What should I do if the balance sheet changes at the beginning of 

the year and the balance sheet is unbalanced 

Bank Can I transfer money between banks on Sundays 

Stock 
What does the average number of shares held in equity incentives 

mean 

Financial 
management 

How to pay employees' wages in bankruptcy liquidation 

Fund bond How to operate the fund's fixed increase loss 

Insurance 
What should I do if I make up an employee's medical insurance by 

mistake 

Trade What are the major foreign exchange markets in the world 

Business documents 
Can the real estate contract be renamed when applying for the real 

estate certificate 

National economy 
The main reason why the downward pressure on my country's 

economy continues to exist is 
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3.2. Environment and Evaluation Indicators  

The experimental environment GPU is NVIDIA GeForce RTX 3080 and software environment 
Python3.7 and TensorFlow1.13.0. 

The precision, recall rate and 
1F  value are used as evaluation indexes in this paper. The 

formulas are as follows: 

precision: 

FPTP

TP
P


                                                                         (1) 

recall: 

TNTP

TP


R                                                                         (2) 

1F  value: 

%100
2

1 



RP

PR
F                                                                         (3) 

In formula 1-3: TP means correctly predicting positive samples as positive; FP means 
incorrectly predicting negative samples as positive; TN means correctly predicting negative 
samples as negative. The precision classifier correctly judges the ratio of the number of 
questions in this category to the total number of questions that the classifier judges to belong 
to this category. The recall rate refers to the ratio of the number of questions that the classifier 
correctly judges as this type to the total number of questions that belong to this type. Among 
them, P stands for precision and R stands for recall. The maximum value of the three indicators 
is 1, and the minimum is 0. The closer to 1, the better the classification effect.  

3.3. Parameter Setting 

3.3.1. BERT Model 

Use BERT-Base-Chinese to carry on the classification experiment. After constantly adjusting the 
parameters, the parameters of this paper are selected, see Table 3.  

Table 3: BERT model parameter 

Model P(%) 

max_seq_length 512 

train_batch_size 16 

learning_rate 5e-5 

num_trian_epoch 3.0 

3.3.2. Bi-LSTM Model 

Although the use of higher-dimensional word vector dimensions can better describe semantic 
features, it will also cause a significant increase in the parameters of the Bi-LSTM neural 
network model. Thus, the parameters of this paper are set, see Table 4.  

Table 4: Comparison of question classification models 

Model P(%) 

embedding_size 200 

hidden_size 256 

learning_rate 0.001 

batch_size 64 

Sequence_length 100 
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3.3.3. SVM Model 

After comparison, it is found that the effect is the best when jieba word segmentation is selected 
for corpus preprocessing, unigram and bigram are set, word frequency is weighted by TF-IDF 
method, and the value of parameter C is set to 0.4. 

3.4. Experimental Results and Analysis 

In this paper, classification experiments are carried out on the same preprocessed datasets 
based on Bi-LSTM classification model, SVM classification model and BERT classification model. 
Table 3 shows the comparison of different classification models in recall rate, accuracy and 

1F  

value, which shows that the question classification model based on BERT is several percentage 
points higher than other two methods. The question classification effect of this method is the 
best, the Bi-LSTM classification effect is in the middle, and the SVM classification effect is 
slightly worse. 

Table 4: Comparison of question classification models 

Model P(%) R(%) 1F  (%) 

SVM 74.01 74.32 74.16 

Bi-LSTM 85.23 82.98 84.09 

BERT 92.40 91.57 91.98 

 

This experiment also proves that the SVM model is difficult to deal with the multi-classification 
problem of a large amount of data. Although the OVR method is used to build multiple classifiers, 
since there are more categories, more and more decision boundaries are needed, which makes 
the model more and more complex. Therefore, this method will lead to poor classification 
results. For the Bi-LSTM model can’t be parallelized, it is time-consuming and requires a lot of 
computing resources, while the advantage of the BERT model is that it can be parallelized. The 
multi-head attention mechanism and two-way encoding make the unsupervised training of 
BERT more effective and can better express semantics, so the performance of BERT for the 
multi-classification problem of a large number of data is also very good. At the same time, BERT 
pre-training is also time-consuming and consumes a lot of computing resources, but BERT can 
fine-tune it to different downstream tasks, so using the pre-trained model to fine-tune 
classification tasks still has a good effect. In summary, the question classification model of 
financial management QA system based on BERT performs very well, and can be well applied 
to the question classification in the field of financial management. 

4. Conclusion 

In view of the complex semantics of financial management questions and the incompleteness 
of large-scale datasets, this paper constructs a question classification model of financial 
management QA system based on BERT. Compared with the SVM classification model and the 
Bi-LSTM classification model, it is proved that the classification performance of the BERT 
classification model is higher than that of the other two methods, indicating that the question 
classification model based on BERT can extract the semantic features of the text efficiently and 
can be effectively applied to the question classification in the field of financial management. In 
the next work, noise reduction will be considered. At the same time, try to combine other 
traditional deep learning models with improved BERT to explore a better way of model fusion 
to improve the performance of question answering system retrieval. 
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