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Abstract—Since the advent of the Internet, the way people 

express their ideas and beliefs has undergone significant 

transformation. Blogs, online forums, product review websites 

and social media are increasingly the primary means of 

distributing information about new products. Twitter, in 

particular, is giving people a platform to air their views and 

opinions about a variety of events and products. In order to 

continually enhance the quantity and quality of their products 

and services, entrepreneurs constantly need input from their 

customers. Businesses are always looking for ways to increase the 

quality of their products and services. As a result, it's tough to 

understand the consumer's sentiments because of the large 

volume of data. In this research work, a Kaggle dataset of airline 

tweets for sentiment analysis was used. The dataset contains 

11,540 reviews. We proposed an ensemble CNN, LSTM 

architecture for sentiment analysis. For comparison of the 

proposed system, LSTM alone also tested for similar dataset. 

LSTM was given an accuracy of 91%, and the proposed ensemble 

framework with LSTM and CNN was given an accuracy of 93%. 

The experiments showed that the proposed model achieved better 

accuracy when compared to conventional techniques. 
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I.  INTRODUCTION  

 
In recent decades, a prominent topic among researchers has 

been how to acquire important knowledge from most of these 
social platforms, particularly Twitter. Twitter is a blogging 
platform that allows for a limitation of 280 characters per each 
tweet. It is the most widely used social media platform. Twitter 
has more than 300 million monthly active users[1]. It provides a 
wonderful platform for users to discuss their thoughts and ideas 
on current events. There are no local groups on Twitter,anyone 
can send tweets and have unrestricted access.Sentiment analysis 
is a mathematically systematic study of people's ideas and 
opinions, which can be favourable or unfavourable, regarding 
any product or event, using text analytics. The volume of user-
generated content is far too large for a typical user to filter 
through. Businesses want a tool to assist them in assessing the 

feedback received from individuals on their product or service. 
The usage of a variety of sentiment analysis algorithms is 
widespread because of the growing need to automate this 
process. Text data capture strategies are primarily concerned 
with processing, searching, and interpreting the factual 
information available. Unstructured content can be found in 
mails, discussion forums, blogs, and social media. But, unless 
the data is formatted in a specific way, extracting value from it 
is difficult. It is time-consuming and expensive process because 
manual data analysis consumed time and resources. NLP-based 
text classifiers have proven to be a great solution for swiftly, 
cost-effectively, and scalable structuring text data. For 
sentiment analysis, Twitter is a good place to start. Twitter data 
can be used to classify sentiment into good, unfavorable, and 
neutral categories. Reviewing movies, products, airline reviews 
and the market all benefit from sentiment analysis. In this 
paper, we have done sentiment analysis on airline tweets. The 
Kaggle dataset was used for experiments. 

II. PREVIOUS WORK 

Abdur Rasool[2] et.al applied naive bayes classifier for twitter 

sentiment analysis of appreal brands. Natural language 

processing techniques for text cleaning and later machine 

learning algorithms used for text classification. B.Gaye[3] et.al 

used ensembling classification approach for “twitter sentiment 

classification” .They applied stacking ensemble with three 

RNN  model as base learners and logistic regression as meta 

learner and achieved better results. M.Qasem[4] et.al applied 

term frequencyinverse term frequency(TF-IDF) technique for 

twitter sentiment classification and achieved good 

accuracy.They compared their model with conventional Term 

Frequency and claimed that TF-IDF given more accuracy than 

TF. Zahoor[5] et.al proposed various shallow ML algorithms 

for twitter sentiment analysis and ahieved good results.They 

collected 16,000 tweets about election polls and applied variou 

preprocessing techniques ollowed by various ML algorithms 

like K-NN,Decision tree,RF,LSTM and achieved good 



accuracy with their proposed methods.V.Priyanka[6] et.al 

applied various ML and DL techniques like Logistic 

Regression,ANN, RNN, XGBoost for twitter sentiment 

analysis and achieved an accuracy of 83% with their model.In 

[7],the authors applied deep convolutional NN and achieved 

good accuracy rate. In [8], authors applied LSTM variants and 

good resuts are reported. 

 

III. PROPOSED METHODOLOGY 

 

First, The sentiment analysis dataset was downloaded from 

Kaggle [10]. There are 14,640 tweets in the dataset, which are 

arranged into 15 categories. Among these features is "Text," 

which offers customer reviews. The feature 'airlinesentiment' is 

the dependent variable. This variable has 3 labels: 'neutral', 

'negative', and 'positive'. Based on three labels, we further 

classify the dataset in to 3 subsets. Next,we applied 

CNN,LSTM ensemble on these three sets.. The proposed work 

was shown in  Fig-1. 

 

A. Convolutional Neural Networks(CNN) 

CNN is a neural network with which minimum of one layers a 

convolutional layer. CNN consists of convolutional layers 

followed by pooling layers followed by dense layers.CNNs are 

very much successful in image classification problems. 

 

B. Recurrent Neural Netoworks (RNN)  

A neural network that is performed several times with pieces 

from each run feeding into the next. In particular, the prior 

run's hidden layers supply portion of the inputs to a certain 

hidden units during the next run. RNNs are especially useful in 

evaluating sequences because the hidden units can learn from 

the neural network's past runs on previous section of the 

sequence. But, there is a problem in RNN where after reaching 

a point there no update in weight. It is called as vanishing 

gradient problem. To address this problem, LSTMs and GRUs 

are introduced. 

 

C. Long Short Term Memory  

ANN technique that is performed several times with pieces 

from each run feeding into the next. In particular, the previous 

run's hidden layers provide part of the input to the same hidden 

layer in the next run. LSTM solves the problem with RNN 

called as vanishing gradient problem. Another variant of RNN 

called GRU is similar to LSTM, but it has less complex 

structure than LSTM. The number of gates in GRU are lesser 

than gates in LSTM. So, generally LSTM performs better way 

than RNN. 

D. CNN-LSTM Ensemble 

 

CNNs are commonly employed in computer vision, but now 

they've also being utilized in a variety of Nlp applications, with 

impressive outcomes. Whenever a specific pattern is 

discovered, the outcome of every convolution would trigger. 

By changing the dimensions of the kernel and appending their 

results,it may identify patterns of different sizes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.     Proposed Framework for sentiment classification 

Contextual data can be retrieved using rnn, but the sequence of 

phrases causes bias. With the help of pooling, CNN+LSTM 

can extract key textual characteristics from text; nevertheless, 



it is difficult to extract contextual information that may be used 

by LSTM.For comparison, first we created a sentiment 

analysis model with LSTM only. As LSTM is very much 

popular for text classification achieved good accuracy. Later 

we applied CNN+LSTM ensemble model and achieved more 

accuracy when compared to only LSTM technique. 

 

IV. EXPERIMENTATION AND RESULTS 

A. Data-Used 

The dataset from kaggle contains 14,640 airline tweets with 

three labels.The collected dataset is sub divided in to three 

subsets(datasets). The dataset was shown in Table 1. 

TABLE I.  DATA_DETAILS 

Dataset Name Airline sentiments in 

data 

D-1(positive&negative 

sentiments) 

11540 

D-2(positive&neutral 

sentiments) 

5462 

D-3(negative&neutral 

sentiments) 

12277 

 

B. Applying NLP Techniques and forming word embeddings 

As the data is in text format, NLP techniques must be applied 

before applying any ML/DL technique. Python NLTK package 

provides different options for cleaning data. With this package, 

We can removed stop words and applied word stemming. 

Next,we generated word_to_integer maps from which word-

to_word mapping also created. After this step,the review is 

changed as lists of lists. The length of all mapping may not be 

same. To make allrqual sizes, we added zeros at the end(called 

as padding). After thta,we used keras embedding layer. Later, 

it is ready for applying deep learning technique. 

C. Experimentation with dataset-1 

The dataset-1 contains positive&negative reviews.First,we 

applied only LSTM to this dataset.We achieved an accuracy of 

89%. Later,we applied ensemble of CNN+LSTM and achieved 

an accuracy of 90.3%. The CNN+LSTM model was 

implemented in google colab. The no. of epochs used was 60. 

Fig-2 shows the training and testing accuracy for all 60 epochs. 

From the figure it is observed that both train and test 

accuracies are similar. So, there is no overfitting and 

underfitting in the proposed model. 

 

Fig. 2.     Train & Test accuracies for dataset-1 with CNN+LSTM 

D. Experimentation with dataset-2 

The dataset-2 contains positive&neutral reviews.First,we 

applied only LSTM to this dataset.We acquired 82% accuracy 

with LSTM technique. Later, we applied ensemble of 

CNN+LSTM and acquired 85% accuracy. 

 

Fig. 3.     Train & Test accuracies for dataset-2 with CNN+LSTM 

E. Experimentation with dataset-3 

D-3 contains neutral , negative sentiments. First,we applied 

only LSTM to this dataset.We acquired an accuracy of 82% 

with LSTM technique. Later,we applied ensemble of 

CNN+LSTM and acquired an accuracy of 84%. 

 



 

Fig. 4.     Train & Test accuracies for dataset-3 with CNN+LSTM  

F. Summary of results 

Table 2(Fig-5) shows summary of all experimentation for 

sentiment analysis.For all three datasets,deep learning fusion 

CNN+LSTM given more accuracy. 

TABLE II.  SUMMARY OF RESULTS 

 Model Accuracy 

Dataset-1 LSTM 89% 

CNN+LSTM 93% 

Dataset-2 LSTM 82% 

CNN+LSTM 85% 

Dataset-3 LSTM 82% 

CNN+LSTM 84% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Results Summary 

G. Comparing with earlier works 

 

Table-3 shows comparing with previous work.As previous 

work mainly focuses on positive and negative sentiment, 

comparison available for dataset-1 only. In [9],[10], the 

authors applied LSTM,RNN and achieved 85%,90% accuracy. 

Here, CNN+LSTM given more accuracy. 

TABLE III.  ACCURACY-COMPARISON 

Method Accuracy(%) 

LSTM[9] 91% 

RNN[10] 90% 

Proposed model 93% 

 

V. CONCLUSION 

 

In this paper, we proposed a novel deep learning ensemble 

model with CNN and LSTM. We used a airline tweets dataset 

from kaggle. The dataset has three different labels ‘positive’, 

‘negative’, ‘neutral’.We divide the dataset into three subsets 

for sentiment classification (positive & negative, positive & 

neutral, negative & neutral). Later, we applied only LSTM and 

ensemble of LSTM & CNN to these three 

datasets.Experiments with three datasets shoen that deep 

learning ensemble with CNN and LSTM achieved more 

accuracy than only LSTM. 

REFERENCES 

 
[1] [Online] Available: https://www.statista.com/statistics/282087/number-

of-monthly-activetwitter-users. 

[2] Abdur Rasool,Ran Tao, Kamyab Marjan , Tayyab Naveed,: Twitter 
Sentiment Analysis: A Case Study for Apparel Brands.In: IOP Conf. 
Series,Journal of Physics,Conf. Series 1176 (2019) 022015,IOP 
Publishing. 

[3] Babacar Gaye, Dezheng Zhang,Aziguli Wulamu.: A Tweet Sentiment 
Classification Approach Using a Hybrid Stacked Ensemble 
Technique.In: Information 2021, 12,374 ,MDPI, 
(https://doi.org/10.3390/info12090374. 

[4] M. Qasem, R. Thulasiram and P. Thulasiram.:Twitter sentiment 
classification using machine learning techniques for stock markets.: 2015 
International Conference on Advances in Computing, Communications 
and Informatics (ICACCI), 2015, pp. 834-840, doi: 
10.1109/ICACCI.2015.7275714. 

[5] S. Zahoor,R. Rohilla, "Twitter Sentiment Analysis Using Machine 
Learning Algorithms: A Case Study," 2020 International Conference on 
Advances in Computing, Communication & Materials (ICACCM), 2020, 
pp. 194-199, doi: 10.1109/ICACCM50413.2020.9213011. 

[6] V.Priyanka.:Twitter Sentiment Analysis using Deep Learning.In:. 
Available at SSRN: https://ssrn.com/abstract=3885137 or 
http://dx.doi.org/10.2139/ssrn.3885137,july,2021. 

[7] Z.Jianqiang,Xiaolin G and Xuejun Z.:Deep Convolution Neural 
Networks for Twitter sentiment analysis.: IEEE Access 6 pp 23253–
60,2018. 



[8] A. Lakshmanarao et al.,“Twitter Sentiment Classification with Deep 
Learning LSTM for Airline Tweets,” IEEE International Conference on 
Advanced Computing and Communication Systems, 2022, pp. 520-524. 

 

[9] Deb Dutta Das et al., “Sentimental Analysis for Airline Twitter data,” 
IOP Conference Series: Materials Science and Engineering, Vol 
263,Issue 4,2017. 

[10] M. Gupta et al. “Airlines based Twitter Sentiment Analysis Using Deep 
Learning," 2021 5th International Conference on Information Systems 
and Computer Networks (ISCON), 2021, pp. 1-6, doi: 
10.1109/ISCON52037.2021.9702502. 


