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a b s t r a c t 

The popularity of many social media sites has prompted both academic and practical research on the 

possibility of mining social media data for the analysis of public sentiment. Studies have suggested that 

public emotions shown through Twitter could be well correlated with the Dow Jones Industrial Average. 

However, it remains unclear how public sentiment, as reflected on social media, can be used to predict 

stock price movement of a particular publicly-listed company. In this study, we attempt to fill this re- 

search void by proposing a technique, called SMeDA-SA, to mine Twitter data for sentiment analysis and 

then predict the stock movement of specific listed companies. For the purpose of experimentation, we 

collected 200 million tweets that mentioned one or more of 30 companies that were listed in NASDAQ 

or the New York Stock Exchange. SMeDA-SA performs its task by first extracting ambiguous textual mes- 

sages from these tweets to create a list of words that reflects public sentiment. SMeDA-SA then made use 

of a data mining algorithm to expand the word list by adding emotional phrases so as to better classify 

sentiments in the tweets. With SMeDA-SA, we discover that the stock movement of many companies can 

be predicted rather accurately with an average accuracy over 70%. This paper describes how SMeDA-SA 

can be used to mine social media date for sentiments. It also presents the key implications of our study. 

© 2016 Published by Elsevier Ltd. 

1. Introduction 

Traditionally, public opinion in open societies can be studied 

through face-to-face, telephone or on-line surveys. Ever since so- 

cial media sites, such as Twitter and the likes, have become pop- 

ular, collecting and analyzing public opinions have never been any 

easier. Millions of Twitter users, for instance, post over 340 mil- 

lion messages, which are referred to as tweets, to the Twitter site 

everyday [1] . In most cases, these tweets represent different opin- 

ions expressed on different social, economic and political issues. 

Many people have started to consider social media sites like Twit- 

ter to be containing repositories for answers to all kinds of opinion 

poll questions. As a result, researchers have started to analyze the 

massive amount of social media data for public opinions on differ- 

ent issues ranging from product marketing to political preferences 

[2,3] . 

Ever since Milgram’s work in 1967 reporting on a “small world 

experiment” performed to have identified a “six degrees of sepa- 

ration” [4] between people in a social network, researchers have 

started to investigate into social connections and the effect that 
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they may have on public opinions and behavior. For example, some 

recent attempts have been made to analyze social data to see if 

movie revenues [5,6] or the trend of the Dow Jones Industrial Av- 

erage (DJIA) [7,8] can be forecasted. Based on the results obtained, 

it is believed that the patterns embedded in social media data may 

provide the information needed to better understand and predict 

social events. 

The traditional way of seeking out public opinions by the use of 

such tool as questionnaire survey has been effective but relatively 

time consuming and expensive. It is especially the case when pub- 

lic opinions have to be monitored continually. The popularity of 

social media platforms on which people exchange ideas and ex- 

press opinions has provided valuable sources for sentiment to be 

understood relatively easily if there is an effective way that social 

media data can be analyzed. The enormous volume and diversity of 

the data that can be collected from social media sites present an 

excellent opportunity for the data to be mined to identify nuggets 

of knowledge that can be leveraged to understand public opinions 

and sentiments for predictions about specific events to be pub- 

lished. This approach of discovering opinions from various social 

communities facilitates the building of models that can reveal use- 

ful insights into the behavior of various stakeholders, for predicting 

future trends and can facilitate design of marketing and advertising 

campaigns [2,3] . 
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In order to mine social media data for information that could 

lead to the understanding of opinions and sentiments, and to pre- 

dict social events, several challenges need to be addressed. Firstly, 

it should be noted that social media data are collected according 

to time lines and are therefore temporal data. Many data mining 

methods handle time series data that are numerical in nature and 

cannot be used directly with temporal data that contain a lot of 

texts [9] . Mining temporal data thus requires different techniques 

and algorithms from those that are used to mine traditional time 

series data. Secondly, data from social media are usually textual 

data that are ambiguous. It is sometimes hard for sentiment to be 

understood and distinguished easily into good or bad, or positive 

or negative. Therefore, sentiment analysis of such ambiguous data 

requires an effective text mining method. Last, but not the least, 

social media data commonly contains billions of messages, requir- 

ing a proper database to store as well as a creative architecture to 

process and for them to be analyzed, data and text mining meth- 

ods have to be implemented efficiently. 

In this study, we attempt to address the above challenges in 

mining social media data. Specifically, we created a corpus of Twit- 

ter data to predict the movement of share prices of certain stocks 

in the stock markets in the U.S. We attempt to demonstrate how 

ambiguous temporal data collected from social media sites could 

be mined effectively and efficiently. 

The problem of stock price prediction has been a popular re- 

search problem in the last two decades but not many approaches 

have been proposed to effectively tackle it [10] . For instance, pre- 

diction based on the assumption of Random Walk has not so far 

been very satisfactory. There has been some effort to focus on pre- 

diction based on detailed financial news analysis about listed com- 

panies [11] basing on such assumptions as the classical Efficient 

Market Hypothesis (EMH) [12] . However, predicting news trends 

have not been shown to be any easier. Consequently, it appears 

that any prediction based on unpredictable factors like financial 

news is likely to be arbitrary. Even though relatively higher pre- 

diction accuracy has been reported in some studies such as [6,7] , 

these studies cannot be easily generalized since too many specific 

parameters and conditions are required for predictions to be made 

more accurately. 

Motivated by the challenges and the practical significance, we 

have developed a novel approach, called Social Media Data Ana- 

lyzer – Sentiment Analysis (SMeDA-SA), to mine ambiguous tem- 

poral social media data collected from Twitter to determine the 

movement of the US stock markets, namely NYSE and NASDAQ. It 

has been widely accepted by economists that there is a potential 

connection between a company’s stock price and the information 

published about it [13] . Given that data about public opinion can 

be collected relatively easily from social media sites, we attempted 

to collect and mine such data to find out public sentiments about 

products and services to predict stock price of listed companies di- 

rectly and indirectly. In this paper, we present details of SMeDA-SA 

which we develop for such a purpose. 

To perform its task, SMeDA-SA takes several steps. First, we 

consider each tweet’s structure as a combination of words and 

phrases. We apply neuro-linguistic programming (NLP) techniques 

to classify a tweet’s sentiment into five categories ( Positive + , Posi- 

tive, Neutral, Negative, Negative - ). We then use the concept of ad- 

justed residuals [24] to identify interesting patterns between public 

sentiments and stock market prices. To evaluate the effectiveness 

of the proposed approach, we have performed a number of exper- 

iments. In our experiments, we selected 30 listed companies from 

different industries in NYSE and NASDAQ to test out how accurate 

prediction of stock movements can be made based on mining so- 

cial media data using the proposed approach. For mining social 

media data for public sentiment, we had collected approximately 

15 million records of Twitter data that mentioned these 30 com- 

panies either directly or indirectly by mentioning their products or 

services. For instance, for the company “Apple Inc”, which we had 

selected, we looked for tweets that mention “AAPL” the stock mar- 

ket code for the company, as well as the keywords of its products, 

such as “iPad”, “iTunes” and “iPhone”, etc., and also product char- 

acteristics such as “CPU Speed” and “Color”, etc. In order to iden- 

tify correlation between the sentiment as reflected by the posting 

on Twitter and the movement of stock prices, we made use of the 

proposed algorithms to compute a degree of sentiment for each of 

the 30 listed companies that we have chosen to determine how 

much it is correlated with the price movement of selected stocks. 

Following this introduction, in Section 2 we describe the back- 

ground of the proposed work and review related literature. In 

Section 3 , we present details of our proposed methods to tackle 

the research problem. Specifically, we describe the process of an- 

alyzing and extracting valuable information from the ambiguous 

temporal textual data collected from the social media platform. 

Section 4 presents our experiments and the results. We conclude 

this article and suggest directions for future work in Section 5 . 

2. Related works 

Although social media analytics is becoming increasingly popu- 

lar as a research topic, not much work has been done in discover- 

ing temporal patterns of ambiguous contents in social media and 

relate them to other time-dependent events that take place in the 

real world. The pioneers in this research domain are Jansen and his 

colleagues [14] . They have investigated how word-of-mouth adver- 

tisements in social media may change the information recipients’ 

sentiments in the related brand and products. Their work provided 

insights on how ambiguous information from social media can be 

analyzed. Despite their effort, the potential of social media analyt- 

ics remains very much unexplored. This is especially the case with 

the problem of the kind of time-varying temporal patterns in social 

media data that we are directly concerned with here. 

There has been some previous effort to analyze blog contents 

to determine if they are correlated with any business performance 

indicators such as spikes in the sales volume of books [15] . There 

have also been some attempts to determine if movie ticket sales 

can be predicted based on social media contents. The predictions 

are primarily made based on meta-data information about the 

movies, including such information as the Motion Picture Associ- 

ation of America (MPAA) ratings, the genre, the number of screens 

on which the movie debuted, running time, release date and the 

presence of particular actors or actresses in the cast, etc. Based 

on such information, linear regression was used to predict earn- 

ings about the posted movies [5] . In [16] , instead of linear regres- 

sion, the prediction problem is treated as a traditional classification 

problem and artificial neural networks are used to classify movies 

into categories ranging from’blockbuster’ to’flop’. Apart from the 

fact that they predicted the ranges instead of the actual sales vol- 

ume of a movie, the use of these approaches does not seem to 

be able to allow very accurate models to be constructed for pre- 

diction. The accuracy of these models was tested and found to be 

relatively low. 

Of the work related to social media analytics, it is worth point- 

ing out that Asur and Huberman [6] mined the temporal data from 

social media. In their paper, they show how a model can be con- 

structed based on the popularity rating of movies, as determined 

by relevant tweets, can be used to predict the actual box office rev- 

enue of a movie. The dataset that was used in the studies was col- 

lected from the Twitter site on an hourly basis and aggregated for 

analysis. In order to ensure that the tweets obtained all referred 

to a specific movie, the keywords obtained from a movie title 

were used for searching of relevant tweets over a period of three 

months. These tweets were then used for prediction and the accu- 

racy of the predicted results were found to be higher than other 

methods as described in [17–19] . Their studies provided some 
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