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a b s t r a c t

The goal of this research is to build a model to predict stock price movement using the sentiment from social

media. Unlike previous approaches where the overall moods or sentiments are considered, the sentiments

of the specific topics of the company are incorporated into the stock prediction model. Topics and related

sentiments are automatically extracted from the texts in a message board by using our proposed method as

well as existing topic models. In addition, this paper shows an evaluation of the effectiveness of the sentiment

analysis in the stock prediction task via a large scale experiment. Comparing the accuracy average over 18

stocks in one year transaction, our method achieved 2.07% better performance than the model using historical

prices only. Furthermore, when comparing the methods only for the stocks that are difficult to predict, our

method achieved 9.83% better accuracy than historical price method, and 3.03% better than human sentiment

method.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Stock price forecasting is very important in the planning of busi-

ness activity. However, building an accurate stock prediction model

is still a challenging problem. In addition to historical prices, the cur-

rent stock market is affected by the mood of society. The overall social

mood with respect to a given company might be one of the important

variables which affect the stock price of that company. Nowadays, the

emergence of online social networks makes available large amounts

of mood data. Therefore, incorporating information from social me-

dia with the historical prices can improve the predictive ability of

models.

The goal of our research is to develop a model to predict the

stock price movement (whether the price will be up or down) us-

ing information from social media (Message Board). In our proposed

method, a model that predicts the stock value at t using features de-

rived from information at t − 1 and t − 2, where t stands for a trans-

action date, will be trained by supervised machine learning. Apart

from the mood information, the stock prices are affected by many

factors such as microeconomic and macroeconomic factors. However,

this research only focuses on how the mood information from so-

cial media can be used to predict the stock price. We will mainly aim

at extracting the mood information by sentiment analysis on social
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media data. Then, these sentiments will be integrated into a model to

predict stocks. To achieve this goal, discovering the topics and senti-

ments in a large amount of social media is very important to get the

opinions of investors. However, sentiment analysis on social media

is difficult. The text is usually short, contains many misspellings, un-

common grammar constructions and so on. In addition, the literature

shows conflicting results in sentiment analysis for stock market pre-

diction. Some researchers report that sentiments from social media

have no predictive capabilities (Antweiler & Frank, 2004; Tumarkin &

Whitelaw, 2001), while other researchers have reported either weak

or strong predictive capabilities (Bollen, Mao, & Zeng, 2011). There-

fore, how to use opinions in social media for stock price predictions

is still an open problem.

One contribution of this paper is that we propose a novel feature

‘topic-sentiment’ to improve the performance of stock market predic-

tion. It is important to recognize what topics are discussed in social

media and how people feel about these topics. The ‘topic-sentiment’

feature, which represents the sentiments of the specific topics of the

company (product, service, dividend and so on), are used for predic-

tion of stock price movement. This feature is obtained in two ways:

by using the existing topic model called the joint sentiment/topic

model (JST) and by our own proposed method. The extracted topics

and sentiments in the former method are hidden (latent), whereas

not hidden in the latter. To the best of our knowledge, this is the

first research trying to extract topics and sentiments simultaneously

and utilize them for stock market prediction. Another contribution

is a large scale evaluation. The effectiveness of the sentiments in

social media in stock market prediction is still uncertain because a
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relatively small data was used for evaluation in the previous work.

This paper investigates whether the sentiments in the social media

are really useful on the test data containing many stocks and transac-

tion dates.

The rest of the paper is organized as follows. Section 2 introduces

some previous approaches on sentiment analysis for stock prediction.

Section 3 describes our dataset. Section 4 describes our proposed

method. We also propose a novel feature for stock prediction based

on the topics and the sentiments associated with them. Section 5 as-

sesses the results of the experiments. Finally, Section 6 concludes our

contribution.

2. Related work

Stock market prediction is one of the most attracted topics in aca-

demic as well as real life business. Many researches have tried to ad-

dress the question whether the stock market can be predicted. Some

of the researches were based on the random walk theory and the Ef-

ficient Market Hypothesis (EMH). According to the EMH (Fama, 1991;

Fama, Fisher, Jensen, & Roll, 1969), the current stock market fully re-

flects all available information. Hence, price changes are merely due

to new information or news. Because news in nature happens ran-

domly and is unknowable in the present, stock prices should follow

a random walk pattern and the best bet for the next price is cur-

rent price. Therefore, they are not predictable with more than about

50% accuracy (Walczak, 2001). On the other hand, various researches

specify that the stock market prices do not follow a random walk, and

can be predicted at some degree (Bollen et al., 2011; Qian & Rasheed,

2007; Vu, Chang, Ha, & Collier, 2012). Degrees of directional accuracy

at 56% hit rate in the predictions are often reported as satisfying re-

sults for stock predictions (Schumaker & Chen, 2009b; Si, Mukherjee,

Liu, Li, Li, & Deng, 2013; Tsibouris & Zeidenberg, 1995).

Besides the efficient market hypothesis and the random walk the-

ories, there are two distinct trading philosophies for stock market

prediction: fundamental analysis and technical analysis. The funda-

mental analysis studies the company’s financial conditions, opera-

tions, macroeconomic indicators to predict stock price. On the other

hand, the technical analysis depends on historical and time-series

prices. Price moves in trends, and history tends to repeat itself. Some

researches have tried to use only historical prices to predict the

stock price (Cervelló-Royo, Guijarro, & Michniuk, 2015; Patel, Shah,

Thakkar, & Kotecha, 2015a, 2015b; Ticknor, 2013; Zuo & Kita, 2012a,

2012b). To discover the pattern in the data, they used Bayesian net-

work (Zuo & Kita, 2012a, 2012b), time-series method such as Auto

Regressive model, Moving Average model (Patel et al., 2015a, 2015b),

Auto Regressive Moving Average model (Zuo & Kita, 2012a) and

so on.

While these previous methods did not consider the sentiments on

the social media, in this paper our work aims at incorporating them

to improve the performance of the stock market prediction.

Most of the research tried to predict only one stock (Bollen et al.,

2011; Qian & Rasheed, 2007; Si et al., 2013) and the number of in-

stances (transaction dates) in a test set is very low such as 14 or 15

instances (Bollen et al., 2011; Vu et al., 2012). With only a few in-

stances in the test set, the conclusion might be insufficient. To the

best of our knowledge, there is no research showing a good predic-

tion result on a data consisting of many stocks in a long time period.

Our research tried to solve this issue by predicting 18 stocks over a

period of one year.

2.1. Use of opinions from text for stock market prediction

Sentiment analysis has been found to play a significant role in

many applications such as product reviews and restaurant reviews

(Liu & Zhang, 2012; Pang & Lee, 2008). There are some researches

trying to apply sentiment analysis on an information source to im-

prove the stock prediction model (Nassirtoussi, Aghabozorgi, Wah, &

Ngo, 2014). There are two main sources from which authors have in-

corporated information aggregated from textual content into finan-

cial models. In the past, the main source was the news (Schumaker &

Chen, 2009a, 2009b), and in recent years, social media sources. Then,

these sentiments are integrated into prediction models. A simple ap-

proach is combining the textual content with the historical prices

through the linear regression model.

Most of the previous work primarily used the bag-of-words as

text representation that are incorporated into the prediction model.

Schumaker and Chen (2009b) tried to use different textual represen-

tations such as bag-of-words, noun phrases and named entities for

financial news. Then this information was integrated with linear re-

gression and support vector machine regression as predictive models.

They applied their models to estimate a discrete stock price 20 min.

after a news article was released. The results show 0.04261 mean

square error, 57.1% directional accuracy, and 2.06% return in a sim-

ulated trading engine. However, the textual representations are just

the words or named entity tags, not exploiting so much about the

mood information.

Antweiler and Frank (2004) used naive Bayes to classify the mes-

sages from message boards into three classes: buy, hold and sell. The

number of relevant messages in these three classes was aggregated

into a single measure of bullishness. They investigated three aggrega-

tion functions as a number of alternatives to bullishness. They were

integrated into the regression model. However, they concluded that

their model does not successfully predict stock returns.

Zhang, Fuehres, and Gloor (2011) measured collective hope and

fear on each day and analyzed the correlation between these indices

and the stock market indicators. They used the mood words to tag

each tweet as fear, worry, hope and so on. They concluded that the

emotional tweet percentage significantly negatively correlated with

Down Jones, NASDAQ and S&P 500, but had significant positive cor-

relation to VIX. However, they did not use their model to predict the

stock price values.

Two mood tracking tools, OpinionFinder and Google Profile of

Mood States, were used to analyze the text content of daily Twit-

ter (Bollen et al., 2011). The former measures positive and negative

mood. The latter measures mood in terms of six dimensions (Calm,

Alert, Sure, Vital, Kind, and Happy). They used the Self Organizing

Fuzzy Neural Network model to predict DJIA values. The results show

86.7% direction accuracy (up or down), Mean Absolute Percentage Er-

ror 1.79%. However, their test period is very short (from December

1 to December 19, 2008). Even though, they achieved high accuracy,

there are only 15 transaction dates in their test set. With such a short

period, it might not be sufficient to conclude the effectiveness of their

method.

Xie, Passonneau, Wu, and Creamer (2013) proposed a novel tree

representation based on semantic frame parsers. They indicated that

this representation performed significantly better than bag-of-words.

By using stock prices from Yahoo Finance, they annotated all the news

with labels in a transaction date as going up or down categories. How-

ever, the weakness of this assumption is that all the news in one day

will have the same category. In addition, this becomes a document

classification problem, not stock prediction.

Rechenthin, Street, and Srinivasan (2013) incorporated Yahoo Fi-

nance Message Board into the stock movement prediction. They tried

to use various classification models to predict stock. They used the

explicit sentiments and predicted sentiments obtained by a classifi-

cation model with the bag-of-words and meta-features.

A keyword-based algorithm was proposed to identify the senti-

ment of tweets as positive, neutral and negative for stock prediction

(Vu et al., 2012). Their model achieved around 75% accuracy. How-

ever, their test period is very short, from 8th to 26th in September,

2012 which contains only 14 transaction dates.
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