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Abstract - This paper presents a study on the price movement of different cryptocurrencies. The paper analyzes two 
different topics related to virtual currencies. The first is a statistical test of cointegration and correlation between price 
movements of cryptocurrencies. We used ADF Test, Johansen Test and multivariate Box-Pierce test to check the 
cointegrating relationship between the series. Pearson correlation was used to find the correlation between price movements 
of cryptocurrencies. Evidence shows that cryptocurrencies do indeed cointegrated and are highly correlated to each other, 
however, sky rocketing price of bitcoin in past few months has weakened the correlation for that time period. 
The second topic is twitter sentiment analysis of bitcoin price. This study tries to analyze the effect of Twitter sentiment on 
the price of bitcoin. We used the chi-square test for testing our null hypothesis: bitcoin price is independent of twitter 
sentiment. Evidence shows that the bitcoin price is indeed independent of twitter sentiment. These two studies may be used 
by the cryptocurrency investors to optimize their cryptocurrency portfolio return.  
 
 
I. INTRODUCTION 
 
Cryptocurrency is a digital currency in which 
encryption techniques are used to transfer and/or 
generation of units of currency. These currencies are 
based on blockchain technology and operate 
independently of the central bank. The blockchain is 
a public ledger of all transactions that have ever been 
executed.  Currently, there are 1343 different 
cryptocurrencies are in circulation (Coinmarketcap, 
n.d.). However top 10 cryptocurrencies take almost 
90% of market share of all traded currencies. 
Cryptocurrencies are more in news due to 
skyrocketing prices of bitcoin (first ever 
cryptocurrency with largest market share). Bitcoin 
price has increased 40 folds in past 2 years and more 
than 100 folds in past 4 years. Due which bitcoin has 
become an alternative investment option.  
This paper presents two studies on the price 
movement of virtual currencies. The first study is 
about the correlation between different digital 
currencies. The second study tries to analyze the 
effect of Twitter sentiment on the price of bitcoin. 
 
II. DATA DESCRIPTION AND 
METHODOLOGY 
 
Daily price data of crypto currencies and tweets 
related to bitcoin price have been collected. 
 
2.1 Daily Price Data 
Daily pricedata was scraped from 
https://coinmarketcap.com/ using r in built scrapping 
packages rvest, plyrand jsonlite for Jason script 
parsing. We have the daily opening, high, low and 
closing price of 1339 crypto currency from 1st 
January 2016 to 7th November 2017. We have 

selected top 10 currency on the basis of market 
capitalization.  

 

 
Figure 2.1: Market Capitalization of Cryptocurrencies 

 
It can be inferred from the figure that top 10 
cryptocurrency takes 90% of market share of all 
traded currency table 2.2 shows the top 10 currency 
and their symbols.  
Further, data have been divided into past six months, 
one year and two years. Intraday average price was 
calculated i.e. OHLC price which is average of 
opening, low, high and close price. 
 
2.1.1 Price trend observed 

 Two years’ price trend: - 
677 daily OHLC price data for top 10 crypto 
currencies from 1st January 2016 to 6th November 
2017 was segmented. Figure 2.2 shows the price 
trend. 
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Table 2.1: - Snapshot of the data taken 

 

 
Table 2.2: Details of Currency symbol 

 
 One-year price data trend : - 

310 daily OHLC observation from 1st January 
2017 to 6th November 2017 was segmented. 
Figure 2.3 shows the price trend. 

 Six-months price trend: - 
130 daily OHLC price observation from 1st June 
to 6th November 2017 was segmented. Figure 2.4 
shows the price trend. 

 

 
Figure 2.2: Two year price trend 

 
Figure 2.3: One year price trend 

 

 
Figure 2.4: Six months price trend 
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2.2 Twitter Sentiments 
Collected tweets and retweets of 15 most influential 
cryptocurrency analyst on twitter. Influential people 
are sorted by the number of followers. Filtered out the 
tweets on bitcoin price and scrapped 15,000 tweets 
out of which we had 6,000 tweets for past two years 
i.e. 2016 to 2017 November. Used inbuilt r packages 
for analyzing sentiments of positive, neutral and 
negative tweets and assigned sentiment score for each 
tweet. Calculated cumulative score for each day’s 
tweets. Given +1 for positive, 0 for negative and -1 
for negative tweets. 

 

 
Table 2.3: Snapshot of Daily Sentiment Score 

 
III. RESULTS AND DISCUSSION 
 
3.1 Co-relation  
Two years OHLC price was taken and converted into 
time series data for every 10 cryptocurrencies. We 
performed Augmented Dickey-Fuller (ADF) test to 
check for stationary of each individual time series. As 
in ADF test we tested for Ho: Series Non-Stationary 
vs. Ha: Series Stationary. Results from ADF test 
shows that each time series individually are non-
stationary at lag one as the test statistic t-value is less 
than the critical t-value shown in table 3.1. 

 
Figure 3.1: Test statistic for one crypto currency i.e. Bitcoin 

Cash 

 
Table 3.1: Test results 

 
Further, checking was done for linear combination of 
time series and co-integration of multiple price series. 
First, unit root test was performed to check for 
stationary of combination of time series. Test 
hypothesis, in this case, is Ho: Series Non-Stationary 
vs. Ha: Series Stationary. If test statistic value is 
greater than the critical value the null hypothesis can 
be rejected and the alternate can be accepted. 
 

 
Figure 3.2: Test result of ADF test 

 
Figure 3.2 shows that all price series taken together 
shows stationary as test statistic value is greater than 
critical value. 
Then test for checking co-integration was done. 
Which says that many non stationary time series 
moves together over time. If time series are co-
integrated than linear combination of it will be 
stationary. To differentiate between spurious 
correlation and genuine relationship, Johansen 
testwas done and also to check for co-integration. 
Johansen test statistic is formulated as: - 

휆 (푟) =  −푇 푙푛 (1 − 휆) 

Where, ‘i’is ith order Eigen vector of correlation 
matrix. 
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H0: R=0 no co-integration  
Ha: R>=1 co-integration exists  

 

 
Figure 3.3: Test results for co-integration. 

Figure 3.3 shows that r>1 so co-integration exists. To 
check for linear dependency between time series 
multivariate Box-Pierce test using Ljung-Box test 
statistic was performed. Where  
Ho:i = 0 i.e. linear correlation between time series 
doesn’t exist. 
Ha:i 0 i.e. linear correlation between time series 
exist. 
If critical value is less than test statistic value than the 
null hypothesis can be rejected. Or p value less than 
0.05 the alternate can be accepted with 95% 
confidence interval. 

 

 
 

Figure 3.4: Test results of multivariate Ljung-Box test. 
 
Figure 3.4 shows that low p-value for 12 period lag 
shows that the alternate hypothesis can be accepted. 
As linear relationship is established between price 
series we then calculated the correlation of the price 
series. Figure 3.5 shows the correlation of two-year 
price series, figure 3.6 shows the correlation of one-
year price series and figure 3.7 shows correlation of 
six-month price series. 

 
Figure 3.5: Correlation of two years observation 

 
Figure 3.6: Correlation of one year observation 

 
Figure 3.7: Correlation of past six month observation 

 
Above figure shows that correlation between 
cryptocurrency decreases as observation time period 
decreases from 6th November. As there was high 
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correlation if two years’ price taken and correlation 
decreases in recent days. 
 
3.2 Sentiment Analysis 
Sentiment scores of past two years which was 
calculated by analyzing tweet from twitter. As our 
test is to check for the change in price with twitter 
sentiment. 
Ho: Twitter sentiments not correlated to the change 
in price. 
Ha: Change in price is due to twitter sentiment. 
To test the hypothesis, the day’s sentiment score was 
analyzed with that particular days OHLC price and 
next day’s OHLC price. 
Chi-Square test for contingency table was conducted 
to test our hypothesis. If Critical Chi-square value 
less than test statistic value than the null hypothesis 
can be accepted in favor of the alternate hypothesis. 
 

Price Movement 

Sentiments 
Score of 
tweets 

 Price 
Down 

Price 
Up 

Row 
Count 

Negative 24 37 61 
Neutral 30 43 73 
Positive 181 292 473 
Column 
Count 

235 372 607 

Table 3.2: Contingency table 
 
Expected frequency is calculated by (Row Total X 
Column Total)/Grand Total and Chi-Square test 
statistic as: - 

휒 =
(푂푏푠푒푟푣푒푑 − 퐸푥푝푒푐푡푒푑)

퐸푥푝푒푐푡푒푑  

 
Chi-Square value 0.22471039 
Critical Chi-Square 
Value 

5.99146455 

Table 3.3: Showing Chi-Square test statistic 
 

As calculated Chi-Square Value is less than critical 
value so the null hypothesis cannot be rejected. 
 

I.  INTERPRETATION AND CONCLUSION 
 
It was found that cryptocurrency series are 
cointegrated and price movement of bitcoin is 
independent of Twitter sentiments. These two studies 
may be used by the cryptocurrency investors to 
optimize their cryptocurrency portfolio return. For 
example, since all major cryptocurrencies are highly 
correlated with bitcoin, one may invest only in 
bitcoin rather than diversifying the portfolio for given 
risk as bitcoin has higher returns. Talking about 
twitter sentiment, many people believe that bitcoin 
price movement is highly dependent on sentiments as 
there is no underlying asset. But we found that bitcoin 
prices are independent of Twitter sentiments. Which 
indicates that there are some other factors by which 
the bitcoin price is affected.  
 
Since we have taken tweets from top 15 analyst on 
Twitter only, the analysis may be improved by taking 
a larger sample and including other social media 
channels and news sources in the sentiment analysis. 
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