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Abstract: Data Mining is a technique used of extracting knowledge from the data collated over a period of time. It 

is a way to developing descriptive and predictive systems. Stock market is one of the booming fields where 

techniques like data mining can be applied to investigate and fore see the state of a company’s share. This 

methodology uses historic data collected over a period of time. The organized data holds information that can assist 

inforecasting the future direction. This collation and understanding helps investors to determine concealed patterns 

in the historic figures that have credible foretelling capability and can assist the investor’s in the process of 

decision-making. The forecast of stock indexes is viewed as a thought-provoking task of monetary time series 

prediction. Data inspection helps in understanding the trend, and therefore one can predict if future stocks prices 

will grow or diminish. This paper focuses on deriving the best model for future prediction on Johnson and 

Johnson’s Stock Index. Empirical solution proves that Seasonal ARIMA outstands ETS and linear model. 

Keywords: Time series Analysis, Regression, SARIMA and Moving Average. 

I.INTRODUCTION 

Stock Market is a field that alters the world’s economy. With time over the last few decades, the normal 

person’s interest in the stock market has grownup exponentially and therefore what was once a toy of the rich has 

now become a ladder for financial growth. Putting it in simple words investing in stock market is a way through 

which people can become rich. However, unfortunately in order to attain growth one has to face a lot of risk. The 

risk is caused because it is difficult to forecast the price of the stock in the future.  

When a company releases its financial information the investors at that time arbitrage to any profitability. If 

the company is financially strong and high return on investments then investors will increase for that company at the 

same time if the company is unstable i.e. the price of the share fluctuates rapidly then it is difficult analyses and 

predict the price of the stock price and therefore even the investors withdraw their part of shares from the company. 

In addition, some people find market a complex and risky field being a reason of experience and therefore might be 

a little apprehended. It has been extensively recognized by many studies that non-linearity transpires in the financial 

markets and that regression, neural networks and other data mining techniques can be used to uncover this 

relationship. Unfortunately, many of these studies fail to consider alternative forecasting techniques, the relevance of 

input variables, or the performance of the models when using different trading strategies. This research aim to help 

investors to invest safely which is one of the trivial tasks. 

The area of research is prediction of the rise and immediate fall of share price. It deals majorly with the 

concept of demand and supply of a particular equity. Although one can predict the future value of a share but the 

trivial part is to understand why there is a fall or rise in the price of the stock. Predicting stock market activities is a 

crucial task, since its diminuendos are multifaceted and non-linear. For example, stock return series usually have a 

lot of fluctuation being a fact that it is influenced by many aspects like the economy, corporate conditions, and 

governmental events and many more like these. Certainly, pragmatic finance demonstrates that publicly available 

data on financial and economic variables may explain stock return fluctuations in the United States. Therefore, in the 

research major focus will be to understand this behavior and predict the outcome based on my learning. The area of 

research is Stock market. The major issue faced with this domain is the risk attached with every transaction. Many 

factors alter the price of a stock. Considering the oil price that indicate how strong the USD and the condition of 

USD affects the worldwide stock. Another factor is positive and negative press releases for a particular company 

this lays impact on the shares of the company. There are many other factors like Profit Earning ration of the 

company which tells how long will it take to get the investment back provided the earing remains unchanged[8], 

quarterly and annual reports presents a company’s result for the current period there are many other factors that 

affect the price of the stock. But one of the most trivial part is to understand why there is a fall or rise in the price of 

the stock. 

 The data is mainly collected from NASDAQ. It is entirely numerical data, but it still required some pre-

processing. The date attribute in the data had to be converted to Julian format in order to facilitate the prediction. 

There were no missing values in the data therefore date conversion was the only preprocessing done on the data.[11] 
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II.RELATED WORKS 
The paper [1] used two methodologies for the prediction purpose namely Probabilistic Neural Networks 

and Support vector machines to in-order to forecast the stock market everyday rise and fall in the indexes. The main 

moto is to analyse the effects of economic figures and technical inspection of the indices on the correctness of the 

classifiers. Overall, the study aims the joint effect on the classification performance when used together.  

In [2] data mining methods are used to measure historical stock values and obtain beneficial information 

over the intention of financial pointers. Changed data are then classified-using decision trees obtained through the 

use of Artificial Intelligence tactics. In conclusion, the different decision trees are analysed and assessed, displaying 

correctness rates and highlighting total profit related to wealth increase.  

In [3] Data analysis is said to be one way of forecasting if upcoming stocks values will be an upsurge or a 

decline. Five approaches of analysing stocks were combined to forecast if the day’s final price would rise or fall. 

These approaches were Typical Price (TP), Bollinger Bands, Relative Strength Index (RSI), CMI and Moving 

Average (MA). In this paper there has been a discussion on various methods which are able to forecast through 

upcoming closing stock value will increase or decrease better than level of significance. In addition, it examined  

many global events and their problems predicting on stock markets. It supports mathematically and graphically.  

In [4] the decision for the forecast is taken on the basis of the decision tree output. Decision Trees is one of 

the classification models in data mining techniques. In order to build the desired model the CRISP-DM methodology 

is used over real historical data of three major companies listed in Amman Stock Exchange (ASE). 

III.METHODOLOGY 
There are mainly four ways to do prediction on stock data. The first way is Technical analysis where we 

consider the historical data, this data help us in understand the condition of a particular company’s stock and we can 

easily predict by looking at the data what the future state of the stock be. Under technical analysis we have two 

frequently used indicators, one is Rate of Change (ROC) and the other is Moving Average convergence Divergence 

(MACD).  

 The second way is Fundamental Analysis where the relationship between financial information of the 

company and the other facts about the company are analyzed together to understand where the company stands. 

Under this type of analysis the basic feeds about the company comes in and these feeds are used for prediction of the 

future stock price. 

The Third way is Time series analysis. Time series analysis is mapping the daily price with time i.e..the 

stock state is measured per unit time. 

The fourth way of doing stock market prediction is Artificial Intelligence wherein we have the concept of a 

learning agent. We mainly have three types of learning the first is Reinforcement Learning where the knowledge is 

reinforced through either reward or punishment. The second is unsupervised where the agent learns through the 

patterns without explicit feedback and then we have Supervised Learning where agent is provided with data with 

both input and output pairs so as toframe a function to map such pairs as applied in Genetic Algorithm and Artificial 

neural network.  

Data Collection: 

Data is collected from various sources. NASDAQ. 20 years data i.e..from 1960 to 1980 is gathered at 

monthly frequency. There are a total of 252 observations. The data is in .csv format, it is then loaded in R. The data 

has 6 features namely open, close, high, low, last and volume. 

Figure-1: Johnson and Johnson’s data 

 
The data is numerical throughout, every days transaction is identified by the Date object. The date helps to 

visualize the state of the stock on that particular day. Data type is mentioned below 

Table-1: Data types 

Data Type 

High Numeric 

Low Numeric 

Close Numeric 
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Volume Numeric 

Date Numeric 

Open Numeric 

Data Cleaning: 

The data was cleaned manually using google sheets. The data had no missing values and also the headers 

were labeled appropriately. There were some columns not required for the process like Volume and stock turnover 

and were therefore removed. Also the as the data was seasonal, it had to be converted into stationary so that we can 

apply time series forecasting models to the data. 

Exploratory Analysis: 

The most critical step in the exploratory analysis phase is  plotting the data. The plot helps us to make 

inferences about the important features of the time series data like trend, seasonality, heteroscedasticity and 

stationarity. When a dataset has a long term increase or decrease it is known as the trend of the dataset. A pattern 

that is repeated over a fixed span of time is referred to as seasonality of that dataset e.g. monthly, quarterly, yearly. 

If the data’s variability is not constant i.e. its variance increases or decreases as the function of exploratory variable 

then it is known as Heteroscedasticity. If the variance is constant i.e. their joint distribution does not change over 

time  isstationarity. On plotting Johnson and Johnson’s data object in R using the plot() method we get the following 

plot. 

Figure-2: Plot of data from 1960-1980 

 
A above diagram depicts a time series plot of the data. The plot shows an upward trend.  

Figure-3:Plot of the peaks of data 

 
The above graph shows the peaks and falls of the stock of Johnson and Johnson’s.(y axis) 

Check for stationarity 

On attaining the data and visualizing it, the next step is to check its stationarity. On decomposing the time 

series we attain the following decomposed graphs. 
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Figure-4: Decomposition of the time series 

 
As specified, the time period is from 1960 to 1980 and there is an upward trend in the graph. The observed specify 

the actual plot of data in the time period. There is seasonality in the acquired data. Seasonality specifies  that the 

pattern repeats after a specific time, supposing a stock has high returns in summer but at the same time very low 

returns in winters, and it happens every year, so that is that  seasonality of that that share.  For a stock to be seasonal, 

it requires to repeat the pattern on monthly, quarterly, yearly or for some time unit. Seasonality helps in anticipating 

how the market will react in the current year based on the pervious years data.In order to confirm the stationarity 

ADF(Augmented Dickey Fuller) test is done on the data. ADF  can take in value either explosive or stationary. 

Explosive is used for verify if a time series is stationary for a given period of time . The output of the ADF test is 

given below.  

Figure-5: Stationarity test 

 
The p-value of the alternative hypothesis is too high Almost 99% and therefore without thinking much we reject it at 

the same time the p-value of the stationary hypothesis is too low and is acceptable. Hence it is confirm that the series 

is highly stationary. Therefore we can go furthur into testing and analysing the series 

Figure-6: Seasonality adjusted data 
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 A seasonally adjusted series not only contains a remainder component but also the trend cycle. Seasonality 

adjustment is the removal of stationarity from the time series which exhibits it. This is done so as to analyze trend 

irrespective of the stationarity of the time series. From the above plot it is evident that the trend is upward 

throughout. 

Model Estimation: 

The ACF and PACF plots are used for diagnosis and deduction of appropriate ARIMA model. ACF 

describes a unique outline for the autocorrelations.  For a positive value of φ1, the ACF exponentially reduces to 0 as 

the lag h increases.  For negative φ1, the ACF also exponentially falloffs to 0 as the lag upsurges, but the numerical 

symbols for the autocorrelations alternate between positive and negative. 

Figure-7:ARIMA flowchart 

 
Autocorrelation Function (ACF): 

ACF stands for auto-correlation, it is the likeness between samples as the function of time delays between 

them.ACF depicts the exponential decay of the series. For instance let us assume that a set of data has a mean zero, 

such that when δ=0, and xt = φ1xt-1 + wt. Value of variances, covariance’s and correlations are not affected by the 

specific value of the mean.  

Let γh = E(xtxt+h) = E(xtxt−h), the covariance observations h time periods apart  

(When the mean = 0).  Let ρh = correlation between observations that are h time periods apart.[6] 

Correlation and covarianceamid observations one periodspaced out 

 
Correlation and covariance between observations h periodspaced out 
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To find the covariance γh, multiply each side of the model for xt  by xt-h, then take expectations. 

 

 
Partial Autocorrelation Function (PACF): 

PACF is a conditional correlation. It is a correlation between two variable under anpostulation. For 

example, under regression there be a variable y which is the variable and let x1,x2, x3 be the forecasting variables.  

The partial correlation between y and x3 is the correlation between the variables determined taking into account how 

both y and x3are related to x1 and x2. 

Under Regression the PACF is found by collating the residual of the two different regressions. First is on predicting 

y from x1 and x2 , Second is predicting x3 from x3 from x1 and x2 

and then correlating  part of y to x3 

 

 
For the next step The ACF and PACF are plotted 

Figure-8:ACF plot of the johnson and johnson’s data 

 
Figure-9: PACF plot of the johnson and johnson’s data 
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There is a geometric decay of the time series through ACF and PACF  plot therefore we need to transform the data. 

Data Transformation: 

The data is transformed by non-stationarizing it. The time series is applied differencing to account non-

stationary processes. Differencing is the difference between consecutive observations. Transformations such as 

logarithms can help to stabilize the variance of a time series. Differencing can help stabilize the mean of a time 

series by removing changes in the level of a time series, and so eliminating trend and seasonality. 

Figure-10: First Difference of the time series data 

 
On diagnosing the ACF and PACF of transformed time series object. In order to diagnosis the time series 

ACF and PACF plots for differencing are checked. The time series is already differenced so this makes the inclusion 

of the integrated part necessary therefore we use ARIMA(p,1,q) model. ARIMA stands for auto regressive 

integrated moving average. These models are most general class of models for forecasting of the time series. 

ARIMA practice tries to define the actions of a stationary time series using the function known as the ARIMA. It is 

made up of two parameters the first part is AR parameters which is autoregressive and the second part is MA which 

is moving averages. An Auto Regression model with only a single parameter can be written as: 

T (x) = α(1) * T(x-1) + err(x) 

T (x)  is the time series in examination, α(1) is ACF of the first order, xT(x-1) is the series trailed 1 period 

and err(x) is the Model Error. 

The above equation states that any set of observations T(x) is some function of its previous value, T(x-1), 

also some anonymous random error, e(t). Suppose the assessed value of α(1) is 20, then the current value of the 

series would be associated with 20% of its value 1 period ago. Unquestionably, the series could be related to more 

than just one past value. For example, 

T (x) = α(1) * T(x-1)+α(2)*T(x-2 + err(x) 

This specifies that the present value is a mixture of the two immediately preceding values, T(x-1) and T(x-

2), plus some random error err(x). The model is now an autoregressive model of order 2. 

The series can be stationarized by the process of differencing. Differencing can be used in conjunction with 

nonlinear transformations such as logging or deflating. A random variable that is a time series is stationary if its 

statistical properties are all constant over time. 

Figure-11: ACF after first difference 
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Figure-12: PACF after first difference 

 
The second model considered is the ETS model. ETS belongs to expoential smoothining forecast model. 

Under exponential smootning me have data , the data is given weights, with the most recent data getting highest 

weight and the oldest getting the least value. The value joined with the data is the α value, the value of α is between 

1 to 0. Based on the value the forecast is done. 

IV.BUILDING MODEL 
Exponential Smooth Forecast: 

It is the weighted average of past observation giving more weight to the recent observations, with weights 

getting smaller as observation gets older. ETS stands for Error, Trend, and Seasonality; they are applied in the 

smoothing method calculation. Each term can be applied Additively, Multiplicatively or could be left altogether out 

of the model. Exponential smoothing allows a large spectrum of time series analysis. In order to apply ETS we need 

to understand the data. To understand the data we need to decompose the time series.  

On decomposing we get the above graph. The first graph refers to the original data, the next is the trend in 

data which is observed Upwards. Next graph is the seasonality graph last is the residual or error between the 

observed value and trend line estimate. Making use of these features one can make a ETS model.  

Deciding Additive or multiplicative Terms: 

A term is additive if the trend of the series is relatively constant over time, but at the same time if the trend and 

seasonality increases or decrease in magnitude over time then  it is multiplicative. 

Figure-13: Additive model 

 
 The above graph is of a additive model, the data has no trend but it varies on constant pace. Suppose a 

company which deals with providing gas cylinders. Cylinders are required all throughout the year so if we look at 

the graph it will be relatively constant throughout the year.  

Figure-14: Multiplicative model 

 
The above graph is a increasing magnitude graph. For example a company share which manufactures ice 

scatting products. The sales increase during the period of December to February so there will be an exponential 

growth in thegraph of that company in the time period December to February.   

Therefore looking at the decomposition in the fig 4 we need to consider multiplicative term. Exponential smoothing 

forecast can be done in four ways. 
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First is Simple Exponential Smoothening method. In this method the forecast is calculated by multiplying  

past values with the relative weight. 

Forecast=ᴪtTt+ ᴪt-1Tt-1+ᴪt-2Tt-2+…+(1-α)
n
Yn 

 

where t = Number of time periods 

ᴪ= Weight associated with the data 

If t = 0 most recent time period, if t = 1 then it’s the time period it.  

Yt= actual value of the time series in period t 

weightt=a(1-a)
t 

n= total number of time periods 

But we cannot use this model because only the level is considered for the forecast. And the tie series we are 

using has both trend and stationarity. So therefore the first method is rejected. 

The second method  Holt’s Linear  Trend Method. In here we consider not only the level but also the trend. 

It does it by considering two smoothing calculations one for the level and other for trend. Trend is applied in 

additive fashion. Therefore we cannot use this method because we have more terms to consider.  

Third Exponential trend method is a variant of the Holt’s Linear  Trend Method only difference being level 

and trend are applied additively or multiplicatively, that is the trend will increase or decrease exponentially. 

Holt’s Winter Season Method, it encompasses all the three terms, one for trend, seasonality and level. We 

can have both additive or multiplicative methods. 

The model under exponential smoothing used is Holt’s Winter Season Method. 

Figure-15: Holt’s Winter plot on the data 

 
Holt Winters returns a list object of class "HoltWinters" with following named components: 

Table-2: Coefficient description 

X The original data from the 

time series 

Α It is the smoothing 

parameter; it should not be 

FALSE or 0, the the most 

recent value the value of  α 

is 1 

Β The older values of x are 

weighted more than the 

recent values 

Γ It specify how to smooth the 

time series. Its value should 

be in between 0 to 1 

Coefficient The trend, seasonality and 

level of the time series 

Seasonal The two models ‘+’ and ‘X’ 

SSE Sum of  Square error 

Call It specify the matched calls 

Fitted The series if fitted 
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On applying the Holt’s Winter model to our data we get the following output. 

Figure-16: Holt’s winter plot 

 
Second model is ARIMA model, ARIMA stands for Auto Regressive Integrated moving average. ARIMA 

models are of two types seasonal and non seasonal. Non seasonal ARIMA is based of three components namely 

Autoregressive, In-differencing and  moving average represented as ( p d q ), where ‘p’ is the amount of period to 

lag in ARIMA calculation, ‘d’ stands for differencing on the time series. Differencing help making the series 

stationary and without trend, ‘q’ is the error component. 

Stationary series means where the mean and variance are constant over time. Stationary series are easy to 

forecast, because the mean and variance they have will be the same in future like in the past and this is the main 

reason we need stationary dataset. 

Seasonal ARIMA is ARIMA with seasonal component. That is : 

 

ARIMA( p d q) (P D Q)m 

 

     Non Seasonal part Seasonal Part 

 

Where m = Number of periods per season the seasonal model contains very similar components to that of 

non seasonal model. Ploting our data we achieve the following plot. 

Figure-17:ARIMA setup graphs 

 
Seasonal ARIMA forecast is done in the same was non-seasonal with (p,d,q) terms but it has additional 

seasonal term. The seasonal and non-seasonal term are multiplied for result. The seasonal part of AR and MA model 

will be seen in seasonal lags of ACF and PACF plots.[7] The modeling techniques is as same as that of non-seasonal 

model except that we need to select seasonal AR and MA terms as well as the non-seasonal terms. 
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The last model we are considering for the forecast is a linear regression model. Regression is method in which we 

have the previous values based on which we forecast the future values. This helps to model relationship between the 

dependent variable Y and the exploratory variable X. Considering with regard to this paper we are considering the 

closing price of the stock as the target value against the date. Based in this a regression model can be built for the 

data. 

Forecast: 

The plot of this object is depicted below. The closing stock value of Johnson and Johnsonsis compared to the year 

1980.   

Figure-18: Holt’s winter forecast graph 

 
Table-3: Output of the Holt’s Wnter forcast 

 Length Class Mode 

 

Fitted 320 Mts Numeric 

X 84 Ts Numeric 

Alpha 1 -none- Numeric 

Beta 1 -none- Numeric 

Gamma 1 -none- Numeric 

Coefficients 6 -none- Numeric 

Seasonal 1 -none- Character 

SSE 1 -none- Numeric 

Call 2 -none- Call 

Figure-18: SARIMA forecast graph 
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Table 3.3 Output of SARIMA model 

 
Figure-19: Result of ARIMA 

 
 

Based on the AIC value this model was selected as this model had the least AIC. The error is mentioned in 

the above Fig 19. 

It is evident the model is good as  the mean percentage is near zero and therefore the model is accept. Also 

the mean absolute error is 2.32% which is quite less. MAPE is  the absolute difference between the actual values fed 

into the system and the  fitted values  

Output of Linear model is given below 

Figure-20:Result of the linear regression 

 
The output Residual compares the actual result to the desired result shown above. Summary is broken up to 

five break points. On checking if the model fits we check if these five points are symmetrical or not with the mean 

valued to zero. Above we can see that the mean is not very symmetric and the mean nears to zero. The model will  

give a fine prediction though. 

The standard error checks how much the result varies from the desired one. It evaluated the regression fit 

for the model. In this result the actual deviates approximately 0.1254on an average, and the percentage error will be 

10.234%. 

 

Result 
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ARIMA helps identifying the best-fit model. This modelis theoretical. It is the primarily general category 

of models for forecasting a statistical data. Also the ETS smoothening models are the models used for forecast. 

Holt’s winter model is the one implemented in this paper for the forecast of the stock price of the data. The data is 

converted to stationary by the process of differencing. A stochastic variable that's a statistic is stationary if its 

applied arithmetic properties applied to the data over time.  A stationary series depicts no trend, the  variations of 

this series around its mean has a persistent amplitude, and it shakes in an exceedingly steady fashion, that is, the data 

is distributed evenly throughout in a continuous pattern through the time period.  The laterstate implies that its 

autocorrelations that is, the associations with its own prior deviations from the mean stay constant over time, or 

equivalently, that its power spectrum remains constant over time. The other model considered for the forecast is the 

linear model or the regression model. The model shows a better forecast looking at the MAE of the model as 

compared to the ETS model. Reason being the Johnson and Johnson’s stock data had a upward trend and the linear 

regression did a better forecast as compared to the ETS. The residual plot for the ARIMA plot is given below. It 

shows a good model as the ACF and PACF plots show manageable residuals.  

Figure-21: Residual Plot 

 
V.RESULT VALIDATION 

Cross validation provides an estimate of test error  for each model. On the basis of Mean Absolute 

Error(MAE) we are plotting a graph of three models The linear model,  ARIMA model and the Holt’s Winter model. 

As it can be seen in the graph that the seasonal ARIMA has a better performance as compare to ETS and linear 

model. The green line depicts the ARIMA. The comparison is done based on MAE of all the three models() 

Figure-22: MAE comparison for the three models 

 
The above plot depicts the plot of Mean Absolute Error the values are enumerated below. From the values it can be 

seen the SARIMA has the least error. 

Table-4: MAE of the three models 

SARIMA 0.0788319 

Linear Model 0.5053712 
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Holt’s Winter Model 0.7092813 

 

VI.LIMITATION 
As stock market prices keeps on fluctuating therefore the prediction becomes quite uncertain. Using time 

series analysis this problem can be  solved upto some extend. 

But, if the stock price falls abruptly without any prior knowledge like death of CEO's or share split, in such 

cases the prediction can vary from the desired result. This is one of the limitation of such a system. 

VII.CONCLUSION 
Stock price prediction is crucial because we need to incorporate a lot of attributes, which define the rise and 

fall of the stock price. This is done based on the supervised techniques of machine learning which Time series 

analysis. Based on the data we can predict the closing price of the stock. Data mining helps to understand the trend 

of a particular company and thereby helps in forecasting the price. The analysis shows the current state of the 

company, depicted using a chart. Time series deals with data to be stationary for forecast and within time series 

analysis we have many models like ETS, SARIMA, linear models and many more for the purpose of forecast. 
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