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Abstract: Sales of legacy video game systems has gone 

through various trends over the past few years. With 

technologies being compressed to smaller devices it is 

highly crucial to estimate the current and future sales of 

legacy systems. Data forecasting is used to predict future 

values of time series data according to the historical trends 

observed using statistical procedures. Various factors such 

as sales from numerous countries, year of release, genre, 

gaming platform etc affect the model. Supervised learning 

methods were incorporated that estimated how the 

sequence of observations would continue into the future. 

Regression models were used to correlate between the 

predictor variables. Numerous plots were formulated to 

establish relationships amongst the data for better analysis. 

Time series forecasting such as ARIMA analysis has been 

used to extrapolate trends, sales patterns and popularity.  

Keywords: Video game sales, time series analysis, data 

forecasting, supervised learning, regression, ARIMA 

model.  

 

1.  Introduction 

Forecasting involves predicting the future based on past 

and present data by analysing the trends observed [1]. A 

common example is estimating the GDP or population or 

alcohol consumption of any country at some specified 

future date. Data Forecasting uses the exact technique but 

can be classified in terms of qualitative and quantitative 

forecasting[7]. In this case, analysis has been done using 

quantitative analysis as data present is in the form of 

numerical information. 

 

Figure 1. Different Machine Learning Algorithms 

With the ongoing boom in the gaming industry,it has 

become even more important to analyse and estimate the 

sales and demands so as to minimise the loss associated 

with excessive manufacturing. Data forecasting estimates 

the future production requirements using machine learning 

techniques on the data set. Graphical representation of 

these algorithms can be seen in Figure 1. 

    The basic algorithm that can be used in such 

scenarios is regression. In a statistical model, regression 

can be used to estimate the relationship between 

variables[7]. The variable whose value is to be predicted 

is dependent variable and the one whose value is known is 

independent variable. 

 

Figure 2. Linear Regression 

   

   Linear regression is a form of supervised learning 

which predicts results with continuous output. The aim of 

linear regression is to establish a relationship (linear) 

between the predictor ( x ) and the outcome ( y ) only when 

the value of predictor variable(s) is known. When x  

holds a single value, it represents a simple regression 

whereas when it has multiple values stored as a matrix then 

it represents multiple regression.  

   The generalised mathematical equation for linear 

regressions is:  

  xy 10
ˆˆ=ˆ  (1) 

    In the above equations x  holds the predictor value 

which requires to be forecast for each input of x  to 

obtain the respective forecast ŷ . 0  is the y -intercept 

and 1  is the slope for the model and together they are 

called as the regression coefficients (Figure 2).   is the 

error term, the part which the regression model is unable 

to explain.  

After calculations are done using the observed values of 

x  from the data, the resulting value of ŷ  is a "fitted 

value". ŷ  is not a genuine forecast since the actual value 

of y  for that predictor value x  was used to train the 

model. ŷ  is a "genuine forecast" only when the value of 
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x  is a new value from the testing set.  

    The most important model that is used in the analysis 

is Time Series model[2, 5]. Time Series comes into action 

if the provided data set is changing with time.The data is 

observed sequentially over a period of time. With this an 

estimate is made at how the sequence will continue in the 

future.  

   Time series forecasting uses information only of the 

variable which needs to be forecasted without making an 

attempt to discover factors affecting it[4]. ARIMA models, 

exponential smoothing and structural models are different 

time series models used for forecasting. 

While exponential smoothing and ARIMA analysis are the 

two most popular approaches towards time series 

forecasting, they both have complementary approaches for 

the problem. ARIMA models function to expound the 

autocorrelations in data whereas exponential smoothing 

characterises [3] through analysis of trends and seasonality 

in data. Thus, ARIMA models provide an easier approach 

towards time series forecasting. 

ARIMA stands for Auto Regressive Integrated Moving 

Average. In this model, integration is the reverse of 

differencing. The complete equation of the model is:  

tqtqtptptt eeeyycy 
   1111=    

(2) 

where ty  is the series which has been differenced either 

once or more than once. Lagged values of )(ty  and 

lagged errors )(te  are the predictors on the right hand 

side. p  is the co-efficient of lag variable )(ty  and 

q  is the co-efficient of lag error )(te . 

This is often referred to as ARIMA ),,( qdp  model, 

where,  

=p  order of the auto regressive part; 

=d  degree of first differencing involved; 

=q  order of the moving average part 

Stationarity and invertibility conditions applied to both the 

AR (Auto Regressive) and MA (Moving Average) models 

apply to the generalised ARIMA model as well [2]. 

2.  Objective 

     The aim of this analysis is to provide information 

about determining the future production (sales) of legacy 

video game systems. This will be obtained through 

supervised learning methods concentrating on forecasting 

techniques such as regression and time series analysis. 

Annual predictions of the video game sales along with 

predicting the popularity of various platforms and genres 

are performed on the dataset. With the integration of linear 

regression methods and ARIMA models, video game sales 

can be analyzed. 

3.  Approach 

   Forecasting problems are generally solved by 

following the steps given below:   

• Collecting the data 

• Understanding the data 

• Training a model 

• Evaluating the model 

• Improving the performance  

 

Figure 3. Overview of Data Forecasting 

   The detailed overview of analyzing the problem is 

given in Figure 3. The proposed approach given in Figure 

3. can be divided into four stages [6]. 

1. The first stage deals with gathering and understanding 

the data for the proposed model.  

2. The data is divided to training dataset and testing dataset 

for evaluating it against the different learning methods.  

3. The results from the previous stage are then summarized 

to formulate the respective equations. 

4. Finally, necessary graphs are plotted to forecast the 

predictions. These stages are further explained in the 

following sections.  

3.1.  Data Management 

    The initial step of this stage involves preparing the 

data that includes information necessary for forecasting 

results. The data for the proposed model was taken from 

kaggle amassing to an aggregate of 16291 entries.  

 

Figure 4. Video Game Sales Data 

     The dataset contained information about video 

game sales as represented in Figure 4.  

    Ranking of game with respect to global sales in 

millions of dollars, platform in which the game was 

released (i.e PC, PS4 etc.), year in which the game was 

released, genre, publisher and the overall sales divided 

amongst different countries such as North America, 
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Europe, Japan etc. 

   Relationship amongst the various attributes were 

studied after cleaning the data to omit any incomplete or 

irrelevant entries for predicting the overall sales in the 

future. The histogram in Figure 5 depicts this relationship.  

 
Figure 5. Histogram of the global sales of the games by 

year 

3.2.  Model Evaluation 

   One of the most integral steps that follows data 

understanding is dividing the data into training set and 

testing set. The significance of this step is so that the 

datasets are trained to the respective procedures such that 

the underlying patterns or trends can be grasped. For the 

current model, seventy five percent of the dataset is 

randomly trained while the remaining twenty five percent 

is used for testing. 

Additionally in this step, the model is tested sequentially 

against two supervised learning methods, namely: Linear 

Regression and Time Series Analysis.  

3.3.  Data Interpretation 

   Linear regression is implemented to understand the 

basic relationship between the variables. It can be 

observed from Figure 5 that the revenue kept increasing 

gradually till 2009 where it was at its peak. The maximum 

sale was noticed in 2008 and 2009 after which the sales 

started decreasing rapidly. Figure 6 depicts a linear 

regression to the fit.  

 
Figure 6. Linear Regression fit on the model 

Table 1. Summary of Linear Regression 

  
Coefficie

nts 

Estimate 

Std. 

Error 

t value Pr( > t ) 

(Intercept

) 

-

21154.68
4942.687 -4.280 0.000127 

6 

Year 10.695 2.472 4.326 0.000111 

 

    Based on the plot obtained further results were 

produced denoting the intercept and slope that are 

displayed in table 1. From this information we were able 

to generate an equation for the model.  

 
Figure 7. Best fit Line 

    The estimated regression line for the model of sales 

and years is given in equation below (3):  

21154.68610.695=ˆ xy  (3) 

   Using this equation a line of best fit was added to the 

graph for further predictions (Figure 7).    

3.4.  Data Visualization 

    This is the last step in the proposed methodology. The 

data visualized in this step depicts the forecasted data in 

the model.  

 
Figure 8. Forecast from Linear Regression Model 

   For the year 2019=x , the average revenue 

forecasted in millions is 439.3073=ŷ  from the linear 

regression model presented in Figure 8. The corresponding 

95% and 80% confidence intervals are [199.0336, 

679.581] and [66.20758, 812.407] respectively.  

 
Figure 9. Trends observed 
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    When using regression for prediction, we observed 

certain trends emerging from the data (Figure 9).  

Trends are observed when there is a long term rise and fall 

in the data. It can be either linear or non linear. Trends are 

often observed changing direction when shifting from an 

increasing trend to decreasing or vice-versa[2, 7]. As a 

result, we considered analyzing our data as time series data 

while aiming to forecast the future. 

   The analysis of revenue collected over a certain 

number of years was then subjected to ARIMA modelling 

in time series analysis (Figure 10).  

 
Figure 10. ARIMA Forecast 

    The observed model obtained the best results when 

subjected to an ARIMA (1,0,0) forecast with zero mean 

[4]. This implies that the given model is an auto regressive 

AR(1) model. 

   An AR( p ) model can be represented using the general 

ARIMA equation (2) with the only constraint being that 

0=,qd . The simplified equation of an AR( p ) model is:  

tptpttt eyyycy    2211=  (4) 

   where c  is a constant and te  is white noise. 

AR( p ) model is similar to multiple regression but with 

lagged values of ty  as predictors.  

On further analysis of the forecasts obtained in Figure 10 

the following results were tabulated. 

Table 2. AR(1) Model Information 

Coefficients  ar1  mean  

value  -0.3157  225.9529  

s.e  0.1780  29.2174  

   

   An AR(1) equation was formulated after analysis of 

equation (4) with the data from table 2. The equation for 

the current model is:  

ttt eyy  10.318302.6=  (5) 

   Using this equation video game sales was forecasted 

for the next 5  years through a series of points. These 

predictions are tabulated in table 3.   

Table 3. Forecasts from AR(1) Model 

Point Forecast  Lo 80  Hi 80  Lo 95  Hi 95  

30  291.9897  19.65987  564.3195  -

124.5028  

708.4822  

31 205.1037  -

80.47650  

490.6839  -

231.6535  

641.8610  

32 232.5353  -

54.33214  

519.4028  -

206.1906  

671.2613  

33 223.8746  -

63.12083  

510.8701  -

215.0471  

662.7963  

34 226.6090  -

60.39924  

513.6172  -

212.3322  

665.5502  

4.  Results Accuracy 

   Accuracy between the trained and tested values was 

evaluated using MAPE (Mean Absolute Percentage Error) 

as a metric for both the models [5]. MAPE is defined as:  

100= 












 

observed

forecastedobserved
AvgMAPE    (6) 

 

    According to Lewis’ MAPE definition [6], forecasts 

are considered to have: high accuracy if MAPE value is 

less than 10% , good accuracy if MAPE value is in 

between 10%  and 20% , reasonable accuracy if the 

value of MAPE is within 20%  and 50%  and 

inaccurate if MAPE value is greater than 50%. 

Table 4. Accuracy Measures of Regression 

 Set  RMSE  MAE  MPE  MAPE  

Training 

set  

 

143.80971

71  

101.86463

08  

 -

38.22815  

102.44882  

Test set   

0.1972224  

 

0.1330835  

 -

94.93758  

 94.96062  

    Table 4 represents the accuracy measures of the 

forecasted values of the regression model. The conclusion 

drawn from this observation is that regression model is 

highly inaccurate since its MAPE value is approximately 

95% . 

Table 5. Accuracy Measures of AR(1) 

 Set  RMSE  MAE  MPE  MAPE  

Training 

set  

 20.50416   17.07974   -

25.17850  

 

28.490776  

Test set   16.18382   14.66750   -

14.98916  

 18.19205  

 

   On the contrary, the AR(1) model showcases (Table 5) 

to depict forecasts of good accuracy with MAPE value of 

approximately 18.2% . 

5.  Conclusion 
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   This work presents an approach for data forecasting 

under supervised learning that predicts the overall sales of 

legacy video game systems after learning from the 

historical data.  

   It was shown in this study that the general relationship 

between the various attributes of a dataset can be derived 

using Linear Regression. However linear regression does 

not produce accurate predictions and the results show a lot 

of deviations from the observed data. Consequently, it was 

mapped that the video game sales data is a time series data 

as certain trends were observed that are unique to time 

series analysis. 

   Therefore, we were able to witness more accurate 

forecasts for the data using time series analysis which 

exemplified ARIMA models. It was observed that the 

forecasting through ARIMA analysis continued along 

with the trend which the model originally perceived and 

also the predicted data was almost accurate to the observed 

data. 

6.  Future Work 

   This is just the beginning for the analysis of legacy 

video game systems. The sales predictions can be 

integrated with core concepts of business intelligence for 

better results. Additionally, apart from sales prediction 

several other analysis such as predicting the most popular 

genre or platform can also be performed using machine 

learning concepts. 

Moreover, the same algorithms can be used for different 

datasets to forecast the required attributes. 

Acknowledgment 

   The authors would like to thank Gregory Smith for the 

immaculate data provided and their guide K. Senthil 

Kumar for his support.  

References 

[1] Armstrong, J S, Principles of Forecasting: A Handbook 

for Researchers and Practitioners. Kluwer Academic 

Publishers, 2001. 

[2] Brockwell, Peter J, and Richard A Davis, Introduction 

to Time Series and Forecasting. 2nd ed. New York: 

Springer, 2002. 

[3] Sibei Xia, "Market Forecasting of Super Strength 

Fiber: Glass Fiber," Journal of Textile and Apparel 

Technology Management, Vol 9, Issue 2, pp. 1-6, 2015. 

[4] Hyndman, Rob J, and Yeasmin Khandakar, 

"Automatic Time Series Forecasting: The Forecast 

Package for R," Journal of Statistical Software, Vol 27, 

Issue 3, pp. 1–22, 2008. 

[5] İrem İşlek and Şule Gündüz Öğüdücü, "A Retail 

Demand Forecasting Model Based on Data Mining 

Techniques," IEEE International Symposium on Industrial 

Electronics (ISIE), art. no. 7281443, pp. 55-60, 2015. 

[6] Albert Y. Chen,Tsung -Yu Lu and Matthew Huei-Ming 

Ma, "Demand Forecast Using Data Analytics for the 

Preallocation of Ambulances," IEEE Journal Of 

Biomedical And Health Informatics, Vol 20, Issue 4, pp. 

1178-1187, 2016. 

[7] Rob J Hyndman and George Athanasopoulos, 

Forecasting: principles and practice, University of 

Western Australia, 2017. 

[8] R. Sumathy, P. Kanchanadevi & Dr.A.Amuthan, 

“Enhanced Public Integrity Auditing On Cloud Data 

Using Sha Algorithm”, International Innovative Research 

Journal of Engineering and Technology,Vol.2, pp.4-14, 

march 2017. 

 

International Journal of Pure and Applied Mathematics Special Issue

13



14


