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Financial management is the key to running a successful business, and financial 
forecasting is crucial to every business. Companies face difficulties making the right 
decision regarding their goals as they experience uncertainties in ensuring business 
growth. This study uses Dutch Lady company as a case study to help identify the 
company’s performance based on eight financial ratios and visualize the results using 
the visualization technique. Hence, the autoregressive integrated moving average 
(ARIMA) algorithm and visualization techniques were applied to overcome the 
problems. The data is obtained from the last quarterly report for the study purpose. 
There are 14 variables collected and used to calculate the eight financial ratios. The 
predictive modelling uses the ARIMA algorithm, and the models were evaluated using 
two types of error metrics: 1) mean absolute error (MAE) and 2) root mean squared 
error (RMSE). The reliability testing for the system’s prediction model shows a result p-
value<0.05, and functionality testing successfully met the aims. The error metric 
evaluation result shows no significant differences between the forecast and actual 
values. The models can appropriately predict and forecast the financial ratio as the 
rules for both MAE and RMSE are fulfilled. The forecast results of each financial ratio 
are visualized and presented through the web-based system. 
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1. Introduction 
 

Any activity that supplies products or services to customers to make a profit is known as business. 
Profits are generated by selling goods or services, which is a financial reward for taking a challenge 
and risk to run a business. Profit is the amount of income after paying all the expenses related to the 
operation of the business. Businesses suffer losses when the expenses exceed the income from the 
business operation. As asserted by Liu and Giovanni [1], most businesses aim to produce profit by 
improving revenue while keeping expenses in check. Most companies perform different functions, 
and various parts of the business handle each function. One reason for diving into the business parts 
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is to allow each function to operate within its area of expertise. Hence, establishing effectiveness and 
efficiency for the business. 

Financial forecasting is the process of estimating the company’s future financial outcomes as the 
company’s past performance is used to forecast the company’s performance in the future [2]. 
Financial statements are beneficial for evaluating past performance and forecasting the future. The 
author also claimed that financial statements are business performance and position indices. 
Analysing the financial statement using Ratio Financial Analysis is intended to establish relationships 
between two accounting variables with common relationships or characteristics to study a particular 
case [3]. The financial ratio includes liquidity, efficiency, financial leverage, and profitability. 

Amid the competition in the business industry, companies face difficulties in making the right 
decision regarding their goals, whether they can be achieved positively or not, to ensure business 
growth. Rombe [4] pointed out that achieving goals without careful planning and forecasting is hard 
and almost impossible. Companies often suffer significant damage when pursuing unrealistic goals. 
In order to make the right decision and avoid any damage, an effective forecast is crucial. Financial 
forecasting should be integral to decision-making activities as it affects business growth. The 
historical data help capture trends and patterns to produce effective and accurate forecasts for more 
relevant planning. Therefore, the past financial statement is used to calculate and forecast the 
financial ratios for this study. 

Besides, companies struggle to face uncertainties such as unrealistic goals and decision-making, 
negatively impacting companies financially. Altig et al., [5] supported that the inability to face 
uncertainties is one reason financial problems occur and cause the company to face significant 
financial problems. When the company holds a significant level of uncertainty, it falls into the 
“unhealthy (crisis) financial position” concept, where the company is technically insolvent in case it 
is unable to meet its current liabilities [6]. These are required for flexible measures of uncertainty, 
better outcomes, and performances [7]. Thus, financial forecasting is an effective instrument for this 
problem [6]. 

Financial ratios extract information from the company’s financial statements and calculate 
economic indicators. Ratio analysis is a quantitative analysis of the information contained in the 
company’s financial statements. The analysis quotation evaluates various aspects of the company’s 
operations and financial performance, such as liquidity, profitability, leverage, and efficiency [8]. The 
liquidity ratio measures a firm’s ability to meet its obligation in the short run. Whereby the 
profitability ratio is used to show the output of the operations. The leverage ratio determines the 
amount of debt incurred by the business, and the efficiency ratio identifies the business’s capability 
to efficiently use its resources.  

The Autoregressive Integrated Moving Average (ARIMA) model, also known as Box and Jenkins, 
is one of the statistical techniques used to predict the future. ARIMA is one type of time series 
forecasting that uses historical data and associated patterns to forecast future outcomes [9]. Since 
its first implementation, the ARIMA method has been widely used in many fields, such as 
specification, evaluation, and diagnosis [10]. ARIMA model is in degrees (p, d, q) where p is the 
autoregression parameter, d is the difference parameter, and q is a degree of moving average 
parameter [11,12]. The Box-Jenkins method was used for future univariate time series forecasting. It 
shows a systematic approach to creating future discrete and discrete-time series forecasting models. 
A fixed time series of observations is obtained periodically. The sequence composed of regularly 
acquired observations is an important assumption of the Box-Jenkins method, discrete and stationary 
[13]. It is also a very effective timing tool. The ARIMA method combines autoregressive (AR) and 
moving average (MA) for data analysis. The ARIMA model was used for fixed time series and also 
used in weather predictions [11]. 
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Data visualization converts abstract data into physical images (such as length, location, shape, 
and colour). It is a powerful tool for presenting appealing data tales to visually-oriented individuals. 
It is a great match for providing a decent overview of huge data and making it easier for data scientists 
to grasp data analytics findings [12]. Data visualization also makes it easier to connect various data 
points, analyse data relationships, debate problems in real-time, and decide where to focus the 
investigation [14]. The visualization techniques used in the study were the line graph and bar chart. 
Thus, visualizing the result on the forecasted financial ratios data is more effective. It is a fast and 
effective way to use visual information to convey information. For data visualization, Plotly Python 
Graphing Library is used. Data were imported into Python interactive graph using the panda’s data 
frame, and the visualized graph was presented. Comparison of the company performance based on 
the financial ratio of past and present were visualized. Based on the problem discussed, a web-based 
application using Python was implemented using the obtained data from Dutch Lady Milk Industries 
Berhad, which were downloaded from Bursa Malaysia. It helps users to view the company’s 
performance in terms of financial ratios in visualization form. Therefore, the company and user are 
able directly compare the company’s performance more easily in the past and future. This paper is 
organized as follows: it begins with a brief introduction in Section 1. Section 2 explains the 
methodology, followed by the result and discussion in Section 3. Finally, Section 4 concludes the 
study and briefly mentions potential future improvements. 

 
2. Methodology  

 
The research methodology used to design and develop this project was developed into a few 

sections. The explanations and justification for the research design and data collection techniques 
are provided to support the methodology. We divided it into a few phases to achieve the research’s 
aim: developing a web-based application to visualize the forecast trend. 

 
2.1 System Design 

  
The system design of the web-based application that satisfies the project’s requirements is 

described one by one. In the following subsections, use case diagrams, flowcharts and user interfaces 
are part of the system design. Use case diagram gathers system requirements, including internal and 
external factors. Interactions between the system and the user are needed to ensure the 
accomplishment of the system’s task [15]. Specific interactions will be used for the flowchart 
purposes.  A flowchart is a tool used to analyse the process involved in a system. Before entering the 
development phase, the final step for the design phase is the user interface (UI) design. UI design 
visualizes the proposed system’s components layout to interact directly with the system. 

 
2.2 Back-End Development 

 
Back-end development is written in Python. Python is used because it can act as data 

manipulation and development of web applications. Thus, code written in Python helps transfer 
information and interact with the front-end site. Python’s task is data preparation and building and 
deploying the model using the ARIMA algorithm. The following subsection describes the data 
preparation process, predictive modelling and model deployment in detail. 
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2.2.1 Data preparation 
 
Dutch Lady Malaysia Berhad’s quarterly financial statements were downloaded from Bursa 

Malaysia for the study. The data consists of the company’s financial statements obtained from the 
past quarterly report of Dutch Lady Milk Industries Berhad company from the Bursa Saham website 
[16]. It starts from the first quarter of 2010 until the second quarter of 2021. Table 1 shows the eleven 
data types from past quarterly reports to calculate the financial ratio. 
 

Table 1 
List of data in financial statement 
No Data 
1 Sales 
2 Cost of Goods Sales 
3 Gross Profit 
4 Expenses 
5 Earnings Before Interest and Taxes 
6 Cash 
7 Current Assets 
8 Current Liabilities 
9 Total Assets 
10 Total Liabilities 
11 Total Equity 

 
Since the data are in .pdf format, Tableau software is used to pre-process the .pdf format into 

Microsoft Excel. All the financial statement data are uploaded into Tableau. Tableau has a feature 
that can recognize and capture tables from .pdf files and transfer them into Microsoft Excel. A total 
of 14 variables are collected and used to calculate the eight financial ratios. Table 2 shows the four 
types of financial ratios: liquidity ratio, profitability ratio, leverage ratio and efficiency ratio, and the 
list of variables used for each financial ratio. All these ratios are used in this study as they can be used 
to measure company performance [17-19]. After the data is finalized, all the data are stored as .csv 
files. 

 
Table 2 
List of ratios used 
Financial Ratio Type of Ratio 

Liquidity Ratio Current Ratio 
Cash Ratio 

Profitability Ratio Gross Profit Margin Ratio 
Net Profit Margin Ratio 

Leverage Ratio 
Return on Assets Ratio 
Debt to Equity Ratio 
Interest Coverage Ratio 

Efficiency Ratio Total Assets Turnover Ratio 
 
Before the data goes through the transforming process, the data must not have any missing 

values. Data has checked whether it has any missing value or not. If there is no missing value, the 
data is good to go. In order to use the ARIMA algorithm for modelling, this algorithm needs to use 
only numeric and stationary data or else the data cannot fit [20]. Since the month variable is the main 
indicator for time series forecasting, months are set as the index. Even though it is in string format, 
it is not an issue as it is set as an index. The transformation begins with the calculation data value of 
the p-value using the Augmented Dickey-Fuller (ADF) test [21]. ADF test was performed for the time 
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series used for the study on the unit roots. This test defines whether the data is stationary based on 
a calculated p-value. The p-value<0.05 indicates that the data is stationary.  

Not stationary data are identified, and transforming them into stationary begins with the shift 
function. The shift function is set to shift only once, and then the p-value is tested again. If it is still 
not stationary, the shift function is used again until the data is completely stationary. After all the 
data is stationary, the data are ready to be fit into predictive modelling. 
 
2.2.2 Prediction model 

 
The predictive modelling is conducted using the ARIMA algorithm. Before modelling, all data 

stored in the database are retrieved to be used in modelling. For this project, the auto ARIMA 
function is used to find the order of ARIMA (p, d, q) using the ARIMA model equation. Its suitability 
is calculated based on Akaike Information Criterion (AIC). AIC calculates how the model fits the data, 
considering the overall complexity. The lowest AIC value is the best parameter p, d, q combination, 
which can accurately forecast future outcomes. Therefore, this combination of ARIMA (p, d, q) is 
chosen as the best fit ARIMA model to forecast. Parameter p represents the AR term, determining 
how many previous time series values are used to predict the future. Next, parameter d represents 
the data difference, which determines how many different orders are needed. Parameter q 
represents the MA term, determining how many lags are used for the model. The ARIMA model 
equation combines AR and MA terms, as shown in Eq. (1). Table 3 shows the parameter involved in 
the ensemble of ARIMA. 

 
𝑌(𝑡) = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 + 𝐿𝑖𝑛𝑒𝑎𝑟𝐶𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝐿𝑎𝑔𝑠𝑂𝑓𝑌(𝑝𝑙𝑎𝑔𝑠)

+ 𝐿𝑖𝑛𝑒𝑎𝑟𝐶𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝐿𝑎𝑔𝑔𝑒𝑑𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝐸𝑟𝑟𝑜𝑟𝑠(𝑞𝑙𝑎𝑔𝑠)       (1) 
 

Table 3 
Equation parameter 
Parameter’s Name Explanation 
Constant Number of differencing (I) 
LinearCombinationLagsOfY(plags) Autoregressive (AR) number of lags 
LinearCombinationofLaggedForecastErrors(qlags) Moving average (MA) number of lags 

 
Next, the ARIMA model is trained and fit to forecast the financial ratio. The dataset is split by 

70:30 for training and testing using Python. Then, the ARIMA model predicts future financial ratios 
until the fourth quarter of 2022. The result of the forecast financial ratio is then used for data 
visualization. 

 
2.3 Front-End Development 

 
Front-end development refers to the client side, focusing more on users’ views in their web 

browsers. Its development is mainly written in ReactJS. However, languages such as HTML, CSS, 
JavaScript, and jQuery are also used in front-end development to integrate with Flask’s back-end 
framework. Python’s data visualization and the Flask web framework tools are used to build custom 
plots and charts in a Python web application context, leveraging the power of both front-end and 
back-end development. The details of each interface available for user interaction are discussed in 
the following subchapter. It includes the main menu page, financial forecasting page, overall business 
performance page and financial ratios page. 
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3. Result and Discussion 
 
This section describes and explains the result of the analysis performed on real-world data. Both 

error metric evaluation and functionality are performed to test the data. Metric error evaluation is 
conducted to evaluate the system’s reliability and validate the model used in the system. The 
functionality testing is carried out to ensure the system’s functionality works according to its function 
and appropriately. 
 
3.1 Reliability Testing 

 
The unit-roots test ADF is conducted, and the stationary data is tested to ensure the data is 

stationary based on a calculated p-value, where a p-value<0.05. Table 4 shows the final p-value of 
each financial ratio that meets the requirement of p-value<0.05. It strongly supports that all data 
series are stationary after the first difference at the 10%, 5%, or 1% significance levels. 

 
Table 4 
Stationary testing result 
Financial Ratio p-value 
Current Ratio 1.05 x 10-14 
Cash Ratio 6.11 x 10-4 
Gross Profit Margin Ratio 5.44 x 10-4 
Net Profit Margin Ratio 4.81 x 10-4 
Return on Assets Ratio 3.04 x 10-4 
Debt to Equity Ratio 2.70 x 10-7 
Interest Coverage Ratio 6.90 x 10-4 
Total Assets Turnover Ratio 9.49 x 10-30 

 
Reliability testing is performed to evaluate and validate the model used in the system. This is 

important as the model metric determines how accurate the financial ratio is, as the value of forecast 
financial ratios is based on the model itself. Error metrics are used to evaluate instead of accuracy 
scores because this project uses the ARIMA algorithm, a regression model and not a classification 
model.  

Therefore, accuracy cannot be used for a regression model. For this project, root mean squared 
error (RMSE) and mean absolute error (MAE) are the metrics used to evaluate and validate the 
models. RMSE is one of the most useful metrics and standard ways to measure the model’s error in 
predicting quantitative data [22]. MAE is the simplest measure of forecast accuracy. RMSE calculates 
the standard deviation of the mean residual and takes the root of that mean; meanwhile, MAE is also 
the same, but it uses the absolute residual value [23]. Eq. (2) and Eq. (3) show the formula used to 
calculate RMSE and MAE, respectively. 

 

              (2) 
 

           (3) 
 
RMSE and MAE are suitable to be used together for evaluating the model because both are 

compared to determine whether the forecast contains large but infrequent errors and diagnose the 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 38, Issue 1 (2024) 37-47 

43 
 

variation in the errors in a set of forecasts [24]. The model’s performance improves as the RMSE and 
MAE decrease [25]. Table 5 shows the result of RMSE and MAE after applying the formula for each 
value. All financial ratios fulfil the rule mentioned earlier; therefore, all models are considered good. 

We provide evidence on the actual and prediction trends for the first financial ratio, the liquidity 
ratio. Figure 3 shows the graph with actual and prediction values for two liquidity ratio models: 
current and cash ratio. The financial ratio prediction (with legend testing prediction) matches the 
actual trends though a certain acceptance lag exists.  

During the research’s initial development, financial statements for Dutch Lady Milk Industries 
Berhad were only available from the first quarter of 2010 until the second quarter of 2021. The latest 
updated financial statements for the third quarter of 2021 are uploaded on the Bursa Malaysia 
Official Website. Therefore, extended validation of the system’s accuracy has been done by 
comparing all financial ratios forecast for the third quarter of 2021 with actual data, as shown in Table 
5. There are no significant differences between the forecast value and the actual value. Therefore, it 
concludes that all the models can forecast appropriately. 

 
Table 5 
Mean, RMSE and MAE value of each financial ratio 
Financial Ratio Mean RMSE MAE 
Current Ratio 1.5330741210 0.0949099898 0.0736430214 
Cash Ratio 0.6162696488 0.0528966645 0.0384561221 
Gross Profit Margin Ratio 1.6256680347 0.0316024183 0.0260413377 
Net Profit Margin Ratio 0.1473845281 0.0339585437 0.0276216755 
Return on Assets Ratio 0.0875602232 0.0208402795 0.0157780176 
Debt to Equity Ratio 0.2536017972 0.1722546546 0.1367956197 
Interest Coverage Ratio 105.4626213234 102.4794040453 62.1828489335 
Total Assets Turnover Ratio 0.5928138728 0.0632503712 0.0469087287 

 
3.2 Functionality Testing 

 
In order to ensure the application’s features, work correctly, it is essential to test all the features 

and correct all detected errors. Functional testing aims to ensure that each function of the 
visualization application, through its step, sees the specifications as equal by giving appropriate input 
and comparing the output to the functional requirements as outlined in the previous chapters. The 
test uses test case scenarios acquired with the list of functionalities tested. The results show that the 
system can redirect to the right page and display the correct information. 

The web-based application on business financial forecasting starts with the “Main Menu” page 
as in Figure 1 (a) and details for “About” page in Figure 1 (b), where the user can view information 
on the function, the financial statement and the study’s aims. The visualization of the line graph was 
also tested to ensure the user could view the selected visualization from the eight financial ratios.  
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(a) (b) 

Fig. 1. Web-based application on business financial forecasting (a) the “Main Menu” page and (b) details for 
“About” page 

 
It starts with the forecast liquidity ratio for the current ratio in Figure 2 (a) and cash ratio in Figure 

2 (b). It is predicted that both have an incremental forecast trend.  
 

  
(a) (b) 

Fig. 2. Forecast liquidity ratio for (a) current ratio and (b) cash ratio 
 
Figure 3 indicates the three-forecast probability gross profit margin ratio in Figure 3 (a), net profit 

margin ratio in Figure 3 (b) and return on assets ratio in Figure 3 (c). All ratios show a positive trend 
in the forecast, despite the gross profit margin ratio showing a slight decrease in 2022.  
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(a) (b) 

 
(c) 

Fig. 3. Forecast profitability ratio for (a) gross profit margin ratio, (b) net profit margin ratio and (c) return on 
assets ratio 
 

Figure 4 shows decreased and stagnant trends for the forecast liquidity ratio for debt-to-equity 
ratio in Figure 4 (a) and interest coverage ratio in Figure 4 (b).  

 

  
(a) (b) 

Fig. 4. Forecast liquidity ratio for (a) debt to equity ratio and (b) interest coverage ratio 
 
However, the forecast efficiency ratio for the total asset turnover ratio in Figure 5 shows a 

promising trend starting from the beginning of 2022. All the line graphs are interactive visualization. 
Hence, the user can see the graph information when hovering over the graph. Besides, the user also 
can use the function provided by Ploty to download the desired graph and change the graph size. 
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Fig. 5. Forecast efficiency ratio for total asset turnover ratio 

 
4. Conclusions 

 
This study uses the past financial statement from Dutch Lady Milk Industries Berhad from the first 

quarter of 2010 until the second quarter of 2021. This web application is developed to calculate and 
forecast the future financial ratio based on past financial statements to establish business goals that 
are both realistic and feasible. Besides, it gives valuable insights into how the business performed in 
the past and future visualization for a better view. ARIMA algorithm is used to calculate and forecast 
the financial ratio based on past financial statements that have been included in the application, 
enabling the user to view the results displayed on the web application.  

Based on the result, this study has achieved its aims by correctly calculating and forecasting all 
financial ratios and displaying the correct information. The limited information on the Bursa Malaysia 
website for Dutch Lady Milk Industries Berhad financial statement data is a drawback. For a future 
project, the monthly data of financial statements can better predict the future financial ratio using a 
more advanced machine learning algorithm that enables users to update the data, giving the user a 
better experience. 
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