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Abstract. The study attempts to forecast the total costs of a company in Poland. The first stage of the research was analyzing and evalu-
ating the time series of total costs. It detected: trends, seasonality and a random factor. This became a premise for the application of 
two methods for forecasting: Holt-Winters’ multiplicative and additive. The research shows that the Holt-Winters’ multiplicative model 
proved to be better in forecasting total costs in the research subject. The forecasted total costs from July to December 2022 will reach 
PLN 45 395 685, while from January to December 2023, their value will amount to PLN 85 948 927.
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1. Introduction

The economic security of any entity is closely related to many factors, including its economic viability (Ivančík, 
Andrassy, 2023). During globalization and increasing competitiveness, enterprises are constantly pressured to 
innovate and introduce new products to the market. In addition to searching for new markets or growing ex-
penditures on brand building, they also compete at the level of reducing production costs - analyzing them and 
basing business decisions on reliable forecasts. Therefore, the issue of the appropriate selection of forecasting 
methods that will enable obtaining results as close to reality as possible using scientific methods is gaining 
more and more importance.

This became a premise for outlining the main research problem of the study: what regularities can be found in 
the time series of the total costs of the research subject, and will it be possible to choose two methods to forecast 
these costs in the future?

The article presents the primary goal. It is an attempt to forecast total costs for eighteen subsequent periods 
using two forecasting methods and then their evaluation to choose the best economic security. The central 
hypothesis of the research is as follows: it is assumed that the best method of forecasting the total costs of the 
research subject, obtained as a result of the evaluation, will have the average absolute forecast error below the 
significance level and, thus, reflect on the correct selection of the forecasting model of the research subject in 
terms of economic security.
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The research subject is a company in Poland - an independent producer of video games known for their difficul-
ties and requiring rivalry; the research subject is total costs.

To conduct the research process, the following research methods were adopted: analysis, comparison, general-
ization, and synthesis. The research techniques were: forecasting, autocorrelation and partial autocorrelation. 
The research tools are a Microsoft Excel spreadsheet for the initial data processing and the Statistica statistical 
package.

2. Analysis of the literature on the research subject

In the literature on the subject of economic sciences and in other sources, many definitions of management as 
a process can be found (Jokiel, 2009; Jurgilewicz et al., 2022). Management consists of four basic functions: 
planning, organizing, motivating and controlling (Ober, 2013, pp. 258-260; Wudarzewski, 2007, pp. 270-272). 
Planning begins a sequence of activities aimed at improving enterprise processes and optimizing resource use 
(Gliński, 1996, p. 37; Mamokhere, J. 2023). 

It is a strategic process that allows setting goals and strategies for their implementation (Griffin, 2016, p. 67). 
It is a decision-making process based on data analysis that allows one to make the right choices and an action 
plan (Griffin, 2013, pp. 175-176). P.F. Drucker defines planning as a continuous process of making current, 
risky decisions systematically with an awareness of their future, organizing the efforts systematically necessary 
to implement those decisions, and measuring their results against expectations through structured, systematic 
feedback (Drucker, Maciarello, 2008, p. 125). According to R.W. Griffin, planning is a process that takes place 
in an environmental context. He also argues that effective goal-setting fosters good planning, which facilitates 
the setting of future goals (Griffin, 2013, pp. 176-177). According to A. Zawiślak, “planning is a set of activi-
ties that include:
– defining the tasks that can be conducted;
– identifying variables that must and can be manipulated;
– identifying variables that the planner does not control;
– establishing mutual relations between the variables of both sets;
‒ designing activities, taking into account the mutual relationships between variables, to implement the in-
tended action” (Zawiślak, 1979, p. 220).

B. Kozicki writes about planning: “Planning is management’s first and most important function. It is the begin-
ning and basis of all activities of the organization, including the armed forces. The need for planning results 
from many reasons related to the functioning of any organization” (Kozicki, 2022, p. 20).

R. Krupski defines a plan as a product of the planning process (Krupski, 2004, p. 51). The plan is an essential 
part of this process. It is a document describing the goals, strategies, and specific actions to be implemented. 
The plan may collect information about costs, schedules, or information about required resources. There are 
three basic types of planning in the literature (Łęgowik-Świącik, 2012, p. 49):
- operational planning,
- tactical planning,
- strategic planning.

An essential element of the planning process is forecasting, often referred to as prediction. The Dictionary of 
the Polish Language defines prediction as: “what someone predicts, supposes, expects, guesses” (Dictionary of 
the Polish language, 2023). N. Cesa-Bianchi and G. Lugosi understand prediction as a short-term guessing of 
the evolution of certain phenomena (Cesa-Bianchi, Lugosi, 2006, p. 1). It is, therefore, a process of concluding 
future events based on past information. Only unknown events that belong to the past or the future can be pre-
dicted. Predicting the future, according to the quoted definitions, consists in predicting unknown events belong-
ing to the future based on known events belonging to the past (Cieślak, 2005, p. 18). A forecast is a scientifically 
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based judgment about the situation at a certain time in the future. M. Cieślak understands it as a judgment with 
the following characteristics (Cieślak, 2005, p. 20):
- outlined with the use of scientific achievements,
- referring to a specific future,
- empirically verifiable,
- uncertain but acceptable.

According to M. Kupiszewski and J. Bijak, forecasts make it possible to confront the current goals with the 
expected changes, using the best possible knowledge and statistical information and using a recognized forecast-
ing methodology (Kupiszewski, Bijak, 2006, p. 68). P. Dittmann defines this concept: “A forecast is a judgment 
concerning the future of the forecasted phenomenon – precise and uncertain. The forecast should be outlined 
precisely, i.e. in a way that enables its empirical verifiability and evaluation of its accuracy. A forecast whose 
degree of uncertainty is acceptable to its recipient is called a good forecast” (Dittman et al., 2016, p. 17). The 
forecast construction follows the established algorithm of conduct (Kozicki, 2020). It begins with the first stage, 
which is constructing a forecasting task. Its main tasks are (Dittman et al., 2016, p. 23):
- defining the object of the forecast;
- defining the phenomenon which the forecast will concern;
- defining the purpose of the forecast;
– setting the time horizon of the forecast;
- defining its accuracy.

Defining the accuracy of the forecast is understood as determining the maximum forecast error and the costs 
associated with it accepted by the company. Increasing the budget usually results in improved forecast ac-
curacy. However, it should be remembered that no matter how multidimensional and expensive the method 
used for forecasting is, it is impossible to eliminate uncertainty factors and the associated risks (Dittman et al., 
2016, p. 28). The costs of using such methods may also exceed the potential savings the company would gain 
by implementing the forecast results into its business strategy. The cost is “the necessary use of resources of an 
economic unit expressed in value to achieve a specific useful effect” (Matuszek, Kołosowski, Krokosz-Krynke, 
2011, p. 32). Costs are a multifaceted economic category that includes numerous elements and can be divided 
and classified in many ways, but no such categorization can be considered objective or universal (Nowak, 2016, 
p. 45). When analyzing the company’s costs, it is necessary to penetrate its internal structure. The correct valu-
ation of the company’s operating costs requires identifying these components. In addition, information on the 
development of respective cost components allows for making the right financial decisions, and the division of 
the total cost into detailed points creates conditions for evaluating responsible people at their level.

To sum up, planning using forecasting is essential in terms of the precise allocation of financial resources in the 
future to ensure economic security for enterprises dynamically.

When discussing the subject of economic security (Piwowarski et al., 2021), J. Marszałek-Kawa and G. Kinel-
ski define it as “a state of being without risk and uncertainty” (Marszałek-Kawa, Kinelski, 2020, p. 5). They 
also point out that “the economic security status of the country is understood mainly as the state of the economy. 
It consists of the condition of public finances and trends in the domestic economy. In this case, the size of public 
debt is of significant importance” (Marszałek-Kawa, Kinelski, 2020, p. 5).

2. Analysis and evaluation of total costs of the research subject

The research began with the outline of a line graph of the total costs of the research subject from January 2016 
to June 2022.
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Figure 1. Line graph of total costs from January 2016 to June 2022

Source: own study

Figure 1 shows a substantial increase in the value of total costs between the fourth quarter of 2019 and the first 
quarter of 2020. This phenomenon is due to the impact of the COVID-19 pandemic. Between 2016-2019, the 
total costs of the research subject were below PLN 2 000 000 and between 2021-2022 they reached the level 
of approximately PLN 8 000 000.

Then, in Figure 2, a can graph of the total costs of the research subject was made from January 2016 to June 
2022.

10 000 000 

8 000 000 

6 000 000 

4 000 000 

2 000 000

0
Median = 1 658 583 
25%-75% = (960 544, 7 954 688)
Non-outlier range = (589 231, 9 659 764) 
Raw data

Figure 2. Can graph of total costs of the research subject from January 2016 to June 2022

Source: own study

The data in Figure 2 shows that the two variables are distant. One is focused on the median, which is less than 
PLN 2 000 000. The second one oscillates around the third quartile.

To measure the level of the median of the second group of variables oscillating around the third quartile, Figure 
3 shows a can graph of total costs from January 2021 to June 2022.
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Figure 3. Can graph of total costs from January 2021 to June 2022

Source: own study

Based on the analysis of the data presented in Figure 3, it can be concluded that the median value for the data 
from January 2021 to June 2022 oscillates around PLN 8 012 788.

The total costs of the research subject in 2020, due to the impact of the COVID-19 pandemic, were considered 
a random phenomenon. Their increase led to the situation that since 2021, the variance of the total costs of the 
research subject has increased by PLN 6 000 000. In terms of forecasting the total costs of the research sub-
ject, this became a premise to increase the variance by PLN 6 000 000 for each month from January 2016 to 
December 2019. To build a model for data forecasting, it was assumed that the values   of the total costs of the 
research subject from January to December 2020 were the same as in the same periods in 2019 after increasing 
the variance by the amount indicated above. The line graph of the company’s costs after the correction from 
January 2016 to June 2022 is presented in Figure 4.
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Figure 4. Line graph of costs of the enterprise after the correction from January 2016 to June 2022

Source: own study

The data summarized in Figure 4 indicates a random factor, seasonality and an upward trend.

The box plot of total costs in the group of the same months is shown in Figure 5.
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Figure 5. Box plot of total costs in a group of the same months

Source: own study

Total costs presented in the same months as arithmetic means indicate the phenomenon of seasonality. The 
observed seasonality, the growing trend and the random factor are the factors that recommend the use of the 
Holt-Winters’ exponential smoothing method to forecast the total costs of the research subject for eighteen fu-
ture periods (Kozicki, Sowa, 2021, pp. 26-27). Analyzing Figure 5, it was noticed that the highest values   of the 
arithmetic means of total costs were in May–June and the lowest amount in October.

The box plot of total costs in the group of the same years is shown in Figure 6. It offers a strong, close-to-linear 
increase in average total costs in the research subject between 2016 and 2022.
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Figure 6. Box plot of total costs in a group of the same years

Source: own study

In the time series of total costs, three regularities were distinguished after its correction obtained from the re-
search subject: trend, seasonality and a random factor. The observed regularities allow the forecasting of the 
analyzed total costs. The following substantive point will be devoted to the forecasting of the total costs of the 
research subject.

3. Total cost forecasting

The multiplicative and additive Holt-Winters’ method was selected to forecast total costs in the research subject. 
This results from the evaluation of the literature analysis in terms of three regularities observed and mentioned 
above in the time series (Szmit, Szmit, 2012, p. 2). The selected methods are the most frequently used during 
these regularities (Szmuksta-Zawadzka, Zawadzki, 2009, p. 85). Charles Holt and Peter Winters developed the 
Holt-Winters forecasting algorithm. It is a tool commonly used for time series forecasting. Exponential smooth-
ing is a time series method that assigns exponentially decreasing scales to values   relative to historical data to 
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reduce the significance of more distant data (Panda, 2020, p. 5).
Then, in Figure 7, the forecast of total costs using the Holt-Winters’ multiplicative model for the period from 
July 2022 to December 2023 was outlined.
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Figure 7. Holt-Winters’ forecast of total costs using the multiplicative model for the period from July 2022 to December 2023

Source: own study

Figure 7 shows the historical data, remainder and the forecast of the total costs of the research subject made 
with the Holt-Winters’ method with a multiplicative model. The forecast retained the phenomena visible in the 
retrospective data. The data analysis in Table 1 shows that from July to October 2022, the amount of costs will 
decrease from PLN 7 654 605   to PLN 7 422 828. Then, in November 2022, an increase to PLN 7 466 303 will 
be visible. Similarly, in December 2022, the value of total costs should reach PLN 7 717 714. Then, from Janu-
ary 2023, the total costs will show an upward trend: from PLN 7 389 782 to PLN 8 123 984 in June 2023. Over 
the next four months, a downward trend will be visible: to PLN 7 658 251 in October 2023. In November and 
December 2023, an upward trend should be visible. In November, total costs will reach PLN 7 702 481, and in 
December - PLN 7 961 202.

Then, in Figure 8, the forecast of total costs made with the Holt-Winters’ method with the additive model from 
July 2022 to December 2023 is outlined.
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Figure 8. Total cost forecast using the Holt-Winters’ method, an additive model for the period from July 2022 to December 2023

Source: own study

Figure 8 presents historical data, the remainder and the forecast of total costs made with the Holt-Winters’ 
method and the additive model. The forecasts retain the regularities visible in the historical data of the total 
costs of the research subject. From July to October 2022, there is a downward trend in total costs from PLN 8 
064 551 to PLN 7 800 049. Then, from November (PLN 7 835 803) to December 2022 (PLN 8 150 884), one 
can see an upward trend. In January 2023, a decrease to PLN 7 863 352 was observed. Then, an upward trend 
is visible until June 2023 (PLN 8 466 978). From July to October 2023, there was a decrease in total costs from 
PLN 8 305 821 to PLN 8 041 318. In November and December 2023, there was an increase in total costs to 
PLN 8 077 073 and PLN 8 392 154.

Table 1 summarizes the error indices of the obtained forecasts made with the Holt-Winters’ method with the 
multiplicative and additive versions.
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Table 1. Comparison of forecast error indices obtained with the Holt-Winters’  
method with the multiplicative and additive versions

Index Result H-W multiplicative Result in H-W additive

Average error ‒10 788,84 ‒12 861,81

Mean average error ‒0,22 ‒0,30

Mean absolute percentage error 3,17 3,37

Source: own study

The average error of the forecast made with the Holt-Winters’ method with the multiplicative version was ‒ 
10 788,84. Therefore, that was the average difference between the observed and predicted values. The average 
percentage error was ‒0,22%. This means that the predicted values   were, on average, 0,22% lower than the 
observed values. On the other hand, the value of 3,17% of the average absolute percentage error means that the 
forecasted values   deviated on average from the observed values   by such a value. The average error for the Holt-
Winters, the additive forecast was -12 861,81, so this was the difference between the observed and predicted 
values. The average percentage error is ‒0,3. This means that the predicted values   were, on average, 0,3% lower 
than the observed values. The average absolute percentage error is 3,37%. Therefore, it can be concluded that 
the predicted values   deviated on average from the observed values   by such an amount.

Bearing that in mind, the multiplicative Holt-Winters’ model is better than the additive version, as all analyzed 
forecast error indices were lower.

6. Summary and conclusions

The study’s main research objective was to forecast total costs for eighteen consecutive periods using two 
forecasting methods and then to evaluate these methods to choose the best one in terms of economic security. 
This goal has been achieved. Total cost forecasting was conducted using Holt-Winters’ exponential smooth-
ing methods with additive and multiplicative models. The conducted analyses show that the multiplicative 
model worked better. The average error was -10 788,84; in the alternative method, the corresponding error was 
-12 861,81. In addition, the average percentage error in the multiplicative Holt-Winters’ model is -0,22, while 
in the additive Holt-Winters’ model it was -0,3. In addition, the mean absolute percentage error in the multipli-
cative model was 3,17 and in the additive model 3,37. Thus, the average error in the case of the multiplicative 
model was lower by PLN 2 072,97 than in the additive model. The average percentage error was lower by 
0,08%, while the average absolute percentage error was lower by 0,2%. All analyzed forecast error indices are 
lower for the multiplicative Holt-Winters’ model, so it is the best method for forecasting of total costs in the 
research subject.

The forecast of total costs from July 2022 to December 2023, made with the Holt-Winters’ exponential smooth-
ing method, shows an upward trend. The forecasted total costs from July to December 2022 are PLN 45 
395 685, while from January to December 2023 they will amount to PLN 85 948 927.

The total cost planning with the use of forecasting made in the article is a new, so far unused solution in the 
subject of research, which will improve the entire process in terms of the execution time and reduce the differ-
ences between the planned and actual values, and thus in the future will allow for more effective management 
of financial resources in terms of the economic security.
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