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 Abstract. Companies are trying to harness the potential of the current stage of development of the digital industry and 
make it cost-effective, which requires not only technological innovation but also the transformation of many existing 
business models. Based on an analysis of examples of digital subscription companies, this article provides additional 
explanations, including definitions and constituent characteristics of digital subscription business models. The aim 
of the article was to identify trends in the development of digital subscription services by analysing the number of 
active subscribers and the impact of COVID-19 on this indicator. Autoregression and analysis methods were used in 
the study, and the implementation of the selected models was carried out using the Python-3 programming language. 
The article describes a theoretical basis that determine the feasibility of using the subscription model for the company 
under non-deterministic critical conditions. The main approaches to forecasting the company’s performance indicators 
are identified. The type of data to be forecasted is determined, and the necessity of using autoregressive models for 
further analysis is declared. Factors associated with the COVID-2019 incidence that should be considered as exogenous 
variables were identified. The multicriteria selection problem was constructed by restricting the family of autoregressive 
models and determining the criteria for forecasting and data preparation time, forecast accuracy, and the possibility of 
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Researches by economists C.  Katsikeas  et al.  (2019), 
T.G.  Lewis  (2023) on information product pricing iden-
tify different pricing models that can be used to make 
these decisions. These include usage-based pricing, mi-
cropayments, and subscription models. The book by 
E.M.  Noam  (2019) examines in detail various aspects of 
digital organisation, including pricing issues. L.  Rains-
berger  (2023) examined the current state of digital sales 
technology and tools, focusing on processes from posi-
tioning to customer management throughout the sales 
strategy. K.  Sato & K.  Nakashima  (2020) addressed the 
consequences of competitive equilibrium when the same 
electronic goods are offered at different pricing policies. 
The share of online companies offering their services by 
subscription is slowly but steadily increasing. Given the 
growth of the global economy and the growing demand 
for fast and effective solutions, the operating principles 
of work of subscription companies will spread to other ar-
eas of life. B.W. Wirtz  (2021) proved that simultaneously 
with the growing demand for such programs, the methods 
of data analysis to improve the work with consumers will 
also increase. This will provide the opportunity to opti-
mise processes to understand what works and what does 
not work in this online business. Provided that the needs 
of consumers are met qualitatively, companies will thrive 
and offer their founders the opportunity to constantly in-
crease their revenues. The relevance of the study is deter-
mined by the increasing role and market share of digital 
products in the international market and the significant 
potential of the digital products market as one of the driv-
ing factors for the development of the economy. There-
fore, the aim was to examine trends in the development 
of digital subscription services, taking into account the 
number of active subscribers and the impact of COVID-19 
on this indicator. 

 MATERIALS AND METHODS
In order to properly select categories for analysis, a set of 
axiomatic rules was defined. Firstly, the companies under 
study must adhere in their policies to the model of unre-
stricted use at fixed rates. Secondly, business segments and 
company sizes are differentiated by income and number 
of employees. Thirdly, only companies that have a com-
petitive advantage due to their subscription strategy are 
considered. The number of subscribers can be used in fore-
casting indicators of companies’ business activities. In this 
study, autoregressive models were used as a baseline. The 
autoregressive model can be presented as follows:

 INTRODUCTION
In recent years, there has been a process of increasing 
economic integration between countries, which leads 
to the merging of individual national markets into one 
global market, which stimulates the strengthening of the 
process of economy virtualisation. T. Jelassi & F. Martín-
ez-López  (2020) argued that the electronic information 
revolution and its product (digital economy) are changing 
the shape of economic relations, institutions and organi-
sations in the global space of market economy. Therefore, 
it is particularly important to analyse the companies oper-
ating in this environment and identify their strategies and 
key success factors.

The relationship between buyers and producers has 
changed. Thanks to the development of the Internet and 
the digital world, everyone can quickly access information 
compare goods, services and prices. R. Kübler et al. (2021) 
point out that subscription models are becoming increas-
ingly popular, which makes them a good way for compa-
nies to benefit from the advantages of this business model. 
Subscriptions offer customers more options by delivering 
services or products directly to their doorway and giving 
them the opportunity to try something without high up-
front costs. Therefore, today it is possible to talk about 
the digital transformation of companies; in this situa-
tion, there is interest in new ways to promote a product 
or service through the subscription economy. C.  Bagno-
li  et al.  (2022) presented new digital business models in 
Industry 4.0 that help achieve unique competitive advan-
tages. H. Chin et al. (2022) address the evolution of digital 
transformation in services by comparing actual use cases 
and published theoretical studies. Researchers W.  Wang 
& Q. Guo (2021) studied the optimal subscription strate-
gy for network video platforms considering social impact. 
P. Hanafizadeh et al. (2019) focused on the business model 
of Internet service providers at the industry level. S. Ak-
ter  et al.  (2022) examined the transformation of digital 
business through the prism of four emerging technology 
areas: artificial intelligence, blockchain, cloud, and data 
analytics. D.  Grewal  et al.  (2019) point out in their work 
that the use of the Internet for business is characterized by 
low costs that are often covered and have a valuable offer 
of intangible or informative nature. Such content provid-
ers have become truly popular among consumers. Recent 
research in marketing has made significant progress in 
understanding various issues in Internet marketing, in-
cluding browsing behaviour, search engine visits, and re-
ferral agents (Soegoto & Rahmansyah, 2018; Ivanechko et 
al., 2022; Li, 2022).

considering external factors in determining the algorithm efficiency. It is found that moving average autoregression is 
the most effective. Given the further application of this algorithm to predict the number of subscribers, the expediency 
of implementing a subscription strategy for the company under non-deterministic critical conditions is declared. It is 
possible to effectively apply the selected mathematical model to predict the performance of a subscription company. The 
practical significance of the work lies in the possibility of creating certain benchmarks for the development of the market 
and a business strategy for product promotion, which will be based on an understanding of the potential benefits and 
threats of the market for digital subscription products and services

  Keywords: business model optimisation; autoregressive model; software as a service; monthly recurring revenue; 
number of users
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Φ0yt
 = Φ1yt-1

 + ··· + Φpyt-p
 + Θ0ut

 + Θ1ut-1
 + ··· + Θqut-q,      (1)

where yt is the K-dimensional time series; Φi, Θj is the K×K 
matrices, ͞͞i͞=͞1͞,͞ ͞p, ͞j͞=͞1͞, ͞q; ut is the K-dimensional white noise 
vector with zero mean and non-degenerate covariance 
matrix Σ = E(ut, ut’). It should be noted that Φ0 and Θ0 are 
non-degenerate matrices, therefore, they can be normal-
ized to 1. Since it is proposed to take into consideration the 
effects of the dynamics of coronavirus infection, this model 
should be modified, as it does not allow for exogenous vari-
ables. To do so, Φ0yt−1 needs to be substracted from the right 
and left parts of the given equality:

Φ0∆yt
 = Πyt-1

 + Ψ1∆yt-1
 + ··· + Ψp-1yt-p+1

 +Θ0ut
 +

+ Θ1ut-1
 + ··· + Θqut-q,                                (2)

where Π = − (Φ0
 − Φ1

 − ··· − Φp); Ψi
 = − (Φi+1

 + ··· + Φp) ͞͞i͞=͞1͞,͞͞ ͞p͞-͞1. 
This formula (2) is a generalized representation of the 
whole family of autoregression models, which includes the 
following models: autoregression (AR); seasonal autore-
gression (SAR); autoregression of distributed lags (ARDL); 
autoregression of moving average (ARMA). In order to 
determine the most effective model in the framework of 
the proposed study, the statement of the criteria selec-
tion problem should be developed. As a first step (the set 
of alternatives has already been selected), it is necessary 
to determine the comparison criteria: algorithm runtime; 
forecast accuracy; completeness of consideration of exoge-
nous variables; data preparation time. The forecast accura-
cy was measured in whole percentages and can take values 
between 0 and 100. To make the result more objective, the 
algorithms should be applied to Netflix and Amazon Prime 
data to forecast the number of subscribers for 2023. The 
time indicator was measured in seconds (s), and it was lat-
er converted into time savings so that all indicators relate 
to the same optimisation function (maximum). To avoid 
problems related to a measurement error, 5 time measure-
ments were performed. To be able to use a qualitative in-
dicator of the completeness of consideration of exogenous 
variables, the following scale was introduced: exogenous 
variables are not considered – 0 points; exogenous varia-
bles are partially considered – 1 point; exogenous variables 
are fully considered – 2 points. To implement autoregres-
sion models and to check their accuracy and runtime, the 
Python programming language was used, in particular such 
libraries as: numpy, scikit-learn, pandas.

After measurements, the determination of the most ef-
fective model from the selected family was carried out ac-
cording to the principle of linear additive convolution with 
weighting coefficients, with the time indicators replaced 
by the time-saving indicators and a score assigned to each 
criterion. After these measures, the alternatives are elimi-
nated using the Pareto principle (those that have values for 
all the criteria no higher than any of the other alternatives 
may not be considered). Given the importance of the accu-
racy indicator and the possibility of considering external 
factors, the following is noted (with the time indicators be-
ing roughly equal in value): accuracy – 4 points; consider-
ation of external factors – 4 points; forecast time saving – 
1 point; preparation time saving – 1 point. The following 
weighting factors: accuracy – 0.4; consideration of external 
factors – 0.4; forecast and preparation time saving – 0.1.

 RESULTS AND DISCUSSION
The experimental results obtained are described below. 
The accuracy results are presented in Table 1. The average 
value for AR is 85%, for SAR – 89%, for ARDL – 88%, for 
ARMA – 95%. Thus, the moving average algorithm for the 
selected datasets shows greater accuracy. 

Table 1. Result of accuracy measurements
Data AR SAR ARDL ARMA

Netflix 83% 89% 86% 94%

Amazon Prime 87% 88% 90% 95%

Source: made by the authors

AR SAR ARDL ARMA
0.039 s 0.064 s 0.073 s 0.088 s

0.043 s 0.069 s 0.087 s 0.092 s

0.059 s 0.073 s 0.078 s 0.086 s

0.067 s 0.077 s 0.074 s 0.095 s

0.075 s 0.069 s 0.082 s 0.086 s

Table 2. Result of forecast time measurements

Source: made by the authors

Table 3. Result of data preparation time measurements
AR SAR ARDL ARMA

0.012 s 0.022 s 0.025 s 0.039 s

0.011 s 0.025 s 0.023 s 0.040 s

0.013 s 0.019 s 0.018 s 0.029 s

0.012 s 0.024 s 0.023 s 0.026 s

0.011 s 0.027 s 0.021 s 0.035 s

This can be explained by the existing possibility of 
considering the volatility of indicators using an average 
value between neighbouring training learning variables 
and a broader spectrum of considering exogenous variables 
in the forecast. The results for the runtime data are shown 
in Table 2.

The average values for AR are 0.057 s, for SAR – 0.070 
s, for ARDL – 0.079 s, for ARMA – 0.089 s. The relatively 
slow speed of the ARMA algorithm, which was the most ac-
curate, is explained by the need for additional calculations 
of the neighbouring averages. Instead, the AR algorithm is 
algebraically and informationally the simplest (it uses the 
least number of mathematical operations for accessing the 
memory), thus it shows the best results for the runtime. 
The data for the preparation time are shown in Table 3.

Source: made by the authors

The average values for AR are 0.012 s, for SAR – 0.023 
s, for ARDL – 0.023 s, for ARMA – 0.034 s. These dynamics 
in the preparation time is explained by the fact that the 
SAR, ARDL, and ARMA algorithms require exogenous vari-
ables that must also be processed. However, ARMA can use 
external indicators more frequently than the others. The 
non-zero time of data preparation for AR is explained by 
the need to check the training sample for outliers, empty 
values converted to an average, etc. Table 4 is formed with 
the criteria data for each model. The time indicators are 
replaced with the time-saving indicators (Table 5).
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To reduce the number of possible alternatives, the Pare-
to principle was applied. According to it, the ARDL alterna-
tive can be excluded, since all the indicators for it are lower 
than or equal to the SAR alternative. Table 6 shows the Pa-
reto-optimal alternatives. Now the time criteria have to be 
normalized, taking into account that there are no reference 
values for them. The best value for the forecast time saving is 
0.032 s, the worst is 0 s. For SAR: 0.019/0.032 = 0.59. The best 
value for the preparation time saving is 0.022 s, the worst 
is 0 s. For SAR: 0.011/0.022 = 0.5. In precision, the reference 
value is 100, and for the consideration of external factors – 
2. The following normalized values are shown in Table  7.

Forecast 
time

Accuracy
Consideration 

of external 
factors

Preparation 
time

AR 0.057 s 85% 0 0.012 s

SAR 0.070 s 89% 1 0.023 s

ARDL 0.079 s 88% 1 0.023 s

ARMA 0.089 s 95% 2 0.034 s

Table 4. Criteria values

Source: made by the authors

Table 5. The criteria values are reduced  
to the same optimisation principle

Forecast 
time 

saving
Accuracy

Consideration 
of external 

factors

Preparation 
time saving

AR 0.032 s 85% 0 0.022 s

SAR 0.019 s 89% 1 0.011 s

ARDL 0.010 s 88% 1 0.011 s

ARMA 0.000 s 95% 2 0.000 s

Source: made by the authors

Table 6. Pareto-optimal alternatives
Forecast 

time 
saving

Accuracy
Consideration 

of external 
factors

Preparation 
time saving

AR 0.032 s 85% 0 0.022 s

SAR 0.019 s 89% 1 0.011 s

ARMA 0.000 s 95% 2 0.000 s

Source: made by the authors

Forecast 
time 

saving
Accuracy

Consideration 
of external 

factors

Preparation 
time saving

AR 1 0.85 0 1

SAR 0.59 0.89 0.5 0.5

ARMA 0 0.95 1 0

Source: made by the authors

Table 7. Normalized values

Figure 1. Model parameters for Netflix
Source: made by the authors

Thus, it can be argued that the moving average au-
toregression model is the most effective within the pro-
posed subject area. It is necessary to present the obtained 
results of this model, starting with the parameters. For the 
Netflix data, the following model parameters are present-
ed in Figure 1.

From the result, it can be seen that the direct base data 
are the most influential, their moving average is not so in-
fluential, which is due to the insignificant volatility of the 
number of subscribers. In this case, the forecast result is 
as follows (Fig. 2). Q1 2022: 222 million people – the real 
value is 222; Q2 2022: 223 million people – the real value 
is 221; Q3 2022: 225 million people – the real value is 223; 
Q4 2022: 229 million people – the company’s forecast val-
ue is 224. For the Amazon Prime data, the following set of 
coefficients was obtained (Fig. 3). In this case, the impact 
of the base data is even larger. The result of the research is 
as follows (Fig. 4). Q1 2022: 155 million people – the real 
value is 153; Q2 2022: 156 million people – the real value 
is 153; Q3 2022: 158 million people – the real value is 155; 
Q4 2022: 160 million people – the company’s forecast value 
is 157. Thus, it can be concluded that during this time peri-
od, an external factor such as the COVID-19 pandemic did 
not significantly affect the number of Netflix and Amazon 
Prime subscribers, and the overall trend persisted. Taking 
into consideration the obtained mathematical models, it is 
possible to make a forecast of the number of subscribers for 
the four quarters of 2023 (Table 8).

It should be noted that the obtained results are based 
on the forecast of the average number of COVID-19 dis-
eases per quarter, which may lead to an increase in the 
error of the forecast data. According to the results of the 
study, it can be concluded that the existing business strat-
egies in the selected companies are effective in maintain-
ing and increasing the number of active subscribers. The 
efficiency in the present study meant the value of the lin-
ear additive convolution with the weighting coefficients 
for accuracy indicators, time saving in forecasting and 
data preparation, and the possibility of considering the 
impact of external factors. The findings from the research 
could be applied in various ways. One potential use is the 
creation of a customized pricing strategy. Additionally, 
the algorithm could serve as an integral component of a 
decision support system, offering both passive and active 
support to help companies reduce risks when employing 
a subscription model in circumstances like those experi-
enced during the pandemic.

Using the predetermined weighting factors, the value 
of the selected convolution can be found.

For AR: 0.1 + 0.85×0.4 + 0.1 = 0.54.
For SAR: 0.1×0.59 + 0.89×0.4 + 0.5×0.4 + 0.5×0.1 = 0.67
For ARMA: 0.95×0.4 + 0.4 = 0.78
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Figure 2. Forecast result for Netflix
Source: made by the authors based on Statista (n.d.)
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Figure 3. Model parameters for Amazon Prime
Source: made by the authors

Figure 4. Forecast result for Amazon Prime
Source: made by the authors
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It should be noted that the problematics related to 
predicting the number of subscribers with autoregressive 
models is new, but this class of models has been applied 
by M. Nkongolo (2023) to study the volume of user data; 
in this work, he proved the feasibility of using the selected 
family of algorithms when dealing with extensive data re-
lated to users of subscription services. I. Ullah et al. (2019) 
point out in their study that machine learning is quite sen-
sitive to the amount of data, and since this type of service 
has been spreading for a relatively short time, it is quite a 
complex process to obtain a satisfactory result, even after 
data augmentation. The probabilistic approach is used in 
cases where the external conditions are relatively stable 
and do not significantly affect the overall result, as stated 
by P. Ghosh et al. (2021). Taking into account that the data 
were affected first by the crisis triggered by the pandem-
ic and then by the general political instability due to the 
Russian Federation’s full-scale invasion of Ukraine, this 
approach may also be considered inexpedient.

In addition to the above, using autoregression to pre-
dict indicators of business activity (which include the num-
ber of subscribers) during significant social changes caused 
by emergency situations, which include the COVID-19 pan-
demic, generally yields a 95% result accuracy, according to 
the study by A. Khovrat et al. (2022). In this research, the 
moving average autoregression algorithm was determined 
as the most effective. It should be noted that, compared 
to the research mentioned, to predict the number of sub-
scribers without considering polymorphic data, additional 
constraints need to be introduced to the selection of the 
target companies, which were mentioned earlier. When 
these constraints are removed, there is a significant risk 
of obtaining a less accurate forecast, but the use of more 
exogenous variables, especially those not directly related 
to the pandemic, is beyond the scope of the present study.

The selected exogenous variables that are indicators 
of COVID-19 were studied by P. Congdon (2021), who not 
only showed the possibility of effective use of autoregres-
sion to forecast the dynamics of incidence rates, but also 
examined the issue of including these data as external 
factors influencing business development in general and 
their digital strategies in particular. Similar results were 
obtained by scholars E. Karaçuha et al. (2020) from Istan-
bul Technical University and B. Buru & M. Gursoy  (2022) 
from Koçu University. It should also be mentioned here 
that separate approaches, which may include, for example, 
expert evaluation or logistic regression, must be used in se-
lecting additional external factors. According to the work 
of A. Khovrat et al. (2022), the first of the approaches has 
proven its effectiveness regarding the outlined problem-
atics, while the second has found its confirmation in the 
context of various tasks, as noted by J. Wang et al. (2023).

Regarding other algorithms for forecasting the num-
ber of subscribers, it is worth mentioning the work of 

a scholar from the University of Toronto in Canada, 
B.W. Wirtz  (2021), on the application of multidimension-
al linear regression. The author of the article notes that 
despite the fairly accurate results of the forecast, there is 
the problem of high sensitivity to outliers. Similar results 
were also obtained by Q. Yan (2022) from the University of 
Sydney, who studied the issues of forecasting subscription 
prices for Netflix. In view of all the above mentioned points, 
it can be argued that the selected approaches, methods, 
and exogenous variables were selected in accordance with 
international scientific practices. The findings do not con-
tradict recognised scientific studies.

 CONCLUSIONS
The study has proved that the digital economy includes 
economic activities involving millions of daily online 
communications between people and businesses, which 
means the growing need of people and organisations for 
information exchange that is only possible through the 
Internet, mobile technologies, etc. The use of the family 
of autoregressive models to forecast the number of active 
users allows to assert the overall effectiveness of using 
the subscription model under non-deterministic critical 
conditions. Four autoregressive models were considered 
in the study: autoregression; seasonal autoregression;  
autoregression of distributed lags; autoregression of mov-
ing average. Given the number of new COVID-19 cases in 
the proposed time frame, among the algorithms of this 
family that showed an accuracy of 85% to 95% on the test 
data provided by Amazon and Netflix, the moving average 
algorithm is the most effective. The efficiency factors se-
lected were: saving forecast time, saving preparation time, 
accuracy, and the possibility of considering exogenous 
variables. Among these factors, the ARMA model is the 
slowest of the proposed models, but this shortcoming is 
compensated by the accuracy, which is the most important 
indicator in case of crisis.

In addition to providing practical confirmation of the 
feasibility of using the subscription model under non-de-
terministic critical conditions, the present study exam-
ined the theoretical basis that would determine the ef-
fectiveness of this strategy. The constraints imposed on 
the target data of the company were determined, which 
allowed to obtain a more accurate result. The results ob-
tained in the study can be used, for example, to develop an 
own pricing strategy. Another possible application is the 
use of this algorithm as part of a decision support system, 
both passive and active, which would mitigate the risks 
for companies using the subscription model in situations 
similar to COVID-19. Since only basic autoregressive  
models, which are quite sensitive to external factors and 
outliers in target time series, were considered for the 
present work, it was decided to leave for further research 
the issue of reducing the impact of outliers and missing 

Source: made by the authors

Table 8. Forecast of the number of subscribers

Q1, 2023 Q2, 2023 Q3, 2023 Q4, 2023

Netflix 229 mn people 234 mn people 238 mn people 241 mn people

Amazon Prime 164 mn people 168 mn people 168 mn people 174 mn people
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target data as well as their augmentation. The latter is 
due to the fact that the data on the number of subscribers 
are usually reported in open sources on a quarterly basis; 
thus, to present them correctly on a weekly scale, it is nec-
essary to use separate methods.
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Тенденції розвитку цифрових підписних сервісів  
на міжнародних ринках

  Анотація. Компанії намагаються використати потенціал сучасного етапу розвитку цифрової індустрії та 
зробити його економічно вигідним, для чого необхідні не лише технологічні інновації, а й трансформація 
багатьох існуючих бізнес моделей. Базуючись на аналізі прикладів цифрових підписних компаній, ця стаття надає 
додаткові роз’яснення, зокрема визначення та складові характеристики бізнес моделей передплати в цифрових 
сервісах. Метою статті було виявлення тенденцій розвитку цифрових підписних сервісів на основі аналізу 
кількості активних підписників та впливу COVID-19 на цей показник. У дослідженні були використані методи 
авторегресії та аналізу, імплементація обраних моделей здійснена мовою програмування Python-3. Описано 
теоретичне підґрунтя, яке зумовлює доцільність використання підписної моделі для компанії в недетермінованих 
критичних умовах. Визначено основні підходи до прогнозування показників діяльності компанії. Встановлено 
характер даних, що прогнозуватимуться, декларовано необхідність використання авторегресійних моделей для 
подальшого аналізу. Визначено фактори пов’язані із захворюваністю COVID-19, які варто врахувати як екзогенні 
змінні. Здійснено побудову задачі багатокритеріального вибору шляхом обмеження сімейства авторегресійних 
моделей та визначення критеріїв часу прогнозування і підготовки даних, точності прогнозу і можливості 
врахування зовнішніх факторів при знаходженні ефективності алгоритму. Визначено, що найбільш ефективною 
є авторегресія рухомого середнього. З огляду на подальше застосування вказаного алгоритму для прогнозування 
кількості підписників, декларується доцільність реалізації підписної стратегії для компанії в недетермінованих 
критичних умовах. Передбачається можливість ефективного використання обраної математичної моделі для 
прогнозування показників діяльності компанії, що працює за передплатою. Практичне значення роботи полягає у 
можливості побудови певних орієнтирів для розвитку ринку та розробки бізнес стратегії просування продукту, які 
базуватимуться на розумінні можливих переваг та загроз, які має ринок цифрових підписних продуктів та сервісів

  Ключові слова: оптимізація бізнес-моделі; авторегресійна модель; програмне забезпечення як послуга; 
щомісячний регулярний дохід; кількість користувачів
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