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Abstract: The digital era and the Fourth Industrial Revolution have profoundly reshaped global economic landscapes, necessitating increased investments in advanced technologies and equipment. Digitalization and technological transition require substantial efforts to modernize fixed assets, particularly in developing economies like Uzbekistan. This article investigates the return on investment in fixed assets at a macroeconomic level, focusing on Uzbekistan's evolving digital economy. Using various analytical approaches, including conventional methods and distributed lag models, the study evaluates the relationship between fixed asset investments and their long-term economic outcomes. The analysis is based on real-life official statistical data, providing an empirical foundation for understanding the efficiency and productivity of such investments in the context of digital transformation. The findings offer critical insights into the strategic allocation of resources for sustained economic growth and highlight the importance of modernizing fixed assets to remain competitive in the digital era.
INTRODUCTION

Investments in fixed assets play a crucial role in determining the output of an economy, influenced significantly by the market landscape of a particular region or country [1]. The impact of such investments varies globally due to differences in market structures, regulatory environments, and economic conditions [2]. Fixed assets, which include infrastructure, machinery, and technology, are vital for sustaining and validating future income generation [3]. Understanding their long-term effects requires a robust analytical approach grounded in reliable and up-to-date statistical data [4].
The relationship between investments in fixed assets and economic output is complex and multifaceted [5]. While the same amount of investment might lead to varying levels of output in different regions, the tools and methods employed to monitor and control economic activities are equally decisive. This variability underscores the need for precise and tailored economic models that can capture the nuances of regional dynamics and predict future trends [6]. 
[bookmark: _Hlk186895750]To provide accurate forecasts for the immediate and distant future, economists often rely on advanced statistical models. Among the widely used approaches are autoregressive and autocorrelation methods, which are particularly effective in identifying patterns over time [7]. One of the most popular and robust models in this context is the Almon lag model, a distributed lag model introduced by Shirley Almon in 1965 [8]. This model assumes a finite lag length and approximates lag weights with a polynomial function, making it a practical and efficient tool for applied econometrics.
The Almon lag model has several advantages. As a distributed lag model (DLM), it simplifies the estimation process by reducing the number of parameters to be estimated, thus avoiding issues like multicollinearity. The Almon estimator (AE) is recognized as the best linear unbiased estimator (BLUE) for DLMs, making it a preferred choice for analyzing time-series data [9]. However, this model has limitations, particularly when there is a high correlation among explanatory variables or when the dataset is too small to accommodate the number of lags. These challenges must be addressed carefully to ensure accurate and meaningful results [10]. 
Shirley Almon’s foundational work on the Almon lag model utilized Weierstrass's Approximation Theorem to reformulate the model before estimation [8]. This innovative approach laid the groundwork for subsequent advancements in distributed lag modeling, making it an indispensable tool for econometricians. The Almon lag model's ability to capture the delayed effects of investments makes it particularly suitable for examining long-term economic impacts [11]. 
In the context of Uzbekistan, the importance of fixed asset investments has been highlighted in recent governmental policies. On September 11, 2023, a Presidential Decree #158 outlined ambitious goals for the country’s economic development. The decree emphasized the need to increase investments across various sectors to achieve significant milestones, such as doubling the GDP and improving the nation’s global positioning according to the Sustainable Development Goals (SDGs) [12] set by the United Nations. These objectives underscore the strategic importance of fixed asset investments in driving economic growth and fostering sustainable development.
This article aims to examine the return on investment in fixed assets within Uzbekistan’s rapidly evolving economic landscape. By leveraging both Ordinary Least Squares (OLS) methods and the Almon lag model, the study provides a comprehensive analysis of the long-term impacts of such investments. The use of real-life official statistical data ensures the reliability and validity of the findings, offering valuable insights for policymakers, investors, and other stakeholders [13]. 
The focus of this study is twofold: first, to quantify the effects of fixed asset investments on economic output in Uzbekistan; and second, to provide a clear and actionable prognosis for future investments. By employing advanced econometric techniques, this research aims to bridge the gap between theoretical models and practical applications, enabling stakeholders to make informed decisions that align with the country’s developmental goals.
In summary, the digital era and the Fourth Industrial Revolution have created unprecedented opportunities and challenges for economies worldwide. For Uzbekistan, the strategic allocation of resources towards fixed assets is not just a necessity but a critical driver of economic transformation. This article explores the intricate relationship between fixed asset investments and economic growth, providing a roadmap for sustainable development in an increasingly competitive global environment. The findings of this study are expected to serve as a valuable resource for guiding future investment strategies and achieving the ambitious targets set by the government.


MATERIAL AND METHODS

Investment, as a concept, has been a cornerstone of economic thought and business strategy for centuries. Economists and business leaders have defined and redefined the term to capture its multifaceted nature. According to Adam Smith, investment refers to the allocation of resources to generate wealth or improve productivity, emphasizing its role in fostering economic growth [14]. John Maynard Keynes viewed investment as the expenditure on capital goods that are used to produce other goods and services, highlighting its significance in aggregate demand and economic stability [15]. Modern business magnates, such as Warren Buffett, have described investment as the process of putting money into assets with the expectation of obtaining a profitable return, stressing the importance of informed decision-making and long-term planning [16]. 
Fixed assets, a critical subset of investment, are defined by the International Accounting Standards (IAS 16) as tangible assets that are held for use in the production or supply of goods or services, for rental to others, or for administrative purposes, and are expected to be used over a period of more than one year [17]. These include buildings, machinery, equipment, and land—assets that are essential for generating income and supporting long-term operational goals. The IAS definition underscores the importance of fixed assets in providing a stable foundation for business operations and economic development [18].
[bookmark: _Hlk186825507]Also, in accordance with Order of the Minister of Economy and Finance of the Republic of Uzbekistan No.3546 dated 09.08.2024 [19], fixed assets - tangible assets that are used for a long period (more than a year) in the course of economic activities of an organization in the process of production, performance of works or services, or in the performance of administrative and socio-cultural tasks, as well as lease;
Fixed assets play a crucial role in the operations of businesses, and their management is governed by specific rules that regulate their acquisition, cost analysis, and depreciation or amortization. These assets, which include property, machinery, and equipment, are essential for production and service delivery, making their proper accounting and management a priority [20]. Accountants rely on established frameworks and standards to ensure accurate valuation and systematic recording of fixed assets, which are fundamental for financial reporting and decision-making. Over time, the adoption of advanced technologies, including artificial intelligence (AI), has revolutionized fixed asset management across various industries. AI-driven systems streamline processes such as asset tracking, depreciation calculations, and predictive maintenance, enhancing efficiency and accuracy [21]. These advancements are evident in diverse sectors like automotive and textiles, where fixed assets are central to operations. For example, in car manufacturing, AI helps optimize machinery usage and predict wear and tear, while in the textile industry, it aids in efficient utilization of equipment and reduces downtime [21]. The integration of AI not only complements traditional accounting practices but also opens avenues for data-driven decision-making and improved asset longevity. As businesses continue to innovate, the synergy between human expertise and technological tools [22] ensures that fixed assets are managed effectively, supporting long-term growth and sustainability.
Investment in fixed assets can significantly influence the development of the IT sector through derived demand and joint supply. Fixed assets, such as buildings, machinery, and infrastructure, form the backbone of any industry, including information technology. By channeling resources into fixed assets, businesses create a foundation for economic activities that spur growth and innovation within the IT sector.
One key way investment in fixed assets impacts the IT sector is through derived demand. Derived demand refers to the demand for goods and services that arises from the production of other goods. For example, when a company invests in constructing data centers, this investment generates a need for IT hardware, software, and services to operationalize those facilities. Such investments indirectly boost demand for IT products, encouraging technological advancements and fostering the growth of companies within the sector [23].
Additionally, investment in fixed assets promotes growth through joint supply, where the production of one good leads to the availability of another. For instance, investing in advanced manufacturing equipment can enhance productivity while simultaneously generating data that requires IT-based analysis and storage solutions. This dual effect strengthens the interdependence between fixed assets and IT services [24], promoting their mutual growth.
Moreover, investments in infrastructure, such as high-speed internet networks and smart office buildings, create a conducive environment for IT companies to flourish. Enhanced connectivity and modern workspaces attract skilled professionals and enable IT firms to innovate and expand their offerings. This, as in turn in Morandini et al research, accelerates the sector’s contribution to the broader economy [25].
In conclusion, investments in fixed assets are pivotal for the development of the IT sector. By stimulating derived demand and facilitating joint supply, such investments create a ripple effect that drives technological progress, economic growth, and enhanced productivity. Policymakers and businesses should therefore prioritize strategic investments in fixed assets to maximize their impact on the IT industry.
The strategic importance of investments in fixed assets has been well-documented in economic literature. Studies have consistently shown that such investments are pivotal for enhancing productivity, fostering innovation, and driving sustainable growth. In the context of emerging economies like Uzbekistan, fixed asset investments serve as a catalyst for modernization and competitiveness in the global market. The interplay between investment strategies and economic outcomes necessitates a comprehensive understanding of both theoretical frameworks and empirical evidence, forming the basis for informed policymaking and effective resource allocation.


Methodology And Data

· The analysis and synthesis method is utilized to assess investment outcomes and their relationship with GDP in the context of Uzbekistan's emerging digital economy.
· Scientific abstraction, combined with induction and deduction techniques, is used in research to identify similarities and analyze findings from different scholars.
· The abstract-logical method is employed to theoretically synthesize research results and draw conclusions.
· Mathematical, econometric, and statistical analyses are applied to examine research data through various approaches, including ranking, scaling, classification, systematization, differentiation, grouping, and graphical visualization.

Data Used For Analysis

The data in the table below was generated using official statistical information from the Statistics Agency of the Republic of Uzbekistan under the President of the Republic of Uzbekistan [26]. 

Table 1.Annual Real GDP, IT services and Investment in fixed assets (billions UZS – source Statistics Agency).

	Fiscal years
	Real GDP at current prices
	Investments in fixed assets
	Computer programming, consulting services and other ancillary services

	2010
	78936.6
	16463.7
	37.5

	2011
	103232.6
	19500
	62.8

	2012
	127590.2
	24455.3
	86.8

	2013
	153311.3
	30490.1
	115.4

	2014
	186829.5
	37646.2
	138.8

	2015
	221350.9
	44810.4
	142.5

	2016
	255421.9
	51232
	187.7

	2017
	356453.8
	72155.2
	325.5

	2018
	473652.8
	124231.3
	666.1

	2019
	594659.6
	195927.3
	698.2

	2020
	668038
	210195.1
	1428.2

	2021
	820536.6
	239552.6
	2721.5

	2022
	995573.1
	266240
	4652.9

	2023
	1192162.5
	356071.4
	9832.6




Methods And Utilized Models (OLS Vs Almon Lag Model)

Statistical modeling and econometric analysis play a crucial role in understanding relationships between variables and making informed predictions. Among the numerous techniques available, the Ordinary Least Squares (OLS) method and the Almon Lag model are widely used in econometric modeling. Both have distinct advantages and limitations, making them suitable for specific scenarios.
Ordinary Least Squares (OLS) Method is one of the most commonly used methods in regression analysis. It aims to estimate the coefficients of a linear model by minimizing the sum of the squared differences between observed and predicted values.  The OLS method is valued for its simplicity and accessibility, making it suitable for both beginners and experienced researchers. It offers optimal estimation properties, providing the Best Linear Unbiased Estimators (BLUE) under the Gauss-Markov assumptions of linearity, independence, homoscedasticity, and no multicollinearity [27]. OLS is versatile, applicable across fields like economics, biology, and engineering, and is computationally efficient, even with large datasets, due to its straightforward mathematical framework [28]. However, it has notable limitations: its reliance on strict assumptions means violations can lead to biased or inefficient results, and it struggles to handle lagged effects without supplementary techniques, limiting its utility in dynamic systems. Additionally, OLS is sensitive to outliers, which can skew results, and its inherent linearity makes it unsuitable for capturing complex nonlinear relationships without significant transformations [29].
         The Almon Lag model is a valuable tool for addressing the limitations of OLS in capturing lagged effects, particularly in time series analysis where the influence of an independent variable on a dependent variable is distributed across multiple periods [30]. Its advantages include effective handling of distributed lag effects without inflating parameters, reducing multicollinearity through polynomial constraints, and offering flexibility in defining lag structures to tailor models to specific relationships. This makes it especially useful in fields like economics for studying delayed impacts, such as fiscal policy effects. However, the model has its drawbacks, including the risk of specification bias due to subjective choices of polynomial degree and lag length, its limitation to distributed lag relationships, and its complexity in implementation compared to OLS. Additionally, it is sensitive to data quality, with errors in time series data potentially undermining the reliability of its estimates.
The choice between OLS and the Almon Lag model depends on the nature of the research question and the characteristics of the data. OLS is an excellent starting point for exploring simple linear relationships and is favored for its simplicity and computational efficiency. However, when time-lagged effects are crucial, the Almon Lag model becomes indispensable, as it provides a structured way to incorporate lags while mitigating multicollinearity issues [31]. 
Both methods are foundational in econometrics and offer unique insights. While OLS is more versatile across various fields, the Almon Lag model shines in time series contexts, particularly in economics. Understanding their strengths and limitations allows researchers to choose the appropriate tool for their specific analytical needs.



Figure 1. Distributed lag model with 4 lagging years (compiled by authors using MS Word).

Lags that can be expressed through polynomial functions are referred to as Almon lags, a concept named after Shirley Almon, who initially introduced and emphasized this method of lag representation:
                                        (
Almon lags, named after Shirley Almon, refer to lags that can be expressed using polynomial functions, a method she first introduced. Formally, this approach models the relationship between the coefficients bj  and the lag magnitude j in a polynomial form, capturing the structure of distributed lag effects: 
For a first degree polynomial: 
For a second degree polynomial: 
For a third-degree polynomial: and etc.
In its most general form, for a polynomial of degree k, we have:
                                                (2)
In this model, bjb_jbj​ represents the coefficient at lag j, while c0 and c1​ are the parameters that need to be estimated. Each coefficient bj​ in equation (1) can be expressed as follows:
                                                  (3)
By substituting the derived relationships for b1 into equation (1), we get:

After reorganizing all above in equation (4):
…              (5)
In the above described model, it is assumed that the polynomial degree k is less than the maximum lag value l.  In the next step let’s represent the terms within the parentheses as new variables, denoted by cj :

                  (6)
In the following step the model (5) expressed again, incorporating the relationships from (6):
                                  (7)
Also, b is a long-term multiplier. It shows the aine change in the long-term t+l of outcome y under the influence of a change of 1 unit in factor x. Where βj = bj/b, j = 0:1.                                             (8)
Let us call the obtained values the relative coefficients of the model with a distributed lag. If all coefficients bj have the same signs, then for any j : 
0<βj     and                                                               (9).
The average lag is determined 	 by the formula of the weighted arithmetic mean: 
                                                                           (10)


RESULTS

OLS Method
Using data from Table 1, it is possible to obtain results using the OLS method for forecasting. With the OLS method, we can determine that the suitable equations are:

a) [bookmark: _Hlk186837459]Power funcion: y = 30.38x0.8248,  R2 = 0.9894;
b) Exponential function: y = 130907e7E-06x, R2 = 0.8948
c) Linear function: y = 3.1796x – 61250, R2 = 0.9837
d) Logarithmic function: y = 319223ln(x) – 1E+06, R2 = 0.8948
e) Polinomial function: y = 4E-07x2 + 3.0555x – 66242, R2 = 0.9838 


Figure.2.Investment in fixed assets (compiled by authors using MS Excel).

Of all the equations, the most accurate is the power function. The most accurate forecast can be achieved using the following function: 

y = 30.38x0.8248                                                            (11)


[bookmark: _Hlk188720393]DLM – Almon Lag Model

Using the data in Table 1, formula (6), and a lag of 4, the following table is derived:

Table 2. Dynamic of investment volume in fixed assets (compiled from Table 1 by authors).

	Fiscal years
	Real GDP at current prices
	Investments in fixed assets
	Z0
	Z1
	Z2

	2010
	78936.6
	16463.7
	
	
	

	2011
	103232.6
	19500
	
	
	

	2012
	127590.2
	24455.3
	
	
	

	2013
	153311.3
	30490.1
	
	
	

	2014
	186829.5
	37646.2
	128555.3
	203755.5
	567230.5

	2015
	221350.9
	44810.4
	156902
	249992.3
	691704.3

	2016
	255421.9
	51232
	188634
	309394.3
	861090.9

	2017
	356453.8
	72155.2
	236333.9
	375751.8
	1057131

	2018
	473652.8
	124231.3
	330075.1
	459635.2
	1282716

	2019
	594659.6
	195927.3
	488356.2
	601479.3
	1590906.5

	2020
	668038
	210195.1
	653740.9
	865783.5
	2161961.3

	2021
	820536.6
	239552.6
	842061.5
	1263364.4
	3266469.2

	2022
	995573.1
	266240
	1036146.3
	1744649.9
	4831379.5

	2023
	1192162.5
	356071.4
	1267986.4
	2159639.7
	6251043.1




[bookmark: _Hlk188731021]Table 3. Dispersion analysis (compiled by authors using MS Excel using Table 2)
	Dispersion analysis 
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	1.06E+12
	2.65E+11
	291.7546
	4.15E-06

	Residiual
	5
	4.53E+09
	9.07E+08
	
	

	Total
	9
	1.06E+12
	 
	 
	 



Parameters of regressional equation using OSL on Table 2 is :
        R2=0.996                            (12)

The values of standard errors of regression coefficients are indicated in parentheses. Using the regression coefficients found for the variables zi, i = 0, 1, 2 and ratios (3), we calculate the regression coefficients of the original model:

Distributed lag model (1) is:
 R2=0.99.                                                                    (13)
Equation (8) provides the opportunity to approximate the return on investment for each year:
β1 = 1.566/4.02 =  0.3896                                    β2 = 0.695/4.02 = 0.1729
          β3=0.423/4.02 =  0.1052                  β4 = 1.022/4.02 = 0.2542                                         (14)


Investment In Fixed Assets And Its Influence On The IT

Using statistical data from Table 1 and the OLS method, we can obtain the following regression model analysis: 
[bookmark: _Hlk188727027]Figure 3. Effect of Investements in fixed assets on IT services (compiled by authors using MS Excel).

Table 4. Dispersion analysis (compiled by authors using MS Excel using Table 2)
	Dispersion analysis 
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	1
	71818393
	71818393
	34.05681
	8.01E-05

	Residiual
	12
	25305388
	2108782
	
	

	Total
	13
	97123781
	 
	 
	 



R2 = 0.739, A correlation coefficient of 0.739 indicates a strong positive correlation between the two variables being analyzed.  Since 0.739 falls within the strong correlation range, it suggests a meaningful and significant relationship between the variables. However, keep in mind that correlation does not imply causation; further analysis is needed to determine the nature of the relationship.

DISCUSSION
Using equation (13) and the Distributed Lag Model (DLM), we can forecast that an investment of 1 billion soums in fixed assets in Uzbekistan, assuming ceteris paribus, will yield approximately 4.02 billion soums over four years. This approach provides a comprehensive view by accounting for time-lagged effects. In contrast, relying solely on equation (11) and the Ordinary Least Squares (OLS) method highlights the time gap but fails to capture the full picture. The DLM offers a more nuanced analysis, enabling better-informed investment decisions by reflecting the delayed yet cumulative impact of fixed asset investments over time.
In addition to forecasting (13) that an investment of 1 billion soums will increase real GDP by 4.02 billion soums over four years, we can further break down this total increase into yearly contributions based on a proportional model. Using the equations derived from this analysis, we can estimate the distribution of the total increase in real GDP across the four years. Specifically, it is projected (14) that 38.96% of the 4.02 billion soums will be generated in the first year, which amounts to 1.56 billion soums. The second year will contribute 17.29%, equivalent to 694 million soums, while the third year will account for 10.52% or 423 million soums. Finally, the remaining 25.42%, or 1.02 billion soums, will be generated in the fourth year. These approximations provide a clearer understanding of how the investment will unfold over time. However, it is important to note that using Ordinary Least Squares (OLS) regression methods is not suitable for this analysis, as OLS cannot directly calculate or predict such time-based proportions in this context. Instead, these evaluations serve as a hypothetical scenario for better understanding the investment’s impact on the economy year by year.

CONCLUSION
 
Uzbekistan is ambitiously pursuing economic growth while addressing challenges common to developing nations. The country aims to boost profitability, increase GDP, and tackle environmental issues such as pollution, which often arise during rapid industrialization [32]. To achieve these goals, Uzbekistan is heavily investing in education, tourism and technologies recognizing it as a cornerstone for sustainable development and long-term economic prosperity.
Investing in education equips the population with the skills needed to support emerging industries, particularly in sectors like technology and renewable energy, which are critical for reducing pollution. An educated workforce not only enhances productivity but also fosters innovation, creating new opportunities for economic diversification [33]. By prioritizing education, Uzbekistan is preparing its citizens to adapt to modern challenges, ensuring a competitive edge in the global market.
Reducing pollution is another focal point for Uzbekistan, as industrial growth often comes at an environmental cost. To address this, the country is exploring sustainable practices and technologies that minimize environmental degradation. For instance, adopting cleaner energy sources and promoting eco-friendly industries [34] can help balance economic growth with environmental preservation. These initiatives also align with global efforts to combat climate change, enhancing Uzbekistan’s international reputation. 
The Distributed Lag Model (DLM) and its variant, the Almon Lag model, address some limitations of the Ordinary Least Squares (OLS) method, particularly when analyzing time-lagged relationships. However, they also come with their own constraints, which require careful consideration.
One limitation of DLMs is their reliance on assumptions about the lag structure. If the lag length or pattern is misspecified, the model's results may be biased or misleading. The Almon Lag model, while mitigating multicollinearity issues through polynomial constraints, introduces complexity in determining the polynomial degree and lag length. These subjective choices can lead to specification errors if not selected judiciously.
Another drawback of Almon Lag models is their limitation to distributed lag relationships. They are unsuitable for scenarios requiring non-linear or more complex dynamics, restricting their broader applicability [35]. Additionally, while the Almon Lag model reduces multicollinearity, it may oversimplify the lag structure, failing to capture intricate patterns in the data.
Despite these limitations, both the DLM and Almon Lag models outperform OLS when time-lagged effects are crucial. Unlike OLS, which struggles to handle such dynamics, these models provide a structured framework for capturing delayed impacts, making them invaluable for time series analysis and economic forecasting.
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4th year effect on GDP


<<<1st year effect on GDP  <<<  Initial investement


3rd year effect on GDP 


2nd year effect on GDP


y = 30.38x0.8248
R² = 0.9894

16463.7	19500	24455.3	30490.1	37646.199999999997	44810.400000000001	51232	72155.199999999997	124231.3	195927.3	210195.1	239552.6	266240	356071.4	78936.600000000006	103232.6	127590.2	153311.29999999999	186829.5	221350.9	255421.9	356453.8	473652.8	594659.6	668038	820536.6	995573.1	1192162.5	Investment in Fixed assets (bln UZS)


Real GDP at current prices (bln UZS)



Investments in fixed assets	y = 1E-07x2 - 0.0232x + 753.25
R² = 0.9779

16463.7	19500	24455.3	30490.1	37646.199999999997	44810.400000000001	51232	72155.199999999997	124231.3	195927.3	210195.1	239552.6	266240	356071.4	37.5	62.8	86.8	115.4	138.80000000000001	142.5	187.7	325.5	666.1	698.2	1428.2	2721.5	4652.8999999999996	9832.6	Investment in fexed assets (bln UZS)


computer programming, consulting and other IT services (bln UZS)



