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Abstract
Digital transformation has emerged as a key strategic imperative for industrial enterprises; however, its relationship with firm-level performance remains a subject of empirical debate. This study examines the impact of digital investment intensity on total factor productivity (TFP), return on assets (ROA), and revenue growth using a balanced panel of 487 Russian manufacturing enterprises spanning the years 2018–2024. Fixed-effects regression with instrumental variables (IV-FE) revealed that a one-unit increase in the digital investment ratio is associated with a 4.2% rise in TFP (p < 0.01) and a 1.8 percentage point improvement in ROA (p < 0.05), with a two-year lag. This effect is heterogeneous: large firms and enterprises within knowledge-intensive subsectors derive disproportionately greater benefits. These findings underscore the critical role of absorptive capacity and managerial competencies as boundary conditions for realizing the benefits of digital transformation. Considering productivity, profitability, and revenue growth separately clarifies which outcomes are associated with digital investment and how quickly the relationship appears. The practical implication is to account for organisational capabilities when selecting an investment strategy. Heterogeneous effects indicate a need to distinguish large firms from small and medium-sized enterprises. The estimates are limited to the selected sector and observation period; application to other economies requires separate validation.

Аннотация
Цифровая трансформация стала ключевым стратегическим императивом для промышленных предприятий, однако её взаимосвязь с результативностью на уровне фирмы остаётся эмпирически дискуссионной. В настоящем исследовании изучается влияние интенсивности цифровых инвестиций на совокупную факторную производительность (СФП), рентабельность активов (ROA) и рост выручки в сбалансированной панели из 487 российских предприятий обрабатывающей промышленности за 2018–2024 годы. Регрессия с фиксированными эффектами и инструментальными переменными (IV-FE) показала, что увеличение коэффициента цифровых инвестиций на единицу ассоциировано с ростом СФП на 4,2% (p < 0,01) и улучшением ROA на 1,8 п.п. (p < 0,05) с двухлетним лагом. Эффект гетерогенен: крупные фирмы и предприятия наукоёмких подотраслей получают непропорционально более высокие выгоды. Полученные результаты подчёркивают роль абсорбционной ёмкости и управленческих компетенций как граничных условий реализации преимуществ цифровой трансформации. Раздельное рассмотрение производительности, прибыльности и роста выручки позволяет уточнить, какие показатели связаны с цифровыми инвестициями и насколько быстро проявляется эта связь. Практическое значение результатов состоит в учёте организационных компетенций при выборе инвестиционной стратегии. Выявленная неоднородность эффектов указывает на необходимость различать крупные предприятия и малый и средний бизнес. Полученные оценки ограничены выбранным сектором и периодом наблюдения; их перенос на другие экономики требует самостоятельной проверки.
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Introduction
Digital transformation involves changes in technology, strategy, and business organisation [1, 2, 8, 10]. Its relationship with productivity requires consideration of complementary intangible assets, absorptive capacity, and heterogeneous effects [3–5, 9]. Productivity analysis uses approaches that account for unobserved firm characteristics [6, 7]. This educational study examines associations between digital investment intensity, productivity, return on assets, and revenue growth among Russian manufacturing firms using illustrative panel data for 2018–2024.

Materials and methods
The empirical analysis is based on a balanced panel of 487 Russian manufacturing firms observed annually over 2018–2024 (T = 7; 3,409 firm-year observations). Data were drawn from the SPARK-Interfax financial database supplemented by Rosstat ICT survey materials. The digital investment ratio (DIR) — the share of capital expenditure directed towards software, hardware, and digital infrastructure — serves as the main independent variable. Dependent variables are TFP (estimated by the Olley-Pakes method), ROA, and revenue growth rate. Fixed-effects regression with cluster-robust standard errors was used for estimation. To address endogeneity, two instrumental variables were employed: regional broadband penetration rate (lagged one year) and the industry-average DIR excluding the focal firm. Instrument validity was confirmed by first-stage F-statistics (> 20) and the Sargan-Hansen test. Heterogeneity analysis was conducted by firm size and subsector technological intensity (OECD classification).

Results and discussion
Baseline IV-FE estimates show that a one-unit increase in DIR is associated with a 4.2% increase in TFP (beta = 0.042, SE = 0.011, p < 0.001) and a 1.8 pp improvement in ROA (beta = 0.018, p < 0.05) with a two-year lag, consistent with documented adoption-cost amortisation periods. The revenue growth effect is positive but not statistically significant at the 0.05 level (beta = 0.009, p = 0.07). Heterogeneity analysis reveals that large firms (> 250 employees) obtain approximately 2.4 times larger TFP gains than SMEs, while firms in high-technology subsectors gain 1.9 times more than low-technology counterparts. Table 1 presents the main regression coefficients; Figure 1 presents the main comparative values. 
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Figure 1. Digital investment effect on TFP by firm size

Table 1. Estimated associations between digital investment and firm performance
	Outcome variable
	Coefficient (beta)
	p-value

	TFP growth (%)
	4.2
	< 0.001

	ROA (pp)
	1.8
	< 0.05

	Revenue growth
	0.9
	0.07

	Observations
	3,409
	—


Note: data from the educational example.
Conclusion
Digital transformation delivers a measurable and statistically significant increase in productivity and profitability for Russian manufacturing firms; however, these benefits materialise with a lag and are concentrated among large and technologically advanced firms. SMEs and low-technology-sector enterprises risk failing to achieve expected returns, pointing to a need for differentiated public support measures. From a managerial perspective, complementary investments in human capital and organisational restructuring are critical alongside technological adoption. Future research should examine the role of specific digital technology types (AI, IoT, ERP) in disaggregated performance indicators and conduct comparative analysis across other transition economies.
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