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Abstract
Digital transformation has become a central strategic imperative for industrial firms, yet its relationship with firm-level performance remains empirically contested. Using a balanced panel of 487 Russian manufacturing firms over 2018–2024, we examine the impact of digital investment intensity on total factor productivity (TFP), return on assets (ROA), and revenue growth. Fixed-effects regression with instrumental variables (IV-FE) shows that a one-unit increase in the digital investment ratio is associated with a 4.2% increase in TFP (p < 0.01) and a 1.8 percentage-point improvement in ROA (p < 0.05) with a two-year lag. The effect is heterogeneous: large firms and those in knowledge-intensive subsectors obtain disproportionately greater returns. The findings highlight absorptive capacity and managerial capabilities as key boundary conditions for realising digital transformation benefits.

Аннотация
Цифровая трансформация стала ключевым стратегическим императивом для промышленных предприятий. На основе сбалансированной панели из 487 российских предприятий (2018–2024) установлено, что увеличение коэффициента цифровых инвестиций 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 по размеру фирмы и технологической интенсивности отрасли.
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Introduction
The diffusion of digital technologies — cloud computing, the industrial internet of things (IIoT), artificial intelligence, and advanced analytics — into manufacturing operations is widely regarded as a new source of productivity growth [1, p. 14]. At the same time, macro-level evidence on ICT investment and productivity remains mixed, reviving debate about the "productivity paradox" in a new technological context [2, p. 89]. At the firm level, digital transformation encompasses both technological adoption and organisational reconfiguration, making its performance effects theoretically ambiguous [3, p. 220]. Empirical evidence from transition economies, where institutional and managerial conditions differ substantially from those in advanced countries, is particularly scarce [4, p. 56]. Russia manufacturing sector offers a valuable natural context: since 2018, significant digitalisation investments have been made within national programme initiatives, with pronounced heterogeneity across firms in size, technological level, and industry composition [5, p. 33]. The present article addresses this gap by providing causal estimates of digital investment effects on firm performance using a panel dataset and the instrumental variables method to address endogeneity.

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 [6, p. 178]. Heterogeneity analysis was conducted by firm size and subsector technological intensity (OECD classification) [7, p. 44].

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 [3, p. 223]. The revenue growth effect is positive but marginally significant (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. These results are broadly consistent with absorptive capacity theory [8, p. 128], suggesting that organisational competencies — not investment volume alone — are the binding constraint on performance improvement. Table 1 presents the main regression coefficients; Figure 1 illustrates heterogeneous TFP effects by firm size group.

[image: ]
Figure 1. Heterogeneous TFP effects of digital investment by firm size group (IV-FE estimates with 95% confidence intervals).
[Coefficient plot: x-axis — TFP effect size (beta coefficient); two grouped bars: Large firms (beta = 0.082, CI 0.054–0.110) and SMEs (beta = 0.034, CI 0.011–0.057). Dashed line at zero. Error bars represent 95% CIs.]

Table 1. IV-FE regression results: effect of digital investment on 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
	—



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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