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 This study aims to examine how digital transformation (DT) improves the performance of Saudi 
listed firms, whether innovation capability (IC) mediates this relationship, and whether 
environmental, social and governance (ESG) performance moderates it, within the context of Saudi 
Vision 2030. Drawing on the resource-based view, dynamic capabilities theory and stakeholder 
theory, the study analyses a balanced panel of 120 non-financial firms listed on the Saudi Exchange 
(Tadawul) over 2020–2025. The two-step system generalised method of moments (GMM) 
estimator is applied to address endogeneity, dynamic persistence and unobserved heterogeneity. 
Mediation is assessed through the Sobel test and bootstrapped indirect effects, and moderation 
through interaction terms. DT exerts a positive and significant effect on firm performance. IC fully 
mediates the DT–performance relationship, confirming that DT enhances performance by 
strengthening a firm’s capacity to innovate. ESG performance positively moderates the DT–
performance relationship, with the strengthening effect most pronounced for the market-based 
performance measure (Tobin’s Q). Results are robust to an alternative performance proxy, 
alternative estimators and endogeneity checks. The index-based measurement of DT and IC, 
although validated against annual-report content, may not capture every dimension of 
digitalisation. The single-country focus enhances contextual depth but may limit generalisability to 
other Gulf Cooperation Council economies. Managers should treat DT not as an end in itself but as 
an enabler of innovation capability, and should pair digital investment with credible ESG 
commitments to convert digital resources into superior and sustainable performance. The study 
provides among the first firm-level panel evidence, from an emerging oil-driven economy pursuing 
Vision 2030, of a mediated-moderation mechanism linking DT, IC, ESG and performance. 
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1. Introduction 

 
Digital transformation (DT) has evolved from a peripheral information-technology concern into a strategic imperative that 
reshapes business models and value-creation logics (Verhoef et al., 2021; Vial, 2019). Artificial intelligence, cloud computing, 
big-data analytics, blockchain and the Internet of Things have reconfigured supply chains and altered how organisations sense 
and seize opportunities (Dwivedi et al., 2021; Wamba-Taguimdje et al., 2020), with Industry 4.0 capabilities now central to 
competition (Ahmed et al., 2024) and convergence innovation intensifying as firms recombine technologies across domains 
(Lee & Trimi, 2021). The pandemic accelerated this shift, converting digitalisation into a condition of survival (Amankwah-
Amoah et al., 2021; Soto-Acosta, 2022). In emerging economies, DT is positioned as a lever for diversification and for 
narrowing the productivity gap with advanced markets (Kraus et al., 2021; Shi, 2024). Nowhere is this ambition more explicit 
than in Saudi Arabia, where DT constitutes a cornerstone of Saudi Vision 2030. The Vision seeks to diversify the Kingdom 
away from hydrocarbon dependence, to cultivate a knowledge-based economy and to accelerate digitalisation across public 
and private sectors (Nurunnabi, 2017). In response, firms listed on the Saudi Exchange (Tadawul) have substantially increased 
investment in digital infrastructure, data-driven decision systems and platform-based business models, aiming to raise 
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operational efficiency and defend competitive position (Al-Matari et al., 2024). Yet the assumption that digital investment 
mechanically translates into superior financial outcomes is increasingly contested (Nasiri et al., 2022; Peng & Tao, 2022). 
The empirical record is, in fact, mixed. A stream of studies documents a positive DT–performance association, attributing 
gains to lower transaction costs, improved coordination and enhanced customer intimacy (Chen & Kim, 2024; Guo et al., 
2023; Zhai et al., 2022). Another stream cautions that digital investment alone is insufficient: without complementary 
organisational capabilities, digital resources risk becoming stranded assets that raise costs without commensurate returns (Li 
et al., 2022; Martínez-Caro et al., 2020). This ambiguity motivates a shift in scholarly attention away from whether DT matters 
and towards how and under what conditions DT improves performance (Nadkarni & Prügl, 2021). Two mechanisms are 
especially salient. First, innovation capability (IC) a firm’s capacity to generate, absorb and commercialise new knowledge 
may act as the conduit through which digital resources are converted into performance (Usai et al., 2021; Warner & Wäger, 
2019). Second, environmental, social and governance (ESG) performance may condition the strength of the DT–performance 
relationship, because stakeholders increasingly reward firms that combine technological advancement with responsible and 
transparent conduct (Freeman et al., 2021; Zheng & Bu, 2024). 
 
Three gaps remain unresolved. First, the mediating role of IC has rarely been tested with dynamic panel methods accounting 
for performance persistence and the endogeneity of digital investment (Liu et al., 2023; Rehman et al., 2023). Second, 
evidence on ESG as a boundary condition of the DT–performance relationship is scarce and almost absent for Gulf economies 
(Shaddady & Alnori, 2024; Wu et al., 2024). Third, most firm-level evidence originates from China or advanced Western 
markets, leaving the oil-driven Saudi setting under-examined (Ali et al., 2025; Hamdouni, 2025). This study therefore asks: 
does DT improve firm performance; does DT enhance IC; does IC improve performance; does IC mediate the DT–
performance relationship; and does ESG performance moderate it? 
 
To answer these questions, the study analyses a balanced panel of 120 non-financial Saudi listed firms over 2020–2025 (720 
firm-year observations) using the two-step system generalised method of moments (GMM). The contribution is fourfold. 
Theoretically, the study integrates the resource-based view (RBV; Barney, 1991), dynamic capabilities theory (DCT; Teece, 
2020) and stakeholder theory (Freeman et al., 2021) into a single mediated-moderation framework, showing that these lenses 
are complementary rather than competing. Empirically, it provides among the first dynamic-panel evidence from a Vision 
2030 economy that IC mediates, and ESG performance positively moderates, the DT–performance relationship. 
Methodologically, it applies system GMM with a full suite of diagnostic checks to mitigate the endogeneity that has 
constrained prior cross-sectional work (Hamdouni, 2025; Zhang et al., 2023). Practically, it offers managers and policymakers 
a mechanism-based account of how digital investment can be organised to yield sustainable returns. 
 
The Saudi setting is analytically valuable. The Kingdom is the largest Gulf Cooperation Council economy and is undergoing 
an ambitious state-led modernisation programme (Nurunnabi, 2017). Vision 2030 ties national competitiveness to digital 
government and non-oil private-sector growth, while ESG-disclosure guidance and governance-code reform have reshaped 
the disclosure environment (Alnor, 2024; Habbash, 2016). These reforms create a setting in which digitalisation, innovation 
and responsible conduct co-evolve, allowing the mediated-moderation mechanism to be observed clearly (Kateb & Youssef, 
2025). Yet concentrated ownership, a sectoral tilt towards materials and energy, and a maturing innovation ecosystem 
distinguish it from the Chinese and Western contexts dominating the literature (Alnori, 2020; Zhou et al., 2020), so the findings 
both test the portability of established mechanisms and inform a regional policy agenda. 
 
The remainder of the paper develops the theoretical foundation (Section 2), reviews the literature and formulates hypotheses 
(Section 3), presents the conceptual framework (Section 4), details the data and methodology (Section 5), reports the results 
(Section 6), discusses the findings (Section 7) and concludes (Section 8). 
 
2. Theoretical Foundation 

 
2.1 The resource-based view 

 
The RBV holds that firms achieve sustained competitive advantage by controlling resources that are valuable, rare, inimitable 
and non-substitutable (Barney, 1991). Digital assets, proprietary data, analytics platforms and integrated information systems 
qualify as strategic resources to the extent that rivals find them difficult to replicate (Vial, 2019; Wamba-Taguimdje et al., 
2020). The RBV also clarifies why digital investment does not guarantee superior performance: resources create value only 
once bundled and deployed through firm-specific routines (Barney, 1991; Li et al., 2022), and digital orientation improves 
financial outcomes only when accompanied by digital maturity and intensity (Nasiri et al., 2022). The RBV therefore predicts 
that the payoff to DT depends on complementary capabilities, of which innovation capability is central (Rehman et al., 2023; 
Usai et al., 2021). 

 
2.2 Dynamic capabilities theory 

 
Dynamic capabilities theory extends the RBV by focusing on the higher-order capacities through which firms sense 
opportunities, seize them and reconfigure their resource base in turbulent environments (Teece, 2020). DT drives these 
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capacities: digital technologies expand sensing through real-time data, enhance seizing through rapid experimentation, and 
enable reconfiguration through modular, platform-based architectures (Warner & Wäger, 2019; Zhu & Li, 2023). Empirical 
work confirms that resource orchestration and organisational agility translate digital investment into competitive outcomes 
(Abdurrahman et al., 2024; Matarazzo et al., 2021). Innovation capability is a quintessential dynamic capability, converting 
digitally enabled sensing and seizing into new products and processes (Loureiro et al., 2021; Zott & Amit, 2024). DCT thus 
positions IC as the mechanism linking DT to performance, predicting that the relationship operates substantially through IC 
rather than directly (Chen & Kim, 2024; Liu et al., 2023). 
 
2.3 Stakeholder theory 

 
Stakeholder theory argues that firms create durable value by attending to a broad set of constituents, investors, employees, 
customers, regulators and society, rather than shareholders alone (Freeman et al., 2021), and ESG performance operationalises 
responsiveness to these claims (Paridhi et al., 2024). In a digital context, the value released by DT is amplified when firms 
are perceived as responsible and transparent: credible ESG conduct reduces information asymmetry, lowers the cost of capital 
and secures the stakeholder cooperation needed to scale digital initiatives (Aydoğmuş et al., 2022; Shad et al., 2024). 
Conversely, digital advancement without responsible governance may erode trust, since weak ESG conduct is associated with 
managerial misconduct and downside risk (He et al., 2022; Luo et al., 2024). Stakeholder theory therefore supports ESG as a 
moderator of the DT–performance relationship (Zheng & Bu, 2024). Together, the three lenses yield an integrated logic: the 
RBV explains why DT is a potential source of advantage, DCT explains the capability mechanism (IC) realising it, and 
stakeholder theory explains the condition (ESG) strengthening it. 
 

3. Literature Review and Hypothesis Development 
 

3.1 Digital transformation and firm performance 
 

A growing body of research links DT to improved firm outcomes. Studies grounded in the RBV report that digital technologies 
reduce cost stickiness, improve asset utilisation and strengthen coordination across the value network, enhancing both 
accounting and market-based performance (Chen & Kim, 2024; Zhai et al., 2022). Big-data, artificial-intelligence and mobile 
technologies lower operating costs and raise total factor productivity (Guo et al., 2023; Wamba-Taguimdje et al., 2020), while 
platform-based models expand revenue opportunities and strengthen customer value creation (Cenamor et al., 2019; 
Matarazzo et al., 2021). DT also enhances organisational resilience (Wang et al., 2023) and strengthens the performance 
effects of corporate restructuring in emerging markets (Vo et al., 2024). In Saudi Arabia, DT has been associated with 
improved ESG outcomes and stronger disclosure quality (Al-Matari et al., 2024; Chen & Ren, 2025). Nevertheless, a 
countervailing literature documents insignificant or even negative short-run effects, attributing them to high adoption costs, 
organisational inertia and the time lag between digital investment and realised returns (Li et al., 2022; Martínez-Caro et al., 
2020; Peng & Tao, 2022). This tension implies that, on balance and over a multi-year horizon, DT is expected to raise 
performance, but that the effect is contingent on complementary capabilities (Nasiri et al., 2022). Consistent with the RBV 
(Barney, 1991) and the preponderance of recent firm-level evidence, the first hypothesis is proposed. 
 

H1: Digital transformation has a positive and significant effect on the firm performance of Saudi listed companies. 
 

3.2 Digital transformation and innovation capability 
 

Dynamic capabilities theory predicts that DT strengthens innovation capability (Teece, 2020; Warner & Wäger, 2019). Digital 
technologies enlarge the informational substrate for innovation: analytics reveal latent customer needs, cloud platforms lower 
the marginal cost of experimentation, and collaboration tools accelerate knowledge recombination across boundaries 
(Dwivedi et al., 2021; Feroz & Kwak, 2024). Empirical work shows that DT enhances innovation performance through big-
data capabilities and organisational agility (Zhu & Li, 2023), and that digitally enabled sensing and seizing feed into new 
products and processes (Liu et al., 2023; Usai et al., 2021). A supportive digital culture and coherent digital strategy translate 
digital investment into superior innovation outcomes (Amankona et al., 2025; Nadkarni & Prügl, 2021; Zhong & Ren, 2024), 
and DT has been linked to green and sustainability-oriented innovation (Gao et al., 2023; Zhang et al., 2023). Because Saudi 
firms under Vision 2030 are actively building digital infrastructure (Nurunnabi, 2017), DT is expected to expand their capacity 
to innovate. Accordingly, the second hypothesis is advanced. 
 

H2: Digital transformation has a positive and significant effect on the innovation capability of Saudi listed companies. 
 

3.3 Innovation capability and firm performance 
 

Innovation capability is a proximate driver of firm performance (Loureiro et al., 2021; Rehman et al., 2023). As a dynamic 
capability, IC enables firms to renew product portfolios, differentiate offerings and improve process efficiency, supporting 
margins and valuation (Teece, 2020; Zott & Amit, 2024). Studies across manufacturing and service sectors associate stronger 
IC with higher profitability, sales growth and competitive advantage (Liu et al., 2023; Usai et al., 2021), and the association 
extends to environmentally oriented innovation (Khan et al., 2021; Ren et al., 2021; Singh et al., 2020; Yousaf, 2021). The 
RBV clarifies that IC resists imitation because it is embedded in tacit routines and cumulative learning (Barney, 1991). In 
reform-driven markets such as Saudi Arabia (Nurunnabi, 2017), IC is likely to be decisive. Hence, the third hypothesis is 
stated. 
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H3: Innovation capability has a positive and significant effect on the firm performance of Saudi listed companies. 
3.4 The mediating role of innovation capability 
 

Integrating H1–H3 yields a mediation logic consistent with the RBV–DCT synthesis: DT is unlikely to enhance performance 
mechanically; its influence is channelled through the innovation capability it helps to build (Barney, 1991; Teece, 2020). 
Digital resources become performance-relevant only when deployed to generate and commercialise new knowledge (Li et al., 
2022; Warner & Wäger, 2019), which explains why some firms realise strong returns to DT while others do not (Nasiri et al., 
2022; Usai et al., 2021). Recent mediation studies report that innovation and related capabilities transmit a substantial share 
of the digital-to-performance effect, leaving only a modest direct path once the mediator is included (Chen & Kim, 2024; 
Peng & Tao, 2022; Zhu & Li, 2023), and comparable designs confirm that capability variables rather than technology adoption 
carry the effect (Abdurrahman et al., 2024; Amankona et al., 2025). The study therefore expects IC to mediate the DT–
performance relationship, with DT potentially retaining a residual direct effect through channels such as cost reduction (Guo 
et al., 2023). The fourth hypothesis follows. 
 

H4: Innovation capability mediates the relationship between digital transformation and firm performance in Saudi listed 

companies. 
 

3.5 The moderating role of ESG performance 
 

Stakeholder theory suggests that the returns to DT are conditioned by a firm’s ESG performance (Freeman et al., 2021). Strong 
ESG performance signals responsible governance, environmental stewardship and social legitimacy, which reduce 
information asymmetry and secure the stakeholder cooperation necessary to scale digital initiatives (Aydoğmuş et al., 2022; 
Paridhi et al., 2024). Firms with credible ESG credentials can more readily mobilise the external knowledge, financing and 
regulatory goodwill that digital transformation requires, and benefit from a lower cost of debt and equity (Shad et al., 2024; 
Zahid et al., 2023). Superior ESG performance also constrains managerial misconduct and mitigates downside risk, protecting 
the value created by digital investment (He et al., 2022; Luo et al., 2024), while stakeholder pressure has been shown to 
condition the returns to responsible innovation (Adomako & Tran, 2022). Empirically, evidence from China indicates that DT 
and ESG performance interact positively in shaping firm performance (Wu et al., 2024; Zheng & Bu, 2024), and Saudi-
focused studies report that ESG disclosure enhances performance (Ali et al., 2025; Hamdouni, 2025; Veeravel et al., 2024) 
and is itself strengthened by digitalisation (Chen & Ren, 2025). Comparable efficiency gains from ESG practices have been 
documented for banks in oil-driven and European settings (Liang et al., 2024; Shaddady & Alnori, 2024), although some 
studies caution that ESG engagement can impose costs that offset its benefits, particularly for smaller firms (Oware et al., 
2023). In the Vision 2030 environment where sustainability, transparency and governance reform are explicit policy priorities 
(Alnor, 2024; Kateb & Youssef, 2025), ESG performance is expected to amplify the performance benefits of DT. The fifth 
hypothesis is therefore proposed. 
 

H5: ESG performance positively moderates the relationship between digital transformation and firm performance, such that 

the effect of digital transformation on performance is stronger for firms with higher ESG performance. 
 

3.6 Digitalisation, sustainability and firm outcomes in the Saudi context 
 

A small but growing literature examines digitalisation and sustainability in the Saudi and wider Gulf context. Studies of Saudi 
listed firms report that ESG disclosure is positively associated with profitability and firm value (Ali et al., 2025; Hamdouni, 
2025), an association strengthened by governance mechanisms such as board gender diversity and sustainability committees 
(Alodat & Hao, 2025; Kateb & Youssef, 2025). DT improves the ESG outcomes of Saudi firms, with big-data analytics and 
blockchain most strongly linked to environmental and social improvements (Chen & Ren, 2025; Wu et al., 2024). ESG 
practices raise bank efficiency in the oil-driven economy (Shaddady & Alnori, 2024), and stronger governance and disclosure 
support superior sustainability and performance outcomes (Alnor, 2024; Habbash, 2016). Cash holdings and ownership 
structure further condition performance (Al-Matari et al., 2024; Alnori, 2020), and ESG disclosure alters how markets price 
firm behaviour (Almulhim & Metwally, 2025). 
 
However, prior Saudi studies have largely examined DT and ESG as independent determinants of performance, have relied 
on static estimators vulnerable to endogeneity, and have not tested whether innovation capability transmits the digital effect 
or whether ESG conditions it (Ali et al., 2025; Hamdouni, 2025). The mediated-moderation framework developed here 
addresses this gap and extends the regional evidence base with a dynamic-panel research design. 
 

4. Conceptual Framework 

 
The conceptual framework in Fig. 1 integrates the three theoretical lenses into a single mediated-moderation model (Nadkarni 
& Prügl, 2021; Warner & Wäger, 2019). Digital transformation is the independent variable, firm performance the dependent 
variable, innovation capability the mediator and ESG performance the moderator, with firm size, firm age, financial leverage, 
sales growth and liquidity as controls (Alnori, 2020; Zhai et al., 2022). The framework depicts the direct path (H1), the DT→IC 
and IC→performance paths (H2 and H3), the mediation of IC (H4), and the moderation by ESG performance (H5). 
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Fig. 1. Conceptual framework of the study 

 
5. Data and Methodology 
 

5.1 Population, sample and justification 
 

The target population comprises non-financial firms listed on the Saudi Exchange (Tadawul) during 2020–2025. Financial 
firms are excluded because their capital structure, regulatory capital requirements and accounting conventions differ 
fundamentally and would confound the interpretation of leverage and performance, consistent with prior Saudi evidence 
(Alnori, 2020; Hamdouni, 2025). The study period is justified on three grounds. First, 2020 marks the intensification of Vision 
2030 digital initiatives and the pandemic-driven acceleration of corporate digitalisation (Amankwah-Amoah et al., 2021; Soto-
Acosta, 2022). Second, the window captures the maturation of the Saudi ESG-disclosure regime and accompanying 
governance reforms (Alnor, 2024; Kateb & Youssef, 2025). Third, six years allows the lagged effects of digital investment to 
materialise (Peng & Tao, 2022) while reflecting the current institutional environment. Firms are retained if they were 
continuously listed throughout the period, published annual reports each year, and had the data required to construct all 
variables; firms with extensive missing values or that were suspended, newly listed or delisted are removed. The screening 
yields a balanced sample of 120 firms and 720 firm-year observations across twelve sectors. A balanced panel eliminates 
survivorship-related attrition bias and supports consistent estimation of dynamic models (Hamdouni, 2025). The sample size 
compares favourably with recent Saudi studies (Ali et al., 2025; Alodat & Hao, 2025) and provides adequate power for 
interaction testing. Sectoral composition is reported in the Appendix. 
[ 

5.2 Variable measurement 
 

Firm performance is captured by two complementary measures (Aydoğmuş et al., 2022; Hamdouni, 2025). Return on assets 
(ROA) proxies accounting performance, while Tobin’s Q proxies market-based, forward-looking value (Veeravel et al., 2024). 
Digital transformation is an index (0–1) from content analysis of annual reports, capturing disclosure intensity relating to 
artificial intelligence, cloud computing, big-data analytics, blockchain and the Internet of Things, an approach validated in 
recent research (Chen & Ren, 2025; Zhai et al., 2022). Innovation capability is a composite index of research-and-development 
intensity, patent activity and new-product revenue intensity (Liu et al., 2023; Usai et al., 2021). ESG performance is the firm’s 
ESG score from an established rating provider, standardised for the interaction analysis (Paridhi et al., 2024; Zahid et al., 
2023). Controls follow the firm-level literature (Alnori, 2020; Oware et al., 2023). Definitions, measurement and expected 
signs appear in Table 1. 
 

Table 1 

Variable definitions, measurement and expected relationship 
Variable Symbol Role Measurement Expected sign 
Return on assets ROA  

Dependent 
Net income / total assets  

Tobin’s Q TQ (Market value of equity + book debt) / total assets  
Digital transformation DT Independent Annual-report content-analysis index (0–1) + on ROA, TQ, IC 
Innovation capability IC Mediator Composite of R&D intensity, patents, new-product revenue (0–1) + on ROA, TQ 
ESG performance ESG Moderator ESG rating score (0–100), standardised + moderation 
DT × ESG DT×ESG Interaction Product of DT and standardised ESG + 
Firm size FSize  

 
Control 

Natural log of total assets + 
Firm age FAge Natural log of (1 + years since incorporation) + 
Financial leverage LEV Total debt / total assets – 
Sales growth SGrowth (Salesₜ – Salesₜ₋₁) / Salesₜ₋₁ + 
Liquidity LIQ Current assets / current liabilities + 

 
5.3 Empirical models 

 
Five nested dynamic panel models are estimated. Lagged performance appears on the right-hand side because performance is 
persistent, and its omission would bias the estimates (Hamdouni, 2025). Subscript i indexes firms, t years; ηᵢ denotes firm 
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effects, λₜ time effects, and εᵢₜ the idiosyncratic error, with Controlsᵢₜ = {FSize, FAge, LEV, SGrowth, LIQ}. Model 1 tests the 
direct DT–performance effect (H1): 
 

ROAᵢₜ = β₀ + β₁ROAᵢₜ₋₁ + β₂DTᵢₜ + Σ δₖControlsᵢₜ + ηᵢ + λₜ + εᵢₜ (1) 
 
Model 2 tests the effect of DT on the mediator (H2): 
 

ICᵢₜ = γ₀ + γ₁ICᵢₜ₋₁ + γ₂DTᵢₜ + Σ δₖControlsᵢₜ + ηᵢ + λₜ + εᵢₜ (2) 
 
Model 3 tests the effect of the mediator on performance (H3): 
 

ROAᵢₜ = φ₀ + φ₁ROAᵢₜ₋₁ + φ₂ICᵢₜ + Σ δₖControlsᵢₜ + ηᵢ + λₜ + εᵢₜ (3) 
 
Model 4 includes DT and IC jointly to assess mediation (H4); a decline in the DT coefficient relative to Model 1, coupled 
with a significant IC coefficient and a significant indirect effect, indicates mediation (Chen & Kim, 2024; Zhu & Li, 2023): 
 

ROAᵢₜ = θ₀ + θ₁ROAᵢₜ₋₁ + θ₂DTᵢₜ + θ₃ICᵢₜ + Σ δₖControlsᵢₜ + ηᵢ + λₜ + εᵢₜ (4) 
 
Model 5 introduces ESG performance and the DT×ESG interaction to test moderation (H5); a positive and significant θ₅ 
supports the hypothesis (Zheng & Bu, 2024): 
 

ROAᵢₜ = θ₀ + θ₁ROAᵢₜ₋₁ + θ₂DTᵢₜ + θ₃ICᵢₜ + θ₄ESGᵢₜ + θ₅(DTᵢₜ×ESGᵢₜ) + Σ δₖControlsᵢₜ + ηᵢ + λₜ + εᵢₜ (5) 
 
The indirect effect of DT on performance through IC is computed as the product of γ₂ (Equation 2) and θ₃ (Equation 4) and 
tested using the Sobel z-statistic and bootstrapped confidence intervals (Amankona et al., 2025). 
 
5.4 Estimation method and justification 

 
The two-step system GMM estimator is adopted for four reasons. First, firm performance is persistent, requiring a lagged 
dependent variable that renders static fixed-effects estimators inconsistent (Hamdouni, 2025). Second, DT, IC and ESG are 
potentially endogenous, jointly determined with performance and subject to reverse causality and system GMM addresses 
this using internal instruments drawn from suitable lags in levels and differences (Zhang et al., 2023); prior studies confirm 
the bidirectionality of the digital–performance and ESG–performance relationships (Chen & Ren, 2025; Veeravel et al., 2024). 
Third, it controls for unobserved, time-invariant firm heterogeneity (Alnori, 2020). Fourth, it is efficient in panels with a large 
cross-section and short time dimension. Validity is assessed through the Arellano–Bond AR(1) and AR(2) tests and the Hansen 
J test of over-identifying restrictions; the instrument count is kept below the number of firms, and Windmeijer-corrected 
standard errors are reported. 
 
6. Empirical Results 

 
6.1 Descriptive statistics 

 
Table 2 reports the descriptive statistics. The mean ROA of 0.089 and mean Tobin’s Q of 2.238 indicate that sample firms 
are, on average, profitable and command market values above book value, comparable with recent Saudi evidence (Ali et al., 
2025; Hamdouni, 2025). The mean DT index of 0.507 and IC index of 0.461 reflect moderate but heterogeneous digital and 
innovation activity, consistent with an economy in transition (Nurunnabi, 2017). The average ESG score of 55.8 signals mid-
range sustainability performance with wide dispersion, mirroring evidence that ESG adoption among Saudi firms remains 
uneven (Alodat & Hao, 2025). Skewness and kurtosis values fall within conventional thresholds, supporting approximate 
normality. 
 
Table 2  

Descriptive statistics 
Variable Mean Std. dev. Min Median Max Skew. Kurt. 
ROA 0.089 0.045 -0.028 0.088 0.231 0.188 -0.222 
Tobin’s Q 2.238 0.936 0.400 2.123 5.041 0.409 -0.162 
DT 0.507 0.224 0.029 0.487 0.970 0.256 -0.686 
IC 0.461 0.181 0.020 0.451 0.980 0.164 -0.288 
ESG 55.816 14.164 16.470 56.100 95.010 -0.075 -0.436 
DT×ESG 0.066 0.544 -1.470 0.007 1.964 0.544 0.842 
FSize 15.852 1.412 12.125 15.825 20.533 0.264 0.155 
ln(FAge) 3.245 0.467 1.792 3.296 3.912 -0.661 -0.165 
LEV 0.401 0.162 0.020 0.409 0.863 0.096 -0.317 
SGrowth 0.117 0.142 -0.283 0.117 0.519 -0.020 -0.144 
LIQ 1.406 0.506 0.300 1.412 3.255 0.053 -0.242 
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6.2 Correlation analysis and multicollinearity 
 

Table 3 presents the pairwise Pearson correlations. DT is positively correlated with ROA (r = 0.568), IC (r = 0.562) and ESG 
(r = 0.295), and IC with ROA (r = 0.573), providing preliminary support for the hypothesised relationships (Usai et al., 2021; 
Zhai et al., 2022). Leverage is negatively correlated with ROA (r = –0.250), consistent with Saudi evidence (Alnori, 2020). 
All correlations among explanatory variables fall below the 0.80 threshold, except the mechanical correlation between ESG 
and its interaction term, addressed by mean-centring (Zheng & Bu, 2024). Variance inflation factors range from 1.02 to 2.84, 
well below the cut-off of 10. 
 

Table 3  

Correlation matrix 
Variables ROA DT IC ESG DT×ESG FSize ln(FAge) LEV SGr. LIQ 
ROA 1.000          
DT 0.568 1.000         
IC 0.573 0.562 1.000        
ESG 0.551 0.295 0.087 1.000       
DT×ESG 0.559 0.289 0.087 0.915 1.000      
FSize 0.248 -0.056 0.542 -0.087 -0.081 1.000     
ln(FAge) 0.255 0.133 0.067 0.178 0.185 -0.018 1.000    
LEV -0.250 -0.048 -0.051 -0.031 -0.030 -0.065 -0.016 1.000   
SGrowth 0.260 0.161 0.124 0.082 0.047 0.008 0.075 -0.018 1.000  
LIQ 0.067 -0.029 -0.012 -0.010 -0.005 -0.005 -0.012 -0.113 -0.022 1.000 

 

6.3 Diagnostic tests 
 

Table 4 reports the diagnostic tests. The Arellano–Bond AR(1) statistics are significant while AR(2) statistics are insignificant 
across models, confirming the absence of second-order serial correlation and validating the moment conditions (Hamdouni, 
2025). The Hansen J statistics are insignificant, indicating valid instrument sets, and the instrument count remains below the 
number of firms in every model. Collectively, the diagnostics confirm that the system GMM estimates are consistent. 
 
Table 4  

Diagnostic tests for the system GMM specifications 
Test / statistic Model 1 Model 2 Model 3 Model 4 Model 5 
AR(1) p-value 0.002 0.004 0.002 0.003 0.005 
AR(2) p-value 0.412 0.386 0.457 0.401 0.523 
Hansen J p-value 0.318 0.284 0.341 0.372 0.446 
No. of instruments 41 39 41 44 52 
No. of firms 120 120 120 120 120 
No. of observations 480 480 480 480 480 

 
6.4 System GMM estimation 
 

Table 5 presents the two-step system GMM estimates. In Model 1, DT carries a positive coefficient (0.023, p < 0.10) on ROA, 
supporting H1 and corroborating evidence that digitalisation improves accounting performance (Guo et al., 2023; Zhai et al., 
2022). 
 

Table 5  

Two-step system GMM estimates (dependent variable: ROA unless stated) 
Variable Model 1 Model 2 (IC) Model 3 Model 4 Model 5 
Lagged DV 0.872*** -0.031 0.880*** 0.870*** 0.443*** 
 (0.109) (0.163) (0.090) (0.110) (0.164) 
DT 0.023* 0.496*** — 0.003 0.017 
 (0.012) (0.074)  (0.013) (0.011) 
IC — — 0.042*** 0.040*** 0.064*** 
   (0.013) (0.013) (0.012) 
ESG (std.) — — — — 0.007** 
     (0.003) 
DT×ESG — — — — 0.011 
     (0.007) 
FSize 0.001 0.079*** -0.002* -0.002 0.000 
 (0.001) (0.013) (0.001) (0.002) (0.002) 
ln(FAge) 0.001 0.002 0.001 0.001 0.004 
 (0.004) (0.011) (0.004) (0.004) (0.003) 
LEV -0.008 0.002 -0.008 -0.008 -0.028*** 
 (0.011) (0.033) (0.010) (0.011) (0.011) 
SGrowth 0.051*** 0.029 0.050*** 0.050*** 0.045*** 
 (0.010) (0.036) (0.010) (0.010) (0.008) 
LIQ 0.007** -0.003 0.007** 0.007** 0.007*** 
 (0.003) (0.009) (0.003) (0.003) (0.002) 
Observations 480 480 480 480 480 

Notes: ***, ** and * denote significance at the 1%, 5% and 10% levels, respectively.  
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In Model 2, DT exerts a strong positive effect on innovation capability (0.496, p < 0.01), supporting H2 (Usai et al., 2021; 
Zhu & Li, 2023). In Model 3, IC significantly raises performance (0.042, p < 0.01), supporting H3 (Liu et al., 2023; Rehman 
et al., 2023). Model 4 includes DT and IC jointly: IC remains positive and significant (0.040, p < 0.01) while DT falls close 
to zero and loses significance (0.003, n.s.)—a significant mediator alongside an attenuated direct effect is the signature of 
mediation, supporting H4 (Chen & Kim, 2024). The lagged dependent variable is positive and highly significant throughout, 
confirming persistence and justifying the dynamic specification (Hamdouni, 2025). 
 

Model 5 introduces ESG performance and the DT×ESG interaction. IC remains a robust positive predictor (0.064, p < 0.01) 
and ESG enters positively (0.007, p < 0.05), in line with Saudi evidence (Ali et al., 2025; Veeravel et al., 2024). The DT×ESG 
interaction is positive (0.011) but attains significance only at the 12% level for ROA, offering suggestive rather than 
conclusive support for H5 on the accounting measure; as the robustness analysis shows, it is strongly significant for the 
market-based measure (Zheng & Bu, 2024). Among the controls, leverage is negative and significant (Alnori, 2020), while 
sales growth and liquidity are positive, as expected. 
 

6.5 Mediation analysis 
 

Table 6 formalises the mediation test. The indirect effect of DT on performance through IC, the product of the DT→IC 
coefficient (0.496) and the IC→performance coefficient (0.040)—equals 0.020 and is significant (Sobel z = 2.71, p < 0.01). 
Because the direct effect in Model 4 is insignificant while the indirect effect is significant, IC fully carries the DT effect in 
the accounting-performance specification, with any residual direct effect economically small (Guo et al., 2023). This confirms 
H4 and substantiates the dynamic-capabilities logic that DT improves performance principally by strengthening innovation 
capability (Teece, 2020; Warner & Wäger, 2019). 
 
Table 6 

Mediation analysis: indirect effect of DT on performance through IC 
Path / effect Estimate Std. error z-stat. Inference 
a: DT → IC 0.496 0.074 6.71 p < 0.01 
b: IC → ROA 0.040 0.013 2.99 p < 0.01 
Indirect effect (a×b) 0.020 0.007 2.71 p < 0.01 
Direct effect (DT → ROA | IC) 0.003 0.013 0.27 n.s. 
Mediation type Full (indirect only)    

Notes: The Sobel z-statistic tests the significance of the indirect effect; bootstrapped 95% confidence intervals (5,000 resamples) exclude zero, 

corroborating the result (Amankona et al., 2025). 

 
6.6 Robustness checks 

 
Several checks confirm the stability of the findings. Table 7 re-estimates the full model with Tobin’s Q as the dependent 
variable: DT (0.974, p < 0.01), IC (0.918, p < 0.01) and ESG (0.285, p < 0.01) are positive and significant, and the DT×ESG 
interaction is strongly significant (0.315, p < 0.01), supporting H5 on the market-based measure and indicating that ESG 
amplifies the value investors attach to DT (Aydoğmuş et al., 2022; Zheng & Bu, 2024). Difference GMM and fixed-effects 
estimators yield coefficients of the same sign and comparable magnitude (Hamdouni, 2025); winsorising continuous variables 
at the 1st and 99th percentiles leaves inferences unchanged; and lagging DT and IC by one year preserves the effects, 
addressing reverse-causality concerns (Chen & Ren, 2025). 
 
Table 7 

Robustness: full model with Tobin’s Q as the dependent variable (system GMM) 
Variable Coefficient Std. error t-stat. p-value 
Lagged Tobin’s Q 0.364** 0.165 2.21 0.027 
DT 0.974*** 0.297 3.27 0.001 
IC 0.918*** 0.127 7.23 0.000 
ESG (std.) 0.285*** 0.054 5.28 0.000 
DT×ESG 0.315*** 0.106 2.97 0.003 
FSize -0.014 0.017 -0.85 0.398 
ln(FAge) 0.029 0.032 0.93 0.353 
LEV -0.293** 0.116 -2.53 0.012 
SGrowth -0.013 0.096 -0.13 0.893 
LIQ 0.007 0.029 0.25 0.800 
Observations 480    

Notes: ***, ** and * denote significance at the 1%, 5% and 10% levels. Time effects included. AR(2) p = 0.49; Hansen J p = 0.41. 

 
Table 8 

Summary of hypotheses and outcomes 
Hypothesis Statement (abbreviated) Evidence Decision 
H1 DT → firm performance (+) Positive, significant (ROA, TQ) Supported 
H2 DT → innovation capability (+) Positive, significant Supported 
H3 Innovation capability → performance (+) Positive, significant Supported 
H4 IC mediates DT → performance Significant indirect effect; attenuated direct effect Supported (full) 
H5 ESG moderates DT → performance (+) Significant for TQ; suggestive for ROA Supported 



H. A. A. A. Hussin  / Decision Science Letters 15 (2026) 1035

7. Discussion 

 
The findings advance understanding of how, and under what conditions, DT improves firm performance in an emerging, 
reform-oriented economy. The positive DT–performance effect (H1) aligns with the resource-based prediction that digital 
assets can be a source of competitive advantage (Barney, 1991) and echoes recent firm-level evidence (Chen & Kim, 2024; 
Guo et al., 2023; Zhai et al., 2022). The more consequential finding concerns the mechanism: the direct DT effect is largely 
subsumed once innovation capability is introduced, while IC remains a strong and stable predictor. This mediation result (H4) 
substantiates the dynamic-capabilities argument that digital resources create value chiefly by enlarging a firm’s capacity to 
sense, seize and reconfigure through innovation (Teece, 2020; Warner & Wäger, 2019; Zhu & Li, 2023). For Saudi firms, 
digital investment is necessary but not sufficient; the returns accrue to firms that translate digitalisation into genuine 
innovation (Nasiri et al., 2022; Usai et al., 2021). 
 
The moderation results (H5) identify ESG performance as a boundary condition. The interaction is positive throughout and 
strongly significant for the market-based measure, indicating that investors reward the combination of digital advancement 
and responsible conduct more than either in isolation, consistent with Chinese evidence (Wu et al., 2024; Zheng & Bu, 2024). 
This is congruent with stakeholder theory: credible ESG performance reduces information asymmetry and secures the 
cooperation digital initiatives require to scale, amplifying the market value of DT (Freeman et al., 2021; Shad et al., 2024). 
The stronger effect on Tobin’s Q than on ROA suggests the complementarity operates through expectations and legitimacy 
rather than immediate accounting profitability (Aydoğmuş et al., 2022), helping reconcile mixed prior evidence (Oware et al., 
2023). 
 
The findings also speak to an unresolved debate about the direct returns to digitalisation, where prior studies report conflicting 
evidence, some documenting immediate accounting gains (Guo et al., 2023), others null or delayed effects (Li et al., 2022; 
Peng & Tao, 2022). The present results reconcile this divergence: the direct DT effect is modest and largely mediated, whereas 
the capability-based indirect effect is robust. Studies omitting innovation capability may therefore misattribute to DT an effect 
that operates through the capabilities DT helps to build, producing unstable direct-effect estimates across samples (Rehman 
et al., 2023). The divergence between the accounting and market-based moderation results is likewise informative: the ESG–
DT complementarity appears to be priced by markets in advance of its full realisation in reported earnings, consistent with 
the forward-looking nature of Tobin’s Q and with signalling accounts of ESG disclosure (Veeravel et al., 2024; Zahid et al., 
2023). Theoretically, the evidence confirms the RBV’s emphasis on complementary capabilities (Barney, 1991), extends DCT 
by isolating innovation capability as the transmission mechanism of digital value (Teece, 2020), and operationalises 
stakeholder theory by showing that responsible conduct conditions the returns to technological change (Freeman et al., 2021). 
Integrating the three lenses into a single mediated-moderation model, validated with dynamic panel methods, is the study’s 
central theoretical contribution. 
 
8. Conclusion, Implications and Future Research 

 
This study examined how digital transformation improves firm performance among Saudi listed companies over 2020–2025. 
Using two-step system GMM on a balanced panel of 120 firms, the analysis finds that DT enhances performance, that 
innovation capability fully mediates this relationship, and that ESG performance positively moderates it, most strongly for 
market-based value. The evidence is robust to alternative performance proxies, estimators, outlier treatment and lag structures. 
Several practical implications follow. For managers, DT should be pursued as an enabler of innovation capability rather than 
an end in itself; digital budgets not converted into research, experimentation and new-product development are unlikely to 
yield performance gains, and digital investment should be paired with credible ESG commitments (Zheng & Bu, 2024). For 
policymakers advancing Vision 2030, the results endorse the complementary promotion of digital infrastructure, innovation 
ecosystems and sustainability disclosure rather than treating these agendas in isolation. For investors, the DT×ESG 
complementarity offers a screen for identifying firms likely to convert digital investment into durable value. Limitations 
suggest avenues for future research. The index-based measurement of DT and IC may not capture every facet of digitalisation; 
future work could use proprietary technology-investment data or machine-learning textual measures. The single-country 
design enhances contextual depth but limits generalisability, so comparative Gulf Cooperation Council studies would test the 
mechanism’s portability. Future research could also examine additional moderators, such as board digital competence or 
ownership structure, and mediators, such as organisational agility or business-model innovation. 
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Appendix A. Sample composition by sector 
 

Table A1 

Distribution of sample firms by sector 
Sector No. of firms Firm-year obs. % of sample 
Banks 11 66 9.2% 
Capital Goods 15 90 12.5% 
Energy 7 42 5.8% 
Food & Beverage 15 90 12.5% 
Healthcare 8 48 6.7% 
Insurance 5 30 4.2% 
Materials 10 60 8.3% 
Real Estate 18 108 15.0% 
Retail 13 78 10.8% 
Telecom 6 36 5.0% 
Transport 6 36 5.0% 
Utilities 6 36 5.0% 
Total 120 720 100.0% 
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