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Benedek, B., Csiki, O., Demeter, K., Losonci, D., & Szász, L. (2025). Financial impact of digitalization – A time-

lagged analysis. International Journal of Production Economics, 288, 109699.

Conventional Explanations

• Different financial indicators used

(ROA, ROE, revenue growth, turnover)

• Heterogeneous measurement of 

digitalization

• Ignoring time-lag effects
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Benedek, B., Csiki, O., Demeter, K., Losonci, D., & Szász, L. (2025). Financial impact of digitalization – A time-

lagged analysis. International Journal of Production Economics, 288, 109699.

Conventional Explanations

• Different financial indicators used

(ROA, ROE, revenue growth, turnover)

• Heterogeneous measurement of 

digitalization

• Ignoring time-lag effects

Our Proposition
• The relationship between 

digitalization and different 

performance indicators

may be more complex.
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The implicit assumption in the literature
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Our observations:

1. Most empirical work treats digitalization as exogenous to performance

2. Direction is typically assumed as digitalization → performance

3. In contrast to other fields, such as finance, causality in this context has 

surprisingly not yet been formally tested

Some example of works examining the relationship between digitization and financial performance: Alkaraan el al. 

(2022), Cheng et al. (2023), Guo et al. (2023), Lin et al. (2023), Yonghong et al. (2023), Zhao et al. (2024)
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The implicit assumption in the literature
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This represents the research gap we aim to address: specifically, to test 

the potentially bidirectional relationship between digitalization and firm

performance, while explicitly accounting for lagged effects

Some example of works examining the relationship between digitization and financial performance: Alkaraan el al. 

(2022), Cheng et al. (2023), Guo et al. (2023), Lin et al. (2023), Yonghong et al. (2023), Zhao et al. (2024)
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Our observations:

1. Most empirical work treats digitalization as exogenous to performance

2. Direction is typically assumed as digitalization → performance

3. In contrast to other fields, such as finance, causality in this context has 

surprisingly not yet been formally tested



Data and methodology

Our empirical approach is based on the systematic analysis of annual reports of the largest automotive 

manufacturers and suppliers.
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Identification of the largest car manufacturers and suppliers as potential companies to be included 

in our sample. 
1.
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Identification of the largest car manufacturers and suppliers as potential companies to be included 

in our sample. 
1.

We created a measure for digitalization based on the frequency of digitalization-related terms, 

recognizing the lack of commonly accepted metrics in the literature.
2.

First constructed the so-called Overall 

Digitalization Index, which includes 142 

digitalization-related terms.
2.1.

We developed sub-indices by grouping these 

142 terms in a way that allows us to 

distinguish between, traditional digital 

technologies, advanced digital 

technologies, and AI-related technologies.

2.2.
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recognizing the lack of commonly accepted metrics in the literature.
2.

First constructed the so-called Overall 

Digitalization Index, which includes 142 

digitalization-related terms.
2.1.

We developed sub-indices by grouping these 

142 terms in a way that allows us to 

distinguish between, traditional digital 

technologies, advanced digital 

technologies, and AI-related technologies.

2.2.

Gathering firm performance indicators (ROE, EBITDA margin, fixed asset turnover) from Thomson 

Reuters Refinitiv database.
3.
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Identification of the largest car manufacturers and suppliers as potential companies to be included 

in our sample. 
1.

We created a measure for digitalization based on the frequency of digitalization-related terms, 

recognizing the lack of commonly accepted metrics in the literature.
2.

First constructed the so-called Overall 

Digitalization Index, which includes 142 

digitalization-related terms.
2.1.

We developed sub-indices by grouping these 

142 terms in a way that allows us to 

distinguish between, traditional digital 

technologies, advanced digital 

technologies, and AI-related technologies.

2.2.

Gathering firm performance indicators (ROE, EBITDA margin, fixed asset turnover) from Thomson 

Reuters Refinitiv database.
3.

Finally, the data is analyzed using Dumitrescu and Hurlin (2012) heterogeneous panel Granger 

causality test.
4.
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Data and methodology

The sample was constructed through a systematic multi-stage selection process to ensure relevance, data 

availability, and consistency across firms.
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The sample of companies comprised the 200 

largest OEMs and suppliers in the 

automotive industry, including battery 

manufacturers. 

Sample

The analyzed timeframe spanned from 2012 

to 2024. This period was chosen as it starts 

from the emergence of the term "Industry 4.0" 

in 2012.
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Data sources

The sample of companies comprised the 200 

largest OEMs and suppliers in the 

automotive industry, including battery 

manufacturers. 

Sample

The annual company reports were obtained by 

downloading them from the respective 

company websites. 

Financial data were retrieved from the 

Thomson Reuters Refinitiv database.

The analyzed timeframe spanned from 2012 

to 2024. This period was chosen as it starts 

from the emergence of the term "Industry 4.0" 

in 2012.
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Data sources

Exclusion

The sample of companies comprised the 200 

largest OEMs and suppliers in the 

automotive industry, including battery 

manufacturers. 

Sample

The annual company reports were obtained by 

downloading them from the respective 

company websites. 

Financial data were retrieved from the 

Thomson Reuters Refinitiv database.

The analyzed timeframe spanned from 2012 

to 2024. This period was chosen as it starts 

from the emergence of the term "Industry 4.0" 

in 2012.

We excluded those companies whose 

reports did not contain sections related to 

corporate digitization, strategy or future plans 

and were simply financial reports required by 

legislation or the stock exchange supervision 

(e.g. Form 10-K type reports). 

We also excluded companies for which there 

were no usable reports for at least 7 years 

out of the sampled 13-year period, as well as 

those for which financial data was missing 

from Thomson Reuters. 
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Data and methodology
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Data sources

Exclusion

Final sample

The sample of companies comprised the 200 

largest OEMs and suppliers in the 

automotive industry, including battery 

manufacturers. 

Sample

The annual company reports were obtained by 

downloading them from the respective 

company websites. 

Financial data were retrieved from the 

Thomson Reuters Refinitiv database.

The analyzed timeframe spanned from 2012 

to 2024. This period was chosen as it starts 

from the emergence of the term "Industry 4.0" 

in 2012.

We excluded those companies whose 

reports did not contain sections related to 

corporate digitization, strategy or future plans 

and were simply financial reports required by 

legislation or the stock exchange supervision 

(e.g. Form 10-K type reports). 

We also excluded companies for which there 

were no usable reports for at least 7 years 

out of the sampled 13-year period, as well as 

those for which financial data was missing 

from Thomson Reuters. 

After the exclusions, we examined 849 annual reports from 24 OEMs and 49 suppliers. 

All companies are publicly listed companies.
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Data and methodology

Comparison of financial metrics between reporting (final sample) and non- or incompletely reporting (benchmark) 

companies, and between top 100 and ranked 101–200 companies
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Data and methodology
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Test equation for heterogeneous 

panel Granger causality

Yᵢₜ = αᵢ + Σβₖ Yᵢ,ₜ₋ₖ + Σγₖ Xᵢ,ₜ₋ₖ + εᵢₜ

H₀: homogeneous non-causality (no 

firm shows causality)

H₁: causality for at least a subset of 

firms (heterogeneous effects)

19

We apply the Dumitrescu–Hurlin (2012) heterogeneous panel Granger causality test to examine the potentially 

bidirectional relationship between firm-level digitalization and performance.
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We apply the Dumitrescu–Hurlin (2012) heterogeneous panel Granger causality test to examine the potentially 

bidirectional relationship between firm-level digitalization and performance.

Why this method?
• Suitable for panels with 

cross-sectional heterogeneity

• Does not impose 

homogeneous causal effects 

across firms

• Tests homogeneous non-

causality vs. causality for at 

least a subset of firms
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We apply the Dumitrescu–Hurlin (2012) heterogeneous panel Granger causality test to examine the potentially 

bidirectional relationship between firm-level digitalization and performance.

Why this method?
• Suitable for panels with 

cross-sectional heterogeneity

• Does not impose 

homogeneous causal effects 

across firms

• Tests homogeneous non-

causality vs. causality for at 

least a subset of firms

A large OEM investing millions in 

digital transformation will likely see 

different performance effects than a 

smaller supplier which just 

introducing a few digital tools. It 

would be unrealistic to assume the 

same effect for both. The 

Dumitrescu–Hurlin test allows the 

relationship to differ across firms 

instead of forcing a uniform impact.



Results in a nutshell
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Conclusions: Digitalization → Performance
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Main findings

• Digitalization significantly improves 

firm performance within 1–2 years

• Fixed Asset Turnover shows the 

strongest and most consistent 

effects → improved operational 

efficiency

• EBITDA results are weaker and less 

consistent – aligned with prior 

literature (ex. Benedek et al., 2025; 

Yonghong et al., 2023)
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Main findings

• Digitalization significantly improves 

firm performance within 1–2 years

• Fixed Asset Turnover shows the 

strongest and most consistent 

effects → improved operational 

efficiency

• EBITDA results are weaker and less 

consistent – aligned with prior 

literature (ex. Benedek et al., 2025; 

Yonghong et al., 2023)

Sub-index insights
• Traditional digital technologies 

affect all financial measures across 

time horizons → likely due to the 

long presence of these technologies 

in companies

• AI technologies show limited short-

term financial impact → many firms 

are still in early implementation 

phases



Reverse Direction: Performance → Digitalization
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Key insight
• Financial performance also predicts subsequent digitalization

• This direction is underexplored in the literature
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Patterns

• EBITDA affects digitalization in both 

short and longer horizons

• ROE influences digitalization mainly 

in the longer term

• Fixed Asset Turnover has the 

weakest reverse effect

Key insight
• Financial performance also predicts subsequent digitalization

• This direction is underexplored in the literature
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Patterns

• EBITDA affects digitalization in both 

short and longer horizons

• ROE influences digitalization mainly 

in the longer term

• Fixed Asset Turnover has the 

weakest reverse effect

AI-specific conclusion
• AI already improves asset turnover

• No clear impact yet on ROE or 

EBITDA 

• Implementing AI appears to require 

a strong financial base

Key insight
• Financial performance also predicts subsequent digitalization

• This direction is underexplored in the literature



Toward a “Digitalization–Performance Value Spiral”
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1️⃣ High profitability 

& ROE

2️⃣ Accelerated 

digital investment 

(1–2 year horizon)

3️⃣ Higher asset 

efficiency

expand investment 

capacity

firm-wide digital 

integration

The reinforcing dynamic

leads to higher profitability🔁 the cycle 

continues/starts over
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1️⃣ High profitability 

& ROE

2️⃣ Accelerated 

digital investment 

(1–2 year horizon)

3️⃣ Higher asset 

efficiency

expand investment 

capacity

firm-wide digital 

integration

The reinforcing dynamic

leads to higher profitability🔁 the cycle 

continues/starts over

The strategic 

objective for the top 

management of a 

large automotive 

company is to move 

the firm upward 

along the 

“Digitalization–

Performance Value 

Spiral”
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