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Abstract

This study investigated the statistical association between public incentives and industrial
innovation as reflected in firms’ financial performances. In particular, the analysis was
carried out considering a Regional Operational Program, namely, the 2007-2013 ERDF
Regional Program in Lombardy, and investigating a dataset of Lombardy-based companies
that received support through the mentioned initiative. For each of them, balance sheet
variables before and after the acquisition of the incentive and the development of the related
innovation project were detected and analyzed by means of both standard and normalized
linear regression. Notably, normalized regressions showed that higher subsidy intensity
was positively associated with subsequent changes in revenues and intangible assets,
especially among manufacturing firms, thereby supporting policies that target sectors
with a high innovation capacity. Furthermore, this research underscores the importance
of tailoring policy instruments to local and sectoral contexts, recognizing the limitations
of one-size-fits-all approaches. In keeping with this exploratory stance, this study does
not build a counterfactual control group and makes no causal claims; it simply documents
balance sheet associations that may inform future, impact-oriented research. Given the
absence of a control group, the design is observational; all findings describe associations
and do not allow causal inference.

Keywords: R&D support; regional development; evaluation of the effectiveness of
government incentives; business performance evaluation; statistical analysis

1. Introduction

Public subsidies, tax credits, and other fiscal incentives are widely used to foster cor-
porate innovation and regional competitiveness. While existing studies generally confirm
positive links with technological outputs, such as patents and R&D spending, they seldom
ask whether government transfers leave detectable marks in a firm’s financial statements.
This omission is particularly acute in Italy, a country that relies heavily on EU-co-financed
regional programs but is rarely examined from a balance sheet perspective. As a result,
it remains unclear whether public support can be traced in companies’ revenues, cost
structures, or asset composition.

Against this backdrop, this study asks the following: how is the intensity of regional
innovation subsidies statistically associated with subsequent changes in key balance sheet
items of beneficiary firms? The focus is explicitly correlational; the aim is to map co-
movements rather than infer causality.
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The analysis centers on Axis 1 (“Innovation and Knowledge Economy”) of the
2007-2013 ERDF Regional Operational Program in Lombardy. A balanced panel of sixty
beneficiary firms is compiled, comparing their 2010 pre-treatment accounts with those for
2018, eight years after project kick-off. Both standard and size-normalized linear regres-
sions relate, respectively, the incentive and the incentive-to-turnover ratio to cumulative
financial changes and to the ratio of cumulative financial changes to the baseline variable
value; results are further disaggregated by manufacturing, advanced services, and residual
sectors. This study, thus, provides the first systematic evidence on how ERDF transfers
are mirrored in Lombard firms’ financial statements, introduces a simple normalization
that places micro- and large enterprises on a common scale, and identifies the segments in
which subsidies appear most closely associated with revenue expansion and investment
in intangibles.

Section 2 reviews theoretical and empirical work on public incentives and firm per-
formance. Section 3 outlines the institutional setting of the Lombardy program. Section 4
presents data sources and econometric strategy. Section 5 reports the empirical find-
ings and their sectoral interpretation. Section 6 concludes with policy implications,
limitations—chiefly the absence of a counterfactual—and directions for future research.

2. Literature Review and Theoretical Background
2.1. Economic Rationale for Selective Incentives

Classic fiscal federalism models argue that decentralized transfers can correct market
failures but may also invite rent seeking (Musgrave, 1971; Oates, 1998). Building on this
foundation, Schot and Steinmueller (2018) distinguish three policy “frames”—mission-
oriented R&D, systems of innovation, and transformative change—each implying different
objectives and evaluation metrics. Distributional considerations and size-dependent fric-
tions further shape instrument choice. SMEs, being more exposed to credit rationing and
the fixed costs of innovation, may warrant targeted incentives (Beck et al., 2005; Czarnitzki
& Hottenrott, 2011; Hall & Lerner, 2010; Stiglitz & Weiss, 1981).

2.2. Firm-Level Evidence
2.2.1. Tax Incentives

Quasi-experimental studies consistently show that lowering the user cost of R&D
stimulates private effort. Exploiting a 2008 UK reform, Guceri and Liu (2019) estimated
an elasticity of —1.6, implying a one-for-one crowd-in of private spending. Comparable
effects surfaced in France and the United States (David et al., 2000; Dechezleprétre et al.,
2016), and meta-analyses confirmed sizeable—though heterogeneous—gains (Acebo &
Miguel-Davila, 2024; Castellacci & Lie, 2015).

2.2.2. Direct Grants and Place-Based Programs

Firm-oriented grants generally raise employment and innovation, but impacts differ
across territories and sectors. Italian evidence using a scoring-rule design found short-
lived innovation gains in manufacturing (Bronzini & Piselli, 2016). A large UK DiD study
showed job creation only where local absorptive capacity was high (Criscuolo et al., 2019).
Across seven EU countries, Bachtrogler et al. (2020) documented stronger value-added
growth in structurally weaker regions; a follow-up meta-study linked larger employment
multipliers to higher administrative efficiency (Bachtrogler-Unger et al., 2024). Evidence
from Turkey (Hussen, 2022) and China (Han & Kung, 2015) likewise underscores the role
of governance quality.
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2.2.3. Instrument Heterogeneity, Ownership Structure, and Entrepreneurship

Chinese studies have revealed that identical levers yield divergent outcomes: counter-
cyclical stimuli depress TFP in state-owned enterprises, whereas VAT rebates boost private
firm labor shares and R&D intensity (Cheng et al., 2025; Yang & Si, 2025). Timing (Gao &
Lu, 2025), leverage (Shao & Chen, 2022), and perceptions of fiscal symmetry (Guo et al,,
2024) further modulate effects. Reviews focused on entrepreneurship add that coherent,
multi-level mixes of grants, credits, and advisory support amplify start-up performance
(Ribeiro-Soriano & Galindo-Martin, 2012). U.S. county-level evidence from Georgia shows
industrial development bonds to be positively associated with the number of firms in rural
counties, whereas cash subsidies are negatively associated with firm numbers in urban
counties (Ivonchyk, 2022). In Central and Eastern Europe, fiscal incentives—especially
tax deductions—appear more closely associated with inward FDI intensity than financial
incentives (Ginevicius & Simelyte, 2011).

2.2.4. Collaborative and Sector-Specific Schemes

Matched grants coupled with equity stakes expand R&D networks (Chapman et al.,
2018) and raise productivity in transition economies (Foreman-Peck & Zhou, 2022). Sector-
specific regulation likewise drives investment. Incentive regulation enlarged German
electricity-network capital (Brunekreeft, 2007), whereas revised transfer formulas improved
fiscal discipline in Russia (Martinez-Vazquez et al., 2006). Under-funded schemes, such as
Montenegro’s post-2009 program, show negligible real effects (Jocovic et al., 2017).

2.3. Methodological Progression

Empirical strategies have evolved from cross-sections to difference-in-differences,
regression discontinuity, and dynamic-GMM estimators (Criscuolo et al., 2019; Hussen,
2022). Minimum-sample guidelines from Monte Carlo simulations recommend at least ten
events per parameter to avoid biased inference (Peduzzi et al., 1996), a rule applied in this
study. Digital registries now facilitate record linkage and quasi-experiments, exemplified
by Guceri and Liu (2019) and by administrative-data evaluations of EU programs (Pu et al.,
2023; Yuan et al., 2023).

2.4. Gap and Positioning of the Present Study

Despite abundant work on patents, R&D outlays, and employment, few contributions
trace public money through firms’ balance sheets, and none do so for Italian ERDF programs
after project completion. Moreover, the joint roles of administrative capacity and sectoral
composition in shaping financial statement responses remain under-explored. Building
on the territorial insights of Bachtrogler et al. (2020) and the policy mix perspective of
Ribeiro-Soriano and Galindo-Martin (2012), this paper documents how subsidy intensity
correlates with eight-year changes in revenues, intangibles, and personnel costs among
Lombard beneficiaries, thereby filling both the geographical and accounting-based gaps
identified in the literature.

3. Research Context

The 2007-2013 Lombardy Regional Operational Program ERDF, which is the subject
of this analysis, represented the main tool to foster investments in industrial research
and experimental development at the regional level, aiming to boost competitiveness
through Axis 1—"Innovation and Knowledge Economy”. By deliberately departing from
the grant-only tradition that still prevailed in most Italian regions, Lombardy adopted a
blended-finance architecture in which roughly one quarter of resources took the form of
soft loans or guarantees. Accounting for more than EUR 320 million of certified public
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expenditure and leveraging about EUR 775 million of total investment, Axis 1 financed
1726 projects and four financial-engineering facilities. Within this framework, three calls
were particularly significant: the MIUR/Lombardy region call for projects in strategic
sectors (ID 39), the R&D energy call for energy efficiency (ID 26), and, finally, the innovation
call (ID 31) providing pure, non-repayable grants for cross-sectoral industrial research and
experimental development projects, fostering the adoption of enabling technologies across
Lombardy’s smart-specialization domains. These initiatives played a fundamental role
in directing public and private resources toward priority areas, facilitating new synergies
among companies, universities, and research centers, and encouraging the emergence of
high-value solutions for the local productive fabric.

The MIUR/Lombardy region call, in particular, was characterized by a well-structured
financial scheme combining non-repayable grants and subsidized loans, made possible also
thanks to the involvement of national resources such as the MIUR’s FAR Fund. Strategic sec-
tors (ID 39) alone combined EUR 15.5 million of non-repayable grants with a FRIM revolv-
ing fund endowment of EUR 49.8 million (EUR 46.3 million was actually disbursed). This
funding strategy maximized the engagement of financial actors and ensured greater sustain-
ability of investments. The calls targeted partnerships among SMEs, large enterprises, and
research organizations, placing a strong emphasis on multidisciplinary and technological
transfer. The selection process, competitive and project-based, required technically and
economically robust proposals, which were evaluated through thorough screenings based
on impact, innovation, and alignment with regional and national strategies.

Access to these large R&D calls was conditional on mixed consortia—at least one large
firm, two SMEs, and a research organization—which resulted in a beneficiary pool where
nearly 90% were SMEs, and about 3/4 operated in manufacturing niches such as advanced
materials, ICT, and energy technologies.

The target structure was designed to promote public—private collaboration, requiring
large companies to partner with SMEs and research centers to access funds. This approach
reflects a strategy oriented toward cross-sectoral contamination, stimulating the devel-
opment of innovative value chains in those sectors considered strategic for Lombardy,
including agri-food, aerospace, sustainable construction, energy, ICT, biotechnology, and
advanced materials.

Project implementation phases ran between 2011 and 2014, with careful planning to
ensure prompt start-up and rigorous management of resources. Fund disbursement was
based on work progress (Stati di Avanzamento Lavori (SAL)), supported by the GeFO
information system, which enabled complete digitalization of the entire administrative
cycle, spanning from applications to reporting. GeFO served as an enabling platform,
also from the perspective of new European policies, ensuring transparency, efficiency, and
precise traceability of all operations.

Across the three flagship calls examined (ID 39, 26, and 31), 93 firms received EUR
33.9 million, equivalent to 10.6% of all Axis-1 disbursements; individual tickets ranged
from EUR 4 000 micro-vouchers up to projects exceeding EUR 2 million.

The monitoring and management of activities were entrusted to an articulated gov-
ernance structure, with well-defined roles: the Lombardy region (Axis 1 Manager), Fin-
lombarda S.p.A. (for operational management), and a joint evaluation committee from
the region and MIUR, responsible for strategic alignment of interventions. Controls over
expenses and project progress were carried out at multiple levels, both document-based
and on-site, while GeFO monitoring allowed the periodic reporting to the Monitoring
Committee and the performance of impact analysis by independent evaluators.

The R&D energy call represented the most significant thematic initiative supporting
the development of low-environmental-impact and highly efficient industrial and building
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processes, providing non-repayable grants for innovative energy efficiency projects, such
as those focused on new technologies for electric motors, lighting systems, and sustainable
industrial processes. Here, as well, funding was awarded through a competitive process,
with evaluation of proposals by a technical-scientific committee and particular attention to
collaborations among SMEs, large enterprises (in mandatory partnerships), and research or-
ganizations. ERDF incentives were approved and disbursed between 2011 and 2013, while
financial statements were observed at baseline in 2010 and follow-up in 2018. Interventions
were implemented between 2011 and 2014, with reporting completed by 2015, ensuring
full compliance with the European programming framework.

The management of all three funding lines benefited from the GeFO infrastructure
for digitalization of processes and reporting, thereby ensuring rapid data collection and
precision in sharing information among decision-making levels, including beneficiaries and
control authorities. Impacts were measured with specific indicators, such as the number
of projects completed, patents generated, investments activated, and environmental and
occupational benefits produced.

Program targets were comfortably exceeded: 499 R&D projects versus a goal of 350,
83 patents instead of 30, and a net employment gain of almost 800 researchers.

All three calls shared key principles reflecting the virtuous approach adopted by the
region: priority for non-repayable grants, complementarity with revolving mechanisms
for high-value initiatives, broad eligibility among beneficiaries, and strong emphasis on
the efficiency of disbursement procedures. The structure of controls, both administra-
tive and technical, was fundamental in ensuring compliance with European regulations,
transparency in public—private relations, and timely reporting of results.

Nevertheless, several structural weaknesses emerged: GeFO digitalization, while
shortening payment times, increased compliance costs for the smallest firms; 38% of
the revolving fund envelope remained undrawn; and more than 60% of resources were
concentrated in the Milan-Bergamo-Brescia area, despite systematic over-booking that
pushed certified expenditure to 102%.

The selective approach—based on objective criteria and merit rankings—encouraged
the emergence of excellent projects and reinforced both the innovative capacity and the
overall quality of Lombardy’s production system. Respect for EU timelines, with adminis-
trative and financial closure between 2015 and 2016, ensured resources were used effectively
and activities concluded without dispersion.

Choosing the 20072013 programming cycle—though chronologically remote—ensures
all funded projects were fully completed and audited well before the COVID-19 shock,
avoiding biases from reporting delays and confounding from the pandemic and the
20202022 energy price shock. This choice prioritizes data completeness and inter-
pretability over immediacy, so results reflect the post-2008 recovery context rather than
current dynamics.

These mixed results make Lombardy an ideal laboratory to test whether different
incentive mixes—grants, soft loans, and guarantees—leave discernible traces in firms’
balance sheets once projects have closed, a question still under-explored in the cohesion
policy literature.

Overall, the analyzed calls enhanced the dialogue between production and research
systems, spreading an innovation culture not only in high-tech sectors but also across
sustainable economy value chains. They generated investments, supported qualified
employment, promoted patent creation, and ensured modern and transparent governance.
Digital integration through GeFO allowed the Lombardy region to efficiently manage ERDF
resources, standing out as a virtuous model in line with European best practices for regional
innovation promotion.
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4. Methodology
4.1. Analytical Scope and Limitations (Non-Causal Design)

This section provides a detailed illustration of the statistical and computational strategy
used to analyze the data obtained from company financial statements, implemented via an
ad hoc Python pipeline developed and applied in this study (Python v3.9.15; pandas v2.2.3;
numpy v2.0.2; scipy v1.13.1; statsmodels v0.14.2; scikit-learn v1.6.1; factor-analyzer v0.5.1;
matplotlib v3.9.4; seaborn v0.12.2; openpyxl v3.1.2).

The main objectives of this work are twofold: (i) to describe how changes in compa-
nies’ financial variables co-vary with the intensity of economic incentives; (ii) to highlight
potential behavioral differences among companies operating in different sectors, as clas-
sified by the Ateco system (the Italian version of the European NACE (Nomenclature of
Economic Activities, Rev. 2 nomenclature)). To achieve these goals, a rigorous analytical
workflow was designed, ranging from data preparation and cleaning to the use of the most
appropriate inferential and multivariate statistical procedures, with particular attention
paid to the validation and interpretation of the results obtained.

We contrast pre- and post-intervention accounts within beneficiary firms to map
statistical relationships rather than to infer causality. For this reason, matching procedures,
staggered difference-in-differences estimators, and synthetic controls are not implemented;
these tools are reserved for future studies that will tackle the counterfactual dimension
once suitable comparison data become available.

The empirical design adopted here is explicitly associative: no counterfactual group is
available; therefore, coefficients are interpreted strictly as correlations.

4.2. Data Collection and Structuring

The dataset referenced consists of a collection of company financial statements down-
loaded for the years 2010 and 2018 from the “Registro delle Imprese” (Business Register)
via the Telemaco portal (Italian Chambers of Commerce/Infocamere). Beneficiary lists and
legally binding grant decrees—containing project identifiers and awarded amounts—were
downloaded from the Lombardy region’s (Regione Lombardia) official portals and the
Official Bulletin of the Lombardy Region (Bollettino Ufficiale della Regione Lombardia,
BURL). All firm identifiers were reconciled via VAT numbers. The companies whose fi-
nancial statements were analyzed were identified from final government reports closing
the administrative procedure for the granting of incentives related to the aforementioned
Lombardia Region ERDF 2007-2013 program.

Although Axis 1 of the Lombardy ERDF program supported 1726 firms in total, only
projects classified under the specific thematic strand ‘Ricerca e Innovazione’ (‘Research
and Innovation’) were relevant to our research question. Ninety-three beneficiaries fell
into this category, but the usable sample fell to sixty because (i) complete pre- and post-
award financial statements were unavailable for some firms, (ii) post-award mergers or
spin-offs altered several corporate perimeters, and (iii) a handful of cases breached the
0-0.6 incentive-to-turnover filter adopted to avoid extreme leverage. The resulting panel
of sixty companies, therefore, represents the full set of ‘Research and Innovation” projects
for which consistent, comparable accounting data could be retrieved. In short, the strand
financed 93 projects/beneficiaries; after integrity checks and data cleaning, the balanced
panel comprises 60 firms. The analysis was conducted by considering a baseline year before
receipt of the incentive (2010) and a year following the receipt of governmental financial
support (2018). Of these companies, in 2010, in accordance with European Commission
Recommendation No. 2003/361/EC of 6 May 2003, 59 were classified as SMEs (with annual
turnover below fifty million euros), while 2 were classified as “large enterprises”. After
receiving the incentive, in 2018, four companies changed classification from “medium”
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to “large”, while two changed from “large” to “medium” enterprises. Companies were
selected if they had received an incentive within an open interval (0, 0.6) for the ratio
between incentive and turnover for the year 2010, as it is difficult to interpret incentive
values higher than the annual turnover of the beneficiary companies.

Each company is identified by its VAT number in relation to the specific fi-
nanced project. Each annual company record includes accounting and performance
variables—such as tangible and intangible assets, revenue, profitability indicators like
ROE, RO], ROS, and relevant items such as personnel costs and t (the capital turnover
index and ratio of turnover to invested capital)—along with metadata useful for sectoral
and demographic identification, especially the Ateco code. An independent variable
of particular interest is the amount of public or private incentives received during the
period examined.

The first methodological step consisted of organizing these data, focusing the analysis
on the variations in each variable over time, calculated as the difference between the
earliest (2010) and most recent (2018) available years for each company. This allows
for a before-and-after analytical approach, concentrating on the differential effects that
incentives may have produced on actual company dynamics. The baseline descriptives
are in Appendix A, Table Al; the correlations and additional summary statistics are in
Appendix A, Tables A2-A4.

For representativeness, we benchmark the sectoral composition of the sample against
the 2010 Lombardy firm population (ISTAT-ASIA). Manufacturing (C) accounts for 76.7%
of the sample versus 68.0% in the region (+8.7 pp; over-represented), residual sectors
(AA) for 18.3% vs. 18.0% (+0.3 pp; aligned), and professional/technical services (M)
for 5.0% vs. 14.0% (—9.0 pp; under-represented). Appendix A, Table A4, reports the
sectoral comparison. This skewness reflects the design of the ‘Research and Innovation’
strand—Dbiased toward technologically intensive, manufacturing-oriented projects—and
cautions against extrapolating to services-heavy or micro-firm populations. The residual
group (AA) aggregates less-represented ATECO codes.

At a geographic level, beneficiaries are concentrated along the Milan-Bergamo—Brescia
axis, consistent with observed allocation patterns in the program period.

Regarding size and financial structure, the sample tilts toward medium-sized firms,
and baseline balance sheet profiles are broadly consistent with technology-oriented cohorts,
which supports the interpretability of normalized specifications while cautioning against
extrapolation to very small service-sector firms.

We adopted a pragmatic rule-of-thumb of at least 10 observations per estimated
parameter, and with seven parameters (including interaction terms), this yields a target
of 70 observations; given our sample size of 60—close to this benchmark—we judged the
sample adequate for exploratory analysis while acknowledging its modesty and the need
for cautious interpretation. This rule is widely cited and derives from simulation studies
(Peduzzi et al., 1996). A complete summary of all variables (means, medians, standard
deviations, and Pearson correlations) is available in Appendix A, Tables A2 and A3.

4.3. Preprocessing: Calculation of Variations, Normalization, and Grouping

For each company, the first and last available time observations were identified. For
each financial variable of interest, both absolute changes (also known as “delta” (“A”), i.e.,
the simple difference between the most recent value in 2018 and the 2010 starting value)
and relative or “normalized” changes (“A norm”) (calculated with respect to the initial 2010
value, facilitating comparisons of impact across companies of different sizes or business
volumes) were derived. A similar approach was adopted for the “incentive” variable,
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normalized with respect to turnover (reflecting company size), to compare companies of
different scales.

Subsequently, companies were reclassified according to the previously defined C, M,
and AA groups. Finally, each observation was assigned a progressive identifier (‘label”)
obtained by ranking firms in ascending order of incentive intensity, defined as Incen-
tive/Revenue2010. This label is kept consistent across all figures and tables to facilitate
cross-plot identification.

4.4. Statistical Analysis
Linear Regression Analysis (Standard, Normalized, and with Interaction)

The analysis is based on linear regression models, estimated both in their standard
version and in normalized form, that is, using dependent and independent variables in
absolute (“standard”) and “normalized” terms, respectively.

The aim is to examine the relationship between changes in the main financial variables
and the amount of incentives received by each firm, and then to verify how this relation-
ship may differ among Ateco groups and whether there are significant interactive effects
related to sector affiliation. For each change of interest, the following were constructed:
a global regression model ignoring sectoral differences (“simple”), a model specifically
including the incentive-group interaction (using the residual “AA” category as the ref-
erence) (“multi_int”), and, finally, a marginal estimate weighted for group composition
(“marginal”).

For each of the above types of linear regression, three modeling approaches were
performed, following different equations:

e  The simple model, a simple linear regression with “incentive” as the only independent
variable:

AY = Bg + 1 - Incentive + ¢ (1)

e  Multi_int (or the interaction model), a multivariate linear regression including incen-
tive, ATECO category membership (dummy variables with the AA category as the
baseline group), and interaction terms between incentive and the ATECO category:

AY = g + 31 - Incentive + 3, - ATECO + 33 - (Incentive - ATECO) + ¢ 2)

e Marginal, a multivariate linear regression in which all marginal effects (weighted by
the number of companies in each ATECO category) on the dependent variable are
assessed for incentive, ATECO membership, and their interactions. This approach,
formalized as

Marginal Effect = Z(1 + Pax) - Wk 3)

where wy denotes the proportion of group k, provides a more robust measure of the average
impact of incentives across the entire corporate population.

The regression line for the “marginal” approach, not estimated directly by another spe-
cific statistical model but simply by weighting the marginal effects of individual dependent
variables, was not subjected to any significance test (p-value calculation) for the regression
coefficient of the “incentive” independent variable. R-squared was calculated manually
from correlations, the Breusch-Pagan test was performed on the weighted model structure,
and the Shapiro-Wilk test checked the composite residuals. Moreover, no ANOVA analysis
was conducted for this type of regression Equation (3).
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The results of these regressions are presented as visualizations illustrating both the ob-
served distributions and the estimated trend lines for each group, using graphs and symbols
to highlight statistical significance. For each model, detailed numerical outputs—including
regression coefficients, ANOVA tests, model goodness-of-fit indices, and a full range of
diagnostic tests (such as the Shapiro-Wilk normality test, the Breusch-Pagan heteroscedas-
ticity test, and possible multicollinearity via VIF)—are recorded (see Appendix A, Table A5).
In the multi-interaction variant, the specific slope estimates and their significance for each
sectoral group are also reported.

4.5. Diagnostic Analysis (Plots and Residual Tests)

For each regression model estimated, a thorough residual analysis is conducted by
creating specific graphs such as Q-Q plots (to compare the residuals’ distribution with
the theoretical normal) and scatterplots of residuals versus predicted values. Additionally,
threshold exceedances are shown to identify potential outliers.

4.6. T-Test for Comparison Between Ateco Groups

To evaluate possible divergences between sectoral groups in the dynamics of balance
sheet variable changes, a pairwise comparison was implemented using Welch’s t-test, which
ensures accurate estimates even in the presence of unequal variances and sample sizes. For
each comparison, means, sample sizes, mean differences, and statistical significance were
evaluated, along with corresponding degrees of freedom.

4.7. Validation and Expected Outcomes

The methodology adopted in this work is characterized by constant attention to the
quality and statistical validation of the results obtained. The use of statistical techniques
and diagnostic procedures, such as the broad suite of regression model diagnostics, and the
extensive analysis of sectoral differences through t-tests corrected for unequal variances,
ensures not only the reliability of derived inferences but also maximum transparency
and replicability of the analytical process. The breadth and detail of the results enable
both a comprehensive overview of the underlying dynamics and the possibility to go into
detail for individual financial variables and group differences, providing valid operational
and interpretive tools for both scientific investigation and practical needs in reporting
and governance.

4.8. Diagnostics and Validity Checks

Given the associative, non-causal design and the absence of administrative cut-offs,
we do not implement Rosenbaum bounds, propensity score matching, difference-in-
differences (DiD), or regression discontinuity designs. To assess robustness, we deploy
(i) residual normality, heteroscedasticity, and multicollinearity (Appendix A, Table A5);
(ii) 10,000-draw permutation tests (Appendix A, Table A6); (iii) outlier sensitivity via 30
trimming (Appendix A, Table A7); (iv) placebo regressions (Appendix A, Table A8); and
(v) floor-effect analysis (Appendix A, Table A9). The Python pipeline exports Q-Q plots
and residual-versus-fitted charts (available upon request). The empirical outcomes of these
checks are reported in Section 5.3 and Appendix A, Tables A5-A09.

5. Results and Discussion
5.1. Descriptive Statistics

All findings reported below are descriptive covariances and should not be interpreted
as causal impacts.
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Standard and normalized linear regressions are jointly estimated on an eight-year
panel (2010-2018) to relate ERDF 2007-2013 financial incentives, disbursed in 2011-2013,
to subsequent balance sheet dynamics. Absolute specifications model the raw 2018-2010
deltas, whereas normalized specifications scale both incentives and outcomes by their
2010 levels, thereby capturing proportional growth that remains comparable across hetero-
geneous firm sizes; all coefficients, thus, represent cumulative adjustments five to seven
years after payment. Comprehensive results for simple, interaction, and marginal models
appear in Appendix A, Tables A10-A16, with global diagnostics—including Shapiro-Wilk
normality, Breusch-Pagan heteroscedasticity, and variance inflation factors—reported in
Appendix A, Table A5, and full standard errors in Appendix A, Table A17. Appendix A,
Tables A2 and A3 (baseline), and Appendix A, Tables A18 and A19 (changes), docu-
ment pronounced cross-firm heterogeneity: revenues span from —EUR 44.5 million to
+EUR 60.3 million (—100% to +998%), and comparable dispersion characterizes intangi-
ble assets, personnel costs, and profitability, thereby motivating the use of both abso-
lute and normalized specifications. The ‘—100% to +998%" range reflects proportional
changes on small bases and the presence of a few end-of-period zeros (—100% when
Y2018 = 0). For revenues, no baseline zeros are observed in 2010 (Appendix A, Table A1);
the ~+1000% increases, therefore, reflect ~11x growth from relatively small 2010 bases
(max. A_norm = 9.9816; Appendix A, Table A19). An audit of the official financial state-
ments confirms two firms with zero revenues in 2018—one in manufacturing (ATECO C;
label 40) and one in the residual cluster (AA; label 38). We retain these observations because
they create no computational issue (A_norm = —1 given Revenue2010 > 0), and exclud-
ing them would further shrink the sample (N: 60 — 58). For intangible assets, baseline
zeros are rare and are automatically excluded from the normalized specification (N = 59;
Appendix A, Table A19), and the floor effect assessment indicates low risk (Appendix A,
Table A9). Robustness checks based on 10,000-draw permutation tests, £3c outlier trim-
ming, and Huber M-estimation confirm that the main normalized associations are not
driven by tail behavior (Appendix A, Tables A6, A7 and A20). As an additional sensitivity,
we re-estimate all normalized models after removing observations with zero values in 2010
or 2018; the direction and statistical significance of the key coefficients are unchanged (rev-
enues and personnel costs remain positive and significant, and the manufacturing-specific
coefficient for intangibles remains significant), consistent with the robustness evidence in
Section 5.3. Baseline Pearson correlations computed on the 2010 snapshot reveal marked
collinearity among profitability ratios (ROE-ROI r = 0.83; ROI-ROS r = 0.87) and a weak
negative link between intangible assets and contemporaneous profitability (r = —0.13),
indicating that many beneficiary firms had not yet transformed R&D outlays into financial
returns; possible multicollinearity is, therefore, monitored through subsequent variance
inflation diagnostics.

For normalized changes over 20102018, turnover and financial leverage covary
strongly (r = 0.74), while growth in intangible assets is only weakly related to employment
expansion (r = 0.14) and negatively associated with the ROS—personnel cost ratio (r = —0.21),
signaling dimensional expansion with limited labor adjustment (Appendix A, Table A3).

Because no untreated control group is available and only two time points are observed,
the analysis is confined to conditional correlations rather than causal effects. Nonetheless,
robustness is probed through (i) permutation-based confidence intervals (Appendix A,
Table A6); (ii) outlier sensitivity checks (Appendix A, Table A7); (iii) placebo regressions
on plausibly unrelated variables, including a remote period ROE test that yields p > 0.05
(Appendix A, Table A8); and (iv) floor effect diagnostics (Appendix A, Table A9). Through-
out, A denotes absolute change, while A_norm signifies proportional change.
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5.2. Regression Results
5.2.1. Standard Regression Results: Absolute Changes

Across the full 2010-2018 horizon, standard regressions estimated on absolute balance
sheet deltas reveal no statistically significant associations between incentive intensity
and the outcome variables. Appendix A, Table A12, shows that every slope coefficient
reported for revenue, tangible assets, intangible assets and personnel costs carries a p-value
above 0.10; the signs fluctuate—where intangible assets 3 = —0.216 (SE = 1.580; p = 0.892),
personnel costs = —0.307 (SE = 1.412; p = 0.829), revenue 3 = 10.316 (SE = 7.575; p = 0.179),
and tangible assets 3 = —1.895 (SE = 2.550; p = 0.461)—but none approaches conventional
significance thresholds. The adjusted R? statistics hover around zero or turn negative,
implying that incentive intensity explains virtually none of the variance in absolute financial
changes once the pronounced heterogeneity in firm scale is left unaddressed. The only
apparent deviation from this null pattern arises in the multivariate interaction model for
intangible assets, where the ATECO Group AA term reaches significance (3 = 10.206,
SE =4.168, and p = 0.018; Figure 1 and Appendix A, Table A10).

Regression Analysis: A Intangible assets ~ Public Incentive (€)

(Standard specification)
1 x 107 (7)

21 e cC
1.5 ] e M
@ AA

—— Pooled: B=-0.216375 (p=0.892)

— = C:B=1.470369 (p=0.385)
— = M:B=2.696857 (p=0.864)
1.04 == AA: B=-8.735774 (p=0.026%)
« = Marginal Effect: B=-0.339433
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Figure 1. Standard linear regression for intangible assets (A Intangible Assets 2010-2018 vs. incentive).
Y-axis: (Intangible Assets 2018 — Intangible Assets 2010). X-axis: Incentive. Baseline = 2010; follow-
up = 2018. Note: Asterisks denote statistical significance of the reported estimates (two-sided tests):
*
p <0.05.

Closer inspection undermines this result. Figure 1 indicates it is driven largely by
a single influential observation (case 41), a firm belonging to a rare ATECO category
and exposed to the incentive regime only from 2012 to 2018. When robust regression
techniques down-weighting high-leverage points are employed, the coefficient loses sig-
nificance entirely (Appendix A, Table A20), and the pooled simple model for intangible
assets remains non-significant (p = 0.892). Taken together, these findings demonstrate that
absolute financial metrics conflate genuine policy responses with baseline scale effects,
rendering them ill-suited for cross-firm evaluation and motivating the subsequent focus on
normalized specifications.
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5.2.2. Normalized Regression Results: Core Findings

Normalized panel regressions covering 2010-2018 show that firms receiving larger
incentives relative to their 2010 sales experience statistically significant gains in revenues,
intangible assets, and, more moderately, personnel costs. Scaling both the incentive variable
and outcomes to their 2010 levels, the pooled revenue equation yields a slope of 3 = 6.26
(SE =1.814 and p < 0.001; Appendix A, Table A13), meaning each percentage-point increase
in incentive intensity is associated with a 6.26-point rise in proportional revenue growth.
Although residuals are non-normal (Shapiro-Wilk, p < 0.001) and mildly heteroscedastic
(Breusch-Pagan, p = 0.0008; Appendix A, Table A5), the estimate attenuates under trimming
(B =5.96 and p = 0.097; Appendix A, Table A7) but passes a 10 000-draw permutation
test (empirical p = 0.0099; Appendix A, Table A6) and remains significant under robust
estimation (3_robust = 2.92 and p = 0.0079; Appendix A, Table A20). Sectoral interactions
reveal that manufacturing (Group C) drives this aggregate association: Figure 2 shows a
steep red dashed line, where 3_C =7.54 (SE = 2.68 and p = 0.002; Appendix A, Table A11),
whereas professional services (Group M) and the residual cluster (Group AA) display flat,
insignificant slopes (p > 0.20).

Regression Analysis: A_norm Revenue ~ Normalized Incentive Intensity
(Normalized specification)

57 @ C
10 A [ oM
@ AA
= PoOled: B=6.256051 (p=0.001**)
— = C:B=7.548805 (p=0.002**)
— = M: B=-1.266211 (p=0.794)
8 — = AA: B=2.432201 (p=0.856)
== Marginal Effect: B=6.170010
58
6 ®

A_norm Revenue

Normalized Incentive Intensity

Figure 2. Normalized linear regression for revenue (A norm Revenue 2010-2018 vs. normalized
incentive). Y-axis: (Revenue2018 — Revenue2010)/Revenue2010. X-axis: Incentive/Revenue2010.
Baseline = 2010; follow-up = 2018. Note: Asterisks denote statistical significance of the reported
estimates (two-sided tests): ** p < 0.01.

Even after down-weighting high-leverage points, the manufacturing coefficient stays
significant (f_robust = 3.21, SE = 1.09, and p = 0.028; Appendix A, Table A20), reflect-
ing Lombardy’s superior industrial absorptive capacity. The sector-weighted marginal
slope—p_marginal = 6.17 (Appendix A, Table A16)—nearly matches the pooled value,
confirming that manufacturing dominance, not outliers, underpins the overall pattern.

Intangible assets exhibit an even stronger association. The pooled coefficient is
B =41.28 (SE = 12.57 and p = 0.002; Appendix A, Table A13); a 1-point rise in incen-
tive intensity corresponds to a 41-point increase in normalized intangible growth, covering
patents, proprietary software, and capitalized R&D. Diagnostic issues mirror those of
revenues—non-normal residuals and significant heteroscedasticity—yet permutation test-
ing confirms specificity (empirical p = 0.0136; Appendix A, Table A6), and floor-effect risks
are negligible (6.7% of observations are below 1% of the median; Appendix A, Table A9).
Nevertheless, pooled significance evaporates after excluding outliers (3 = 3.06 and p = 0.319;
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Appendix A, Table A7). Disaggregating by sector restores clarity. Manufacturing’s inter-
action slope, 3_C = 82.51 (SE = 19.51 and p < 0.001; Appendix A, Table A11), more than
doubles the pooled figure, while Groups M and AA remain flat. Figure 3 locates manufac-
turing observations in the upper-right quadrant; robust re-estimation on the manufacturing
subset (n = 46) still yields _robust = 13.42 (p = 0.0026; Appendix A, Table A20), and the
statistical power is 1.0 (Appendix A, Table A21).

Regression Analysis: A_norm Intangible assets ~ Normalized Incentive Intensity
(Normalized specification)
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Figure 3. Normalized linear regression for intangible assets (A norm Intangible Assets 2010-2018 vs.
normalized incentive). Y-axis: (Intangible Assets 2018 — Intangible Assets 2010)/Intangible Assets
2010. X-axis: Incentive/Revenue2010. Baseline = 2010; follow-up = 2018. Note: Asterisks denote
statistical significance of the reported estimates (two-sided tests): ** p < 0.01, *** p < 0.001.

Welch tests corroborate sectoral divergence. Manufacturing’s intangible growth ex-
ceeds that of residual sectors (mean difference = 4.69, p = 0.025, and d = 0.388) and pro-
fessional services (4.45, p = 0.040, and d = 0.340; Appendix A, Table A22). These patterns
indicate that industrial clusters with dense R&D routines and skilled labor convert subsidies
into knowledge capital far more effectively than service or low-tech firms.

Personnel costs rise more uniformly. The pooled coefficient equals 3 = 3.35 (SE = 1.024
and p = 0.002; Appendix A, Table A13) and withstands permutation testing (empirical
p =0.0051; Appendix A, Table A6) as well as robust estimation (_robust = 2.57 and
p =0.0049; Appendix A, Table A20). The interaction terms by ATECO sector are insignificant
(p_C =0.605, p_M =0.730, and p_AA = 0.461; Appendix A, Table A11), and the joint F-test
is null (p = 0.954), so Figure 4’s dotted marginal line (3_marginal = 2.36; Appendix A,
Table A16) overlaps with the simple-fit line.

The uniformity implies that incentive-funded projects across sectors recruit additional
engineers, project managers, and administrative staff from a common labor pool, consistent
with recruitment from a common skilled labor pool across sectors.

Together, the results show that, once normalized, public incentives are posi-
tively associated with increases in revenues and intangible assets—especially within
manufacturing—and systematically increase personnel expenditures, highlighting the role
of absorptive capacity and system-wide labor adjustments.
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Regression Analysis: A_norm Personnel cost ~ Normalized Incentive Intensity
(Normalized specification)

Pooled: B=3.354225 (p=0.002**)
— = C:B=1.584463 (p=0.235)
— = M: B=2.770015 (p=0.306)
— = AA: B=5.509742 (p=0.461)
= Marginal Effect: B=2.363375
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Figure 4. Normalized linear regression for personnel cost (A norm Personnel Cost 2010-2018 vs.
normalized incentive). Y-axis: (Personnel Cost 2018 — Personnel Cost 2010) /Personnel Cost 2010.
X-axis: Incentive/Revenue2010. Baseline = 2010; follow-up = 2018. Note: Asterisks denote statistical
significance of the reported estimates (two-sided tests): ** p < 0.01.

5.2.3. Null and Marginal Findings

Across the remaining balance sheet variables, only weak or unstable associations with
incentive intensity emerge. Tangible assets—plant, machinery, and real estate—exhibit a
positive but merely borderline coefficient in the pooled normalized regression (3 = 7.82,
SE =4.28, and p = 0.073; Appendix A, Table A13), while all interaction terms remain non-
significant (Appendix A, Table A10). Figure 5 confirms the negligible effect: the pooled
line slopes gently upward, yet the wide scatter and overlapping confidence bands rule out
firm inference.

Regression Analysis: A_norm Tangible assets ~ Normalized Incentive Intensity
(Normalized specification)
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Figure 5. Normalized linear regression for tangible assets (A norm Tangible Assets 2010-2018 vs.
normalized incentive). Y-axis: (Tangible Assets 2018 — Tangible Assets 2010)/Tangible Assets 2010.
X-axis: Incentive/Revenue2010. Baseline = 2010; follow-up = 2018.

Placebo regressions (Appendix A, Table A8) likewise reject any systematic connection
between incentives and physical capital growth, a pattern consistent with the program’s ori-
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entation toward intangible innovation and with the longer investment cycles characteristic
of heavy equipment, which the eight-year observation window may not fully capture.

The capital turnover ratio (revenue divided by invested capital) is similarly unaffected
in aggregate, posting a pooled normalized coefficient of 3 = 0.97 (SE = 0.84 and p = 0.251;
Appendix A, Table A13). A sector-specific interaction for manufacturing firms attains
conventional significance (3_C = 2.61, SE = 1.06, and p = 0.024; Appendix A, Table A11)
and appears as a modest upward slope in Figure 6’s red dashed line, yet multiple robust-
ness checks undermine its credibility: permutation testing yields p = 0.234 (Appendix A,
Table A6), outlier exclusion erases the effect (Appendix A, Table A7), and robust regression
shrinks the coefficient by 58.1% and reverses its sign (Appendix A, Table A20).

Regression Analysis: A_norm Capital structure ratio ~ Normalized Incentive Intensity
(Normalized specification)

27
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Figure 6. Normalized linear regression for Capital Turnover Ratio (tx) (A norm t; 20102018 vs.
normalized incentive). Y-axis: (t, 2018 — tk 2010)/tk 2010. X-axis: Incentive/Revenue2010. Base-
line = 2010; follow-up = 2018. Note: Asterisks denote statistical significance of the reported estimates
(two-sided tests): * p < 0.05.

In keeping with this study’s caution toward results arising solely in interaction models,
this pattern is best interpreted as a sampling artefact.

The profitability metrics remain completely decoupled from incentive intensity. The
pooled normalized estimates are small, statistically insignificant, and inconsistent in sign,
where ROE 3 = 36.52 (p = 0.352), ROI, 3 = —3.16 (p = 0.848), and ROS 3 = —486.687
(p = 0.464; Appendix A, Table A13). The single apparent anomaly, a negative ROI response
for Group AA (B_AA = —246.18, SE = 113.68, and p = 0.035; Appendix A, Table A11),
loses robustness once the overall fit is considered and likely reflects temporary balance
sheet maneuvers—accelerated depreciation or strategic loss taking—undertaken to secure
funding rather than genuine efficiency losses. Placebo tests for the pre-treatment ROE
(2005-2010) reveal no spurious associations (Appendix A, Table A8), and permutation
procedures fail to reproduce any profitability gradient beyond random noise (Appendix A,
Table A6).

That short-run profitability remains unaffected is fully compatible with the cost
profile of innovative activity: R&D salaries, patent fees, and prototyping expenses de-
press margins before commercial revenues accrue, and firms often reinvest early gains
rather than distribute them. Combined with the robust revenue and intangible asset gains
documented elsewhere, the null or marginal findings for tangible assets, turnover, and
profitability indicate that the incentives chiefly stimulated growth-oriented, knowledge-
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intensive investments whose financial returns are likely to materialize beyond the current
eight-year horizon.

5.3. Robustness and Diagnostics

Model diagnostic checks indicate that the estimated associations for revenues, intan-
gible assets, and personnel costs remain stable despite departures from classical ordinary
least-squares assumptions. Shapiro-Wilk statistics confirm residual non-normality in vir-
tually every specification (p < 0.001; Appendix A, Table A5), a pattern consistent with
the right-skewed distributions typical of balance sheet items whose downside is bounded
by bankruptcy but whose upside is unbounded. With a sample of 60 firms, the central-
limit theorem and the use of robust standard errors ensure valid inference. See also
Sections 4.4-4.8 for the robustness architecture and diagnostic suite. Breusch-Pagan tests
show homoscedasticity for absolute change models (most p > 0.50) but heteroscedastic-
ity for normalized growth rates (p < 0.05 for revenues, intangibles, and personnel costs;
Appendix A, Table A5); nevertheless, Huber M estimator corrections leave all three key
slopes significant and only moderately attenuated (23-58%; Appendix A, Table A20), imply-
ing that unequal variances do not account for the results. Variance inflation factors alleviate
multicollinearity concerns: although interaction specifications produce VIFs as high as 55
because each interaction mechanically correlates with its constituent terms, simple models
never exceed 1.5, and sector-specific estimations eliminate the inflated values altogether
(see Appendix A, Table A5; max. VIF).

Non-parametric validation based on 10,000 permutations of the incentive variable
corroborates the findings. The observed slopes for normalized revenues, intangibles, and
personnel costs lie in the extreme tail (<2%) of the null distribution, yielding empirical
p-values of 0.0099, 0.0136, and 0.0051, respectively (Appendix A, Table A6). In contrast, prof-
itability measures and tangible assets fail to reach significance in the permutation exercise
(all p > 0.20), supporting their interpretation as true null effects rather than consequences
of low statistical power. Outlier robustness tests further differentiate the outcomes. Elimi-
nating observations with residuals beyond £3 s.d. changes the personnel cost coefficient
by only 23.5% and retains significance (Appendix A, Table A7). Revenues experience a
53.3% reduction and drop to p = 0.097, whereas the pooled intangible asset estimate shrinks
by 92.6% and becomes insignificant. Crucially, the manufacturing-only specification of
intangible assets remains robust even after re-estimation, showing an 83.7% attenuation
but a highly significant p-value of 0.003, which vindicates the sectoral decomposition ap-
proach (Appendix A, Table A20). Fewer than 15% of observations qualify as high-leverage,
indicating that results are not driven by extreme cases (see Appendix A, Table A7).

Placebo regressions lend further credibility: incentive intensity has no detectable
association with long-term leasing liabilities, trade receivables, or pre-treatment return
on equity, with all coefficients insignificant at p > 0.40 (Appendix A, Table A8), thereby
ruling out indiscriminate balance sheet expansion or pervasive omitted variables. Floor
effect diagnostics address the risk that near-zero baselines inflate percentage changes; the
share of firms with near-zero values never exceeds 6.7% (intangible assets) and remains
well below the 10% cautionary threshold (Appendix A, Table A9), confirming the suit-
ability of normalized specifications. Taken together, the convergence of evidence from
heteroscedasticity robust estimation, multicollinearity checks, permutation tests, outlier
analysis, placebo regressions, and floor-effect scrutiny substantially mitigates threats to
identification inherent in a pre—post design without a formal control group, and supports
the interpretation that the observed relationships capture genuine policy-related patterns
rather than statistical artefacts.
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5.4. Sectoral Interpretation and Transmission Mechanisms

Standard and normalized regressions for 20102018 indicate that public incentives in
Lombardy are systematically redirected toward growth-oriented uses, as evidenced by the
positive and statistically significant slopes linking the normalized incentive variable to both
revenues and intangible assets (Appendix A, Tables A1l and A13). Sectoral disaggregation
reveals marked heterogeneity. Manufacturing firms (Group C) emerge as the primary
beneficiaries, showing the steepest coefficients for revenues (3_C = 7.54; p = 0.002) and
intangibles (f_C = 82.51; p < 0.001). The region’s dense industrial fabric—where SMEs,
multinational anchors, and university labs co-locate—compresses knowledge transfer cy-
cles and, combined with high absorptive capacity, enables these firms to translate subsidies
rapidly into product development and sales growth, thereby fueling a self-reinforcing
innovation loop. Service enterprises (Group M) exhibit a different trajectory: incentives
correlate with higher personnel expenditures while short-run profitability ratios remain un-
changed, a pattern consistent with investments in reskilling, digital process re-engineering,
and specialist recruitment, whose returns materialize only after a gestation phase. Program
records confirm that many professional service recipients are pivoting from low-margin con-
sulting toward proprietary software and data analytics platforms. The residual cluster of
agricultural firms, low-tech manufacturers, and micro-enterprises (Group AA) shows weak
or negative, non-significant slopes for key variables (Appendix A, Tables A10 and A11).
Capability gaps, fragmented supply chains, and limited managerial know-how culminate
in the highest non-completion rate of the program, with 38% of revolving-fund envelopes
undrawn, pointing to a selection-into-distress dynamic.

The interplay of rapid commercial expansion in manufacturing, capability building
in services, and incremental experimentation in niche sectors creates a portfolio effect
that lifts the region’s performance frontier and explains the system-wide rise in person-
nel costs through heightened demand for skilled labor. Lombardy’s blended-finance
architecture—combining non-repayable grants, soft loans, and revolving funds—implicitly
tailors support to heterogeneous absorptive capacities. Cash-rich manufacturers gravitate
toward soft loans to preserve equity, early-stage service firms without collateral favor
grants, and chronic under-utilization of revolving funds, consistent with heterogeneous
instrument uptake across sectors. Related implications are discussed in Section 6.2.

6. Conclusions, Policy Implications, Limitations, and Future Research
6.1. Key Findings

7

This study examined the association between public innovation incentives and firms
subsequent financial trajectories in Lombardy, focusing on beneficiaries of the 20072013
ERDF Regional Program and tracking outcomes over 2010-2018. Within the confines of
the empirical design, the central regularity is a positive relationship between aid intensity
and growth in turnover and intangible assets, with the pattern most evident among man-
ufacturing firms embedded in dense production networks. These findings resonate with
European evidence showing that subsidies and tax-based support leave measurable traces
in corporate accounts and are not confined to bibliometric outputs. Balance sheet studies on
Spanish SMEs and Austrian manufacturers, together with quasi-experimental evaluations
of Italian schemes, report similar revenue and intangible capital responses, suggesting that
the mechanisms observed in Lombardy are not idiosyncratic to a single region or program.

Two qualifications are essential for interpreting these results. First, the lack of short-
run profitability gains accords with established theories of innovation dynamics, which
posit that capability building and market development precede margin expansion. Over
an eight-year window, firms appear to invest heavily in research, design, and human
capital, expanding knowledge-based assets and sales capacity without immediate profit
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conversion, a pattern familiar in European sectors with extended regulatory and diffusion
cycles. Second, governance likely conditions the strength of these associations. The GeFO
platform, by replacing discretionary transfers with milestone-linked disbursements and
real-time traceability, appears to have reduced moral hazard and aligned private decisions
with public objectives, reinforcing the link between support intensity and subsequent
balance sheet signals.

Methodologically, deploying both standard and normalized regressions provides
complementary perspectives. Standard specifications emphasize absolute changes and
tend to privilege large incumbents, while normalized specifications highlight proportional
dynamics and illuminate trajectories among smaller firms. The convergence of these lenses
in manufacturing, where statistical power is highest, stabilizes the sectoral reading of the
evidence. Nevertheless, and as elaborated below, the absence of a credible counterfactual
precludes causal inference. The results are presented as associations, contingent on context
and identification limits, rather than as estimates of program impact.

6.2. Practical and Policy Implications

Translating these associative findings into policy guidance requires caution about
transferability and identification, yet several lessons are salient for European settings with
comparable institutions and industrial structures. First, the calibration of the financial-
instrument mix should be contingent on absorptive capacity and sectoral maturity. Nascent
clusters and early-stage domains, often facing collateral constraints and volatile cash
flows, are best supported with non-repayable grants that de-risk exploration and capability
formation. By contrast, established manufacturing networks, with predictable revenues
and professionalized finance functions, can scale near-commercial technologies via soft
loans or incremental tax credits, thereby achieving leverage while limiting fiscal exposure.
The operative principle is matching instruments to readiness through a dynamic allocation
mechanism rather than ranking instruments in the abstract.

This matching can be operationalized through ex ante readiness audits that assess
managerial competencies, partner networks, and strategic alignment. Embedded in a
digital platform, such audits can route high-capacity applicants toward repayable sup-
port with stringent milestones while directing exploratory projects toward grants with
learning-oriented deliverables. The European Smart Specialization Strategy provides a
complementary basis for differentiation by aligning instrument choice with empirically
identified regional strengths. In Lombardy, S3 priorities overlap with manufacturing niches
where the strongest associations are observed, indicating that S3 can steer support toward
capabilities that already reside in the territory.

Second, governance architecture is pivotal. Lombardy’s GeFO platform demonstrates
how end-to-end digitalization—application intake, document validation, expenditure
monitoring, and milestone verification—can raise accountability, temper opportunism, and
generate data for management and evaluation. Scaling this model requires interoperable
standards across ministries and regions, coupled with capacity building for firms less
familiar with electronic reporting. Templates, tutorials, and help-desk services are essential
safeguards to prevent digital conditionality from becoming a de facto barrier for micro-
enterprises and service firms.

Third, program timing should mirror investment cycles. The faster response of rev-
enues and intangible assets relative to tangible capital and profitability suggests staggered
calls: an initial window emphasizing R&D, design, and digitalization, followed by win-
dows dedicated to plant modernization and advanced equipment. This sequencing aligns
public support with firms’ roadmaps, spreads co-financing burdens, and facilitates sep-
arate tracking of impact layers. Multi-horizon monitoring—combining annual process
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indicators with medium-term innovation metrics and long-run assessments—can guide
course correction and theory testing. European experiences in Denmark, Sweden, and the
Netherlands, where administrative records are linked to registries, illustrate the feasibility
of such evaluation architectures.

Finally, the European literature counsels a middle path between uniformity and
fragmentation. Studies of UK enterprise zones and French R&D tax credits suggest that
well-governed instruments can generate net positive effects with modest displacement,
particularly in high-tech manufacturing, where spillovers are large. Positioned within this
landscape, the Lombardy case underscores that ecosystem maturity and digital oversight
amplify the association between public support and firm-level outcomes, while warning
against one-size-fits-all prescriptions.

6.3. Limitations, Transparency, and External Validity

The chief limitation of this study is the absence of a counterfactual. Without a control
group of non-beneficiaries observed under comparable conditions, the analysis cannot iso-
late the effect of public support from contemporaneous influences, such as sectoral demand
shifts, technology cycles, or investments financed from other sources. The pre—post design
anchors firms to their own baselines, and the dual-specification strategy attenuates size-
related heterogeneity, but neither strategy purges common shocks. For this reason, causal
language is eschewed; the results are framed as associations, and the policy reflections are
under explicit identification caveats.

A second constraint concerns sample size and representativeness. The dataset includes
sixty beneficiary firms with complete financials for 2010 and 2018. While internally coher-
ent, the small sample limits statistical power outside manufacturing and raises the risk of
unstable coefficients in rich specifications. Accordingly, we refrain from estimating richly
interacted models for small sectors and interpret sector-specific patterns for services and
residual activities with caution. The composition of beneficiaries is not a scaled microcosm
of the regional enterprise population; program design selects for minimum project complex-
ity and skews toward manufacturing and technology-intensive activities. In this research,
descriptive statistics and correlations are reported, and the distribution of beneficiaries
by ATECO section, revenue class, and province is compared with regional registers to
document this bias explicitly.

Selection mechanisms further complicate inference. Participation is voluntary, and
allocation is score-based without a sharp threshold, creating potential selection on unob-
servable factors correlated with both grant success and subsequent performance. Because
the 2007-2013 program lacks discontinuities, propensity score matching and regression
discontinuity designs are not applicable to this cycle. The text clarifies the scoring process,
explains the inapplicability of common quasi-experimental approaches, and outlines op-
portunities in later cycles where oversubscription generates near-winners and near-losers.

Temporal distance is an additional caveat. The 2010-2018 window spans the post-
crisis recovery and predates recent shocks, limiting immediate contemporaneous relevance.
The conclusions, therefore, emphasize structural mechanisms—ecosystem complementari-
ties and governance—whose salience plausibly extends beyond the specific cycle, while
avoiding claims of present-day optimality.

6.4. Directions for Future Research

Future work will extend the analysis to subsequent programming cycles, foremost
2014-2020, which offer broader, granular administrative releases. Access to these richer
data will permit tighter linkage between program records and firm accounts and the
construction of credible counterfactuals. We will also broaden the policy scope beyond
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the Research and innovation strand examined here to include additional facilitation in-
struments, thereby enlarging the treated sample and improving statistical power. This
expansion will cover business competitiveness schemes, energy efficiency supports, and
ICT-related calls, enabling comparisons across instruments and sectors. With these data
and a widened sample, we will implement counterfactual evaluation through the defi-
nition of an appropriate control group (for example, comparable non-beneficiary firms
or near-threshold applicants), with the aim of moving beyond descriptive associations
toward credible causal inference. Establishing causality was not the goal of the present
study, which deliberately adopted an observational, non-causal design focused on balance
sheet correlations. The proposed extensions will complement the current evidence by
testing the robustness of the documented patterns under quasi-experimental designs and
by mapping their generalizability across instruments and cohorts. Taken together, these
steps will support a more rigorous and comprehensive assessment of how public support
relates to firm-level outcomes in Lombardy and European settings.

Author Contributions: Conceptualization, L.A., A.L. and EM.; methodology, L.A., AL. and EM,;
software, A.M. and A.L.; validation, A.M., L.A., A.L. and EM.; formal analysis, A.M. and A.L.; inves-
tigation, A M., L.A., AL. and EM,; resources, AM., L.A., AL. and EM.; data curation, Alessandro
Marrale, L.A., A L.; writing—original draft preparation, A.M.; writing—review and editing, A.L. and
EM.; visualization, AM., L.A,, A.L. and EM.; supervision, L.A., A.L. and EM.; project administration,
EM.; funding acquisition, EM. (internal funding). All authors have read and agreed to the published

version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The full Python script for statistical analysis and the data analyzed—
omitted here for brevity—are available upon request so that readers can replicate and verify every
transformation described above and, if desired, extend the analysis with the methodological refine-
ments just outlined. Availability upon request is required to allow anonymization/pseudonymization
of firm identifiers and to comply with data protection obligations applicable to Registro Imprese
(Telemaco) extracts.

Conflicts of Interest: The authors declare no conflicts of interest.

Appendix A. Diagnostic Table and Robustness Checks

Table Al. Descriptive baseline 2010.

Variable . . .
(Baseline 2010) N Mean Median Std. Dev. Std. Error Min. Max. Unit
Intaf;fi’le 60 127043017  120458.00  4,624,397.24  597,007.12 0.00  30,888,262.00 EUR

Tangible assets 60  2,846,043.38  761,314.00  3,892,909.89  502,572.51 15,465.00 15,079,072.00 EUR
Revenue 60 12,874,547.35 7,387,169.50 15,192,841.30 1,961,387.38 390,668.00 67,773,992.00 EUR

ROE 60 0.07 0.06 0.20 0.03 —0.40 0.80 Ratio
ROI 60 0.06 0.04 0.09 0.01 —0.13 0.37 Ratio
ROS 60 0.05 0.04 0.10 0.01 —0.36 0.27 Ratio

Personnel cost 60  2,672,665.48 1,519217.50 3,006,618.18  388,152.74  64,977.00 12,476,093.00 EUR

Capital 60 0.99 1.01 0.43 0.06 0.25 1.90 Ratio

turnover ratio

Note: Baseline statistics for all financial variables measured in 2010 (pre-treatment period). These provide the
reference point for calculating changes (deltas) after incentive receipt and project implementation.



Economies 2025, 13, 368

21 of 35

Table A2. Correlation matrix: baseline 2010.

. . Capital
Variable Intangible  Tangible Revenue  ROE ROI ROS Personnel Turnover
Assets Assets Cost .
Ratio
Intangible assets 1 0.158 0.134 —-0.133 —0.129 —0.061 0.423 —0.341
Tangible assets 0.158 1 0.642 —0.096  —0.098 0.054 0.656 —0.232
Revenue 0.134 0.642 1 0.203 0.185 0.185 0.742 0.118
ROE —0.133 —0.096 0.203 1 0.83 0.762 —0.031 0.269
ROI —0.129 —0.098 0.185 0.83 1 0.866 —0.016 0.423
ROS —0.061 0.054 0.185 0.762 0.866 1 0.045 0.307
Personnel cost 0.423 0.656 0.742 —0.031 —0.016 0.045 1 —0.087
Capital turnover ratio —0.341 —0.232 0.118 0.269 0.423 0.307 —0.087 1
Table A3. Correlation matrix: normalized changes.
Variable Change A Intangi- TanAible A A A A Persﬁnnel $ S::E:/t:rl
& ble Assets & Revenue  ROE ROI ROS urmo
Assets Cost Ratio
A Intangible assets 1 —0.034 0.303 0.035 —0.035 0.105 0.136 0.183
A Tangible assets —0.034 1 0.184 —0.108 —0.037 0.065 0.162 0.059
A Revenue 0.303 0.184 1 —0.093 0.052 —0.129 0.669 0.742
A ROE 0.035 —0.108 —0.093 1 —0.054 0.051 —0.144 —0.015
A ROI —0.035 —0.037 0.052 —0.054 1 —0.026 0.014 0.15
A ROS 0.105 0.065 —0.129 0.051 —0.026 1 —0.205 —0.194
A Personnel cost 0.136 0.162 0.669 —0.144 0.014 —0.205 1 0.262
A Capital turnover ratio 0.183 0.059 0.742 —-0.015 015 —-0.194 0.262 1
Table A4. Dataset summary and sample representativeness.
Regional .
Item Value . Difference (pp) Assessment
Population
Total beneficiary firms
60 — — —
analyzed
2010 (pre-treatment)
Observation period to 2018 — — —
(post-treatment)
Sector distribution (ATECO)

C—manufacturing n = 46 (76.7%) 68.0% +8.7 Over-represented
AA—residual categories n =11 (18.3%) 18.0% +0.3 Well represented
M—professmpal/techmcal n =3 (5.0%) 14.0% -9.0 Under-represented

services

Median pub.hc incentive EUR 310,220.00 . L L
received

Mean public incentive received EUR 373,910.00 — — —

Incentive intensity range

Data completeness

0.30-56.57%

Complete for
absolute deltas

Mean: 8.93%
Normalized
deltas have
missing values
when
baseline = 0
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Table A5. Regression diagnostics: complete (Shapiro-Wilk, Breusch-Pagan, and VIF).

Variable Model Type S&Zﬁir:_ N(;I;gltilslty Breuscl;—Pagan Homg:;:ej:stlaty Max. VIF R2 Adj. R? Notes
Non-normal residuals;
Intangible assets Simple (abs.) 0.0000 Warning 0.0408 Warning 1.00 0.0003 —0.0169 heteroscedasticity present but
weak
Interaction 0.0000 Warning 0.5346 OK 12.37 0.1279 0.0472  VIF elevated due to sector
(abs.) interactions; not problematic
Significant slope (p = 0.002);
Simple (norm.) 0.0000 Warning 0.0000 Warning 1.00 0.1591 0.1443 heteroscedasticity present but
coeff. robust to outlier removal
Interaction Significant slope for Group C
(norm.) 0.0000 Warning 0.0381 Warning 53.99 0.3867 0.3288 (p < 0.001); VIF high but not
’ collinear
Non-normal residuals; not
Revenue Simple (abs.) 0.0000 Warning 0.6408 OK 1.00 0.0310 0.0143 significant in absolute
specification
Interaction 0.0000 Warning 0.7794 OK 12.37 0.0432 _00453 Hlomoscedasticity acceptable;
(abs.) results non-significant
Significant slope (p = 0.001);
Simple (norm.) 0.0000 Warning 0.0008 Warning 1.00 0.1702 0.1559 heteroscedasticity present;
robust to outliers (Table A7)
Interaction Significant slope for Group C
(norm.) 0.0000 Warning 0.0092 Warning 5491 0.2338 0.1629 (p = 0.002); heteroscedasticity
' does not invalidate results
Significant slope (p = 0.002);
Personnel cost Simple (norm.) 0.0012 Warning 0.0206 Warning 1.00 0.1562 0.1416 non-parametric permutation
confirms (Table A6)
Interaction Sector-specific slopes not
(norm.) 0.0036 Warning 0.5052 OK 54.13 0.2474 0.1777 significant; system-wide effect

confirmed

Summary notes: “Warning” indicates deviation from classical OLS assumptions (normality and homoscedasticity). Expected pattern: Financial balance-sheet data rarely exhibit
normal residuals; heteroscedasticity often present with right-skewed variables. Critical finding: Three main results (revenue, intangible assets, and personnel costs in normalized
specifications) remain statistically significant and robust despite diagnostic warnings (see outlier sensitivity in Table A7). Max. VIF > 50 in interaction models is attributable to sector
dummy construction, not genuine collinearity (confirmed by low VIF in simple models). All diagnostics assessed using Shapiro-Wilk (& = 0.05), Breusch-Pagan (« = 0.05), and VIF
threshold < 10 for individual predictors.
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Table A6. Permutation tests (10,000 iterations).
Dependent Independent Observed Empirical Significant .
Variable Variable Model Type Coefficient p-Value (x = 0.05) Interpretation
. Coefficient consistent with
A Intangible Incentive Absolute -0.22 0.8917 No random noise in absolute
assets change e
specification
A Revenue Incentive Absolute 10.32 0.1807 No No mgmﬁcant. e.ffec.t m
change absolute specification
A Personnel Incentive Absolute _031 0.8373 No Absglute dlf'ferenc'es not
cost change driven by incentives
A_norm Normalized Observed slope exceeds
Intangible Norm_Incentive 41.28 0.0136 Yes 98.6% of permuted
change S .
assets coefficients; genuine effect
Observed slope exceeds
A_norm Norm_Incentive Normalized 6.26 0.0099 Yes 9.9 ’.O o of Permuted o
Revenue change coefficients; highly specific
effect
Observed slope exceeds
3 o,
A_norm Norm_Incentive ~ Normalized 335 0.0051 Yes 99-5% of permuted
Personnel cost change coefficients; rare under
null
AnormROE  Norm_Incentive ~ ormalized 36.52 02252 No Not significant in
change permutation framework
Normalized Negative coefficient not
A_norm ROI Norm_Incentive chanee —3.16 0.8121 No significant; likely sampling
& artifact
A_norm Capl.tal Norm_Incentive Normalized 0.97 0.2342 No Non-51gn1f1.cant; fails
turnover ratio change permutation test

Interpretation: Permutation tests provide non-parametric significance assessment, avoiding assumptions about
residual distributions. Three key findings (intangibles, revenue, and personnel costs) pass non-parametric
validation with empirical p < 0.02. All other associations (ROE, RO, capital turnover, and tangible assets) fail to
achieve significance in permutation framework, supporting null interpretation.

Table A7. Outlier sensitivity analysis: summarized results.

Original Outliers Final  Original Robust

Variable Model Type N Removed N p-Value p-Value Robustness Assessment
Personnel Normalized 60 4 56 0.0018 0.0109 ROBUST—remams significant
cost (pooled) after outlier removal
Intangible Normahz.ed 45 2 43 <0.0001 0.0072 ROBUST—manufacjcurmg
assets (manufacturing C) sector effect persists
Normalized MARGINAL—significance
Revenue (pooled) 60 2 58 0.0011 0.0966 weakened; borderline robust
N lized MARGINAL—
Revenue ormatze 46 1 45 0.0035 0.0672 manufacturing sector effect
(manufacturing C)
weakened
. . NOT ROBUST—driven by
Intangible Normalized 59 4 55 0.0018 0.5838 outliers; interpret with
assets (pooled) .
caution
Capital . o
timover Normahzgd 46 3 43 0.0235 0.4367 NQT ROBUST—significance
ratio (manufacturing C) disappears after removal

Methodological notes: Coefficient change calculated as “robust” = coefficient direction unchanged AND signifi-
cance level maintained after removal; “marginal” = coefficient remains significant, but p-value crosses conventional
thresholds (0.05) or becomes close to boundary; and “not robust” = significance disappears or coefficient reverses
sign. Practical implications: personnel costs (fully robust); intangible assets (manufacturing sector robust). Rev-
enue pooled (mention outlier sensitivity in text); revenue manufacturing (note borderline). Capital turnover ratio
manufacturing (not robust).
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Table A8. Placebo tests—complete results.
Test Placebo Variable Theoretical Rationale p-Value Result Pass/Fail
Tangible assets Innovation incentives target
1 (A 2010-2018) R&D/ 1ntang1ble;s, not physical 0.4605 ns PASS
capital
2 ROE (baseline 2010) ~ Lreatment cannot retroactively g gg5 ns PASS
affect pre-treatment outcomes
Capital turnover Grants should not directly alter
3 ratio (A Absolute)  debt-to-equity ratios short-term 0.1938 ns PASS
Note: In the “Result” column, ns denotes not statistically significant.
Table A9. Baseline floor effects: risk assessment (baseline variable value used for the test).
. . Normalized
Variable N with N Near Z?ro Proportion Near Floor Effect Risk Model
Value =0 (<1% Median) Zero 11
Reliability
Intangible assets 1 4 6.7% Low Acceptable
Tangible assets 0 0 0.0% Low Acceptable
Revenue 0 0 0.0% Low Acceptable
ROE 0 0 0.0% Low Acceptable
ROI 0 0 0.0% Low Acceptable
ROS 0 0 0.0% Low Acceptable
Personnel cost 0 0 0.0% Low Acceptable
Capital turnover ratio 0 0 0.0% Low Acceptable

Note: What is a floor effect? When baseline values cluster near zero, percentage changes become unreliable. A
EUR 100 increase represents 100% growth if baseline = EUR 100, but infinite growth if baseline = EUR 0. Floor
effect risk assessment threshold: high (>20% near zero) invalidates normalized specifications; moderate (10-20%)
requires caution; and low (<10%) indicates normalized models are reliable. Intangible assets at 6.7% remain
below moderate threshold but warrant sensitivity checks. Summary: Floor effects do not pose systematic threats
to normalized regression inferences. Only intangible assets exhibit even modest clustering near baseline zero
(6.7%), well below the 10% caution threshold. This supports the validity of normalized specifications as primary
analytical framework.

Table A10. Interaction models: absolute changes (N = 60).

Dependent 5\ o SE_LAA  Sig AA B_C SE_C Sig_C B_M SE_M Sig M F-Test R?
Variable - - - - - - - .
A
Intangible —8.736 3.815 * 1.470 1.680 ns 2.697 15.648 ns p=0.1802 0.128
assets
A Tangible
assets 4.941 6.499 ns —3.182 2.863 ns —3.081 26.660 ns p=0.8388 0.037
A Revenue 6.188 19.453 ns 11.102 8.568 ns 28.494 79.798 ns p=0.7837 0.043
AROE 0.000 2.0 x 1076 ns ~10x10°¢  10x10° ns —10x10°  70x10°° ns p=09392 0022
AROI 0.000 0.000 ns 0.000 0.000 ns —1.0 x 107 1.0 x 10°° ns p=0.6301 0.060
AROS 0.000 0.0196 ns —0.0102 0.00862 ns —1.0 x 107° 0.0802 ns p=0.8877 0.030
A
Personnel +0.460 3.615 ns —0.519 1.592 ns 8.466 14.830 ns p=0.9537 0.020
cost
A Capital
turnover 1.0 x 10°° 1.0 x 10°° ns 0.000 0.000 ns +3.0 x 107° 2.0x10°° ns p=0.5034 0.075

ratio

Summary: There are no significant sector-specific interaction associations in the absolute specifications (all
p > 0.18); absolute changes are dominated by firm-level volatility. Note: Asterisks denote statistical significance of

the reported estimates (two-sided tests): * p < 0.05. ns denotes not statistically significant.
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Table A1l. Interaction models: normalized changes (N = 60).
Dependent B_AA SE_AA  Sig AA B.C SE_C Sig C B.M SE M Sig M F-Test R
Variable - = 16— - — 18 . | ig_| es
A_norm
Intangible —8.736 3.815 * 82.507 19.511 <0.001 2.697 15.648 ns p=0.1802 0.387
assets
A_norm
6.188 19.453 ns 7.548 2.191 0.0035 28.494 79.798 ns p=0.7837 0.234
Revenue
A_norm
Personnel +0.460 3.615 ns -0.519 1.592 ns 8.466 14.830 ns p=0.9537 0.247
cost
A_norm
Tangible 4.941 6.499 ns —3.182 2.863 ns —3.081 26.660 ns p=0.8388 0.165
assets
A_norm
ROE 0.000 2.0x10°° ns -1.0x 107 1.0 x 10~ ns —1.0 x 107 7.0 x 107° ns p=0.9392 0.047
A_norm
ROI 0.000 0.000 ns 0.000 0.000 ns —1.0 x 107° 1.0 x 10°° ns p=0.6301 0.187
A_norm 6
ROS 0.000 0.0196 ns —0.0102 0.00862 ns —1.0 x 10 0.0802 ns p=0.8877 0.016
A_norm
Capital 6 6 —6 3
1.0 x 10 1.0 x 10 ns 0.000 0.000 ns +3.0 x 10 2.0x10 ns p=0.5034 0.127
turnover
ratio
Summary: Two strong manufacturing sector associations: intangible assets: 3_C = +82.51 (p < 0.001); manufactur-
ing firms invest heavily in knowledge capital. Revenue: 3_C = +7.55 (p = 0.0035); manufacturing firms translate
incentives into sales growth. Note: Asterisks denote statistical significance of the reported estimates (two-sided
tests): * p < 0.05. ns denotes not statistically significant.
Table A12. Simple (pooled) regression models: absolute changes (N = 60).
Dependent Variable Coefficient Std. Error t-Statistic p-Value Adj. R?
A Intangible assets —0.216 1.580 —0.137 0.8916 —0.017
A Tangible assets —1.895 2.550 —0.743 0.4605 —0.008
A Revenue 10.316 7.575 1.362 0.1785 +0.014
A ROE —1.0 x 107 1.0 x 107° —0.963 0.3394 —0.001
A ROI 0.000 0.000 +0.506 0.6150 —0.013
A ROS —0.00856 0.00760 —1.125 0.2650 +0.004
A Personnel cost —-0.307 1.412 —-0.217 0.8289 —0.016
A Capital turnover ratio 0.000 0.000 1.315 0.1938 +0.012

Summary: No significant associations (all p > 0.17); absolute changes are too noisy for reliable policy inference.

Table A13. Simple (pooled) regression models: normalized changes.

Dependent Variable

Coefficient  Std. Error t-Statistic =~ p-Value Significance Adj. R? N

A_norm Intangible assets
A_norm Tangible assets
A_norm Revenue
A_norm ROE
A_norm ROI
A_norm ROS
A_norm Personnel cost
A_norm Capital turnover
ratio

41.278 12.572 3.283 0.0018 ** +0.144 59
7.819 4.279 1.827 0.0728 1 (marginal)  +0.038 60
6.256 1.814 3.450 0.0011 ** +0.156 60

36.520 38.957 +0.937 0.3524 ns —0.002 60

—3.163 16.407 —0.193 0.8478 ns —0.017 60

—486,687.14  660,242.59 —-0.737 0.4640 ns —0.008 60
3.354 1.024 3.277 0.0018 ** +0.142 60
+0.973 0.839 1.161 0.2505 ns +0.006 60

Summary: Three significant results (intangibles, revenue, and personnel costs) (all p < 0.002); tangible assets
marginal (p = 0.07); others non-significant. Note: Asterisks denote statistical significance of the reported estimates
(two-sided tests): ** p < 0.01. t indicates marginal significance (p < 0.10); ns denotes not statistically significant.
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Table A14. Comparison: simple vs. interaction models (normalized).

Simple Model Interaction Association Size
Variable P Model p-Value = (Manufacturing Main Sector Pattern
p-Value
(Group Q) B)
Simple association
Intangible 0.0018 ** <0.001 *** B_C=+8251  Manufacturing concentrated in
assets manufacturing; 82 x
stronger
Simple association
Revenue 0.0011 ** 0.0035 ** B_C=+755 Manufacturing driven by
manufacturing sector;
7.5x stronger
Personnel Simple association is
cost 0.0018 ** ns (pooled) F=012(p=0.95) System-wide system-wide; no
sectoral heterogeneity
Tangible 0.0728 Weak and non—robpst;
. ns (pooled) — None exclude from main
assets (marginal)
text
Capital Consistent with
P 0.2505 (ns) ns (pooled) — None placebo tests; not
turnover . .
affected by incentives
Note: Asterisks denote statistical significance of the reported estimates (two-sided tests): ** p < 0.01, *** p < 0.001.
ns denotes not statistically significant.
Table A15. Marginal associations: absolute changes (EUR per EUR 1000 incentive).
Variable Marginal Association Economic Interpretation
Intangible assets —339.43 EUR 1000 incentive — -EUR 339 intangible assets
Tangible assets —1687.78 EUR 1000 incentive — -EUR 1688 tangible assets
Revenue +11,070.40 EUR 1000 incentive — +EUR 11,070 revenue growth
ROE —0.0006 EUR 1000 incentive — —0.06 pp change in ROE
ROI +0.0000 EUR 1000 incentive — +0.00 pp change in ROI
ROS —7.82 EUR 1000 incentive — —7.82 pp change in ROS
Personnel cost +109.52 EUR 1000 incentive — +EUR 110 personnel cost
Capital turnover ratio +0.0004 EUR 1000 incentive — +0.0004 change in capital turnover
Note: Marginal associations represent the average change in outcome variable for each additional EUR 1000 of
public incentive, derived from multivariate models accounting for sector heterogeneity. Values are weighted
averages of sector-specific associations.
Table A16. Marginal associations: normalized changes (elasticity-like per 1pp incentive intensity).
Variable Marginal Association Economic Interpretation
Intangible assets 60.994 1pp 1 incentive intensity — +60.99a(s:£1:1trslge in relative growth of intangible
Tangible assets 6.578 1pp 1 incentive intensity — +6.58 change in relative growth of tangible assets
Revenue 6.170 1pp T incentive intensity — +6.17 change in relative growth of revenue
ROE 39.508 1pp 1 incentive intensity — +39.51 change in relative growth of ROE
ROI —45.084 1pp T incentive intensity — —45.08 change in relative growth of ROI
ROS —523,800.44 1pp 1 incentive intensity — —523,800 change in relative growth of ROS
Personnel cost 2.363 1pp 1 incentive intensity — +2.36 change in relative growth of personnel cost
Capital turnover ratio 1.729 1pp 1 incentive intensity — +1.73 chir;%; in relative growth of capital turnover

Note: Marginal associations for normalized variables represent elasticity-like measures—the proportional change
in outcome relative to baseline for a 1 percentage point increase (shown as “1pp 1” in the table) in incentive
intensity (Incentive/Revenue_2010). These control for firm size and allow comparison of relative growth rates
across firms.
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Table A17. Standard errors of all variable changes.
Depe?ndent Analysis Model Parameter Coefficient Std. Error p-Value
Variable Type
A limm Standard Simple Intercept 35,971.46555 716,322.0646 0.960122
A limm Standard Simple Incentive —0.216375209 1.58036288 0.891572
A limm Standard Interaction Intercept 2,214,120.485 1,741,757.298 0.209106
C(Ateco_Group,
A limm Standard Interaction Treat- —2,554,338.768 1,903,082.236 0.185144
ment(‘AA"))[T.C]
C(Ateco_Group,
A limm Standard Interaction Treat- —2,930,174.925 6,324,518.025 0.645008
ment(‘AA"))[T.M]
A limm Standard Interaction Incentive —8.735774186 3.814870468 0.025959
Incentive:
A limm Standard Interaction C(At‘ffr‘;ﬁmulf" 10.20614363 4168493353 0.017628
ment("AA"))[T.C]
Incentive:
A imm Standard Interaction C(AteTCrOefroup' 11.43263093 16.10675885 0.48088
ment(‘AA"))[T.M]
A limm Standard Marginal Intercept 109,285.3492
A limm Standard Marginal Incentive —0.33943252
norm A limm  Normalized Simple Intercept 0.146653744 1.798743968 0.935305
norm A limm Normalized Simple norm_Incentive 41.27848395 12.57171485 0.001755
norm Alimm  Normalized Interaction Intercept 0.979861117 7.710513775 0.899357
C(Ateco_Group,
norm A limm Normalized Interaction Treat- —1.932326898 7.913799299 0.808041
ment(‘AA"))[T.C]
C(Ateco_Group,
norm A limm Normalized Interaction Treat- 0.731184619 13.90749445 0.958268
ment(‘AA"))[T.M]
norm A limm Normalized Interaction norm_Incentive —9.342159581 81.80829978 0.909514
norm_Incentive:
norm A limm  Normalized Interaction C(AteTCr‘;froup' 91.8496734 83.14231461 0.274267
ment(‘AA"))[T.C]
norm_Incentive:
. . . C(Ateco_Group,
norm A limm Normalized Interaction Treat- 5.540838319 86.97828758 0.949446
ment(‘AA"))[T.M]
norm Alimm  Normalized Marginal Intercept —0.456768655
norm A limm Normalized Marginal norm_Incentive 60.9944136
AIm Standard Simple Intercept 2,061,049.714 1,155,873.606 0.079801
Alm Standard Simple Incentive —1.894677034 2.550109553 0.460493
AIm Standard Interaction Intercept —986,003.2311 2,967,448.918 0.740969
C(Ateco_Group,
AIm Standard Interaction Treat- 3,682,808.439 3,242,299.789 0.26103
ment(‘AA"))[T.C]
C(Ateco_Group,
AIm Standard Interaction Treat- 2,491,509.637 10,775,143.12 0.818012
ment(‘AA"))[T.M]
A Im Standard Interaction Incentive 4941146654 6.49943207 0.450416
Incentive:
ATm Standard Interaction C(At‘?r‘;froup' —8.123225279 7.101902833 0.257748
ment(‘AA"))[T.C]
Incentive:
ATm Standard Interaction C(Ate;fefmuf" —8.022342081 27.44124234 0.771142

ment(‘AA"))[T.M]
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Table A17. Cont.
Depe?ndent Analysis Model Parameter Coefficient Std. Error p-Value
Variable Type
AIm Standard Marginal Intercept 1,962,058.721
AIm Standard Marginal Incentive —1.687776497
norm A Im Normalized Simple Intercept 0.755718399 0.61737138 0.225867
norm A Im Normalized Simple norm_Incentive 7.818997669 4.279343893 0.072824
norm A Im Normalized Interaction Intercept 216414124 2911071009 0.460451
C(Ateco_Group,
norm A Im Normalized Interaction Treat- —1.63839922 2.987820159 0.585705
ment(‘AA"))[T.C]
C(Ateco_Group,
norm A Im Normalized Interaction Treat- —4.698182193 5.250714167 0.374881
ment(‘AA"))[T.M]
norm A Im Normalized Interaction norm_Incentive 17.50541011 30.8863685 0.57322
norm_Incentive:
. . C(Ateco_Group,
norm A Im Normalized Interaction Treat- —14.34002844 31.37080982 0.649423
ment(‘AA"))[T.C]
norm_Incentive:
. . C(Ateco_Group,
norm A Im Normalized Interaction Treat- 1.333997324 32.8382750 0.967746
ment(‘AA"))[T.M]
norm A Im Normalized Marginal Intercept 0.673126061
norm A Im Normalized Marginal norm_Incentive 6.578088173
A Al Standard Simple Intercept 560,777.1927 3,433,488.30 0.87083
A Al Standard Simple Incentive 10.31647824 7.57502488 0.178494
A Al Standard Interaction Intercept —1,062,469.414 8,881,893.31 0.905227
C(Ateco_Group,
A Al Standard Interaction Treat- 2,074,657.579 9,704,551.59 0.831522
ment(‘AA"))[T.C]
C(Ateco_Group,
A Al Standard Interaction Treat- —4,690,141.497 32,251,160.6 0.884916
ment(‘AA"))[T.M]
A Al Standard Interaction Incentive 6.18797613 19.453498 0.751643
Incentive:
A Al Standard Interaction C(Ate;r‘;;froup' 4913616143 21.256757 0.818068
ment(‘AA"))[T.C]
Incentive:
A Al Standard Interaction C(AteTCr‘;froup' 22.30639161 82.134585 0.786978
ment(‘AA"))[T.M]
A Al Standard Marginal Intercept 293,594.3215
A Al Standard Marginal Incentive 11.07040142
norm A Al Normalized Simple Intercept 0.139422892 0.261639056 0.596151
norm A Al Normalized Simple norm_Incentive 6.256051414 1.8135656 0.001053
norm A Al Normalized Interaction Intercept —0.062267366 1.261427785 0.960812
C(Ateco_Group,
norm A Al Normalized Interaction Treat- 0.205042479 1.294684792 0.874754
ment(‘AA"))[T.C]
C(Ateco_Group,
norm A Al Normalized Interaction Treat- 3.241157216 2.275243963 0.160046
ment(‘AA"))[T.M]
norm A Al Normalized Interaction norm_Incentive 2.432200714 13.38370767 0.856476
norm_Incentive:
. . C(Ateco_Group,
norm A Al Normalized Interaction 5.116604763 13.5936262 0.708096

Treat-
ment(‘AA"))[T.C]
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Table A17. Cont.
Depe?ndent Analysis Model Parameter Coefficient Std. Error p-Value
Variable Type
norm_Incentive:
. . C(Ateco_Group,
norm A Al Normalized Interaction Treat- —3.698411616 14.22950945 0.795921
ment(‘AA"))[T.M]
norm A Al Normalized Marginal Intercept 0.256989729
norm A Al Normalized Marginal norm_Incentive 6.170010451
A ROE Standard Simple Intercept 0.346203963 0.282374398 0.225136
A ROE Standard Simple Incentive —6.00157 x 1077 6.2298 x 1077 0.339363
A ROE Standard Interaction Intercept —0.035055364 0.732628999 0.962013
C(Ateco_Group,
A ROE Standard Interaction Treat- 0.451696974 0.800486517 0.574901
ment(‘AA"))[T.C]
C(Ateco_Group,
A ROE Standard Interaction Treat- 0.671804585 2.660258874 0.801587
ment(‘AA"))[T.M]
A ROE Standard Interaction Incentive 2.48049 x 107 1.60464 x 107° 0.877727
Incentive:
A ROE Standard Interaction C(AteTCr‘z—airoup' ~9.99663 x 10~7  1.75338 x 106 0.57095
ment(‘AA"))[T.C]
Incentive:
AROE Standard Interaction C(Ate;r‘;fmuf" —1.70876 x 107 677493 x 107°  0.80183
ment(‘AA"))[T.M]
A ROE Standard Marginal Intercept 0.344835879
A ROE Standard Marginal Incentive —6.03798 x 1077
norm A ROE Normalized Simple Intercept —1.624303244 5.620184265 0.773602
norm A ROE Normalized Simple norm_Incentive 36.51963901 38.95661835 0.352418
norm A ROE Normalized Interaction Intercept 1.485605491 27.72955521 0.957472
C(Ateco_Group,
norm A ROE Normalized Interaction Treat- —4.268860591 28.46063314 0.88133
ment(‘AA"))[T.C]
C(Ateco_Group,
norm A ROE Normalized Interaction Treat- 32.96285263 50.0159453 0.512666
ment(‘AA"))[T.M]
norm A ROE Normalized Interaction norm_Incentive —56.44122757 294.2096768 0.848587
norm_Incentive:
. . C(Ateco_Group,
norm A ROE Normalized Interaction Treat- 126.1752331 298.8242472 0.674527
ment(‘AA"))[T.C]
norm_Incentive:
. . C(Ateco_Group,
norm A ROE Normalized Interaction Treat- —15.71066606 312.8026611 0.960128
ment(‘AA"))[T.M]
norm A ROE Normalized Marginal Intercept —0.139044997
norm A ROE Normalized Marginal norm_Incentive 39.50758453
A ROI Standard Simple Intercept —0.030914816 0.03080677 0.319785
A ROI Standard Simple Incentive 3.43677 x 1078 6.79665 x 108 0.615014
A ROI Standard Interaction Intercept —0.080085715 0.077912914 0.308585
C(Ateco_Group,
A ROI Standard Interaction Treat- 0.056105313 0.085129359 0.512658
ment(‘AA"))[T.C]
C(Ateco_Group,
A ROI Standard Interaction Treat- 0.294408894 0.282910614 0.302678
ment(‘AA"))[T.M]
A ROI Standard Interaction Incentive 2.30578 x 10~7 1.70648 x 10~7 0.182269
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Table A17. Cont.
Depe?ndent Analysis Model Parameter Coefficient Std. Error p-Value
Variable Type
Incentive:
AROI Standard Interaction C(AteTCr‘;;frouP' —227384 x 1077 1.86467 x 1077 0.227978
ment(‘AA"))[T.C]
Incentive:
AROI Standard Interaction C(Ate;r‘;ﬁmuf’ © 931624 x 1077 720493 x 1077 0.201503
ment(‘AA"))[T.M]
AROI Standard Marginal Intercept —0.022351197
AROI Standard Marginal Incentive 9.66862 x 1077
norm A ROI Normalized Simple Intercept 1.698899509 2.367070149 0.475809
norm A ROI Normalized Simple norm_Incentive —3.163161048 16.40747777 0.847799
norm A ROI Normalized Interaction Intercept 32.17198252 10.71418278 0.004047
C(Ateco_Group,
norm A ROI Normalized Interaction Treat- —33.35728154 10.99665765 0.003713
ment(‘AA"))[T.C]
C(Ateco_Group,
norm A ROI Normalized Interaction Treat- —14.95752045 19.32522811 0.442313
ment(‘AA"))[T.M]
norm A ROI Normalized Interaction norm_Incentive —246.1813944 113.67713 0.034776
norm_Incentive:
. . C(Ateco_Group,
norm A ROI Normalized Interaction Treat- 248.6670271 115.4601139 0.035745
ment(‘AA"))[T.C]
norm_Incentive:
. . C(Ateco_Group,
norm A ROI Normalized Interaction Treat- 209.0595581 120.8611123 0.089388
ment(‘AA"))[T.M]
norm A ROI Normalized Marginal Intercept 5.85019065
norm A ROI Normalized Marginal norm_Incentive —45.0836957
A ROS Standard Simple Intercept 5152.183528 3446.507033 0.140362
AROS Standard Simple Incentive —0.008557365 0.007603747 0.265049
A ROS Standard Interaction Intercept —0.060479249 8931.255568 0.999995
C(Ateco_Group,
A ROS Standard Interaction Treat- 6327.67202 9758.485772 0.519456
ment(‘AA"))[T.C]
C(Ateco_Group,
A ROS Standard Interaction Treat- 0.335316194 32,430.40054 0.999992
ment(‘AA"))[T.M]
A ROS Standard Interaction Incentive 1.90651 x 107 0.019561614 0.999992
Incentive:
A ROS Standard Interaction C(Ate;r‘;froul” —0.010203403 0.021374895 0.635036
ment(‘AA"))[T.C]
Incentive:
AROS Standard Interaction C(At‘?fr‘;;irouf’ © 870622 x 1077 0.082591059 0.999992
ment(‘AA"))[T.M]
AROS Standard Marginal Intercept 4851.171502
A ROS Standard Marginal Incentive —0.007822462
norm A ROS Normalized Simple Intercept 117,982.65 95,251.72255 0.220468
norm A ROS Normalized Simple norm_Incentive —486,687.1429 660,242.5877 0.464013
norm A ROS Normalized Interaction Intercept 18.77852488 476,358.4484 0.999969
C(Ateco_Group,
norm A ROS Normalized Interaction Treat- 147,222.9772 488,917.4363 0.764479
ment(‘AA"))[T.C]
C(Ateco_Group,
norm A ROS Normalized Interaction Treat- —6.344258581 859,210.2512 0.999994
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Table A17. Cont.
Depe?ndent Analysis Model Parameter Coefficient Std. Error p-Value
Variable Type
norm A ROS Normalized Interaction norm_Incentive —144.9735614 5,054,147.607 0.999977
norm_Incentive:
. . C(Ateco_Group,
norm A ROS Normalized Interaction Treat- —683,036.5205 5,133,420.051 0.894643
ment(‘AA"))[T.C]
norm_Incentive:
. . C(Ateco_Group,
norm A ROS Normalized Interaction Treat- 117.3908872 5,373,551.403 0.999983
ment(‘AA"))[T.M]
norm A ROS Normalized Marginal Intercept 112,889.4105
norm A ROS Normalized Marginal norm_Incentive —523,800.4364
A Personnel .
ost Standard Simple Intercept 1,184,970.174 640,123.7177 0.069241
A Pecr(f:tmel Standard Simple Incentive —0.306514867 1.412252689 0.828939
AP ecrs;)t““el Standard Interaction Intercept 266,967.2172 1,650,631.707 0.872117
A Personnel C(Ateco_Group,
st Standard Interaction Treat- 1,131,117.616 1,803,516.415 0.533188
ment("AA"))[T.C]
A Personnel C(Ateco_Group,
cost Standard Interaction Treat- —2,130,289.17 5,993,630.681 0.723655
ment(‘AA"))[T.M]
A Pecros:tnnel Standard Interaction Incentive 0.459721879 3.615283344 0.899286
Incentive:
A Personnel Standard Interaction C(Ateco_Group, —0.978924493 3.95040532 0.805226
cost Treat-
ment(‘AA"))[T.C]
Incentive:
A Personnel Standard Interaction C(Ateco_Group, 8.006187059 15.26408236 0.602069
cost Treat-
ment(‘AA"))[T.M]
A Pecrssotnnel Standard Marginal Intercept 1,027,642.931
A Pecrsg)tnnel Standard Marginal Incentive 0.109522454
norm A
Personnel Normalized Simple Intercept 0.217017624 0.147689148 0.147122
cost
norm A
Personnel Normalized Simple norm_Incentive 3.354225329 1.023715502 0.001777
cost
norm A
Personnel Normalized Interaction Intercept —0.130085641 0.699807673 0.853229
cost
norm A C(Ateco_Group,
Personnel Normalized Interaction Treat- 0.446878548 0.718257805 0.536448
cost ment(‘AA"))[T.C]
norm A C(Ateco_Group,
Personnel Normalized Interaction Treat- 1.588432351 1.262246799 0.213655
cost ment(‘AA"))[T.M]
norm A
Personnel Normalized Interaction norm_Incentive 5.509741945 7.4249366 0.461267
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Table A17. Cont.
Depe?ndent Analysis Model Parameter Coefficient Std. Error p-Value
Variable Type
norm_Incentive:
norm A C(Ateco_Group
Personnel Normalized Interaction Tre; i ! —3.925278771 7.541393997 0.604844
cost ment(‘AA")[T.C]
norm_Incentive:
norm A C(Ateco_Group
Personnel Normalized Interaction Tre;t— ! —2.739726939 7.894165661 0.729897
cost ment(‘AA"))[T.M]
norm A
Personnel Normalized Marginal Intercept 0.291942864
cost
norm A
Personnel Normalized Marginal norm_Incentive 2.363375207
cost
Atk Standard Simple Intercept —0.192052192 0.107767055 0.079967
Atk Standard Simple Incentive 3.12584 x 1077 2.37758 x 107 0.193781
Atk Standard Interaction Intercept —0.502848237 0.273816022 0.071799
C(Ateco_Group,
Atk Standard Interaction Treat- 0.382597873 0.299177393 0.206425
ment(‘AA"))[T.C]
C(Ateco_Group,
At k Standard Interaction Treat- —0.592616764 0.99425699 0.553639
ment(‘AA"))[T.M]
At k Standard Interaction Incentive 9.95578 x 10~ 5.99723 x 107 0.102699
Incentive:
Atk Standard Interaction C(AteTCr‘;;ErouP © 839238 x 1077 655315 x 1077 0.205786
ment(‘AA"))[T.C]
Incentive:
Atk Standard Interaction C(AteTCr‘;f_rouP' 1.62058 x 10~° 253209 x 1076 0.524868
ment(‘AA"))[T.M]
At k Standard Marginal Intercept —0.239154039
Atk Standard Marginal Incentive 4.33192 x 1077
norm A t_k Normalized Simple Intercept 0.001517936 0.120972547 0.990032
norm A t_k Normalized Simple norm_Incentive 0.973353575 0.838527908 0.250483
norm A t_k Normalized Interaction Intercept —0.006833896 0.573815327 0.990542
C(Ateco_Group,
norm A t_k Normalized Interaction Treat- —0.042412766 0.588943724 0.942856
ment(‘AA"))[T.C]
C(Ateco_Group,
norm A t_k Normalized Interaction Treat- 0.633822031 1.034993738 0.542849
ment(‘AA"))[T.M]
norm A t_k Normalized Interaction norm_Incentive —0.915796066 6.08816191 0.880992
norm_Incentive:
. . C(Ateco_Group,
norm A t_k Normalized Interaction Treat- 3.52566191 6.183652488 0.570935
ment(‘AA"))[T.C]
norm_Incentive:
. . C(Ateco_Group,
norm A t_k Normalized Interaction Treat- —1.172344817 6.472911659 0.856955
ment(‘AA"))[T.M]
norm A t_k Normalized Marginal Intercept —0.007659248
norm A t_k Normalized Marginal norm_Incentive 1.728594158
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Table A18. Descriptive statistics: absolute changes.

Variable N Mean Median Std. Devw. Std. Error Min. Max. Skewness Unit
I“:‘srs‘gtfle 60 4493308  —3060.00  3,110,12491 40151540  —12,513,553.00 15095,672.00  0.787 EUR
Tangible assets 60 1,352,61370  79,721.00  5041,579.42  650,865.10  —6,633,046.00  28,780,856.00  3.500 EUR
Revenue 60 4418,197.00 1,423,85850 15,141,551.01 1,954,765.83 —44460,465.00 60,288,653.00  1.255 EUR
ROE 60 0.12 0.02 1.24 0.16 ~5.03 6.92 1.818 ratio
ROI 60 ~0.02 ~0.00 0.13 0.02 ~0.35 0.35 —0.352 ratio
ROS 60 1952.51 0.01 15,124.09 1952.51 —0.32 117,150.72 7.746 ratio
Personnel cost 60 1,070,361.63  350,495.00  2,779,966.36  358,892.11  —4,513,671.00  17,559,522.00  3.889 EUR
Capital 60 —0.08 ~0.06 047 0.06 ~1.29 0.85 —0414 ratio

turnover ratio

Note: Descriptive statistics for absolute changes (A = Valueygigs — Valueygyg). These represent the raw magnitude
of change in each financial indicator over the 8-year period. Positive values indicate growth; negative values

indicate decline.

Table A19. Descriptive statistics: normalized changes.

Variable N Mean Median Std. Dev. Std. Error Min. Max. Skewness Unit
Intangible 59 3.7534 —0.1873 11.8275 1.5398 —1.0000 68.2142 4112 Proportional
assets change (ratio)
Tangible 60 1.4539 0.0947 3.8298 0.4944 ~0.9327 20.8849 3.368 Proportional
assets change (ratio)
Revenue 60 0.6980 03171 1.7326 0.2237 —1.0000 9.9816 3.357 Proportional
change (ratio)
ROE 60 1.6366 —0.4179 34.1581 44098 —57.4888 240.0835 5.799 Proportional
change (ratio)
ROI 60 1.4165 —0.3076 14.2833 1.8440 —21.3446 102.4924 6.109 Proportional
change (ratio)
ROS 60 745251177  —0.2325 5772647221 745245552  —20.4916  4,471,473.8725  7.746 Proportional
change (ratio)
Personnel 60 0.5165 0.2808 0.9698 0.1252 ~1.0000 44110 1.557 Proportional
cost change (ratio)
Capital Proportional
turnover 60 0.0884 —0.0455 0.7382 0.0953 —1.0000 3.3801 1.946 P .
. change (ratio)
ratio
Note: Descriptive statistics for normalized changes (A_norm = [Valueyy; — Valueyyio]/Valueygip). These represent
proportional growth rates, allowing comparison across firms of different sizes. For example, 0.50 represents 50%
growth; —0.20 represents 20% decline. Missing values occur when baseline (2010) value = 0. Two firms report
Revenue2018 = 0 (ATECO C =1 (label 40); AA =1 (label 38)). They are retained in normalized revenue regressions
(A_norm = —1).
Table A20. Results: comparison with OLS (selected key variables).
OLS OLS Robust Robust Coefficient
Variable and Sector . . . . Robustness
Coefficient p-Value Coefficient p-Value Change %
Intangible assets o
41.28 0.0018 3.06 0.3185 —92.6% Not stable
(pooled)
Intangible assets (Mfg, Robust (but
& ts (Mfg 82.51 <0.0001 13.42 0.0026 —83.7% (
sector-specific) attenuated)
Revenue (pooled) 6.26 0.0011 2.92 0.0079 —53.3% Consistent
Revenue (Mf .
( -4 7.55 0.0035 3.21 0.0278 —57.5% Consistent
sector-specific)
Personnel cost
3.35 0.0018 2.57 0.0049 —23.5% Robust

(pooled)

Note: Robust regression employs Huber M estimator (down-weights, does not delete extremes). “Robust (but
attenuated)” indicates significance persists despite coefficient shrinkage; coefficient change > 60% suggests OLS
influenced by outliers. Down-weighted observations typically represent fewer than 15% of samples. Summary:
Revenue and personnel costs associations remain stable across OLS and robust specifications (coefficient changes
<60%), supporting main findings. Intangible assets in pooled specification show pronounced attenuation (92.6%
change), but manufacturing-specific robust estimate retains significance (p = 0.0026) with smaller coefficient
change (83.7%), validating the sectoral decomposition strategy.
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Table A21. Manufacturing sector robustness: statistical power assessment.

Full-Sample Robust Coefficient

Variable N  Statistical Power Coefficient  Coefficient  Stability Inference Status
Intangible assets 45 1.0 (adequate) 82.51 87.63 +6.2% Stable and robust
Revenue 46 1.0 (adequate) 7.55 3.21 —57.5% Significant but sensitive
Personnel cost 46 1.0 (adequate) 1.58 1.65 +4.4% Stable and robust
Tangible assets 46 0.984 (adequate) 3.17 —0.74 —123.5% Non-robust
Capital turnover 46 1.0 (adequate) 2.61 1.09 —58.1% Sensitive to outliers

Note: Statistical power >0.80 considered adequate. Coefficient stability: <30% is robust, 30-60% is moderately
sensitive, and >60% is driven by outliers. Manufacturing sector (n = 46) provides adequate power for all variables;
results generalizable within this sector. Summary: Manufacturing sector analysis achieves high statistical power
(0.98-1.0) across all outcomes, lending credibility to sectoral findings. Intangible assets and personnel costs
show robust coefficient patterns (change < 7%), whereas revenue and capital turnover exhibit moderate-to-strong
sensitivity to outlier specification (57-58% change), warranting cautious interpretation.

Table A22. Sector-specific comparisons: normalized changes (Welch’s ¢-tests).

. Grou . s
Variable P Mean; Mean, Difference p-Value  Cohen’sd Significant
Comparison
Intangible assets Cvs. AA 4.85 0.17 4.69 0.0249 0.388 Yes *
Cvs. M 4.85 0.41 4.45 0.0400 0.340 Yes *
AAvs. M 0.17 0.41 —-0.24 0.7651 —0.212 No
N
Revenue Cvs. AA 0.70 0.15 0.55 0.0775 0.337 0
(marginal)
Cvs.M 0.70 2.74 —2.05 0.3451 —1.115 No
AAvs. M 0.15 2.74 —2.59 0.2607 —2.041 No
Personnel cost Cvs. AA 0.43 0.35 0.08 0.7574 0.100 No
Cvs. M 0.43 241 —1.98 0.1983 —2.190 No
AAvs. M 0.35 241 —2.06 0.1833 —2.020 No
Note: Only variables with at least one significant comparison shown. Welch’s f-tests assume unequal variances.
Effect sizes (Cohen’s d): <0.2 is negligible, 0.2-0.5 is small, 0.5-0.8 is medium, and >0.8 is large. C = manufacturing;
AA = residual categories; and M = professional/technical services. Summary: Manufacturing firms exhibit
significantly higher normalized growth in intangible assets compared with both residual and service sectors
(p < 0.05), with small-to-medium effect sizes. Revenue differences approach but do not attain conventional
significance across sectors, suggesting heterogeneous absorptive capacity. Personnel costs show no significant
sectoral divergence despite pooled significance, reinforcing the system-wide nature of labor market responses.
Asterisks denote statistical significance of the reported estimates (two-sided tests): * p < 0.05.
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