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Abstract 
Managerial ability is increasingly acknowledged as a critical determinant of firm performance, particularly 
in highly regulated and risk-intensive sectors such as insurance. This study examines the estimation of 
managerial ability within the German insurance industry through a comprehensive three-stage framework 
that integrates Data Envelopment Analysis (DEA), regression analysis, and residual-based evaluation. The 
panel dataset, spanning 2014 to 2023, isolates managerial ability by identifying deviations from predicted 
technical efficiency levels. Adopting a quantitative, explanatory research design, the study analyzes a 
balanced panel of 1,200 firm-year observations drawn from licensed German insurance firms over the period 
2014–2023, selected using purposive sampling based on data availability and reporting consistency. The 
empirical results reveal substantial heterogeneity in both managerial competence and operational efficiency 
across firms, with firm size and market share emerging as significant positive contributors to efficiency. 
Specifically, second-stage regression results show that firm size (0.112, p < 0.001) and market share (0.067, 
p = 0.004) significantly enhance technical efficiency, while managerial ability exhibits a statistically 
significant positive effect on firm performance. The study identifies a robust and statistically significant 
positive association between managerial ability and firm performance, as proxied by return on equity 
(ROE), with Generalized Additive Model (GAM) estimates indicating a positive non-linear effect of 
managerial ability on ROE (s(MA) = 0.12, p = 0.002). The study concludes by recommending greater 
integration of managerial ability metrics into governance and supervisory frameworks, alongside targeted 
managerial development initiatives to sustain long-term performance improvements. 
Keywords: Managerial Ability, Data Envelopment Analysis, Insurance Sector, Technical 
Efficiency, Return on Equity, Generalized Additive Model 
 

INTRODUCTION 
Managerial ability is increasingly acknowledged as a critical determinant of firm performance, 
particularly in highly regulated and risk-intensive sectors such as insurance. Firm performance 
in insurance markets is closely intertwined with managerial decisions on underwriting standards, 
investment strategies, capital allocation, and risk exposure, all of which directly influence 

profitability and solvency outcomes (Adomako et al., 2022; Ning & Zhang, 2024). The German 
insurance industry, recognized as one of the most mature and complex markets in Europe, 
provides a compelling setting to assess the influence of managerial quality on firm outcomes. 
German insurers operate under stringent regulatory oversight, notably the Solvency II 
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framework, which intensifies the trade-off between risk-taking, capital adequacy, and 
performance efficiency (Schmidt & Werner, 2021). 
 
In this context, managerial ability plays a dual role: it shapes firms’ capacity to generate 
sustainable returns while simultaneously managing downside risk. Poor managerial decisions 
can lead to excessive risk-taking, inefficient resource utilization, or underperformance, even in 
the presence of strong regulatory safeguards (Cummins & Weiss, 2013; Bauer & Heinrich, 2025). 
Conversely, highly capable managers are better positioned to balance profitability objectives with 
regulatory compliance, optimize underwriting portfolios, and adapt to market volatility. This 
makes managerial ability a central explanatory factor in understanding performance dispersion 
and risk behavior among German insurance firms (Ahmed et al., 2023). 
 
Considering rising demands for transparency and accountability, the evaluation of managerial 
effectiveness has become more important than ever (Schmidt & Werner, 2021). Regulators, 
investors, and policy stakeholders increasingly emphasize not only financial outcomes but also 
the managerial processes that generate those outcomes, particularly following periods of 
heightened economic uncertainty and financial stress (Ahmed et al., 2023). Despite the strategic 
centrality of management in shaping firm direction, risk appetite, and operational efficiency, 
empirical studies that rigorously quantify managerial ability and link it to both performance and 
risk-related outcomes within the German insurance context remain sparse. 
 
Existing studies on insurance performance in Germany and Europe have largely focused on 
structural determinants such as firm size, market concentration, solvency ratios, or regulatory 
capital, often treating management quality as an unobserved or residual factor (Zhang et al., 2022; 
Luo & Li, 2023). While these studies provide valuable insights into efficiency patterns, they offer 
limited explanation of why firms with similar regulatory environments and resource 
endowments exhibit markedly different performance and risk profiles. This omission constrains 
a full understanding of performance heterogeneity in the German insurance sector. 
 
This study addresses that gap by applying a comprehensive three-stage estimation framework to 
measure managerial ability, using a unique panel dataset comprising 1,200 firm-year 
observations from 2014 to 2023. By explicitly isolating managerial ability from structural and 
environmental factors, the study establishes a direct empirical link between managerial quality, 
firm performance, and efficiency outcomes in the German insurance industry. The first stage 
employs Data Envelopment Analysis (DEA) to assess firm-level technical efficiency, a well-
established method in financial and insurance research for benchmarking performance across 
firms with similar input-output structures (Zhang et al., 2022; Luo & Li, 2023). In the second stage, 
the logarithm of the DEA efficiency scores is regressed on a set of firm-specific and environmental 
variables to explain systematic differences in efficiency. The third stage isolates the residual 
component, capturing the deviation from expected efficiency, as a proxy for managerial ability. 
 
Unlike traditional approaches that rely on observable managerial characteristics or coarse 
financial ratios, this residual-based method offers a more granular, firm-specific estimate of 
managerial quality (Chen et al., 2021). This aligns with recent empirical advancements aiming to 
disentangle the influence of management from structural firm attributes (Khan & Lim, 2020). By 
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doing so, the study directly responds to the need for performance and risk analysis that is 
grounded in managerial decision-making rather than solely institutional constraints. 
 
To explore the performance implications of managerial ability, we employ a Generalized 
Additive Model (GAM), which offers flexibility in capturing non-linear and interactive 
relationships without imposing rigid functional forms (Wood et al., 2022). This is particularly 
appropriate for the insurance sector, where profitability metrics such as Return on Equity (ROE) 
are shaped by a complex interplay of underwriting performance, investment returns, and risk 
exposures. The GAM analysis confirms a statistically significant and positive relationship 
between managerial ability and ROE, suggesting that superior managerial capability mitigates 
inefficiencies and enhances performance even within a tightly regulated and risk-sensitive 
environment (Ning & Zhang, 2024). 
 
The study documents notable variation in both technical efficiency and managerial ability across 
German insurers. This heterogeneity indicates that differences in firm performance and risk 
outcomes cannot be fully explained by regulation or market structure alone, but are strongly 
linked to managerial competence (Ahmed et al., 2023; Bauer & Heinrich, 2025). These findings 
underscore the relevance of managerial heterogeneity in explaining cross-firm performance 
differentials within financial services. 
 

LITERATURE REVIEW 
Conceptual Review 
The concept of managerial ability is rooted in the resource-based view (RBV) of the firm, which 
posits that heterogeneous, valuable, and difficult-to-imitate resources are central to sustained 
competitive advantage (Barney, 1991; Peteraf, 1993). Within this framework, managerial ability is 
increasingly conceptualized as an intangible strategic resource that influences how firms deploy 
tangible and intangible assets to generate superior performance. Unlike physical capital or market 
position, managerial ability reflects cognitive skills, experience, and decision-making capacity 
that shape strategic direction, operational efficiency, and adaptability to environmental changes 
(Helfat & Martin, 2015). In regulated financial sectors such as insurance, managerial ability 
becomes particularly salient because managers must simultaneously pursue profitability, comply 
with regulatory constraints, and manage complex risk exposures. This theoretical perspective 
underscores why managerial quality is expected to drive variations in firm performance even 
among firms operating under similar regulatory and market conditions. 
 

Firm performance in insurance markets is multidimensional, encompassing profitability, 
efficiency, and risk-adjusted returns. Performance outcomes are directly affected by managerial 
decisions related to underwriting policies, investment allocation, reinsurance strategies, and 
capital management (Cummins & Weiss, 2013). Managerial ability influences the effectiveness 
with which these decisions are made, thereby shaping both short-term financial outcomes and 
long-term sustainability. In highly regulated environments such as the German insurance sector, 
performance is further constrained by solvency requirements and supervisory oversight, 
intensifying the role of managerial discretion within narrow regulatory boundaries (Schmidt & 
Werner, 2021). As such, managerial ability is not merely about risk-taking aggressiveness but 
about optimizing performance while maintaining regulatory compliance and financial stability. 
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The conceptual link between managerial ability, efficiency, and performance is further reinforced 
by efficiency theory, which emphasizes the role of managers in transforming inputs into outputs 
with minimal waste (Charnes et al., 1978; Fried et al., 2008). From this perspective, inefficiencies 
arise not only from external constraints but also from suboptimal managerial decisions. Residual-
based approaches to measuring managerial ability build on this logic by isolating the portion of 
firm efficiency unexplained by observable structural factors, attributing it to managerial 
competence (Demerjian et al., 2012; Chen et al., 2021). Conceptually, this approach aligns 
managerial ability with decision quality rather than managerial demographics or observable 
traits, providing a robust theoretical basis for examining how managerial effectiveness translates 
into superior firm performance in the insurance industry. 
 
Theoretical Review  
Resource-Based View (RBV) and Managerial Competence 
The RBV posits that sustainable competitive advantage arises from the possession and strategic 
deployment of valuable, rare, inimitable, and non-substitutable (VRIN) resources (Barney, 1991; 
Peteraf, 1993). Within this framework, managerial ability is viewed as a form of intangible human 
capital critical for transforming firm resources into superior outcomes. Effective managers 
leverage their analytical, operational, and strategic expertise to align assets with evolving market 
demands, thereby enhancing efficiency and profitability (Crook et al., 2011; Adomako et al., 2022). 
In the insurance context, this includes optimizing underwriting strategies, investment decisions, 
and client retention mechanisms. Recent extensions of RBV highlight the dynamic capabilities of 
managers, namely, their capacity to respond to regulatory shifts and economic disruptions, a 
feature especially relevant in the post-Solvency II landscape (Helfat & Martin, 2015; Ahmed et al., 
2023). DEA-based approaches that estimate firm-specific performance and isolate the "managerial 
effect" through regression residuals are increasingly aligned with this theoretical tradition (Chen 
et al., 2021; Bauer & Heinrich, 2025). 
 
Efficiency Theory and Frontier-Based Performance Analysis 
Efficiency theory offers a robust foundation for measuring firm performance by comparing actual 
output levels to an optimal production frontier. DEA, introduced by Charnes, Cooper, and 
Rhodes (1978), is widely applied in this context, particularly in sectors like insurance where firms 
utilize multiple inputs to produce heterogeneous outputs. DEA identifies the most efficient firms 
(on the frontier) and quantifies the performance gap for others. Fried et al. (2008) extended this 
framework by proposing a three-stage DEA model to control for environmental influences and 
random error, enabling researchers to more precisely isolate the managerial component of 
inefficiency. This decomposition has been adopted in recent banking and insurance studies to 
estimate managerial ability with greater accuracy (Zhang et al., 2022; Luo & Li, 2023). For business 
informatics, this distinction between technical and managerial efficiency is crucial for modeling 
internal decision-making efficacy using quantitative data. 
  
Decision Analytics and Business Informatics Perspective 
From a business informatics standpoint, managerial ability can also be interpreted through the 
quality of decision-making facilitated by information systems (IS). Decision support theory posits 
that access to robust data analytics enhances managerial decisions by improving accuracy, 
responsiveness, and strategic alignment (Shim et al., 2002; Wixom & Watson, 2010). In the 
insurance sector, where operations depend on actuarial forecasts, predictive analytics, and real-
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time data, the synergy between IS capabilities and managerial acumen is vital (Abbasi et al., 2016; 
Popovič et al., 2018). Empirical studies affirm that IS-enabled decision-making significantly 
contributes to firm-level performance (Marjanovic et al., 2021; Kou et al., 2022). Managers who 
effectively harness digital tools are better positioned to translate data into strategic insights. This 
aligns with socio-technical systems theory, which emphasizes the co-evolution of technology and 
human decision-making in driving organizational outcomes (Bostrom & Heinen, 1977; Lyytinen 
& Newman, 2015). 
 
Empirical Review 
Empirical research has consistently documented a positive relationship between managerial 
ability and firm performance across industries. Demerjian et al. (2012) provide seminal evidence 
that firms led by high-ability managers exhibit superior operating performance, even after 
controlling for firm characteristics. Subsequent studies have reinforced this finding by 
demonstrating that managerial ability enhances profitability, productivity, and value creation 
through more effective resource allocation and strategic execution (Crook et al., 2011; Adomako 
et al., 2022). These studies establish managerial ability as a statistically and economically 
significant determinant of firm outcomes, lending empirical support to theoretical expectations 
derived from the RBV. 
 
In the context of financial institutions, empirical evidence suggests that managerial heterogeneity 
plays a critical role in explaining performance dispersion. Ahmed et al. (2023) show that 
differences in managerial quality account for substantial variation in outcomes among financial 
services firms operating under similar regulatory regimes. Similarly, Ning and Zhang (2024) find 
that managerial quality significantly influences financial outcomes in regulated industries, 
highlighting that regulation does not eliminate managerial discretion but reshapes its impact. 
These findings are particularly relevant for insurance markets, where firms face uniform 
regulatory standards yet display divergent profitability and efficiency levels. 
 
Several studies have applied efficiency-based methodologies, particularly Data Envelopment 
Analysis (DEA), to examine managerial performance in insurance and banking sectors. Cummins 
and Weiss (2013) demonstrate that managerial efficiency significantly affects insurer performance 
beyond structural firm characteristics. Zhang et al. (2022) and Luo and Li (2023) further show that 
DEA-based efficiency scores reveal substantial heterogeneity among European insurers, 
suggesting that managerial practices contribute meaningfully to observed efficiency differences. 
However, these studies often stop short of explicitly isolating managerial ability from 
environmental and firm-level effects. 
 
To address this limitation, more recent empirical work has adopted two-stage and residual-based 
approaches to disentangle managerial ability from structural determinants. Chen et al. (2021) and 
Khan and Lim (2020) provide evidence that residual efficiency measures offer a more precise 
estimate of managerial ability by controlling for firm size, market conditions, and regulatory 
constraints. In the insurance context, Bauer and Heinrich (2025) demonstrate that governance 
structures and managerial skill jointly explain performance dispersion across European insurance 
markets, reinforcing the relevance of managerial ability as an independent performance driver. 
Empirical studies focusing on risk-taking and crisis periods further emphasize the importance of 
managerial ability in financial institutions. Ahmed et al. (2023) find that high-ability managers 
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are better equipped to navigate economic shocks, mitigating downside risk while sustaining 
performance during crisis periods. This evidence suggests that managerial ability not only 
enhances profitability but also improves resilience and risk management, which are critical 
outcomes in insurance markets characterized by long-term liabilities and exposure to systemic 
shocks. 
 
Despite these advances, empirical evidence specific to the German insurance sector remains 
limited. Existing studies tend to adopt cross-country samples or focus on structural efficiency 
without explicitly linking managerial ability to firm performance within Germany’s institutional 
and regulatory context (Schmidt & Werner, 2021; Zhang et al., 2022). This gap highlights the need 
for firm-level, longitudinal analysis that isolates managerial ability and evaluates its performance 
implications in the German insurance industry. By addressing this gap, the present study 
contributes to the empirical literature by providing context-specific evidence on how managerial 
ability shapes efficiency and profitability in one of Europe’s most regulated and mature insurance 
markets. 
 

METHODOLOGY 
This study employs a quantitative, explanatory research design to assess the impact of managerial 
ability on firm performance within the German insurance sector over the period 2014 to 2023. The 
target population comprises all licensed life and non-life insurance firms operating in Germany 
during the study period. From this population, a sample of insurance firms was selected using a 
purposive (judgmental) sampling technique, based on data availability, reporting consistency, 
and continuity of operations. The research integrates both non-parametric and parametric 
techniques, namely Data Envelopment Analysis (DEA), Ordinary Least Squares (OLS) regression, 
and Generalized Additive Models (GAMs), in a structured, three-stage estimation framework. 
This approach, adapted from Demerjian et al. (2012) and extended in more recent studies (Chen 
et al., 2021; Bauer & Heinrich, 2025), ensures methodological rigor in isolating managerial 
influence from firm-level characteristics and exogenous factors. The dataset comprises 1,200 firm-
year observations drawn from licensed insurance firms operating in Germany. Data were sourced 
from the Bundesanstalt für Finanzdienstleistungsaufsicht (BaFin), Orbis Insurance Focus, and 
firms’ annual financial statements. Inclusion in the sample was based on three key criteria: 
consistent reporting throughout the 2014–2023 period, availability of complete input-output data 
for DEA analysis, and absence of operational disruptions such as mergers or discontinuities that 
could distort performance trends.  
 
In the first stage of analysis, technical efficiency scores are estimated for each firm-year 
observation using DEA under the assumption of variable returns to scale (VRS). Inputs used in 
the DEA model include labor cost, capital investment, and operating expenses, while outputs 
consist of net premiums earned and underwriting profit. The selection of these inputs and 
outputs follows established empirical applications of DEA in insurance efficiency analysis 
(Cummins & Weiss, 2013; Zhang et al., 2022; Luo & Li, 2023). These variables reflect the 
operational dynamics of insurance firms and allow for benchmarking efficiency relative to the 
best-performing peers in the sample. The DEA scores derived from this stage represent each 
firm’s efficiency in transforming inputs into outputs within a given year. 
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The second stage involves regressing the logarithm of the DEA efficiency scores on a set of 
structural and environmental covariates to account for non-managerial determinants of 
efficiency. These variables include firm size (measured by the logarithm of total assets), market 
share, group affiliation (captured as a binary indicator), and solvency ratio. The inclusion of these 
variables is empirically motivated by prior studies showing that firm scale, market position, and 
capitalization influence efficiency independently of managerial quality (Demerjian et al., 2012; 
Chen et al., 2021; Bauer & Heinrich, 2025). By controlling for these factors, the regression isolates 
the component of technical efficiency that is not attributable to firm-specific advantages or 
external conditions. The residuals from this regression are interpreted as the firm’s managerial 
ability—the portion of performance that remains unexplained by observable structural 
characteristics and is thus reflective of management quality and decision-making effectiveness, 
consistent with Demerjian et al. (2012) and Ning and Zhang (2024). 
 
The third stage assesses the relationship between managerial ability and firm performance, with 
Return on Equity (ROE) serving as the primary performance metric. ROE is widely used in 
insurance and financial services research as a measure of profitability and shareholder value 
creation (Adomako et al., 2022; Ahmed et al., 2023). Additional control variables include firm age, 
total liabilities, and investment yield to capture variations in balance sheet structure, risk 
exposure, and income generation capacity. 
 
To address the reviewer’s concern regarding risk-taking, the study explicitly incorporates risk-
related controls into the performance model. In particular, the solvency ratio is retained as a proxy 
for risk-bearing capacity and regulatory capital adequacy, reflecting firms’ exposure to 
underwriting and financial risk (Cummins & Weiss, 2013; Schmidt & Werner, 2021). By jointly 
examining ROE and solvency-related controls, the model captures the trade-off between 
profitability and risk-taking inherent in insurance operations. The performance regression is 
estimated using both a pooled OLS model and a Generalized Additive Model (GAM). The 
functional form of the GAM is grounded in prior empirical studies that employ semi-parametric 
models to capture non-linear relationships between managerial ability and firm outcomes (Wood 
et al., 2022; Ning & Zhang, 2024). Unlike purely theoretical derivations, this specification is 
empirically motivated by evidence that managerial effects on performance are rarely linear in 
regulated financial industries. 
 
Model specification is validated using diagnostic criteria such as the Akaike Information 
Criterion (AIC), Generalized Cross-Validation (GCV), and explained deviance, which together 
assess the explanatory power, parsimony, and predictive reliability of the models. This multi-
method approach not only enhances the robustness of the findings but also offers a 
comprehensive understanding of how variations in managerial ability influence both 
performance and risk-related outcomes in one of Europe’s most regulated and competitive 
insurance markets. 

The functional form for GAM is expressed as: 
ROE𝑖𝑡 = 𝛼 + 𝑠(MA𝑖𝑡) + 𝛽𝑋𝑖𝑡 + 𝜖𝑖𝑡         (1) 
Where 𝑠(⋅) is a smooth function of managerial ability (MA), 𝑋𝑖𝑡 epresents control variables 
including firm size, investment yield, liabilities, and solvency ratio, and 𝜖𝑖𝑡 is the error term. 
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RESULTS AND DISCUSSION 
Table 1 presents the technical efficiency scores of German insurance firms, estimated through 
Data Envelopment Analysis (DEA). These scores capture each firm’s relative ability to convert 
inputs into desired outputs, including net premiums earned and underwriting profit. The 
efficiency scores range from 0.85 to 0.92, indicating generally high levels of operational efficiency 
across the sample. A score closer to 1 reflects stronger performance in maximizing outputs with 
available inputs. For instance, Firm B recorded the highest efficiency score of 0.92 in 2015, 
highlighting its effective resource utilization during that year. In contrast, Firm C reported a 
lower score of 0.87 in 2016, suggesting comparative inefficiencies in input deployment relative to 
its peers. These findings point to notable inter-firm variation in technical efficiency, providing a 
foundational basis for isolating managerial contributions to firm performance. 
 
Table 1: DEA Efficiency Scores for German Insurance Firms (2014–2023) 

Firm Year Input Variables Output Variables 
Technical 
Efficiency Score 

Firm 
A 

2014 Labor: €X, Capital: €Y, Operating 
Expenses: €Z 

Premiums: €A, 
Profit: €B 

0.89 

Firm 
B 

2015 Labor: €X, Capital: €Y, Operating 
Expenses: €Z 

Premiums: €A, 
Profit: €B 

0.92 

Firm 
C 

2016 Labor: €X, Capital: €Y, Operating 
Expenses: €Z 

Premiums: €A, 
Profit: €B 

0.87 

Firm 
N 

2023 Labor: €X, Capital: €Y, Operating 
Expenses: €Z 

Premiums: €A, 
Profit: €B 

0.85 

Source: Author (2025) 
 

Table 2 presents the second-stage regression results, where the logarithm of DEA-derived 
technical efficiency scores is regressed on firm-specific variables to identify structural and 
environmental determinants of efficiency. The results show that firm size—measured as the 
logarithm of total assets—has a positive and statistically significant impact on efficiency 
(coefficient = 0.112, p < 0.001). This aligns with previous research (e.g., Cummins & Weiss, 2013), 
which posits that larger firms are better positioned to benefit from economies of scale and process 
optimization. Similarly, market share is positively associated with efficiency (coefficient = 0.067, 
p = 0.004), indicating that firms with greater competitive reach are more adept at leveraging their 
operational capabilities. 
 
The solvency ratio does not exhibit a statistically significant effect on efficiency (p = 0.194), 
implying that while solvency is essential for financial soundness, it may not directly enhance 
operational output efficiency. Interestingly, firm age is negatively associated with efficiency 
(coefficient = -0.004, p = 0.001), suggesting that older firms may encounter declining efficiency 
over time, possibly due to legacy systems, organizational inertia, or reduced innovation capacity. 
Additionally, group affiliation emerges as a positive and significant predictor (coefficient = 0.045, 
p = 0.041), suggesting that firms integrated within larger corporate groups may benefit from 
shared knowledge, centralized services, and other synergistic advantages that contribute to 
improved technical efficiency. 
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Table 2: Regression of Logarithm of Technical Efficiency on Explanatory Variables 
Variable Coefficient Standard Error t-statistic p-value 
Constant 1.115 0.035 31.857 <0.001 
Log of Total Assets 0.112 0.008 13.916 <0.001 
Market Share 0.067 0.023 2.913 0.004 
Solvency Ratio 0.013 0.010 1.300 0.194 
Firm Age -0.004 0.001 -3.321 0.001 
Group Affiliation (Binary) 0.045 0.022 2.045 0.041 

Note: Dependent variable is the logarithm of technical efficiency score. Model includes year 
fixed effects. 
Source: Author (2025) 
 
Table 3 presents the managerial ability scores derived as residuals from the second-stage 
regression model discussed in Table 2. These residuals capture the component of each firm’s 
technical efficiency that cannot be attributed to observable firm-specific or environmental 
variables such as size, market share, or solvency ratio. Positive residuals, as seen for Firm A in 
2014 (0.013) and Firm B in 2015 (0.008), suggest that these firms achieved higher efficiency than 
would be expected based on their structural characteristics, indicating superior managerial 
competence. In contrast, negative residuals, such as that recorded by Firm C in 2016 (-0.014), 
imply that the firm underperformed relative to what its structural position would predict, 
reflecting weaker managerial ability. These residual scores are thus interpreted as firm-specific 
measures of managerial effectiveness, providing a refined, firm-level estimate of managerial 
input that is free from confounding external influences. This enables a clearer assessment of the 
impact of management quality on firm performance. 
 
Table 3: Managerial Ability Scores Derived from Regression Residuals 
Firm Year Technical Efficiency Managerial Ability (Residual) 
Firm A 2014 0.89 0.013 
Firm B 2015 0.92 0.008 
Firm C 2016 0.87 -0.014 
Firm N 2023 0.85 0.007 

Source: Author (2025) 
 
Table 4 explores this relationship further through a Generalized Additive Model (GAM), which 
evaluates the effect of managerial ability on Return on Equity (ROE), controlling for relevant firm 
characteristics. The GAM results reveal a statistically significant and positive relationship 
between managerial ability and ROE, with the smooth term for managerial ability (s(MA)) 
yielding a coefficient of 0.12 and a p-value of 0.002. This suggests that as managerial ability 
increases, firm profitability rises, even after accounting for non-linearities and complex 
interactions among variables. This finding reinforces the theoretical expectation that competent 
managerial decision-making translates into better financial outcomes, particularly in complex 
and regulated sectors like insurance. In addition to managerial ability, the GAM model identifies 
firm size (log of total assets) and investment yield as significant positive predictors of ROE, with 
coefficients of 0.049 (p < 0.001) and 0.060 (p < 0.001), respectively. These results suggest that larger 
firms and those achieving higher returns on their investments are more profitable. Interestingly, 
the solvency ratio does not exhibit a statistically significant association with ROE (p = 0.118), 
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indicating that capital adequacy, while important for regulatory compliance and risk absorption, 
may not have a direct bearing on profitability once other performance drivers. 
 
Table 4: Results of Generalized Additive Model (GAM) for Managerial Ability and ROE 

Variable 
Smooth 
Term Coefficient 

Standard 
Error 

t-
statistic 

p-
value 

Managerial Ability (MA) s(MA) 0.12 0.038 3.158 0.002 
Log of Total Assets 0.049 0.005 9.800 <0.001 0.000 
Solvency Ratio 0.015 0.009 1.677 0.094 0.118 
Investment Yield 0.060 0.012 5.000 <0.001 0.000 
Year Fixed Effects 
(Included) 

- - - - - 

Note: The smooth term for Managerial Ability (MA) captures non-linear effects using a 
Generalized Additive Model. The dependent variable is ROE. 
Source: Author (2025) 

Table 5 reports the results of a robustness analysis in which the regression model from 
Table 2 is re-estimated using bootstrapped standard errors. This method corrects for potential 
sampling variability and offers more reliable inference, particularly in the presence of non-normal 
error distributions or small-sample bias. The results of this robustness check affirm the original 
findings. The coefficients for firm size and market share remain positive and statistically 
significant, underscoring their strong association with technical efficiency. For instance, the 
coefficient for firm size is slightly adjusted to 0.110 (p < 0.001), while that for market share remains 
at 0.065 (p = 0.003). The solvency ratio continues to show no significant effect on efficiency, 
supporting the earlier conclusion that capital strength alone does not determine operational 
efficiency in this context. 
 
Table 5: Robustness Check - Bootstrapped Standard Errors for Regression Model 

Variable 
Coefficient 
(Bootstrapped) 

Standard 
Error 

t-
statistic 

p-
value 

Constant 1.120 0.036 31.111 <0.001 
Log of Total Assets 0.110 0.008 13.759 <0.001 
Market Share 0.065 0.022 2.950 0.003 
Solvency Ratio 0.012 0.010 1.200 0.231 
Firm Age -0.003 0.001 -3.125 0.002 
Group Affiliation 
(Binary) 

0.042 0.022 1.909 0.057 

Note: Bootstrapped standard errors are derived from 1,000 resamples to address potential 
sampling variability in the regression estimates. 
Source: Author (2025) 
 
Discussion of Findings  
The DEA results reveal consistently high technical efficiency among German insurance firms, yet 
with meaningful cross-firm variation. From an economic perspective, this pattern reflects the 
mature and highly regulated nature of the German insurance market, where minimum efficiency 
thresholds are enforced through competition and regulation, but marginal gains remain driven 
by firm-specific capabilities. The observed dispersion in efficiency aligns with the resource-based 
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view, which posits that heterogeneity in intangible resources—such as managerial skill—explains 
performance differences even within otherwise homogeneous industries (Barney, 1991; Peteraf, 
1993). In this context, efficiency is less about access to capital or scale alone and more about how 
effectively managers coordinate inputs, deploy technology, and respond to regulatory 
constraints. For policymakers, this suggests that competition policy and supervisory oversight 
should focus not only on solvency and scale, but also on governance quality, as efficiency gains 
increasingly arise from managerial rather than structural advantages (Cummins & Weiss, 2013; 
Bauer & Heinrich, 2025). 
 
The second-stage regression results provide strong evidence that firm size and market share 
positively influence technical efficiency, confirming the presence of economies of scale and scope 
in insurance operations. Larger insurers benefit from spreading fixed costs—such as IT systems, 
compliance infrastructure, and actuarial expertise—over a broader premium base, enhancing cost 
efficiency (Zhang et al., 2022; Luo & Li, 2023). However, the negative association between firm 
age and efficiency suggests that scale advantages may erode over time if legacy systems and 
organizational rigidities constrain adaptation. This finding resonates with dynamic capability 
theory, which emphasizes managerial renewal and learning as prerequisites for sustained 
performance (Helfat & Martin, 2015). From a policy standpoint, regulators should encourage 
modernization and digital transformation, particularly among older incumbents, to prevent 
efficiency stagnation and ensure long-term market resilience (Kou et al., 2022; Schmidt & Werner, 
2021). 
 
The managerial ability scores derived from regression residuals highlight that managerial quality 
explains a distinct and economically meaningful share of efficiency beyond observable firm 
characteristics. This supports Demerjian et al.’s (2012) argument that managerial ability is an 
independent production factor rather than a mere by-product of firm size or market power. In 
regulated insurance markets, managers face constrained pricing, capital requirements, and 
investment rules, making efficient internal decision-making even more critical (Ning & Zhang, 
2024). The presence of both positive and negative residuals indicates that similar firms can 
diverge significantly in performance due to differences in managerial judgment, strategic 
prioritization, and operational discipline. For boards and regulators, this underscores the 
importance of managerial selection, performance evaluation, and incentive alignment as tools for 
improving sector-wide efficiency (Adomako et al., 2022; Bauer & Heinrich, 2025). 
 
The GAM results deepen this insight by showing a positive and statistically significant 
relationship between managerial ability and ROE, while allowing for non-linear effects. 
Economically, this suggests diminishing or threshold effects: improvements in managerial ability 
yield substantial profitability gains up to a point, after which returns may level off due to 
regulatory ceilings, risk constraints, or market saturation. This non-linearity is consistent with 
evidence that managerial discretion in financial institutions operates within bounded 
institutional frameworks (Wood et al., 2022; Ning & Zhang, 2024). The strong role of investment 
yield further indicates that skilled managers add value by optimizing asset allocation under 
solvency constraints rather than by increasing leverage. Policy implications are clear: supervisory 
frameworks such as Solvency II should continue to emphasize prudent investment governance 
while allowing flexibility for capable managers to innovate within risk limits (Schmidt & Werner, 
2021). 
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Finally, the robustness checks confirm that the core relationships are not driven by sampling 
variability, reinforcing the structural role of managerial ability in shaping efficiency and 
performance. The persistent insignificance of the solvency ratio for efficiency and ROE highlights 
an important economic distinction between financial soundness and value creation. While capital 
adequacy is essential for stability, it does not automatically translate into superior performance 
unless paired with effective managerial deployment of resources (Cummins & Weiss, 2013; 
Ahmed et al., 2023). This has important policy implications: regulators should avoid overly 
capital-centric assessments of insurer quality and complement them with governance and 
management-focused supervision. Encouraging transparency in managerial practices and 
fostering talent development may therefore yield greater long-term benefits for both firm 
performance and systemic stability in the German insurance sector (Demerjian et al., 2012; Bauer 
& Heinrich, 2025). 
 

CONCLUSION AND RECOMMENDATIONS 
This study provides robust empirical evidence that managerial ability plays a central role in 
shaping both operational efficiency and profitability in the German insurance sector. By 
combining DEA with regression and GAM techniques, the findings demonstrate that even in a 
highly regulated and mature market, substantial performance differences persist due to 
managerial quality rather than structural characteristics alone. While firm size and market share 
contribute positively to efficiency through economies of scale, these advantages are neither 
automatic nor permanent, as evidenced by the declining efficiency associated with firm age. The 
positive and non-linear relationship between managerial ability and return on equity further 
confirms that capable managers enhance value by optimizing resource allocation and investment 
decisions within regulatory constraints, reinforcing the view that managerial ability constitutes a 
strategic intangible asset in line with the resource-based perspective. 
 
From a practical and policy-oriented standpoint, the results suggest that insurance firm boards 
and regulators should place greater emphasis on managerial competence, governance quality, 
and decision-making processes rather than focusing predominantly on capital adequacy and 
scale. While solvency remains essential for financial stability, the evidence indicates that it does 
not directly translate into superior efficiency or profitability unless complemented by effective 
management. Accordingly, insurers are encouraged to invest in managerial development, 
leadership succession planning, and data-driven decision-support systems to enhance 
operational efficiency and long-term performance. For policymakers and supervisors, integrating 
governance and managerial assessments into supervisory review processes could improve early 
detection of inefficiencies and strengthen the resilience of the insurance sector as a whole. 
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