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ABSTRACT

JEL classification: This study evaluates the effectiveness of 104 countries in managing the COVID-19 pandemic
ce1 during the period 2020-2022. We integrate health and economic outcomes through a bidi-
H51 mensional approach combining excess mortality and GDP variation indicators. The estimation
ns method defines directional distance functions within a robust conditional Benefit-of-the-Doubt
Keywords: framework that incorporates the dynamic perspective of Mastromarco and Simar (2015). Results
goor\r;f[‘)’slig* indicators show that joint managerial effectiveness improved progressively while health and economic

orientations behaved orthogonally, challenging structural trade-off assumptions, with nearly
90% of countries adopting balanced strategies by 2022, reflecting institutional adaptation
rather than deliberate optimization. Quantile regression analysis reveals dynamic effectiveness
determinants varying by phase: hospital capacity and participatory legitimacy proved critical in
2020, vaccine introduction and distributive configurations marked the transition in 2021, while
government effectiveness and long-term strategic orientation emerged as central factors in 2022.
By 2022, traditional instruments such as stringency and mass vaccination display diminishing or
null marginal returns, while state effectiveness and a long-term orientation become the primary
correlates of sustained performance.

Data envelopment analysis
Managerial effectiveness
Robust conditional convex frontier models

1. Introduction

The COVID-19 pandemic represented an unprecedented crisis that critically challenged governmental capacity to protect both
public health and economic stability simultaneously. In 2020, the virus infected over 84 million individuals and resulted in more
than 1.8 million fatalities worldwide (World Health Organization [WHO], 2021). The economic ramifications were equally severe,
with global GDP contracting by 3.1% in 2020 — the most significant recession since World War II (World Bank, 2021) — and a
global loss of 114 million jobs (International Labor Organization, ILO, 2021). This dual crisis compelled governments worldwide
to implement emergency measures to safeguard public health and mitigate economic damage, testing health systems, governance
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structures, and social safety nets globally, and creating an urgent need to understand and evaluate the efficacy of governmental
responses in managing these interrelated challenges.

From the onset of the pandemic, governments implemented a variety of measures and strategies aimed at containing virus
spread while attempting to mitigate the resulting economic impact. These interventions, ranging from the imposition of lockdowns
and mobility restrictions to the implementation of economic support programs, had significant repercussions on both public health
and economic activity (Gordon et al., 2021). The resulting variability in outcomes, with some nations successfully containing virus
spread while maintaining economic stability, and others experiencing severe consequences in both dimensions, underscores the
critical importance of comprehensive analysis that simultaneously considers health and economic aspects of pandemic management.

A central question in pandemic management concerns whether there is an inevitable trade-off between preserving lives and
protecting economic activity. Some research suggests such a trade-off is unavoidable. Acemoglu et al. (2021) developed models
showing how different lockdown strategies produce varying impacts on health and the economy, suggesting tension between
these objectives. Similarly, Andersen et al. (2020) analyzed Scandinavian policy approaches, finding distinct economic and health
outcomes that pointed to possible trade-offs.

However, a growing body of evidence challenges this presumed dichotomy. Alvelda et al. (2020) argue that saving lives and
saving the economy are not conflicting goals if managed correctly, contending that strategies prioritizing public health can ultimately
lead to better economic outcomes by enabling faster and more sustainable economic reopening. More recent research reinforces this
perspective: Feng et al. (2023) and Storm (2023) find no robust empirical evidence supporting an inescapable trade-off between
stringent health measures and economic performance. Storm (2023) demonstrates how Denmark, Finland, and Norway successfully
contained both mortality rates and GDP contraction through proactive policies, while the United Kingdom and the United States
experienced high mortality and significant economic contractions, despite substantial fiscal stimulus. Feng et al. (2023) identify a
negative correlation between economic recession magnitude and COVID-19 mortality rates among OECD countries, suggesting more
effective health emergency management is associated with lower economic costs.

These conflicting findings likely stem from differences in study design, time periods examined, and the complexity of pandemic
responses that evolved over time. The apparent contradiction may reflect that the relationship between health and economic
outcomes depends critically on the timing, design, and implementation quality of interventions rather than representing a crucial
structural constraint. Hence, the interplay between health and economic factors during the pandemic might underscore the
necessity for integrated approaches to policy formulation, acknowledging the intrinsic link between population health and economic
well-being.

Despite extensive literature examining the impacts of COVID-19 on public health and economic outcomes, significant gaps
persist. First, while numerous studies analyze health or economic outcomes independently, few simultaneously evaluate both
dimensions to determine whether governments faced genuine trade-offs or were able to optimize the two objectives. Second, existing
pandemic management assessments rarely incorporate contextual factors that enable fair cross-country comparisons. Third, previous
studies focus on composite effectiveness indicators without decomposing the pure managerial component from structural advantages
conferred by development level, health infrastructure, or population characteristics.

In this scenario, our study attempts to contribute in three ways to these literatures and address the gaps identified, from both
methodological as well as more substantive perspectives. First, we develop a bi-dimensional assessment framework using robust
conditional Benefit-of-the-Doubt models with directional distance functions. Unlike previous approaches that aggregate health and
economic outcomes into a single composite score, our method simultaneously evaluates three orientations: joint effectiveness (what
we will refer to as a good output-bad output perspective, GOBO), health-focused effectiveness (bad output perspective, BO), and
economy-focused effectiveness (good output, GO). This innovation allows us to empirically test whether the health-economy trade-
off represents a structural constraint or a management choice, and to quantify countries’ strategic orientation toward health versus
economic priorities.

Second, we introduce a two-stage analytical framework that first conditions effectiveness scores on contextual factors (HDI,
cardiovascular disease prevalence, island status, population age structure, and time) using the conditional efficiency approach
of Daraio and Simar (2005) and Daraio and Simar (2007), and then isolates pure managerial effectiveness in a second stage—
following Béadin et al. (2012). This methodological innovation applies conditional robust directional distance functions within a
Benefit-of-the-Doubt framework, extending it with the temporal approach of Mastromarco and Simar (2015). As a result, it is
possible to disentangle government management quality from structural advantages, providing fairer cross-country comparisons than
existing studies. To our knowledge, this represents the first application of conditional robust directional BoD models to pandemic
management evaluation.

Third, we conduct a comprehensive analysis of effectiveness determinants across the performance distribution using quantile
regressions. This approach, considered in previous activity analysis studies such as Abdelsalam et al. (2014), Matallin-Saez et al.
(2019) and Abdelsalam et al. (2025), reveals that optimal strategies vary by performance level and crisis phase. For instance, hospital
capacity proved critical in the 2020 shock phase, particularly for medium and high performers. In contrast, government effectiveness
and long-term orientation became decisive in the 2022 consolidation phase. We analyze four categories of determinants: economic
resources (inequality, public debt, unemployment, hospital beds), policy instruments (stringency, vaccination), governance quality
(six Worldwide Governance Indicators), and cultural dimensions (six Hofstede dimensions). By examining these factors across
three quantiles and three years, we provide nuanced insights into how different determinants matter at different stages of crisis
management and performance levels. These insights would remain obscured in aggregate analyses.!

1 Beyond policy interventions, people may react to news and events elsewhere, increasing spontaneous social distancing, or be less willing to work (Krueger
et al., 2022). The literature identifies at least: (i) cultural factors; (ii) installed governance capacities; and (iii) the level of economic and social inequality in a
country, which we systematically examine in our second-stage analysis.
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In summary, and building upon the preceding discussion, we set out the following three specific objectives that this article seeks
to address:

(i) Is there empirical evidence of a structural trade-off between health and economic effectiveness, or do these dimensions operate
independently? We test this by examining correlations between GOBO, GO, and BO orientations and analyzing the distribution
of countries’ strategic focus (GO-BO differential) across three years.

(ii) How do policy instruments (stringency and vaccination) associate with managerial effectiveness in jointly minimizing negative
health outcomes and maximizing economic performance? We assess whether these instruments show consistent effects or
diminishing returns over the evolution of the pandemic.

(iii) Which exogenous factors (economics, governance dimensions, cultural characteristics) explain variation in managerial
effectiveness across countries and performance levels? We employ quantile regressions to identify how determinants differ
between low, medium, and high performers and across crisis phases (2020-2022).

Some previous research has applied operations research (OR) methods to analyze different issues related to the COVID-19
pandemic; examples include the recent contributions by Akpan et al. (2024), Caulkins et al. (2023), Chen and Lin (2025), Duggan
et al. (2024) and Giménez et al. (2024), among others. However, no contributions have explicitly considered OR methods to jointly
evaluate both dimensions to analyze the effectiveness of pandemic management at the national level from a more comprehensive
perspective. One related study is that of Chen et al. (2023), who focused explicitly on the issue of social distancing, proposing
a different methodology based on stochastic modeling of COVID-19 rather than efficiency analysis, but these authors did not
decompose managerial effectiveness from contextual factors.

In this regard, our approach also extends existing work considering OR methods in several ways. For instance, unlike Giménez
et al. (2024), who constructed a single composite indicator of pandemic management, we evaluate three complementary orientations
to test trade-off hypotheses. In addition to this, whereas the focus is usually on either health outcomes or economic impacts, we
integrate both dimensions while controlling for contextual heterogeneity, and we do this by combining robust partial frontiers,
conditional models, and dynamic temporal perspectives within a directional distance framework. This allows us to better handle
both desirable and undesirable outputs with negative data. Finally, we use quantile regression techniques, to consider inequality,
governance, and cultural variables to examine explanatory factors for both management effectiveness and the health and economic
emphasis of countries’ strategies.

Our findings can be explored in three main dimensions. First, joint managerial effectiveness improved progressively between
2020 and 2022, with health and economic dimensions behaving orthogonally—challenging the narrative of an inevitable trade-off.
The persistent absence of correlation between health-oriented and economy-oriented effectiveness confirms that the two dimensions
operate independently. Second, countries converged toward balanced strategies, with nearly 90% adopting intermediate approaches
by 2022, reflecting adaptation to sociopolitical constraints rather than deliberate optimization. Third, effectiveness determinants
evolved dynamically across crisis phases, showing some stylized facts: (i) hospital capacity proved critical in 2020; (ii) vaccine
coverage became essential in 2021, with inequality showing paradoxical positive effects in less developed countries; (iii) by 2022,
government effectiveness and long-term orientation dominated, while stringency and vaccination showed diminishing returns. These
results suggest that managerial effectiveness in prolonged crises depends on states’ ability to reconfigure institutional and cultural
capacities according to emergency phases rather than static resources.

The paper proceeds as follows. Following this introduction, Section 2 outlines the methodology used in our study. Section 3
comprehensively describes the data utilized. In Section 4, we present our empirical results, followed by an in-depth discussion of
these findings in Section 5. Finally, Section 6 concludes the paper by summarizing our key findings and elucidating their implications
for public policy.

2. Methodology
2.1. Effectiveness composite indicator

The COVID-19 pandemic has precipitated an intense debate across social, political, and health sectors regarding the balance
between virus containment measures and their potential negative impact on economic growth. This discourse reflects the complex
interplay between public health interventions and economic outcomes, as highlighted in our introduction. Despite extensive
discussion, no universal consensus has emerged on the optimal balance between these two crucial aspects of pandemic management.
Consequently, countries implemented diverse strategies based on their specific priorities, resources, and contextual factors.

To address this complexity and provide a more nuanced understanding of pandemic management effectiveness, we propose a
composite indicator that simultaneously integrates the health and economic dimensions, as a necessary prerequisite for evaluating
the effectiveness of pandemic management, which is the central objective of this study. This approach allows us to evaluate the
overall effectiveness of different national strategies while accounting for the potential synergies and trade-offs between public health
measures and economic performance. By developing this composite indicator, we aim to offer a more comprehensive assessment of
pandemic management that goes beyond the traditional dichotomy of health versus economy, incorporating the multifaceted nature
of the crisis response.

Therefore, in order to assess the effectiveness of pandemic management in a set of countries on the basis of a composite indicator
(CI), a methodology is needed that assesses both dimensions with sufficient flexibility. One widely used alternative in the literature

1561



C. Thieme et al. Economic Analysis and Policy 91 (2026) 1559-1577

for constructing a CI from a set of indicators is Benefit of Doubt (BoD) (Cherchye et al., 2007, 2008; De Witte and Rogge, 2011;
Despotis, 2005; Gaaloul and Khalfallah, 2014; Melyn and Moesen, 1991; Morais and Camanho, 2011; Stumbriene et al., 2019;
Zanella et al., 2013). BoD models are a variant of the non-parametric frontier models used to measure efficiency (Cooper et al.,
2007) where only outputs are considered. Their main advantage is that the weight assigned to each of the indicators is endogenous
and individualized for each unit evaluated, which gives them great flexibility and adaptability in the evaluation of the different
strategies implemented by the countries analyzed.

However, a particular feature in the evaluation of pandemic management is the use of indicators with certain characteristics that
must be considered from a technical point of view. The first characteristic is the presence of indicators whose behavior improves
by decreasing their value. This is common in the health field where it is desirable to minimize, for example, the number of deaths.
Therefore, from a methodological point of view, the model must be able to handle simultaneously indicators to be maximized and
others to be minimized. One methodological approach is to use directional distance functions (DDF) (Fare and Grosskopf, 2000),
which are widely applied to evaluate environmental efficiency where good outputs to be maximized coexist alongside bad outputs
to be minimized (Chung et al., 1997; Oh, 2010; Picazo-Tadeo et al., 2005; Zanella et al., 2013). The second characteristic is the
negative data associated with economic growth. The use of negative variables implies modifying the BoD models slightly.

As a consequence of these two characteristics of the indicators, in this paper we employ a BoD-DDF model capable of dealing
with negative data. For its formulation we assume, for K countries, we have information on a set of M indicators to maximize
y € R¥, as well as H indicators to minimize b € R¥. The CI of any country, under a cross-sectional approach, can be estimated
through the following DDF (Oh, 2010; Sueyoshi and Goto, 2010):

D (y,b) = max (B| (y+Pg,.b—Pgy)) )

The above DDF determines respectively the maximum possible simultaneous increase and decrease(represented by g) for the
indicators y and b over the vector g = (g,,g;)- g defines the desirable directions for improvement for both types of indicators.
In our case, we use the vector of M + H components g = (y,b) as suggested by Chung et al. (1997). Various methods can be
used to calculate D (y, b). In this study we use a non parametric frontier model based on Oh (2010), although without inputs to be
coherent with a BoD formulation. D (y, b) is calculated by solving the following linear program for each country analyzed under the
assumption g = (y,b) (Mandal and Madheswaran, 2010):

Max CI°=p
1. T8 A Vim 2 Yo+ 1Y m=1..M
K
2112:1 Ay b < b = BIby | h=1.H .
Zk=1 A = 1
>0
420 k=1.K

where y,, represents the indicator m to be maximized for country k, and b, the indicator 4 to be minimized for country k; y?,
b are the observed levels of each indicator, respectively, for the country evaluated. f is the maximum simultaneously achievable
increase/decrease in the indicators to be maximized/minimized. Note that in the case of a country that has managed the pandemic
in both dimensions effectively, § = 0. In general, § x 100 represents the maximum percentage by which indicators can be
increased/decreased. In other words, a value of f = 0 indicates full efficiency, while higher values reflect increasing levels of
inefficiency. This can be then interpreted as a “performance gap” that quantifies how far a country is from best-practice performance.
The absolute value on the right side of the constraints was incorporated following the proposal by Kerstens and Van de Woestyne
(2011) for the treatment of negative data in DDF models.

Regarding the technical assumptions of our proposal, unlike Chung et al.’s (1997) proposal, our technique assumes that it is
possible to reduce bad outputs without requiring a reduction in the level of good outputs (i.e., our assumption is that bad outputs
are ‘strongly disposable’ rather than ‘weakly disposable’). In the framework of the BoD composite indicators, this assumption is not
exceptional, as it seems to be in line with what was proposed in Zanella et al. (2015) and developed later in Oliveira et al. (2019).
The main advantage of this technological assumption is that, in the frontier, negative slopes connecting efficient DMUs are avoided.

One criticism of non-parametric frontier models is their high sensitivity to the presence of outliers. This problem can be
particularly important when the data used are provided by the countries themselves, as is the case with the database we use. To
mitigate its impact, Cazals et al. (2002) developed order-m models. They can be calculated either from the probabilistic formulation
or by an approximation based on a simpler Monte-Carlo algorithm with convergent results (Daraio and Simar, 2005; D’Inverno and
De Witte, 2020). In this paper we adopt the latter approach, which consists of performing B rounds of computation (where B is
sufficiently large). In each round b (b =1, ..., B), draw a sample with replacement from m countries and calculate (2) obtaining CI g
Finally, the robust composite indicator CI° is calculated as the arithmetic average of the different CI;:

B
crr==ycr (©)
b=1

The key reference for developing robust directional distance functions is Simar and Vanhems (2012).

W=
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2.2. Environmental factors and temporal approach

An additional circumstance when assessing countries is their different environmental conditions. The effectiveness of governmen-
tal management of the COVID-19 pandemic may have been influenced by different national characteristics. The incorporation of
environmental factors (z) in non-parametric frontier models has been widely discussed in the literature, and various methodological
alternatives are found (Muiiz et al., 2006). The most recent approach is to use conditional models (Daraio and Simar, 2007, 2005).
The conditional models evaluate the units by comparing them with those that have similar environmental conditions, obtaining a
fairer evaluation that is adjusted to their environment.

In our case, we rely on a panel dataset covering three years. To incorporate the temporal dimension into the conditional model,
we follow the approach of Mastromarco and Simar (2015), who propose treating time as an additional conditional variable. With the
aim of simplifying both the exposition and the mathematical notation, we consider in our setting that the vector of environmental
variables z includes a time variable.? Mastromarco and Simar (2015) treat time as a continuous variable, given that they work
with a large panel dataset. However, they suggest considering the time variable as an ordinal variable when data are available for
only a few years, as is our case. They also emphasize that, under such conditions, the results would be equivalent to conducting
year-by-year individual evaluations. It should be noted that their framework aims to identify changes over time in the frontier
(technological change) and in the distribution of efficiencies (catching-up), as well as the impact of environmental factors on both.
In our application, we adopt their proposal for incorporating the temporal dimension into the conditional analysis previous to the
calculation of the managerial effectiveness and the determination of its drivers, which constitutes the main objective of this study.
For this reason, we diverge from their methodology in some respects — for instance, by applying order-m partial frontiers instead
of order-a, or by not computing technological change or catching-up — in order to remain focused on our research objective and
to keep the length and scope of the paper within reasonable limits.

To adapt the cross-sectional methodology to a conditional and temporal approach based on the proposal by Mastromarco and
Simar (2015), we calculate for each of the variables z (including the fime variable as previously mentioned) a bandwidth 4 as
described by Li and Racine (2008) for a particular kernel k(-) with bounded support (an Epanechnikov kernel in our case). We follow
the approach proposed by Bddin et al. (2010), using a generalized product kernel function, since we have mixed data (continuous
and discrete variables) in our data set (see De Witte and Kortelainen, 2013, for details). Subsequently, when the sample is drawn
with replacement of size m in the order-m algorithm described in Section 2.1, a higher probability of being drawn is assigned to
those units (cour}ct(r(ies) w;t/l;l ;similar environmental and time conditions to the one evaluated. The probability of being drawn country

z—z;
K k(z=z)/h)

a conditional robust directional BoD approach, similar to ours, is included in D’Inverno et al. (2025).

i is given by , thus obtaining the conditional composite indicator for unit o (CCI°).° A recent application, using

2.3. Managerial effectiveness

Once the conditional effectiveness CI has been obtained (CC1°), we must differentiate how much of its value is attributable to
environmental factors z and how much to country management or, in other words, managerial effectiveness (ME).The intuitive idea
is that the part of effectiveness that is not attributable to environmental factors is attributed to elements that can be controlled by
management.* Bidin et al. (2012) developed a suitable methodology for its calculation, which consists of capturing the marginal
relation of z on CCI° using a non-parametric regression. The residual of the regression can be interpreted as a measure of managerial
effectiveness, since it would include that part of CCI° not explained by z. This information can be used to rank the countries
according to their management. The regression to be estimated is as follows:

CCI = u(z) + o(z)e “4)

where u(z) is the average relation of the environmental factors on effectiveness; o(z) provides additional information about the
dispersion of the distribution of the effectiveness coefficients as a function of the environmental factors; ¢ is the error (managerial
effectiveness).

If ¢ and z have a very low correlation, the error can be interpreted as the pure managerial effectiveness, and as a proxy for it
otherwise. The ME for one unit o is given by:

0
_ CCI° — u(z) )
o(z)

To facilitate interpretation, the values of managerial effectiveness (¢,) were multiplied by —1. Consequently, the ¢ distribution is
characterized by E(¢| Z = z) = 0 and V(¢| Z = z) = 1. A large (positive) value of ¢ is synonymous with good managerial effectiveness. A
small (negative) value is synonymous with poor managerial effectiveness. For the estimation of u(z) and ¢(z) we use nonparametric
local constant models and bandwidths calculated by the usual least squares cross validation — LSCV — (Pagan and Ullah, 1999).
An example of the application of this method can be found in Cordero et al. (2017).

ME°=¢°

2 The implication of introducing time as an additional environmental variable is the expansion of the matrix of z values, adding a column representing time
and as many additional rows as the number of DMUs analyzed multiplied by the number of years minus one.

3 Keeping in mind that the observed DMU corresponds to a country and a year.

4 The notion of managerial effectiveness resembles to the concept of the Solow residual (Solow, 1957) within a macroeconomic framework.
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3. Data, sample and variables

To synthesize the interrelationship between health and economy in the robust composite indicator, we select two variables: one
representing the health dimension and another, the economic dimension. According to the literature, the most widely used variable
for measuring a country’s health performance in this type of study is the total number of deaths per million inhabitants (Giménez
et al., 2024). This variable, by its nature, represents an adverse outcome to be minimized, so it can be methodologically treated as
a bad output type variable.

However, this indicator presents several limitations. First, there are inconsistencies in the definition of a COVID-19 death, which
can vary between countries (Garcia-Basteiro et al., 2020). Second, COVID-19 deaths may be underreported due to lack of testing,
especially at the beginning of the pandemic (Greer et al., 2023). Third, it does not capture the indirect impact as it does not consider
deaths caused indirectly by the pandemic, such as those resulting from health system saturation. Therefore, a better alternative is to
use excess deaths for each year, calculated as the number of reported deaths minus the number of expected deaths. This indicator
captures both direct and indirect impacts while being less sensitive to differences in testing and reporting practices. Furthermore,
by comparing figures with a baseline period, the differences between countries in registration practices are mitigated (Beaney et al.,
2020). However, the crude excess death figure gives us an idea of the scale, but is less comparable between countries because
their population sizes and expected annual deaths may vary greatly. For this reason, to improve comparisons between countries,
we measure excess mortality as the percentage difference between the number of reported deaths and the projected number. This
metric is called the p-score and is expressed for each year as:

Reported deaths, — Forecasted deaths;,
p —score, = x 100 6)
Forecasted deaths;,

This indicator was calculated using the latest available observations for each year (Mathieu et al., 2020).

The choice of the excess deaths p-score indicator as a health variable aligns with recent academic literature. This approach has
been taken by Torres et al. (2024), among others. These studies have shown the robustness and reliability of the excess mortality
p-score as a measure of the pandemic’s impact, which further justifies its use in our composite indicator.

In contrast, the variable that generally represents a country’s economic performance is the percentage change in GDP (Law et al.,
2022), which should be maximized as it is considered a good output. The use of GDP variation as the main economic indicator aligns
with the literature on evaluating the impact of COVID-19 (Dorn et al., 2023; Gagnon et al., 2023).

In summary, in this study we consider that a country’s performance in managing the crisis resulting from the pandemic is
measured by its capacity to minimize deaths, on one hand, and maximize wealth, on the other. By focusing on excess deaths and
GDP change, our study captures both the health and economic dimensions of the pandemic’s impact. This dual approach allows
for a more comprehensive evaluation of countries’ performance in crisis management, considering both immediate health outcomes
and broader economic consequences. Likewise, it offers a balanced perspective on the trade-offs that policymakers faced between
protecting public health and maintaining economic stability.

The literature on evaluating the effectiveness of COVID-19 pandemic management suggests a wide range of variables that can
be used to condition evaluation models to the specific environment of each country (Brown, 2023; Brown et al., 2025; Cuschieri
et al., 2022). After carefully considering the different available options, we selected four environmental variables for our conditional
model: (i) the Human Development Index (HDI); (ii) the cardiovascular mortality rate; (iii) island status; (iv) the percentage of
population over 65 years old; and (v) the year under analysis (in our case we created a panel from 2020 to 2022). These variables
were chosen not only for their demonstrable relevance in the aforementioned studies, but also because they represent independent
and complementary dimensions that can influence pandemic management.

The Human Development Index reflects a country’s overall level of economic, educational, and health development, thereby
justifying structural differences in infrastructure and health monitoring capacities (Mgammal, 2024). The cardiovascular mortality
rate captures the prevalence of preexisting conditions that can exacerbate the levels of COVID-19 (Yang et al., 2020). Island status, as
an expression of a higher proportion of maritime borders, can influence a country’s ability to control its borders and, consequently,
the spread of the virus (Brown et al., 2025).° A country’s age structure, measured as the percentage of the population aged 65
and older, is associated with greater biological and health vulnerability related to ageing and, as such, with higher COVID-19
mortality (Brown, 2023). Finally, the dynamics of these variables are considered by including the year as a contextual conditioning
factor (Mastromarco and Simar, 2015). These control variables enable a more contextualized evaluation of countries’ effectiveness
in pandemic management by considering structural factors of economic, educational, health, and demographic development, as well
as geographical characteristics beyond the immediate control of governments.

In our study, we evaluated the management performance of 104 countries across all continents during 2020, 2021, and 2022.
Table 1 presents the descriptive statistics for the variables used in the conditional efficiency model for the sample of countries
included in this study.

5 As rightly pointed out by a reviewer, the contrasting experiences of Japan and the UK could suggest that including this variable as a contextual factor
might be problematic. Although the literature is not conclusive, some contributions have shown that some islands benefitted from such status, but sometimes
in combination with other variables. For instance, Barrett and Poot (2023) found that island nation had about 740-780 fewer recorded deaths per million
population than other countries, and about 80 to 90 fewer excess deaths. However, they also found that being an island nation might only be helpful when
the geographic advantage was combined with other variables. For instance, in the case of New Zealand, the country indeed benefitted greatly from being an
island nation, but other variables such as institutional quality also played a relevant role (see also Rodriguez-Pose and Burlina, 2021). Other contributions such
as Brown et al. (2025), found that countries with more sea borders had lower excess mortality rates, a result consistent across different model specifications,
and that could partly reinforce the relevance of being an island to reduce excess mortality. Hence, we consider that the island status, rather than problematic,
has potential as a contextual variable.
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Table 1
Descriptive statistics of model variables (2020-2022).

Variable Year N Mean Std. Dev. Min. Max.
2020 104 —-6.220 6.106 —32.900 7.200

GDP growth (%) 2021 104 6.711 5.174 —4.900 37.500
2022 104 4.723 5.280 —28.800 19.800
2020 104 11.221 13.272 —20.381 53.208

Excess mortality (p-score) 2021 104 16.472 12.751 —6.470 56.981
2022 104 14.474 9.431 —4.751 56.860
2020 104 0.828 0.087 0.645 0.969

Human Development Index (HDI) 2021 104 0.828 0.089 0.631 0.969
2022 104 0.837 0.083 0.649 0.967
2020 104 234.287 132.116 79.370 724.417

Cardiovascular mortality rate (x100k) 2021 104 234.287 132.116 79.370 724.417
2022 104 234.287 132.116 79.370 724.417
2020 104 12.768 6.412 1.248 28.918

Population aged >65 (%) (z3) 2021 104 13.020 6.515 1.304 29.217
2022 104 13.282 6.607 1.391 29.403
No 83 - - - -

Isle (Island status) Yes 21 _ _ _ _

Note. GDP = Gross Domestic Product; HDI = Human Development Index. For Isle, only sample sizes are reported: No = 83 (79.8%), Yes = 21 (20.2%).

Regarding the bad output (p-score, excess mortality), the mean increased from 11.22% in 2020 to 16.47% in 2021, then declined
to 14.47% in 2022, suggesting a deterioration in the second year of the pandemic followed by some moderation. The extreme values
were notable: minimum values of —20.38% in 2020 (Seychelles), —-6.47% in 2021 (Seychelles), and —-4.75% in 2022 (Antigua and
Barbuda); maximum values of 53.21% in 2020 (Ecuador), 56.98% in 2021 (Peru), and 56.86% in 2022 (Bolivia).

Regarding the good output (G DP_Growth, GDP variation), the sample reflects an average contraction of -6.22% in 2020, a strong
rebound of 6.71% in 2021, and expansion of 4.72% in 2022. The extremes illustrate this heterogeneity: in 2020, the lowest growth
was —32.9% (Maldives) and the highest was 7.2% (Ireland); in 2021, —4.9% (Fiji) and 37.5% (Maldives); in 2022, —28.8% (Ukraine)
and 19.8% (Fiji).

Among the environmental variables, the HDI is high and stable: means of 0.828 (2020 and 2021) and 0.837 (2022), with low
dispersion. The maximum values consistently correspond to Norway (x0.97), while the minimum values correspond to Guatemala
in 2020 (0.645) and Namibia in 2021-2022 (~0.63-0.65). The cardiovascular mortality rate per 100,000 inhabitants shows an
average of 234.29 with notable variability; Japan exhibits the lowest rate (79.37) and Uzbekistan the highest (724.42) across all
three years. The age structure (% of population >65 years) increases gradually from 12.77% (2020) to 13.28% (2022), with Japan at
the maximum (~28.92-29.40) and Qatar at the minimum (~1.25-1.39); the dispersion reveals substantial demographic differences
between countries. Finally, the “island” dummy variable shows that 21 of the 104 countries (20.2%) are island nations.

This descriptive analysis provides insight into the variability of both outcome variables and control variables across different
countries and regions. The stark contrasts observed between countries and continents underscore the importance of considering
these contextual factors when evaluating the effectiveness of pandemic management strategies.

3.1. Explanatory variables of pandemic managerial effectiveness

To identify the explanatory factors of pandemic managerial effectiveness, four dimensions of variables were considered: (i)
economic and resource endowment variables (Gini coefficient, public debt, unemployment, hospital bed availability), (ii) public
health policy measures (stringency and vaccines), (iii) governance (5 Worldwide Governance Indicators), and (iv) cultural factors
(six Hofstede dimensions).

Regarding the economic and resource endowment dimension, inequality emerged as a factor that can affect governments’ capacity
to manage the pandemic. In countries where the gap between rich and poor is wide, the most vulnerable population groups — such as
informal workers and marginalized communities — were the most affected by the pandemic and had the least access to healthcare
services and economic support. The lack of social protection and unequal access to resources exacerbated health and economic
inequalities during the pandemic (Matei, 2024). However, the results will indicate whether the above prevailed or whether the
negative correlation of this index with wealth and development indicators was more significant.

The percentage of public debt is used to capture differences in fiscal space and the ability to mount counter-cyclical responses:
countries entering the crisis with lower debt burdens deployed broader stimulus, while high pre-existing debt constrained the scope
and speed of support (Benmelech and Tzur-Ilan, 2020; Chudik et al., 2021). The unemployment rate is included as a proxy for labor-
market stress and socioeconomic vulnerability. At the bivariate level, unemployment correlates positively with COVID-19 mortality
across countries, warranting consideration (Brown, 2023). Finally, the availability of beds per 1000 inhabitants is a direct measure
of installed hospital capacity and showed meaningful associations with pandemic performance. A worldwide analysis identifies
hospital beds per 100,000 as an independent predictor in the full model and documents a non-linear, protective pattern, with
mortality decreasing beyond roughly 50 beds/100,000 (Brown, 2023).
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Table 2
Descriptive statistics of the second stage (2020-2022).
Variable Year N Mean Std.Dev. Min Max

Economic and resource endowment

Gini Index (income) 2020 104 0.532 0.095 0.331 0.739
Gross public debt (% GDP) 2020 104 72.611 41.451 1.000 258.400
Gross public debt (% GDP) 2021 104 71.750 47.711 1.900 360.900
Gross public debt (% GDP) 2022 104 66.388 40.807 2.100 248.300
Unemployment rate (IMF, %) 2020 91 8.870 5.417 1.700 29.200
Unemployment rate (IMF, %) 2021 91 8.309 5.401 1.900 34.300
Unemployment rate (IMF, %) 2022 91 7.367 5.463 1.300 33.500
Hospital beds (per 1000 pop.) 2020 87 3.796 2.316 0.430 12.720
Measures (stringency and vaccines)

Stringency Index 2020 97 51.844 10.419 12.466 71.366
Stringency Index 2021 97 55.031 10.437 9.151 73.649
Stringency Index 2022 97 23.479 9.137 10.905 56.298
Vaccines (doses per 100 pop.) 2021 104 131.655 48.901 21.810 226.640
Vaccines (doses per 100 pop.) 2022 104 41.753 30.277 2.550 139.470
Governance indicators (WGI)

Control of corruption (CC) 2020 104 0.377 0.983 -1.345 2.236
Government effectiveness (GE) 2020 104 0.444 0.846 -1.205 2.284
Political stability (PV) 2020 104 0.262 0.735 -1.699 1.589
Rule of law (RL) 2020 104 0.384 0.900 —-1.251 2.019
Regulatory quality (RQ) 2020 104 0.474 0.833 —-1.486 2.205
Voice and accountability (VA) 2020 104 0.341 0.890 -1.778 1.720
Control of corruption (CC) 2021 103 0.047 1.010 -1.622 2.333
Government effectiveness (GE) 2021 103 0.044 0.995 -2.221 1.960
Political stability (PV) 2021 104 0.023 0.962 -2.519 1.878
Rule of law (RL) 2021 103 0.015 1.012 -1.877 2.013
Regulatory quality (RQ) 2021 103 0.034 1.002 -2.343 1.887
Voice and accountability (VA) 2021 102 0.007 1.022 -2.062 1.609
Cultural dimensions (Hofstede)

Power distance 2020 85 64.365 22.767 11.000 100.000
Individualism 2020 85 42.635 22.229 6.000 91.000
Achievement motivation 2020 85 46.800 18.963 5.000 100.000
Uncertainty avoidance 2020 85 69.718 22.589 8.000 100.000
Long-term orientation 2020 73 46.966 23.024 7.000 93.000
Indulgence 2020 71 45.093 20.605 4.000 97.321

Notes: Descriptive statistics for variables used in the second stage (2020-2022). Some series are not available for all years (e.g.,
hospital beds 2021 and 2022; cultural dimensions: last available year). N counts vary by indicator/year according to source
availability.

Regarding public health policy measures, we considered two variables that are vital at different points in time: the stringency
index and the number of vaccine doses per 100 inhabitants in year 7. The inclusion of the stringency index and the vaccination
rate is justified by their widespread use in the comparative literature on COVID-19 performance. The former, developed by the
Oxford COVID-19 Government Response Tracker, has been recurrently used as a standardized indicator of the intensity of non-
pharmaceutical interventions, enabling cross-national comparisons of the impact of school closures, mobility restrictions, and
lockdown measures (Hale et al., 2021). In parallel, the number of vaccine doses administered per 100 inhabitants constitutes a
central variable from 2021 onwards, as it reflects the effective immunization coverage in each country and its capacity to reduce
mortality and alleviate pressure on health systems.

Similarly, governance was also a relevant factor in governments’ pandemic response, as it can explain states’ capacity to make
rapid and effective decisions and coordinate efforts across different sectors and levels of government. In some countries, the lack
of leadership and coordination hindered the governmental response, while others successfully implemented measures thanks to
effective governance (Abdou, 2021).

Finally, cultural factors, understood as differences in practices and beliefs, can influence the adoption of preventive measures
and the population’s willingness to follow them. For example, in some countries mask wearing was regarded as a culturally accepted
practice, while the practice met with resistance in others (Cao et al., 2020; Kumar, 2021).

Table 2 presents the descriptive statistics of the second-stage variables considered in this study.

Inequality as measured by the Gini index for 2020 exhibits an average of 0.532 and a wide range (0.331-0.739), reflecting
marked heterogeneity across countries. Regarding fiscal conditions, gross public debt (% of GDP) shows high and highly dispersed
levels: a mean of 72.6% in 2020, 71.8% in 2021, and a decline to 66.4% in 2022, with long tails indicating extreme cases.

The labor market gradually improves following the initial shock: the average unemployment rate falls from 8.87% in 2020
to 8.31% in 2021 and 7.37% in 2022. Hospital capacity (beds per 1000 inhabitants) appears as a stable structural characteristic
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Fig. 1. Elbow plot for super-efficiency (m selection).

The plot shows the number of super-efficient observations for both unconditional and conditional models across different values of m. The
gray shaded region (50-60) indicates the range of interest, with m = 60 selected as the optimal value (red dashed line) where the decrease
in super-efficient observations stabilizes for the conditional model. This value balances robustness against outliers while maintaining sufficient
discrimination among units.

throughout the period: a constant mean of 3.73 across all three years. In contrast, policy severity (Stringency Index) increases in
2021 and relaxes substantially in 2022: 51.84 in 2020; 55.03 in 2021; and 23.48 in 2022.

The Worldwide Governance Indicators (WGI) remain relatively stable around slightly positive values, with high dispersion across
countries. In 2020, the average values are for control of corruption 0.377, 0.444 for government effectiveness, 0.262 for political
stability, 0.384 for rule of law, 0.474 for regulatory quality, and 0.341 for voice and accountability. In 2021, low-magnitude
oscillations are observed (e.g., effectiveness = 0.376; voice = 0.459), while in 2022 the averages return close to their 2020 levels
(e.g., control of corruption = 0.375; effectiveness = 0.430; voice = 0.343), always with wide ranges (~—1.9 to 2.4 points depending
on the indicator).

This study utilizes data from multiple sources. The baseline data for cumulative excess mortality (annual p-score), cardiovascular
mortality rate, income Gini coefficient, and annual average stringency index were obtained from Our World in Data (Roser et al.,
2020). To consider the cultural aspects of each country, Hofstede’s six dimensional model (Hofstede, 2001; Hofstede and Hofstede,
2005); information is available at www.hofstede-insights.com. Government quality perceptions, corresponding to 2020, come from
the WGI, available at www.govindicators.org. Finally, general government debt and GDP percentage change data were obtained
from the International Monetary Fund (IMF), accessible at https://www.imf.org/external/datamapper.

4. Results

This study seeks to answer three central research questions: (i) How did countries’ managerial effectiveness evolve during the
2020-2022 period in COVID-19? (ii) Was there a trade-off between health and economic dimensions during each year of this period?
and (iii) What economic, cultural, and governance factors explain the observed differences in managerial effectiveness?

To address these questions, models described in Section 2 were estimated, which requires setting in advance the values of the
parameters B and m. In accordance with the recommendation of Daraio and Simar (2005), the number of bootstrap replications
was set at B = 200, and the partial frontier size was established at m = 60, a value corresponding to the point where the decrease
in the number of super-efficient observations stabilizes (see Fig. 1).

Under this approach, managerial effectiveness is conceptualized as the residual efficiency attributable to governments’ management
capacity in facing the pandemic, after controlling for the movements of the contextual factors (z), including time. Thus, three model
orientations were defined: (i) a model oriented toward the desirable output (GO orientation, in our case economy orientation)
— the economic dimension, measured through GDP percentage change; (ii) a model oriented toward the undesirable output (BO
orientation, in our case health orientation) — the health dimension, represented by cumulative excess mortality; and (iii) a joint
model that simultaneously integrates both dimensions (GOBO orientation, in our case a balanced economy-health orientation). As
previously noted, for greater comprehension, the opposites of these indices were calculated. In this way, positive values indicate
high managerial effectiveness, while low or negative values reflect management deficiencies. It should be emphasized that there
are alternative approaches to the one chosen for determining the direction vector used to calculate the DDF. Wang et al. (2019)
present the main alternatives based on the use of an endogenous directional vector that optimizes a specific criterion. In particular,
they highlight two alternatives for cases in which the objective is not the measurement of economic efficiency. The first consists of
determining the directional vector that reaches the efficient frontier as quickly as possible, while the second consists of identifying
the directional vector associated with the largest potential improvement.

1567


http://www.hofstede-insights.com
http://www.govindicators.org
https://www.imf.org/external/datamapper

C. Thieme et al. Economic Analysis and Policy 91 (2026) 1559-1577

Table 3

Managerial effectiveness by orientation and year (2020-2022).
Indicator 2020 2021 2022

Mean SD Mean SD Mean SD

ME;op0 -0.318 0.387 0.139 0.324 0.176 0.301
MEg, 0.109 2.202 0.296 3.036 -0.421 4.648
MEg, -0.965 4.780 -0.333 4.803 1.289 9.529
GO - BO 1.073 4.975 0.629 4.919 -1.709 9.313

Note: Values are means with standard deviations (SD). M E,p, = joint managerial effectiveness; M E;, = economic orientation;
M E, = health orientation; GO— BO = difference between economic and health orientations (positive = economy focus, negative
= health focus).

Indicator MEo_BO
MEo_GOBO
1.0} —— MEo_GO
| —— MEo_BO
0.5
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o
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g
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Fig. 2. Average evolution of M Eg;p,, M Eg, and M Ep, (2020-2022).

The figure shows the temporal evolution of managerial effectiveness across three orientations: joint effectiveness (M E, 5, orange line), economic
orientation (M E,, blue line), and health orientation (M Eg,, green line). M E;,p, demonstrates progressive improvement from negative to
positive values. M E;,, exhibits volatility with initial improvement followed by decline in 2022. M E, shows the most dramatic transformation,
moving from markedly negative values in 2020-2021 to strongly positive values in 2022, indicating improved health management effectiveness
over time.

In our case, we decided to conduct the evaluation under the assumption of the three orientations mentioned above for several
reasons: (i) other studies have adopted a similar approach (see for instance Arbona et al., 2022; Beltran-Esteve et al., 2019); (ii) in our
case, in which we consider only one good and one bad output, jointly with a convex linear frontier approach, the greatest/lowest
potentials for improvement will be mainly associated with one of the orientations, GO or BO, and therefore the two criteria are
implicitly being considered; (iii) the GOBO orientation also allows for a more balanced evaluation; (iv) it enables us to assess all
units under the same perspective and quantifies the consequences of prioritizing one criterion over the other one; and (v) it simplifies
both the interpretation and the mathematical complexity of the models, while providing similar results and simultaneously allowing
for the evaluation of intermediate scenarios, such as the GOBO orientation, which do not necessarily coincide with the criteria of
maximum/minimum distance to the frontier.

4.1. Temporal evolution of the managerial effectiveness

The results presented in Table 3 and Fig. 2 reveal relevant transformations in pandemic crisis management. The most notable
finding corresponds to the dramatic change in MEg,, which transitioned from markedly negative values in 2020 (-0.965) and
2021 (—0.333) toward broadly positive territory in 2022 (1.289). This transformation, accompanied by an unprecedented standard
deviation in 2022 (9.529), shows both the magnitude of the change and the heterogeneity in national responses. The large standard
deviation in M Ep, scores for 2022 reflects the divergent trajectories adopted by countries in the later stages of the pandemic,
with some maintaining strict protocols while others relaxed their restrictions. Additionally, a few extreme cases contribute to this
variability. This heterogeneity underscores that, as the pandemic progressed, countries increasingly diverged in their capacity or
willingness to sustain effective health-oriented management.

Considering the aggregations at the continental level (see Fig. 3), Asia experienced the most pronounced transformation in
ME,,,.;.n» With a superlative improvement between 2021 and 2022 that contrasts with the more gradual behavior observed in
North America. Africa and South America, for their part, maintained persistently negative levels, suggesting structural difficulties
in implementing effective health policies. Europe showed a moderate evolution with stabilization in the 2021-2022 period.

The ME;,p0 had a progressive but less dramatic recovery, evolving from -0.318 in 2020 toward modest positive values in
2021 (0.139) and 2022 (0.176). North America and Europe stood out for their recovery trajectories, transitioning from the worst
performance in 2020 to the best in 2022, while improvement in Africa was considerably less pronounced.
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The ME;, exhibited the greatest volatility among all analyzed dimensions. After a modest but positive start in 2020 (0.109)
and an improvement in 2021 (0.296), it experienced a collapse toward negative values in 2022 (-0.421). This volatility, reflected
in increasing standard deviations (from 2.202 to 4.648), was particularly evident in South America, with a significant improvement
in 2021 followed by an abrupt decline in 2022. Africa, North America, and Oceania presented a “V”-shaped pattern with marked
contractions in 2021.

The GO-BO (M Eg, — M Ep,) differential synthesizes the reconfiguration of managerial priorities. The positive values in 2020
(1.073) and 2021 (0.629) demonstrate an initial emphasis on the economic dimension, which reversed dramatically in 2022 (-1.709),
signaling a shift toward health priorities. Asia presented the most extreme transition (from 2.108 in 2020 to —4.068 in 2022),
followed by South America (from values close to unity to —3.120), while Europe showed a more moderate evolution but in the same
direction.

4.2. Trade-off analysis

To test the trade-off hypothesis, two complementary approaches were applied: (i) analysis of the distribution of the focus index,
defined as the difference between ME;, and ME,, where positive values indicate bias toward the economy and negative values
toward health; and (ii) examination of the correlations between the three ME orientations. To classify country-year orientation
between health and economics, we define the orientation index A as the difference between economic efficiency and health
efficiency. Following established practices that interpret +0.5 standard deviations as a band of indifference/minimum significant
change (Norman et al., 2003) and standard deviation classification schemes with a central class of +0.5 standard deviations (Brewer
and Pickle, 2002), we consider three categories: (i) “balanced” if |4| < 0.5 standard deviations; (ii) “economy-oriented” if 4 > 0.5
standard deviations; and (iii) “health-oriented” if 4 < —0.5 standard deviations. This approach is analogous to defining a region of
practical equivalence (Lakens et al., 2018).

The application of the +0.5 standard deviation criterion to classify national approaches reveals more nuanced patterns than a
simple economy-health dichotomy. In 2020, 75.7% of countries adopted a balanced approach, a proportion that increased to 79.6%
in 2021 and reached 90.3% in 2022. This convergence toward balance occurred paradoxically while the mean differential shifted
toward negative values and the balance range itself evolved (-0.488, 1.737 in 2020; -3.224, 1.592 in 2022).

As can be observed in Fig. 4, one clear element is the transition from a large number of countries with an economic focus in 2020
to only three countries in this category in 2022. In contrast, cases with a health focus persisted, although remaining a minority (7.8%
in 2020, 9.7% in 2021, 6.8% in 2022), including unprecedented extreme values in 2022 such as Paraguay (-28.870) and Estonia
(-26.654). This asymmetry suggests that the political and social costs of prioritizing the economy over health were unsustainable
during the pandemic.

The continental analysis confirms the general trend with relevant regional distinctions. Africa transitioned from greater initial
heterogeneity toward convergence, with 75% adopting a balanced approach in 2022. Asia showed the clearest consolidation,
with 88.5% of countries balanced in 2022 compared to 57.7% in 2020. Europe maintained the greatest stability, with balance
predominating from the beginning (82.9% in 2020, 95.1% in 2022). Oceania presented the most dramatic evolution, from the
coexistence of diverse approaches in 2020 toward total convergence in balance by 2022.

4.2.1. Correlations and evidence of orthogonality

Table 4 provides crucial evidence regarding the nature of the trade-off. The correlation between ME;,p, and MEg,, while
consistently positive and significant, weakens progressively (r = 0.412 in 2020, r = 0.232 in 2022, p < 0.05), suggesting a gradual
decoupling between integrated management and economic orientation. Conversely, the correlation between MEg,p, and MEp,
evolves from non-significance in 2020 (» = 0.149) toward a positive association in 2022 (r = 0.276, p < 0.01), indicating the
growing integration of health considerations into comprehensive management frameworks.

The most theoretically significant finding is the persistent absence of correlation between ME;, and MEg, (r = 0.086, 0.076,
0.071 for 2020, 2021, 2022 respectively). This empirical orthogonality confirms that the two dimensions operate independently,
suggesting that excellence in one dimension does not predetermine performance in the other, either positively or negatively.

4.2.2. Determinants of managerial effectiveness, 2020-2022

The analysis using quantile regressions reveals that the determinants of joint managerial effectiveness (M E;opo) exhibit some
dynamics, with association patterns that vary both across years and across segments of the performance distribution (see Table 5).
This temporal and distributional heterogeneity provides evidence of the adaptive mechanisms that operated during different phases
of the pandemic crisis.

Year 2020: installed capacity and institutional tensions after the initial shock. During the first year of the pandemic, pre-
existing hospital capacity emerges as the most robust factor, with positive and highly significant coefficients in the middle
(z = 0.50: 0.091, p < 0.001) and high (z = 0.75: 0.145, p < 0.001) quantiles. This finding suggests that health infrastructure
endowment constituted a critical asset for countries with better joint performance, enabling them to absorb the health shock
without excessively compromising economic activity. Simultaneously, the stringency index (Stringency) presents a marginally
significant negative association at the median (-0.010, p < 0.10), foreshadowing the limits of generalized interventions when
the objective transcends pure epidemiological containment.
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Fig. 4. Orientation between health and economy (2020-2022).
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Table 4
Pearson correlations between managerial effectiveness orientations by year.
MEGOBO MEGO MEGO
2020
M Egopo 1.000 0.412%%* 0.149
MEg, 1.000 0.086
MEg, 1.000
2021
M Egop0 1.000 0.202*
MEg, 0.076
MEy, 1.000
2022
MEgopo 1.000 0.232* 0.276%*
MEg, 1.000 0.071
MEg, 1.000
Note. Values are Pearson’s r. Non-significant results are reported without stars.
* p<.05.
** p< 0l
*** p<.001.
Table 5
Quantile regressions of managerial effectiveness by year (2020-2022).
Parameter 2020 2021 2022
=025 7 =0.50 t=0.75 7=0.25 7 =0.50 =075 7=0.25 7 =0.50 =075
Economics and resources allocation
Intercept -0.472 0.061 1.086* 0.173 0.195 -0.371 0.154 0.475
Gini index 0.566 0.412 -0.619 0.679 1.069** 1.326** -0.468 -1.106*
Public debt (% PIB) 0.000 0.001 0.000 —0.002*** 0.000 0.000 0.001 0.001 0.000
Unemployment rate (IMF, %) -0.006 -0.011 -0.019 0.004 —-0.005 -0.010 0.006 —-0.006 0.005
Hospital beds per 1000 0.031 0.091%** 0.145%** - - - - - -
Public health strategies
Stringency —0.001 —-0.010* —-0.010 —0.011** —-0.003 0.000 0.003 0.003 —-0.004
Vaccines (doses per 100) - - - 0.003** 0.000 —-0.001 —0.003* —0.004** -0.003
Institutional structure (WGI)
Control of corruption (CC) 0.168 0.270* 0.687*** 0.022 0.076 0.037 0.046 0.061 -0.053
Government effectiveness (GE) 0.249 0.247 —0.150 0.069 0.141 —0.042 0.293** 0.189 0.010
Political stability (PV) —0.158* —0.339%** —0.140 0.040 —-0.043 —-0.061 0.106 0.012 0.126
Rule of law (RL) —-0.088 -0.222 —0.723** 0.103 -0.110 0.016 -0.318* -0.038 0.062
Regulatory quality (RQ) —0.361%* -0.332* 0.109 -0.177* —0.056 0.062 0.018 0.014 0.080
Voice and accountability (VA) 0.151* 0.273** 0.161 0.020 0.019 -0.013 —0.008 —-0.067 -0.137
Cultural structure (Hofstede)
Distance to power 0.000 0.007** 0.001 —0.002 0.000 —0.002 0.000 0.003
Individualism —0.001 —0.003 0.000 0.001 0.001 —0.004* —0.003 0.000
Achievement motivation —-0.002 —0.001 —0.001 —-0.002 —0.004** 0.001 0.003 0.006**
Uncertainty avoidance —0.002 —0.018*** —0.001 —0.002** 0.006** —0.007*** —0.004 —0.005**
Long-term orientation 0.001 0.000 0.002 0.002 0.001 —0.001 0.005** 0.006*
Indulgence —-0.002 0.000 —0.004** —0.004** 0.001 —0.004* 0.001 0.006*
Pseudo-R? 0.165 0.164 0.263 0.239 0.197 0.258 0.254 0.235 0.208
Mean absolute error 0.2409 0.2059 0.3032 0.1764 0.1516 0.1697 0.2298 0.1870 0.2411

Notes: Vaccines = doses per 100 inhabitants.

* Significance coefficients: p < .
** Significance coefficients: p <

05.
.01.

* Significance coefficients: p <.001.

At the institutional level, a paradoxical pattern emerges. While the voice and accountability dimension (V' A) is positively
associated with effectiveness in the low and middle quantiles (0.151, p < 0.10; 0.273, p < 0.01), indicators traditionally linked
to state capacity — such as political stability (PV) and regulatory quality (RQ) — show significant negative coefficients.
This apparent contradiction suggests that under conditions of radical uncertainty, participatory legitimacy and decisional
flexibility may have been more valuable than rigid institutional structures.
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Culturally, uncertainty avoidance exhibits a negative gradient that intensifies toward the high tail of the distribution, reaching
its maximum level at = = 0.75 (—0.018, p < 0.001). This result is consistent with the hypothesis that cultures with high risk
aversion faced greater difficulties in implementing adaptive responses in contexts of incomplete information and accelerated
change.

Year 2021: vaccine transition and reconfiguration of priorities. The mass introduction of vaccines reconfigures the landscape
of determinants. Vaccine coverage (doses per 100 inhabitants) emerges as a positive and significant factor in the low quantile
(0.003, p < 0.01), suggesting that early immunization particularly benefited countries with lower relative effectiveness,
enabling them to close performance gaps. Simultaneously, the stringency index maintains its negative association, now
significant at 7 = 0.25 (—0.011, p < 0.01), reinforcing evidence of diminishing returns from generalized restrictions.

In 2021 (corresponding to the vaccine transition) the Gini coefficient turns positive and statistically significant at z = 0.50
(1.069, p < 0.01) and = = 0.75 (1.326, p < 0.01), consistent with targeted reopenings and priority allocation of scarce
resources that yielded larger marginal gains in our joint effectiveness metric among mid- to high-performing countries. We
do not claim that inequality is inherently beneficial; we interpret this 2021 association as a transitional pattern arising from
those selective reopenings and priority allocations.

Public debt shows a negative association at the lower quantile (z = 0.25, p < 0.001), consistent with tighter fiscal space
constraining countercyclical support. Cultural dimensions show substantial reconfiguration. Indulgence presents consistent
negative levels in the low quantiles (—0.004, p < 0.01), while uncertainty avoidance reverses its sign at = = 0.75, becoming
positive (0.006, p < 0.01). This reversal suggests that, with established protocols and available vaccines, cultures with greater
propensity for normative compliance better capitalized on standardized interventions.

Year 2022: consolidation phase and the costs of inequality. The coefficient on the Gini index reverses sign and becomes nega-
tive at the lower and upper quantiles (-1.115, p < 0.01 at = = 0.25; —1.106, p < 0.10 at = = 0.75), suggesting that structural
inequality ceased to operate as a facilitator of differentiated responses and instead became a drag on sustainable recovery.
In parallel, vaccination exhibits negative and statistically significant associations at the lower and middle quantiles (—0.003,
p < 0.10; —0.004, p < 0.01), a result consistent with saturation — where marginal increases in coverage no longer translate
into improvements in the joint effectiveness metric — and/or with inverse endogeneity (greater deployment in settings with
poorer performance). Taken together with prior evidence on the role of institutions, these patterns indicate that, in 2022,
institutional quality and effective coverage (rather than additional doses per se), along with the reduction of distributive
gaps, were key drivers of sustained effectiveness.

In the cultural domain, the complexity persists. Uncertainty avoidance maintains negative coefficients at r = 0.25 (-0.007,
p < 0.001) and = = 0.75 (-0.005, p < 0.01), while achievement motivation emerges positively in the high tail (0.006,
p < 0.01), suggesting that results-oriented management styles characterized the best-performing countries in the consolidation
phase.

The identified patterns reveal an evolution consistent with three phases of institutional adaptation: (i) a shock phase (2020) when
installed capacity and participatory legitimacy dominate over procedural rigidity; (ii) a transition phase (2021) characterized by the
primacy of technological innovation (vaccines) and a certain paradoxical advantage of unequal socioeconomic configurations; and
(iii) a consolidation phase (2022) when state executive capacity and long-term strategic orientation emerge as critical determinants,
while traditional intervention instruments show evident exhaustion. Collectively, effectiveness in managing prolonged crises does
not depend on a static set of capacities, but rather on the ability to reconfigure priorities and mobilize different institutional and
cultural resources according to the specific phase of the challenge faced.

5. Discussion of results

Our results are threefold. First, joint managerial effectiveness (M E_GO BO) improves progressively between 2020 and 2022, with
the economic and health dimensions behaving orthogonally, challenging the narrative of an inevitable trade-off between health
and economy. Second, the convergence toward balanced strategies — around 90% of countries in 2022 — reflects adaptation to
sociopolitical constraints rather than deliberate optimization. Third, the determinants of effectiveness exhibit a profoundly dynamic
nature, with clear transitions between crisis management phases that demand differentiated institutional and cultural capacities.

5.1. Health vs. the economy: does a structural trade-off exist?

Comparative evidence indicates that, although strict measures entail activity costs in the short term, there is no mechanical
link between “saving lives” and ‘“destroying the economy” when rapid and well-designed responses are implemented (Brauner
et al., 2021; Haug et al.,, 2020). Macroeconomic analyses with multinational data show that GDP evolution in 2020-2022
depends on both epidemic dynamics and the timing and mix of policies, without a linear trade-off between health and economic
outcomes. Furthermore, countries that opted for early elimination strategies achieved, on average, lower excess mortality and better
macroeconomic trajectories than those that followed mitigation strategies (Maggetti and Trein, 2022).°

6 1t is important to note that orthogonality in efficiency measures does not imply the absence of health-economic tensions in practice. Policymakers often

face decisions where health measures impose economic costs or vice versa. Our findings suggest, however, that such trade-offs are not deterministic: effective
policy design can help mitigate them, allowing countries to perform well on both dimensions simultaneously.
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5.2. Dynamic determinants of effectiveness: empirical evidence from quantile regression

The analysis using quantile regressions (see Table 5) reveals a temporal evolution consistent with three distinct phases of
pandemic management, each characterized by specific configurations of critical determinants.

Shock phase (2020): installed capacity as critical buffer. Hospital capacity emerges as the most robust determinant in 2020,
with particularly pronounced levels in the middle and high quantiles (r = 0.50: 0.091; = = 0.75: 0.145, p < 0.001). This
finding is consistent with literature documenting how the availability of hospital beds allowed certain countries to absorb the
initial shock without their health systems collapsing (Cavalieri et al., 2025). The marginally significant negative association of
the stringency index at the median suggests that from the first year, there were already limits to the effectiveness of generalized
restrictions when the objective transcends mere epidemiological containment (Haug et al., 2020). The observed institutional
pattern — with voice and accountability positive but regulatory quality and political stability negative — reflects tensions
inherent to management under radical uncertainty, in line with evidence that privileges participatory legitimacy and adaptive
flexibility over rigid procedural structures in initial phases (Da Silva, 2023). The strong association with uncertainty avoidance
in the high quantile (-0.018, p < 0.001) reinforces this interpretation.

Vaccine transition phase (2021): reconfiguration of capacities and distributive paradoxes. The introduction of vaccines
marks a turning point: their positive association in the low quantile (0.003, p < 0.01) is consistent with global estimates
that attribute substantial mortality reduction and facilitation of economic recovery to vaccines (Watson et al., 2022).
Simultaneously, the persistence of negative association from the stringency index, now significant at = = 0.25, confirms
diminishing returns of Non-Pharmaceutical Interventions (NPIs). The positive association of the Gini index with effectiveness
in the middle and high quantiles (1.069 and 1.326, p < 0.01), though counter-intuitive, is coherent with the negative
correlation of the Gini index with GDP per capita and HDI: in 2021, less developed and more unequal countries would
have achieved greater relative improvements by incorporating vaccination and relaxing restrictions, with possible support
from dual structures and labor informality. The sign reversal of uncertainty avoidance at = = 0.75 (0.006, p < 0.01) suggests
that, with established protocols and available technology, cultures with greater normative adherence better capitalized on
standardized interventions (Brown and Jones, 2025).

Consolidation phase (2022): primacy of state capacity and exhaustion of traditional instruments. In 2022, government ef-
fectiveness emerges as the primary determinant in the low quantile (0.293, p < 0.01), while long-term orientation gains
relevance at the median (0.005, p < 0.01), suggesting that sustained execution and strategic planning become critical once
the acute phase is overcome (Da Silva et al., 2023). The reversal of the Gini index association — now negative at the extremes
(-1.115 at = = 0.25, p < 0.01; —1.106 at = = 0.75, p < 0.10) — indicates that structural inequality shifts from being
an enabler of differentiated responses to an impediment to sustainable recovery. The negative coefficients for vaccines in
2022 (-0.003 and —0.004, p < 0.10 and p < 0.01) do not imply ineffectiveness, but rather saturation: after critical coverage
thresholds, marginal variation does not translate into additional improvements in joint performance, a pattern consistent
with diminishing or null marginal returns in late phases (Brauner et al., 2021).

All coefficients are interpreted as conditional associations rather than causal effects. Results may reflect plausible
endogeneity — e.g., reactive vaccination/testing in lower-performing settings and time-varying confounding — so we avoid
causal language and frame the 2021 pattern as transitional rather than structural.

5.3. Implications for public policy

Evolutionary capacities vs. static resources. The transition from dependence on installed capacity (2020) toward primacy of
government effectiveness (2022) suggests that prolonged crises demand capacity portfolios that evolve with the phases of
the emergency.

Diminishing returns and precision over intensity. The evidence of diminishing returns from stringency and vaccination under-
scores that intensity must give way to precision, privileging focused and adaptive interventions over sustained generalized
measures.

Distributional heterogeneity and differentiated policy. The variation of effects across quantiles indicates that optimal policies
differ according to relative position in the performance distribution, suggesting differentiated strategies rather than universal
prescriptions.

Culture as contingent modulator. Non-monotonic association of cultural dimensions — particularly, the reversal of uncertainty
avoidance — challenge cultural determinisms and suggest that the fit between cultural characteristics and crisis phase is

more relevant than values per se.

1574



C. Thieme et al. Economic Analysis and Policy 91 (2026) 1559-1577

6. Conclusions

This study offers evidence on the evolution of managerial effectiveness during the COVID-19 pandemic in 104 countries
(2020-2022), enabling us to move beyond the idea of an inevitable trade-off between health and economy. The progressive
improvement in joint effectiveness (M E joint), together with the empirical orthogonality between health and economic dimensions,
confirms that both spheres can be managed simultaneously without advances in one necessarily implying setbacks in the other.

Second, the results show a clear convergence toward balanced strategies: in 2022, around 90% of countries adopted intermediate
approaches, with no cases of extreme economic prioritization. This pattern reflects not so much deliberate optimization as adaptation
to sociopolitical constraints and the costs of sustaining unilateral approaches, especially those that privileged economy over health.

Third, quantile regressions identify the dynamic nature of effectiveness determinants. In the shock phase (2020), hospital
capacity and participatory legitimacy were key to containing the initial impact. In the vaccine transition (2021), immunization
coverage emerged as a critical factor for closing gaps in lagging countries, while inequality was positively associated with relative
improvements in less developed contexts. Finally, in the consolidation phase (2022), government effectiveness and long-term
orientation consolidated as central determinants, while inequality became a burden and vaccines showed diminishing returns once
critical coverage thresholds were reached.

Collectively, the evidence suggests that effective management of prolonged crises depends less on a static set of resources
and more on state capacity to reconfigure priorities and mobilize instruments according to the emergency phase. Executive
capacity — proxied by government effectiveness — emerges as long-term strategic asset, while cultural variables do not operate
deterministically, but as contingent modulators that can become advantages or limitations depending on the moment in the crisis
cycle.

Looking toward future global crises, the results highlight three main lessons: (i) invest in adaptive institutional capacities beyond
physical infrastructure; (ii) design policies with focused precision, avoiding generalized high-intensity measures with diminishing
returns; and (iii) consider distributional heterogeneity, differentiating strategies according to countries’ relative position in the
performance distribution. In summary, the pandemic demonstrated that managerial effectiveness does not lie in avoiding the trade-off
between health and economy, but in managing it dynamically through flexible institutional arrangements, quality regulation, and
long-term strategic planning.

From a methodological perspective, a promising avenue for future research would be, on the one hand, to explore additional
endogenous choices of the directional vector g and examine their impact on distance measures, as well as on alternative ways of
identifying the trade-offs between good and bad outputs. On the other hand, it would be worthwhile to consider the incorporation
of weight restrictions, for example when certain preferences among outputs can be elicited from an expert panel.
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