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ABSTRACT: Traditional economic growth theories considered capital and labor as essential
growth factors for every economy. Exogenous growth theory is centered on exogenous shocks —
like new technology innovations or natural crises, such as pandemics — as major drivers or
downturns of economic growth measured in capital and labor impact. Endogenous growth theory
then drew attention to dynamic variable interactions between capital and labor but also
endogenous growth derived from ideas, innovation and learning. Growth concepts were opened
up for innovation generated in productive group interaction and learning inside firms in teams,
learning-by-doing while performing tasks and learning-by-using of new technology. The
outbreak of the novel Coronavirus (COVID-19) heightened attention for hygiene and healthcare.
According to exogenous growth theory, the health risk exposure to the exogenous shock of
COVID-19 differs between employees, firms, industries, environments and countries. Health of
labor capital but also a risk-free working culture, environment, industry and country will flourish
growth in a COVID-19-struck economy. In endogenous growth theory terms, team hygiene and
group monitoring of the collective health status but also learning-to-preventing holds future
economic growth potential. Applications of the presented COVID-19 adjusted growth models
will be discussed with attention to inequality of growth in the digital age. Future research
directions are envisioned.
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COVID-19

The new Coronavirus (COVID-19) is an infectious disease that was first diagnosed in Wuhan,
China, in December 2019. The majority of infected only develops mild symptoms such as
fever, cough, difficulty breathing and tiredness as well as loss of smell and taste, but also
rashes and other diffuse symptoms (Center for Disease Control and Prevention 2020).
Depending on age and prevalence, COVID-19 can lead to acute complications such as organ
failure, cytokine loads, blood clots and septic shock (Center for Disease Control and
Prevention 2020). Pre-existing conditions, such as obesity and diabetes, but also the general
status of the immune system, are crucial determinants whether the new Coronavirus is of
severe danger to the individual (Salzburg Declaration 2020). Prevention and holistic medicine
play an important role whether the disease turns out to follow a mild or severe symptom
trajectory (EcoWellness Group 2020).

In January 2020, the World Health Organization declared a state of emergency with
international relevance over COVID-19, and in March 2020 the outbreak of a global
pandemic. As of August 2020, almost 24 million infected cases are documented and almost
one million deaths have been recorded in over 200 countries in all six World Health
Organization territories (Sachs, Horton, Bagenal, Amor, Caman & Lafortun 2020).
Exponentially growing numbers of infections and a lack of an effectively-tested vaccine or
completely-curing medication so far project that there may not be a fast end to the crisis in the
near future (United Nations 2020).
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Economic growth

Exogenous growth theory

Classical political economy in the tradition of Adam Smith and David Ricardo prepared ideas
about the growth of capitalist economies, even if it is not in the language of modern growth
theory. Standard neoclassical economic growth is captured in growth theories (Deaton 2010;
Kuznets 1973). The history of standard growth theories features aggregate production
function calculus as the extension of the micro-economic production function at a national or
economy-wide level (Puaschunder 2020). The aggregate production function describes the
relationship of the size of an economy’s labor force and its capital stock with the level of the
country’s Gross National Product (GNP).

Growth theory had originally been focused on exogenous growth foremost pioneered
in the work of Robert Solow’s Growth Model (1956). Solow’s neoclassical growth theory
was based on the two factors capital (K) and labor (L), which are argued to drive every
economy (Solow 1956). The value of output or national product is thereby derived from the
value of the aggregate capital stock and labor force (Jones 2014). Aggregate production is
explained by how capital and labor of an economy contribute to growth (Jones 1999).
Economic output (V) is a function (f) of capital (K) and labor (L) so that
Y = f(K, L) (Equation 1)
Capital stock is usually improved through new investments and decreased by depreciation.
Labor supply is determined by the change in labor force, for instance through population
growth or education. Derivations include technology into the model insofar as output per
effective worker becomes a function of capital per effective worker, whereby international
differences are prevalent (Bartelsman, Haltiwanger & Scarpetta 2013; Comin & Hobijn 2004,
2010).

In a single commodity economy Solow (1957) assumes investment [ identical to
savings S (I = S). In S = sY, where S is total savings, s is the savings rate st 0 < s < 1, and
Y is total output. No capital depreciation occurs as the rate of change of capital K = I = sY.

Labor force L grows at constant rate, L = % = n. The technical possibilities of the economy

are represented by a continuous, constant return to scale aggregate production function
Y=f(K,L) (Equation 2)
whose intensive form is y = f (k) where y = Y/L and k = K /L. Marginal product of capital
is positive for all levels of the capital labor ratio: f'(k) > 0 for all k and diminishes as capital
per worker increases: f''(k) < 0 for all k. Solow’s behavioral growth model and optimizing
growth model assumes savings rates to be exogenously given, with propensity to consume

. . . K Y . K
fixed, as in Keynesian Macroeconomics k = —»Y = 7 per capita. Ask = o the growth rate

of k is
k = sf(k) —nk (Equation 3)

On a Cartesian plane, the intersection of the sf (k) and nk lines gives the steady state
of the economy. In neoclassical growth theory a balanced growth steady state solution for the
model exists. This balanced rate of growth in the model is constant and equal to the
exogenous labor force growth rate n; hence in the long run, the growth rate is independent of
the savings rate. In the neoclassical tradition, though, there is no room for a lack of effective
demand and under-consumption. Growth on the long run comes from exogenous shocks of
which technology revolutions are of positive accelerator and multiplier nature, whereas
negative shocks — such as pandemics — are negative downturns to growth.

Endogenous growth theory

Modern growth theory of 20™ century is based on the work of Harrod and Domar, Solow and
Swan, and Paul Romer. Harrod and Domar started by pointing out dynamic rather than static
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growth factors during the Keynesian heterodox economics revolution. In a marriage of the
acceleration principle and the multiplier theory, Harrod argued endogenous growth factors in
capital and labor as accelerators that coined the term of endogenous growth theories.

In response to neoclassical growth theory missing the ‘black box’ of innovation in
economic growth considerations, a group of economists including Paul Romer (1990), Robert
Lucas (1988), Philippe Aghion and Peter Howitt (1992) sought to extend neoclassical models
to incorporate endogenous innovation, hence “endogenous” growth theory in the 1990s.

New Growth Theory starts with Romer (1986), where persistent growth was explained
by the impact of externalities on economic development. The idea was originally formalized
by Arrow (1962) who argued that externalities arising from learning by doing and knowledge
spillover positively affect labor productivity on the aggregate level of the economy.

Since the 1980s, endogenous growth theory integrated a rich set of ideas of
endogenous growth of capital and labor into development economics based on ideas, learning
and research and development as drivers of innovation (Bils & Klenow 2002; Lucas 1988,
1999). Growth is determined by the production of knowledge and ideas. Innovation as in
Schumpeter’s creative destruction are later mathematically formalized as in the empirical
models of Robert Solow (1956), Robert Lucas (1988), Philippe Aghion and Peter Howitt
(1992).

Endogenous growth theory can be understood as the addition of human capital as a
separate form of capital to Solow’s (1956) growth model. This appears as the addition of
human capital (H) to the statement: Output (Y) is a function (f) of capital (K), labor (L), and
innovation (4) so that

Y = Af(K,H,L) (Equation 4)

Lucas (1988) whose model goes back to Uzawa (1965) emphasized human capital creation as
a source of growth. Romer (1990) and Grossmann and Helpman (1991) considered the
creation of new knowledge as a source of growth. In Aghion and Howitt (1992, 1998) the
Schumpeterian process of creative destruction becomes central to growth. There have been a
number of empirical studies using new growth theory, with the early phase of empirical work
being largely focused on cross-section studies.

In 2018 Paul Romer jointly won the Nobel Prize for economics with William
Nordhaus for his contribution to integrating technological innovation with economic growth.
Romer’s analysis stresses innovations as non-rivalrous that involve a fixed cost of production
and zero marginal cost to reproduce. As the long run rate of economic growth depends on the
rate at which innovation and knowledge grow, the public sector has a vital role to play in
supplementing the private provision of research and education to correct this market failure.
Differences in social infrastructure play an important role in explaining differences output per
worker between countries (Dinopoulos & Thompson 1999; Hall & Jones 1999; Klenow &
Rodriguez 1998).

The decisive difference between neoclassical growth theory and endogenous growth
theory is that the latter allows for the possibility of increasing returns, whereby if all inputs
are doubled, output may more than double because knowledge is non-rivalrous and not
completely excludable but has an exponential growing marginal utility. The more
information one holds, the more complex conclusions may be drawn. So that a doubling in
the stock of knowledge can result in more than doubling of its productive utilizations by
firms. In terms of economic productivity, effects come to play like learning-by-doing or in
the use of complex technology learning-by-using (Puaschunder, Gelter & Sharma
forthcoming). Team learning and team management become economic growth accelerators
that are attributed to be key hallmarks of the American economic growth miracle during the
Cold War period (Brenner forthcoming a, b).
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Growth in the age of COVID-19

Exogenous shock

In the exogenous growth theory understanding, the COVID-19 pandemic is an external shock
that diminishes economic growth potential in the domains of capital and labor gains. Already
now, the novel Coronavirus caused a dramatic downturn for general mobility and
international tourism including gastronomy (Gossling, Scott & Hall 2020; Puaschunder et al.
2020). In April 2020, more than half the world’s population resided in countries enforcing
lockdowns, which disrupted individual lives, business activities and international mobility
(IMF 2020). All major world economies suppressing human social interaction, which spilled
over into an economic decline around the globe comparable to the onset of the Great
Depression (Sachs et al. 2020; UNDP 2020). In the wake of “social distancing” measures,
consumption decreased by 32% in China, 49% in Germany and 50% in the US as well as 78%
in Great Britain (Jones, Palumbo & Brown 2020). The Financial Times Stock Exchange
Group, Dow Jones Industrial Average and Nikkei plummeted in the first quarter of 2020
drastically (Jones et al. 2020). Unemployment and furloughs rose in all major market
economies (Jones et al. 2020). The IMF (2020) estimates a 5-15% chance of a recession after
the first quarter of 2020 measured by Gross National Product (Sachs et al. 2020). The world
economy shrunk by 3% in the first quarter and is expected to decline around 5% throughout
2020 (IMF 2020). The 2021 global growth is projected at 5.4%, which leaves the 2021 GDP
some 6.5 percentage points lower than in the pre-COVID-19 projections of January 2020. All
these measures resemble the onset of the Great Depression of the 1930s, which — together
with subsequent events — changed the corporate governance structure and conduct
dramatically, unprecedentedly and lastingly (Sachs, 2020; Gelter & Puaschunder work in
progress).

Endogenous growth

Despite the enormous economic growth decline already obvious and prospected in the years
to come, there is endogenous growth potential in the wake of COVID-19 that includes
attention to natural health selection, hygiene and collective healthcare.

In the novel Coronavirus crisis, prevention and general, holistic medicine determine
whether COVID-19 puts patients on a severe or just mild symptom trajectory. Obesity, but
also the general status of the immune system are decisive in whether the Coronavirus
becomes a danger for the individual (Salzburg Declaration 2020).

In light of the heightened health risks of COVID-19, employers will naturally select
healthier workers that may have a positive externality effect of an overall more productive
labor at work. Already now elder and chronic patients’ passing and vulnerabilities risks
change labor market demand towards favoring young, healthier and Corona-survivors, who
may benefit from a natural immunity, and being more virus-resistant (Schwartz Center for
Economic Policy Analysis Older Worker’s Report 2020). Needless to say, the expected
economic growth potential should also be considered to be taxed and the extra fiscal space
used to offset the socio-economic losses and social misery implied in inequalities in market
selection.

As for outside working conditions, those corporations that are placed in benevolent
health-promoting territories will have a competitive advantage and gain in terms of labor
quality. Countries around the world are currently paying attention to preventive medical care
in the wake of pandemic outbreak monitoring. Those nations that can offer technological
advancements to monitor pandemic outbreaks but also medicine of the future that helps
prevent diseases instead of just treating their consequences will produce positive labor
advantages (Puaschunder & Beerbaum 2020; Puaschunder, Mantl & Plank 2020; Puaschunder
2020; Salzburg Declaration 2020).
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On the corporate level, those corporations that manage to build a healthy environment
that is attentive to prevention will gain from COVID-19 on the long run. Corporations that
invest in hygiene but also group learning and team skills of hygienic working conduct will
likely see a long-term labor-driven economic growth. In light of pre-existing conditions and
obesity determining the likelihood of severity trajectory, corporations may also focus on
fostering a healthy and ecological diet of their employees. Measures that can guarantee
continued health in employment will account for corporate success and economic growth.

Corporate governance could therefore foster self-monitoring of the state of health of
employee and the comprehensive prevention in a holistic lifestyle. For instance, the German
Prevention Act of 2015 of the German Federal Government compensates corporations for
fostering investment in preventive self-care but also team learning of healthy lifestyles in the
workforce, acknowledging the power of preventive care for economic productivity. Focusing
on collective health as a common good will on the long run make labor components more
productive. All these means of a hygienic environment, healthy preventive care and
workplace interactions may be summed up in learning-by-preventing economic growth
potential.

Model

Contemporary growth theory should be revised as for integrating growth related to hygiene
and health as positive input but also risk factor. Growth theory should consider labor to be
either flexible or inflexible (Puaschunder 2020). Flexible labor would potentially be parts of
labor that can work remotely, be dismissed, exchanged or furloughed during the COVID-19
pandemic to not spread the disease and/or be affected. Other parts of labor may be more
inflexible, as would be traditional human labor force that cannot work remotely and cannot be
replaced. In an endogenous growth theory frame, these parts of the workforce should be
cautioned and trained to be hygienic and remain healthy, hence it should be invested in their
long-term health status. This innovation would comprise of learning-by-preventing activities
for workgroups and team learning of monitoring one’s own health and the health status of
coworkers and others.

Together these micro-macro endogenous and exogenous growth theory innovations
should integrate a novel component for health that should be formalized into the standard
growth theory formula as proposed:

Yn(t) = (AWK ©)*(ADL®)P (AH () ~*F (Equation 5)

whereby Yn(t) denotes total new production function, A(t) refers to capital and health-
augmenting technologies or health status knowledge, K(t) is capital and L(t) labor. H(t)
represents health information and training, which corporations can foster among the entire
workforce and make more accessible. Information share on health status and monitoring
one’s own health but also the health of others on the work team are most novel innovations
that may drive economic growth during COVID-19. Access to information about health and
virus spreading but also reaping benefits from information sharing on other’s health status
through synergizing information and deriving inferences in relation to big data on virus
outbreaks are innovative value generation in work teams during COVID-19. Health and
knowledge about other’s health status in a corporation as a collective asset and learning-by-
preventing in teams is an addition to conventional capital or labor skills. Having a big data
collection on the health status of the workforce enhances the productivity of H(t) due to
network effects and information being a non-rivalrous good, with a marginal utility gain that
is exponential. Network effects from information and connectivity increase per additional
user. Information is non-rivalrous as the consumption of one piece of information does not
decrease or deplete the opportunity for another person to consume the information. The more
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information one holds, the better — hence the marginal utility of information rises
exponentially with information gain. In all these features — network effect gains, non-
rivalrous information consumption opportunities and exponential marginal utility gains of
knowledge — information is completely different from classical notions of capital and labor.
Where capital and labor are exclusive, the knowledge economy and big data on health status
driven growth are non-exclusive (Clancy 1998). A piece of information shared or written
online does not does not take anything away or decrease utility, it actually increases people’s
utility non-depletably and aids as risk management in following the precautionary principle in
pandemic economies (Stiglitz 1998; Stroebe, & Frey 1982). Therefore, it is proposed to
measure health information as completely novel component to be considered in standard
growth theory. Economically, the current Artificial Intelligence and big data insights
revolution can aid in tracking, monitoring and improving individual and group health statuses
(Lucas 2004; Puaschunder 2019a, b). Prevention is an additional asset of learning-by-
preventing as for tapping into the economic benefits of the precautionary principle and
lowering health and long-term litigation risks.

The proposed assumptions and modeling are a very preliminary introduction to
economic growth gains from health and preventive care in work teams. As for the novel
character, it should be theoretically clarified, empirically measured and model generation
backtested on data to clarify whether and to quantify how much health and preventive care in
teams enhances labor components of standard growth theories.

Discussion

Today’s economies around the world are affected by the pandemic and health crisis. Yet the
unprecedented attention to topics of "systemic, sustainable prevention" — just like ecological
topics — can stimulate the innovative strength of the economy and generate new, lucrative
business models and products that also minimize the pandemic consequences. Future innovations
in the medical field are predestined to be in the realm of digitized health care and self-monitoring
with the help of electronic self-measuring devices and modern molecular genetic analyzes. These
can make the use of new active ingredients in the field of prevention of serious diseases more
efficient. It is a sad fact that most drugs do not work satisfactorily or have side effects, with
increasing costs and high risks as well as unequal distribution and access to around the world.
Therefore the drive towards the precautionary principle and collective attention to hygiene and
preventive medicine offer novel economic growth potential that should be integrated in standard
exogenous and endogenous growth theory. With new business models, however, social
implications, such as evolutionary selection mechanisms encroaching on corporate actions or
ethical limits to privacy and the democratization of information should also be considered in order
to be alleviated.

As an addition to the current model, digitalization may be integrated in a future
extension. In today’s economy, robots and algorithms are taking over human decision-
making tasks and entering the workforce. Most recently, big data has evolved to become a
source of economic growth and governments in major economies are endeavoring to tax
wealth creation from information transfer. Modern healthcare today is based on mobile
monitoring and relies more than ever on Al by analyzing a large amounts of data for
prevention, diagnosis and healing.

Future studies may empirical validate the proposed economic growth changes with
attention to Al, big data insight, robotics and algorithms entering the medical profession.
This trend currently challenges conventional economic theory to capture growth based on
purely capital and labor components (Puaschunder 2020). Algorithms, machine learning and
big data gains but also the shared economy do not seem to be represented accurately in
conventional growth theory components of capital and labor (Alvarez, Buera & Lucas 2007).
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To this day, we do not have clear information where to integrate Al and big data insight-
derived economic gains into standard economic growth theory (Puaschunder 2020). It is not
clarified whether these components are enhancing the production process, hence are
considered as capital K or aid as human-enhancement more the labor component L or are
even imposing a burden on economic growth for set-up costs and litigation risks
(Puaschunder 2020).

Future empirical validations of the proposed ideas should be tested cross-sectionally
and by time series. Cross-sectional studies could differentiate between countries, while time
series would allow to control for general economic trends. However, cross-sectional studies
are often comparing countries at different stages of development and imply preference and
technology parameters being identical for all countries in the sample. Differences in
institutional conditions and social infrastructure are also to be expected in actuality, leading to
heterogeneity of estimated parameters that the models (Brock & Durlauf 2001).

A time-series approach takes into account changes over time and stages of
development, yet are challenged by eventual non-stationarity that requires transformation into
a stationary model. Drawbacks include the possibility of structural breaks and high data
requirements. Scale effects may occur as an increase in the level of state economic variables
such as human capital or knowledge capital implying strong and lasting effects on the growth
rate of the economy, which requires the introduction of nonlinearities. Time-series would
require a high quality of data or curing unobservable variables’ missing data to be replaced by
observable lower-quality ones. Including non-linearities into the empirical model helps avoid
scale effects which seem implausible due to diminish forces of growth.
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