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Abstract

Formal standards codify knowledge. Next to patents representing the generation of innova-
tive knowledge, standards can hence be used to proxy the diffusion of innovative knowl-
edge in macroeconomic growth models. Previous work mainly investigates the positive
impact of in particular patents, but also standards on economic growth in short term, single
country studies. This study is the first to examine the long-term effects of formal standards
and patents on economic growth in a panel of eleven EU-15 countries between 1981 and
2014 using panel cointegration techniques. From policy makers’ perspective standardiza-
tion has also gained recently an increasing attention, e.g. in the call for the development
of a European standardization strategy in the update of the industrial strategy. Our results
show that European and international standards foster growth for the group of countries but
that national standards have ambiguous growth effects in the panel. For patents, no signifi-
cant effect on growth in this group of countries is identified.

Keywords Economic growth - Standards - Patents - European Union - Panel cointegration

JEL Classification O31 - 033 - O34 - 047

1 Introduction

The endowment with capital, labor and technical progress are the main drivers of eco-
nomic growth according to economic growth theory (Grossman & Helpman, 1994;
Romer, 1990). Whereas the first two factors are clearly defined and have been exten-
sively researched both theoretically (building upon Solow, 1956) and empirically (e.g.,
Mankiw et al., 1992), technical progress is more difficult to grasp. Nonetheless, actors
in our economies continuously develop new technical solutions and improve their effi-
ciency and economic scholars agree that these innovative activities are key for long-term
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economic growth (Aghion & Howitt, 2009). This study uses standards and patents as
two indicators for the innovative output of economies in order to assess their impact on
long-term economic growth.

A great number of studies have shown the positive growth effects of patents (e.g.,
Akcomak & ter Weel, 2009; Crosby, 2000; Gould & Gruben, 1997; Hasan & Tucci, 2010;
Lach, 1995). Regarding standards, less research has been performed despite their growing
economic importance, e.g. for the EU Single Market (in’t Veld, 2019). Additionally, stand-
ards are very important for the diffusion of new technologies (Swann, 2000) and stand-
ardization coincides well with knowledge-spillovers, growth drivers in endogenous growth
models (Blind & Jungmittag, 2008). More specifically, Link (2021) reveals a positive rela-
tionship between calibration tests, which have public good characteristics and are generally
based on standards, and aggregate productivity.

The International Organization for Standardization (ISO) states that a standard is a
document that includes requirements, specifications, characteristics or guidelines that
can ensure that products, services, materials and processes are suitable for their purpose.
We focus our research on the long-term economic growth effects of voluntary standards
as key component of the ‘tripartite standards regime’ (TSR) consisting of standards-set-
ting, accreditation, and certification defined by Loconto and Busch (2010). These stand-
ards are collaboratively developed by industry experts, companies, governmental depart-
ments, academics, trade associations and consumer groups, thus representing a consensus
on best practices. Obligatory technical regulations released by the European Commission
or national governments are not considered in this study. Instead, we differentiate on the
one hand between national standards published by national standardization bodies and, on
the other hand, European or international standards published by European or international
standardization bodies.

Standardization and standards can promote innovation and help to diffuse them, ensure
competition, improve productivity, efficiency and interoperability as well as guaranteeing
high safety, health and environmental protection levels. On a macro-level, all these posi-
tive impacts of standardization contribute to economic growth (see for example Blind &
Jungmittag, 2008; Hogan et al., 2015). Especially in today’s interconnected economies
in which production takes place in global value chains, standards are an important means
of conveying information about the specifications of products and services (Blind et al.,
2018). Standards reduce information asymmetries and make it easier for producers to
become part of such value chains (Gereffi et al., 2005; Nadvi, 2008). For these reasons,
policy makers have recognized standards as an important tool in economic policy (Euro-
pean Commission, 2015; OECD et al., 2014).

The empirical assessment of the impact of standards on long-term economic growth
is — in contrast to the impacts of patents — still in its infancy. Only a few time series studies
of certain countries have been conducted, which all find positive effects of standards on
growth (Blind & Jungmittag, 2008; Blind et al., 2011; CBoC, 2015; Hogan et al., 2015;
Jungmittag et al., 1999; Menon, 2018; Miotti, 2009).

For the first time, this study combines the data of eleven EU member states to perform a
comprehensive panel data analysis of the long-term growth effects of standards and patents
from 1981 to 2014. The countries are all members of the EU-15, the group of the oldest
EU member states. Therefore, this set of countries can approximate the growth effects in
an economic union, in which continuous efforts have been made to achieve economic con-
vergence and to build a common market for several decades. Among other instruments,
the EU uses unified procedures regarding the granting of patents and the publication of
standards to achieve this goal. The foundation of the EPO in 1977 and the so-called New
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Approach of 1985, which provides for the harmonization of standards and regulations,
mark important milestones in this political process.

In order to deal with the panel data, certain econometric techniques are applied. After
checking for a cointegration relationship between the variables using the test developed by
Pedroni (1999, 2004), several estimators for panel cointegration in nonstationary panels are
applied, namely the fully modified OLS (FMOLS) estimator (Pedroni, 2000), the dynamic
OLS (DOLS) estimator (Kao & Chiang, 2000) and the pooled mean group (PMG) estima-
tor (Pesaran et al., 1999).

The results show that standards that are harmonized on the European and international
level have a positive effect on long-term economic growth. These supranational standards
help to connect the European production networks that build the main clusters of global
value chains in times of globalization (Baldwin & Lopez-Gonzalez, 2015; Blind et al.,
2018) and thus promote economic development. National standards have, however, no sig-
nificant effect on long-term growth in the sample. The patent stocks show no clear impact
on long-term economic growth. One possible explanation, following Sweet and Eterovic
(2019), might be that not knowledge creation but knowledge diffusion drives long-term
growth. The results are robust across model specifications.

The remainder of the paper is structured as follows: Sect. 2 provides a literature review.
Section 3 presents the empirical strategy and data followed by Sect. 4, which describes and
discusses the results. Section 5 concludes.

2 Literature review

Standards codify knowledge and have a public good character (they are non-rival in use).
They can thus be a knowledge source for innovation activities and an enabler for the dif-
fusion as well as the adoption of new, innovative technologies (Swann, 2000). Also, the
standardization process itself includes the exchange and creation of knowledge (Blind &
Mangelsdorf, 2016). Standardization levels the playing field, which leads to competition
between and within technologies and thus to innovation. Additionally, standards can foster
international trade (Swann, 2010). Especially the adoption of international standards helps
the export performance of firms through supporting compatibility, reducing trade barriers,
lowering transaction costs and signaling quality to customers. Blind and Jungmittag (2008)
provide a more detailed description of the growth effects of the different standard types.
For a comprehensive overview of the overall economic benefits of standards, see Swann
(2000, 2010).

The economic growth effects of standards have to date only been researched in a small
number of empirical studies that are summarized in Table 1. Most of the studies apply a
time series analysis for a single country in order to assess the long-term growth effects
(Blind et al., 2011; CBoC, 2015; Hogan et al., 2015; Jungmittag et al., 1999; Miotti, 2009;
Standards Australia, 2012). Only Blind and Jungmittag (2008) perform a panel analysis of
four countries. However, due to the limited time span of the panel, only short-term effects
are considered.

Jungmittag et al. (1999) were the first to use time series cointegration techniques in
order to examine the long-term growth effects of standards. The authors use a time series
for Germany from 1960 to 1996 and find the production elasticity of value-added with
regard to standards to be 0.06. The contribution of standards to the economic growth rate
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in different sub-periods ranges from 0.2 to 1.5%. The methodology of this study was subse-
quently used in similar and modified versions by several other authors.

In the only available panel data analysis, Blind and Jungmittag (2008) use panel data for
the UK, Germany, Italy, and France from 1990 to 2001. With value-added as the dependent
variable, the authors estimate a short-run elasticity with respect to standards of 0.08. For
the first time, the authors also regard national and supranational standards separately. This
separation shows an elasticity of value-added with respect to national standards of 0.12 and
to supranational standards of close to zero. These outcomes thus stress the importance of
the separate assessment of national and supranational standards.

Miotti (2009) uses French time series data from 1950 to 2007 in a study for the French
national standardization body AFNOR. The elasticity of the total factor productivity as the
dependent variable with regard to standards is 0.12. This translates into a total contribu-
tion of standards to the GDP growth rate in France of 23.8% and to the labor productivity
growth rate of 27.1%. Stokes et al. (2011) estimate similar elasticities of total factor pro-
ductivity with respect to standards for New Zealand for the years 1978-2009. In an update
of the Jungmittag et al. (1999) study, Blind et al. (2011) assess the growth effects of stand-
ards in a study for the German national standardization body (DIN) using a time series
from 1960 to 2006. As the dependent variable, the authors use the production value-added.
The elasticity with respect to standards is 0.18, yielding an average yearly contribution
to economic growth between 0.7 and 0.8%. A study by Standards Australia (2012) uses
Australian data from 1982 to 2010 and finds an elasticity of GDP with regard to standards
between 0.10 and 0.15. A time series study by Hogan et al. (2015) for the British national
standardization body BSI uses British time series data from 1921 to 2013. The authors
measure the growth of labor productivity and find the elasticity with regard to standards to
be 0.11 or 0.69% of average labor productivity growth per year. Moreover, the authors find
the average influence of standards on GDP growth to be 0.7%. This corresponds to a con-
tribution of standards to total GDP growth of 29.4%. In a study for the Standards Council
of Canada, CBoC (2015) find the elasticity of labor productivity with regard to standards
to be 0.16 using a time series of Canadian economic data from 1981 to 2014. This trans-
lates into an average contribution of standards to the GDP growth rate of about 8%. Menon
(2018) estimates the growth effects of standards for five Nordic countries from 1976 to
2016. They calculate an elasticity of 10.5% for the stock of standards at the Nordic level
with respect to labor productivity as the dependent variable. The results hold when indi-
vidual country regressions are performed. Then elasticities range between 0.05 (Iceland)
and 0.15 (Sweden).

Summing up, all empirical studies show a positive effect of standards on different vari-
ables measuring economic growth with the elasticities ranging from 0.06 to 0.18.

A second form of codified output of R&D that allows to measure innovation are patents
(Basberg, 1987; Griliches, 1990). In contrast to standards, they are not public domain but
describe proprietary technologies. Inventors file patents when they have developed a novel
technology to secure the proprietary rights andonstitute a temporary monopoly on the mar-
ket (Hall, 2007; Hall & Harhoff, 2012).

Although it is widely accepted that innovation drives economic growth (e.g., Grossman
& Helpman, 1994), it remains uncertain if stronger IP (intellectual property) protection
has positive growth effects. On the one hand, IP protection can be an incentive to innovate
because it grants the inventor the right to exploit her invention economically for a certain
amount of time. On the other hand, motives to patent are broad and go beyond the mere
protection of the invention. For example, Blind et al. (2006) show that strategic objectives
like blocking competitors or strengthening the bargaining power of the firm/inventor are
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important motives to patent. Additionally, it can be argued that patents facilitate the diffu-
sion of technology and thus drive growth. This is because the information disclosed in the
patent is published as part of the patent granting procedure, which allows other actors to
build on this new knowledge.

There are a number of studies that report the positive growth effects of patents empiri-
cally. To introduce just a few: Gould and Gruben (1997) use panel data from 1960 to 1988
to examine the effect of patent protection on GDP per capita growth in 94 countries. The
elasticity with regard to patent protection is 0.42, rising to 1.09 in an instrumental variable
estimation. Crosby (2000) uses Australian patent applications from 1901 to 1997 to exam-
ine their effect on GDP and labor productivity growth. The calculated elasticity for GDP
growth is 0.36 and 0.14 for labor productivity growth. Ak¢comak and ter Weel (2009) use
the number of patent applications per capita in a panel of 102 European regions from 1990
to 2002 to measure their effect on GDP per capita growth. The elasticity of patent applica-
tions is 0.19 while controlling for social capital, a proxy for the existing knowledge stock,
and institutions. Additionally, the study indicates that social capital only indirectly affects
growth by spurring innovation. Hasan and Tucci (2010) use the ratio of granted patents to
R&D expenses to examine their influence on GDP per capita growth in a panel of 58 coun-
tries from 1980 to 2003. They find an overall positive influence with elasticities varying
between 0.06 and 1.87 depending on the econometric method used.

Finally, studies on the growth effects of standards regularly use patent data as a control
variable. They find elasticities of patents on economic growth of 0.16 (Jungmittag et al.,
1999), 0.11 (Blind & Jungmittag, 2008), 0.12 (Miotti, 2009), 0.34 (Blind et al., 2011), 0.03
(Standards Australia, 2012) and 0.05 (Menon, 2018). In summary, empirical research so far
finds a positive effect of patents on economic growth. The reported elasticities range from
0.03 to 1.09 and are, for the most part, considerably greater than the elasticities with regard
to standards.

3 Empirical analysis
3.1 Empirical strategy

Following the approach by Jungmittag et al. (1999), the growth model is based on a simple
Cobb-Douglas production function as follows:
Y, = AKSLhe" (1)
The single time series model is extended to a panel model so that Y denotes output, K
denotes capital, and L denotes labor each in country i at time ¢. Technical progress is mod-
eled as a time trend in the form A(f) = A,e*. The superscripts «, f, and A represent the
respective production elasticities. However, as Jungmittag et al. (1999) argue, it is not use-
ful to regard technical progress as a simple time trend. Using a time trend does not allow to
distinguish between the different factors that cause technical progress. This approach mod-
els technical progress as taking place in a black box. In order to find out more about the
factors influencing technical progress, appropriate indicators have to be used that reflect
these factors. As known from the theoretical literature, technical progress is driven by inno-
vation. One possible measure for innovation in macroeconomic research is R&D expenses
(e.g., Bassanini & Ernst, 2002). R&D expenses are, however, an input-based approach to
measure innovation. A large amount of R&D expenses does not necessarily lead to a large
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innovative output (Jungmittag et al., 1999). For this reason, an output-based approach to
measure innovation is preferred in this study. Output-based measurements aim to quantify
the actual amount of innovation that takes place and only consider the innovations that
are available to the economy. Only innovative output can have a direct effect on economic
growth.

Patent data are a widely used output-based innovation measure due to good data avail-
ability of the number of patents that are held in a country in year ¢ (e.g., Hasan & Tucci,
2010). This stock of patents measures the number of inventions for which a patent was
granted by a patent office, i.e., the invention was considered novel enough to grant a pat-
ent for it. The use of patent counts has been shown to be superior to the use of an input-
oriented R&D measure like R&D expenditures when examining economic growth (Lach,
1995; Lanjouw & Schankerman, 2004). Hence, the patent stock of country i in year ¢ is
applied as an indicator for technical progress.

We propose the stock of formal standards as a second measure of innovative output.
Standards result from advancements in technology and are agreed upon in standardization
processes by all involved market actors. Innovation, therefore, triggers the development of
a new standard. In contrast to patents, however, the standardized technology is not pro-
tected. The standard document is available for a purchase fee to all interested parties. The
standards indicator is defined as the stock of standards in country i in year t. The stock of
standards comprises all standards that are valid in year ¢, i.e., all standards from earlier
years plus all standards published in year t minus the standards withdrawn in year ¢.

In an economy, not only innovations by the domestic firms lead to economic growth.
Market actors source technologies from each other, i.e., they use innovations of other com-
panies in their own production. When these innovations are protected by patents or other
means of IP protection like, e.g., copyrights, royalties and licensing fees have to be paid to
be allowed to use the technology. Therefore, we take the amount of expenses for the use
of foreign IP in year ¢ as an additional input variable for the national production function.
These payments reflect the amount of technology that is imported and contributes to tech-
nical progress (Coccia, 2010; Jungmittag et al., 1999).

To be able to estimate Eq. (1), it is transformed into its logarithmic form. Lower case
letters indicate the natural logarithm of the variable:

Yy, =a; +ak;, + pl, + At+u, 2)

Replacing the time trend with the patents and standards as indicators for innovation
yields

Vi = a; + aky, + pl, + Aystd;, + Aypat;, + u, 3)

The patent indicator is denoted by pat, the stock of standards is denoted by std, a is the
intercept, and u is the standard error term. Equation (3) is estimated as a baseline model.

To get a clearer understanding of the influence of standards on economic growth,
the standards variable is split up further. In addition to their economic function,
standards can be classified with regard to their scope. In general, one can differenti-
ate between national, regional, and international standards (Blind et al., 2018; Swann,
2010). National standards are published by the national standardization bodies. They
are mainly drafted by domestic market actors and thus reflect the domestic technological
endowment and knowledge. National standards are tailor-made to the domestic econ-
omy (Blind, 2004). In addition, there are regional standards. These standards are simi-
larly tailor-made for the endowment and abilities of certain economic regions such as
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the EU (Blind et al., 2018). International standardization bodies publish international
standards. These reflect the abilities and interests of global market actors (Blind, 2004).

For the estimation, the standards variable is split up into one variable for the stock of
national standards, nstd, and a second variable that combines the stocks of EU and inter-
national standards, eistd. This allows us to learn more about the influence of national
standards versus supranational standards on economic growth. EU and international
standards are merged in one variable because the development of EU standards started
slowly in the 1980s and 1990s so that the stocks of EU standards do not reflect the real
economy as indicated by the other economic indicators in these years. The development
of the stock of international standards, on the other hand, is in line with the economic
development. To smooth these differences, the category of supranational standards is
built to gain insights into the effects of national versus supranational standards. Besides
these methodological reasons, there are further theoretical considerations behind this
approach. National standards, on the one hand, are expected to influence growth posi-
tively because they exactly reflect the domestic technical progress. EU and international
standards, on the other hand, are developed in similar standardization processes with
global stakeholders involved. They are not necessarily made for the economic advance-
ment of certain national market actors (Blind & Jungmittag, 2008). Therefore, it is rea-
sonable to oppose national to supranational standards. Incorporating the differentiation
of the stocks of standards, the growth equation now looks as follows:

Y = a; + ak;, + pl;, + A\nstd;, + Ayeistd;, + Aspat;, + u, 4)

In the last step, we include licensing fees, lic, as a control and additional input for the
national production function. Equation (5) is the long-term growth equation and in sum
reflects the requirement to combine technological and economic indicators:

v, = a; + ak;, + pl;, + Anstd, + Ayeistd;, + Aspat;, + Aylic, + u, 5)

In order to estimate the long-term growth effects in a panel with medium size of N
(number of countries) and a large size of T (number of periods), certain econometric
techniques need to be applied. “Traditional’ panel methods like random or fixed effects
estimators can generate spurious results when applied to macroeconomic data sets with
T > N instead of the typical micro-panel data with large N and small T. The econometric
methods applied need to take nonstationarity of the time series into account, allow slope
coefficients to be heterogeneous and deal with endogeneity of the regressors.

To obtain robust results, three different estimators are used: FMOLS, DOLS, and
PMG. All of these estimators are able to deal with nonstationary, cointegrated panels,
i.e. they calculate individual short-run effects as well as a common cointegrating vector
that forces the long-run effects to converge to a steady state. Pedroni (2000) developed
the FMOLS estimator that makes adjustments for serial correlation and endogeneity to
the OLS estimator. The estimator first modifies the dependent variable using the aver-
age long-run covariance matrix to remove the nuisance parameters caused by serial cor-
relation in the time series of the panel. Then a pooled OLS regression is applied to
the modified variables. The DOLS estimator (Kao & Chiang, 2000) augments a regular
OLS estimation with the lags and leads of the differences of the regressors to deal with
endogeneity and serial correlation. Moreover, it allows for individual short-run effects.
Finally, the PMG estimator proposed by Pesaran et al. (1999) is used to test the robust-
ness of the results as well as to prevent an omitted variable bias. This estimator allows
for the intercepts and error variances to be different between the countries. Whereas the
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short-run effects are also allowed to differ across the countries, the long-run effects are
restricted to be the same.

3.2 Data

The panel data is available for the years 1981 to 2014 on a yearly basis and for the eleven
countries listed in Table 2. As a measure for the output Y, the gross domestic product
(GDP) of a country is used. The capital stock K is the Berlemann and Wesselhoft (2017)
aggregate capital stock. The authors provide a capital stock indicator that is consist-
ent overall countries and uniformly covers the long-term panel dimension of more than
30 years. The labor force L is the total number of employees in a country.

Following the method applied by Blind and Jungmittag (2008), the yearly patent stock
is calculated on the basis of the number of patent grants by the EPO.' The initial stock of
the year 1981 is

grantedpatents; jog) * (1 + 7/,-,1977_1981)
pat; 1981 = ’
@ +7Y;1977-1981

with growth rate ;977 1981 = i * ln(grcmtedpatentsi’1981 - grantedpatentsi’lgw) and
depreciation rate @ = 0, 15 as proposed by Hall et al. (2005).
The patent stocks of the subsequent years then are

paty = (1 — w) * pat;,_| + grantedpatents;,.

Figure 1 depicts the development of the stocks of patents in the sample countries over
time. In contrast to both the stocks of standards and the expenditures for royalties and
licensing fees, the stocks of patents have slowed their upward movement in the early 2000s
and have started to decline in the mid-2000s. The development is most prominently vis-
ible for German patent owners because they hold by far the most patents, but can still be
observed in all other countries of the panel. This hints at a shift away from the importance
of patents as a means of codification of innovations.

The data for expenditures for royalties and licensing fees lic comes from the OECD’s
Main science and technology indicators database, for the stock of standards from the data-
base Perinorm. The standard stock in a given year is the total number of valid standards in
a country in year t, i.e., the stock of standards in r—/ plus newly published standards in ¢
minus standards withdrawn? in year 7. A standard is counted as being European or interna-
tional when the database entry indicates that it is harmonized on the European or interna-
tional level. When there is no indication of harmonization, it is counted as being national.

Figures 2 and 3 show the development of the stocks of national and supranational stand-
ards of the panel countries. The stocks of national standards follow a mostly stable, hori-
zontal pattern and seem to exhibit a downward sloping movement in the most recent years.
Germany has by far the largest stock of national standards with a stock between 13,000
and 20,000, whereas all other countries, led by France, hold a maximum of roughly 10,000

! The majority of countries in our sample joined the EPO in 1977 and 1978. Only Spain, Greece and Fin-
land acceded after 1978 (Spain and Greece in 1986 and Finland in 1996). However, we cannot observe an
accession affects in the data for these countries (see Fig. 1).

2 Standard withdrawals can be interpreted as the depreciation of the stock of standards over time. Standards
are withdrawn when they are, for example, no longer used by industry, technically inadequate, or obsolete.
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Fig.2 Stocks of national standards 1981-2014. (Source: PERINORM Database)

at the most. On the contrary, the stocks of supranational standards follow a steep upward
sloping pattern since the mid-1990s, with the Netherlands displaying the steepest curve. In
summary, supranational standards thus seem to play an increasingly important role while
patents and national standards become less popular.

Table 2 provides an overview of all variables and contains some descriptive statistics.
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4 Results and discussion
4.1 Panel unit root tests

In order to apply the above-presented estimators, the time series need to follow an
I(1) process and need to be cointegrated. Only the PMG estimator allows for station-
ary regressors. Therefore, before testing for a cointegration relationship in the panels,
the panel unit root tests by Im et al. (2003) (IPS) and by Levin et al. (2002) (LLC) are
applied. Both tests are Augmented Dickey-Fuller (ADF) type tests. The LLC calculates
the ADF test statistics on the pooled panel data using OLS. The same autoregressive
process across groups is assumed. The IPS takes the average of the ADF test statistics
for each group, which allows for each group to have a different autoregressive param-
eter. This makes the IPS test less restrictive in its assumptions. The null hypothesis of
both tests is that all panels contain unit roots; the alternative hypothesis is that some
panels are stationary. To take the effects of cross-sectional dependence for both tests
into account, the cross-sectional mean from the series is subtracted as suggested by
Levin et al. (2002). The tests are performed for each variable in levels and in first dif-
ferences. Moreover, the tests allow for a different lag order for each panel that is cho-
sen based on the Akaike Information Criterion (AIC).

The panel unit root test results are reported in Table 3. For the test in levels, the
unit root null hypothesis cannot be rejected for most variables, and it is then clearly
rejected in first differences. It can be concluded that the variables are stationary in first
differences and thus follow an I(1) process; they are suitable for cointegration analysis.
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Table 3 Panel unit root test results

Variable Level First Difference

Intercept Intercept and trend Intercept Intercept and trend
LLC test
y 0.4781 —0.9155 —5.7472%%% —5.2591%**
k —0.4942 —1.2688 —1.9136%* —1.2629
1 —3.3275%** —0.7047 —7.0682 *** —6.4693%**
std —1.0657 1.8346 —12.2010%** —10.4385%*%*
nstd —0.2344 3.2457 — 13.2004#** — 11.6088***
eistd —2.4735%%%* 1.2836 —10.6064*** —9.7006%**
pat —6.8514%%* —0.5643 —4.2635%** —4.4166%**
lic —1.5440% —0.6642 —13.0188%#** —10.9355%#*
IPS test
Y 0.2356 —0.0236 —5.8016%** —5.0040%*%*
k 0.6898 —2.4840%** —2.3356%*%* —0.3682
1 —2.1701%* 0.3401 —7.1363%*%* —5.9732%**
std 0.1440 0.8297 —11.6618%** —10.1214%%%*
nstd 1.3639 4.2871 —12.7826%** — 11.3781%%%*
eistd 0.0174 2.9317 —10.1291%** —8.9040%**
pat —1.5153%* —0.5883 —7.2416%*%* —7.7117%%*
lic -0.7761 —0.8495 —15.0188%#** —12.0863%**

#kp <0.01, #+p <0.05, *p<0.1

4.2 Cointegration tests

To test for the cointegration relationship, the panel cointegration test developed by
Pedroni (1999, 2004) is used. The test allows for heterogeneous dynamics and fixed
effects between the countries as well as for differing cointegration vectors across the
countries. The null hypothesis is that panels are not cointegrated.

The test computes seven test statistics, which are classified into the two groups within
and between dimension statistics (or panel statistics and group-mean statistics). In the
former case, the AR parameters are panel specific, and in the latter, they are the same
for all panels. The tests allow for a different lag order for each panel, which is chosen on
the basis of the AIC.

Table 4 reports Pedroni’s cointegration test results for three models: y, [, k plus
patents and aggregated standards (model 1—Eq. 3), with patents and differentiating
between national and supranational standards (model 2—Eq. 4) and additionally includ-
ing licensing payments (model 3—Eq. 5). The intercept, as well as the intercept plus
trend form of the models, were considered. The tests deliver ambiguous results with
some test statistics pointing towards a cointegration relationship and others failing to
reject the null hypothesis. Namely, the panel and group modified PP, the modified VR
and the group PP tests suggest a long-run relationship between the variables of the
three models. We conclude that these results eventually establish cointegration and the
FMOLS, DOLS and PMG estimators can be calculated in the next step.
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Table 4 Pedroni cointegration test results

Model (1) std+pat (2) nstd + eistd + pat (3) nstd + eistd + pat +lic

Test statistics Intercept Intercept+trend Intercept Intercept+trend Intercept Intercept+trend

Between-dimension

Modified Phillips- 2.154%*  2.846%** 2. 712%%% 3 128%** 2.352%*% D B17H*F*
Perron

Phillips-Perron —-1.591* -0.909 —1.507*% —1.457* —1.687** —1.204

Augmented 0.601 0.279 0.728 —-0.787 —-0.904 -0.822

Dickey-Fuller

Within-dimensions

Modified variance —0.558 —0.956 —1.570*% —1.796%* —1.925%% —2,493%#*
ratio

Modified Phillips- 1.150 1.879%* 1.688**  2.105%* 1.394%* 1.980%*
Perron

Phillips-Perron —-0.093 0.072 —-0.040 —-0.654 —1.184 —-0.928

Augmented 0.764 0.435 0.698 -0.727 —1.084 —1.161

Dickey-Fuller

#kp <0.01, #+p <0.05, *p<0.1

4.3 FMOLS, DOLS and PMG estimation results

We estimate three models (Egs. 3-5) to test the long-run influence of standards on eco-
nomic growth: model one considers the aggregated stock of standards as the independent
variable (plus controlling for patents as a well-established proxy for innovation), model
two amplifies model one by disaggregating the standard variable into national and suprana-
tional standards and model three extends model two by additionally controlling for licens-
ing payments. We apply FOLS and DOLS as two classical long-run estimators for cointe-
grated panel time series data and the PMG estimator to see whether the results are robust
as well as to prevent an omitted variable bias. In a second step, a time trend is included in
each estimation to test whether the results hold. Regression results are presented in Table 5.

All three estimators provide evidence of a positive, significant effect of the standard var-
iable. This indicates a positive influence of standards on long-term economic growth and is
in line with the findings of previous research. The calculated elasticities vary between 0.02
(DOLS and PMG) and 0.15 (FMOLS). This study prefers the DOLS over FMOLS fol-
lowing Kao and Chiang (2000) who’s Monte Carlo simulation suggests that the quality of
FMOLS estimator’s finite sample properties are lower than the DOLS estimator properties.
The estimated coefficients are, therefore, smaller than the elasticities found in the country-
specific studies reports (see Sect. 2).

The coefficient for the nstd variable is not statistically significant in the majority of
the specifications, i.e., national standards have no clear effect on economic growth in the
panel. A look at the descriptive data might explain this result. Only a few countries in the
panel hold a strong and large stock of national standards. Hence, the relative unimportance
of national standards in the majority of the panel’s countries might explain the insignifi-
cant effect when regarding the group of eleven countries as a whole. Even though previ-
ous research showed that national standards promote economic growth (Blind et al., 2011;
Jungmittag et al., 1999), it is also known that these national standards can have negative
effects for third countries as they often decrease the openness of the economies and, e.g.,
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constitute barriers to trade (Blind, 2004; Swann et al., 1996). Thereby national standards
make the domestic markets less accessible for foreign firms. This provides a second poten-
tial explanation for our results.

European and international standards, on the other hand, have a positive significant
effect on long-term economic growth in the panel. By their nature, supranational standards
simplify the communication between today’s more and more interconnected economies.
They reduce information asymmetries, which is increasingly important in today’s intercon-
nected global value chains and allows countries to open their economies to international
production networks (Gereffi et al., 2005; Nadvi, 2008). This has, e.g., been shown to fos-
ter global trade (Swann, 2010). Also, a more international scope of standardization can
lead to larger scale and network effects than domestic standards. The national institutions
that Zysman (1994) describes as being pivotal for economic development are now, in a
much more interconnected economic system, complemented and even sometimes replaced
by supranational economic institutions. However, this finding is in contrast to other stud-
ies that have distinguished between national and supranational standards. Especially the
only panel study by Blind and Jungmittag (2008) find no effect of European and interna-
tional standards on economic growth. Their research covers, however, only the time frame
1990-2001. As shown in Fig. 3, the greatest rise in stocks of European and international
standards has occurred just after that period. The positive growth effects of European and
international standards, therefore, seem to be rooted in the developments of roughly the last
two decades.

The results for the patent variable are inconsistent and do not indicate a positive effect
of patents on long-term economic growth as suggested by literature. Previous studies vary,
however, in their econometric approach and scope. Gould and Gruben (1997), Ak¢omak
and ter Weel (2009), Hasan and Tucci (2010), Blind and Jungmittag (2008) as well as
Blind et al. (2011), and Lach (1995) apply OLS or instrumental variable methods and can
therefore only report the short-run growth effects of patenting. Also, the results might be
biased because they do not consider a possible cointegration relationship among the vari-
ables. Work by Crosby (2000), Miotti (2009), and Jungmittag et al. (1999) do apply coin-
tegration techniques. However, they are single-country studies and thus, the results are not
directly comparable to a panel that comprises eleven countries. This is the first study we
are aware of that applies such a methodology to investigate the long-term growth effects of
patents while taking a several country, macro perspective.

From a theoretical perspective, patents are directly linked to an invention and thus, new
knowledge. A patent is granted for a novel invention and gives temporary monopoly rights
to the inventor to protect potential profits. Thus, patents are, as argued above, a widely used
innovation indicator in empirical studies, which is facilitated through comprehensive pat-
ent databases. However, there are several weaknesses of this indicator revealed by previous
research, which might explain our ambiguous results: Not all innovations are eligible for
patenting. Also, not all firms choose to protect their inventions through patents and decide
to go for alternative IP protection measures. Also, patenting is very sector and firm specific
(see Arundel & Kabla, 1998 and Blind et al., 2009 among others). Furthermore, not every
invention is an innovation by definition. Following the Oslo Mannual (OECD Publishing,
2018), it becomes an innovation when it is “available to potential users” or “brought into
use” (p. 20). Research by Giuri et al. (2007) suggests that about a third of patents are not
utilized. For those cases, the firm’s motivation to patent anyway might, for example, be of a
more strategic nature (e.g., blockade of competitors).

More recent work by Sweet and Eterovic (2019) adds to these widely accepted weak-
nesses and further explains our result. They show for a panel of 70 countries covering
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44 years that stronger patent systems do not matter significantly for productivity growth.
Based on this finding, they argue that not knowledge creation but knowledge diffusion is
the growth driver in increasingly complex production processes. We take up this argument
and add that standardization could be an important channel for knowledge diffusion as
argued by Blind and Gauch (2009).

Additionally, there is a decline in patent stocks in the later years of the panels. The
decreasing importance of patents is thus a possible other factor that helps to explain the
absence of a clear long-term growth effect.

The payments for the use of international know-how and services have a clear and sta-
tistically significant, positive effect in the majority of specifications. This is in line with the
results by Jungmittag et al. (1999) and provides another robustness check for the quality of
the data and model. International technology transfer through licensing thus contributes to
long-term economic growth because the rights to use this foreign IP are purchased and are
then applied in the domestic market. When interpreting this result, it needs to be noted that
our /ic variable does quantify the impact of the foreign IP.

Regarding capital and labor, long-term economic growth is mainly driven by labor and
less by capital. In the majority of regressions, the two coefficients add up to one, which
is a common result. Overall, the results regarding these two basic variables are in line
with the expectations and thus indicate the reliability of the data and the robustness of the
estimations.

5 Conclusion

This paper applies a panel cointegration analysis to study the long-term effects of stand-
ards and patents on economic growth using a panel of eleven EU countries over the period
1981-2014. It adds a supranational and long-term perspective to previous country-level
studies on the growth effects of standardization. The use of three different estimators pro-
vides robustness regarding the results. There are, however, specific country-level as well as
sectoral characteristics that might influence the overall effects and are not examined indi-
vidually here. Additionally, the patent and standard variables are simple count variables
that do not account for the impact of the patents and standards nor the diffusion of the codi-
fied knowledge.

The main findings show that standardization has a significantly positive effect on
long-term economic growth, which is in line with previous findings. When distinguish-
ing between national and supranational standards, it is shown that this overall positive
growth effect of standardization is driven by the stock of European and international stand-
ards in the economies. Those standards possibly trigger economic growth by facilitating
the exchange of knowledge in-between the countries as well as between the countries and
the world. National standards, however, have no significant effect. Patents seem to have
no clear effect on economic growth in the panel supporting new insights by Sweet and
Eterovic (2019). Their importance appears to decline when it comes to the codification of
innovation.

The following policy recommendations can be drawn from these results. As it becomes
clear that national standards have no overarching positive effect for long-term economic
growth in core EU countries, policy makers should further invest in a unified and harmo-
nized standardization system in the EU even beyond the New Approach of 1985 in order
to make it faster and more efficient (European Commission, 2015). These efforts should
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not be limited to the European level. The call for allocating resources towards harmonized
standardization systems transfers to the international level as well. Our research provides
further evidence that standards are an important tool in economic policy (European Com-
mission, 2015; OECD et al., 2014). Horizon Europe, the predecessor program of Hori-
zon 2020, takes up this suggestion by emphasizing standardization as an instrument for
the exploitation and dissemination of research and innovation projects’ results (Regulation
(EU) 2021/695) and does not only focus on patenting. At the national level, Germany has
expanded its program of knowledge transfer via patents and standards to support in par-
ticular small and medium-sized companies to participate in international standardization
processes since the beginning of 2020. This public funding is justified by the results of
our analysis and the findings of Blind and Mangelsdorf (2016) revealing the high impor-
tance of participation in standardization as a knowledge sourcing strategy especially for
smaller companies. The involvement in international standardization is eventually pushing
the effective and efficient implementation of these international standards, to which the
domestic companies have contributed to, at the national level.

For policy makers in developing countries, our findings support initiatives designed
to promote and invest in the adoption of international standards (Zoo et al., 2017). Their
results show that standards facilitate innovation in developing countries by proving quality
and by allowing both the exploitation of economies of scale and positive network exter-
nalities. They argue that participation in formal standardization is an important avenue of
obtaining standards capabilities. However, they observe that developing countries face con-
straints of technical, organizational, and financial nature in participation in international
standardization processes, eventually leading to a lack of their representation in interna-
tional standards development organizations. Our findings reveal the important role of inter-
national standards implemented at the national level. Consequently, developing countries
might particularly benefit from supporting their implementation. In the long run, learn-
ings from the implementation of international standards could eventually be an enabler for
active participation in international standardization processes.

There are several paths for future research that are worth pursuing. As the service sector
is becoming increasingly important and contributes heavily to trade and economic growth
(Francois & Hoekman, 2010), services are now regularly standardized (Wakke et al.,
2015). Therefore, the specific growth effects of service standards are of interest. Moreo-
ver, when the availability of data is given, the panel could be extended to cover all EU-15
countries or any other larger group of countries. Especially the EU is an interesting field
of research with regard to long-term effects because one can study the implications of the
formation of the economic and monetary union. Also, it would be worthwhile to add some
in-depth country time-series studies to the few existing ones, especially for countries out-
side of Europe (e.g., China). Research on standardization in China is picking up, see, for
example, work by Zhang et al. (2020) and Wen et al. (2020) on the effects of standardiza-
tion on corporate innovation in China. In any case, data availability of time series that are
consistent across countries is a challenge. More accurate and longer time-series data will
hopefully be available in the future. In addition, the dynamic estimators for nonstationary
and cointegrated panels are still relatively new techniques, i.e., there are only a few studies
available that apply these methodologies in this context. To get a clearer understanding of
the long-term effects of innovation and to check the results of this study for robustness, it
would be desirable to see more research of this kind in the future. Finally, linking macro-
economic studies with the insights of the already existing microeconomic studies (Bourke
& Roper, 2017; Calza et al., 2019; Wakke et al., 2015) might generate additional insights
about the obviously complex and long-lasting impacts of standards.
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