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Abstract: In today's world, the biotechnology field is not just a
scientific development but also a pivotal economic contributor
across healthcare, agriculture, and many other industries. This
study explores the crucial relationship between the biotechnology
innovations and the economic growth indicators of 11 nations for
the years 2018 to 2023. A secondary dataset comprising 11
countries over 6 years was gathered and used to conduct
correlation and regression analyses. These analyses help evaluate
how innovation indicators affect an economy's growth. The
findings reveal a strong global biotechnological innovation
infrastructure dominated by the United States, while Switzerland
shows extraordinary innovation efficiency during the selected
period. The correlation test shows a strong positive relationship
among various innovation parameters, including Research and
Development Spending and nations' GDP shares, as well as
biotechnology patent registrations. However, the regression results
for both Fixed and Random effects fail to establish an impactful
relationship between innovation and economic parameters. The
findings suggest that policymakers should consider longer-term
data when evaluating R&D investments and develop dedicated
frameworks for measuring innovation impacts beyond traditional
GDP metrics. The study enriches the innovation economics
literature by verifying the complex, non-linear relationship
between biotechnology innovation inputs and economic growth
outcomes.
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I. INTRODUCTION

Biotechnology innovation is a notable contributor to any

nation's economic growth, a growing economic indicator of
the 21st century. It is expected that the global biotechnology
market will grow to 3.88 trillion dollars by 2030. This
assumption shows a compound annual growth rate of more
than 7% in many growing nations [1].

The economic impact of biotechnologies is said to extend
well beyond the size of the market; it is also seen as affecting
a nation's research and development (R&D) expenditures.
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Biotechnology patents have grown by over 15 per cent
every year since 2010. This increased expenditure is mainly
seen in many developed economies. In such a setting,
biotechnology R&D accounts for a considerably larger share
of total innovation spending.

Citizens of various nations are becoming increasingly
aware of the economic benefits from the growth of
biotechnology firms and innovations. This thought has led
many countries to frame policies regarding innovations and
biotechnology. These plans include developing research and
development facilities and training technical and skilled
personnel in the biotechnology domain. Many studies have
highlighted various benefits resulting from biotechnology
innovation — increased GDP, more job opportunities, and a
difficult-to-imitate international market [2]. There are also
related spillovers that boost productivity across various
sectors in the economy [3]. However, these benefits differ by
nation: some countries have advanced facilities, while others
use proven models that deliver maximum benefits with
limited resources.

Biotechnology innovation is a field of scientific and
technical expertise, and the resulting products or services
ideally help resolve healthcare, agricultural, and
manufacturing challenges. Thus, these innovations are not
just laboratory work, as was the case in 1980. Today, this
field brings together academic research, business growth,
venture funding, and regulatory guidelines; i.e., it starts with
researching an innovation, developing it, and bringing it to
market [4]. The innovation growth of developing nations
showed an increasing trend, which emphasises the specified
planned innovations [5]. To support innovation, even
investors and venture capitalists, along with a strong
information and technology infrastructure, are now
imperative [6]. The innovation rules for the coming
generations are drafted with societal issues in mind while also
promoting economic growth [7]. However, a strong
entrepreneurial presence is said to mitigate the risks
associated with innovation adoption [8]. Also, for any nation,
an accessible infrastructure for innovation, with enhanced
networking and knowledge sharing is a boon for the
biotechnology domain [9].

A nation that develops biotechnology innovations in a
planned, strategic way can yield significant benefits for its
economic development and for its innovation-support
infrastructure. A strong innovation setup yields robust
economies by giving a strong push to knowledge creation. A
country with strong innovation policies has stronger exports,
more foreign investment in
research, and better social
issue resolution.
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The national authorities must better understand how R&D
expenditure, research intensity, patent generations and
industry growth relate to economic performance. Many
venture capitalists, startup creators, and investors would
benefit from this and may have the opportunity to examine
this complex interaction in both a critical and profitable way.
This may lead to better policies that promote the optimal
utilisation of resources.

There is a varied academic literature on biotechnology
innovations — some examine trends in R&D expenditure,
others assess the effectiveness of patents, and others focus on
individual achievements. But there are very few studies that
examine how these biotechnology growth indicators are
linked to nations' economic indicators. Many existing studies
also limit themselves to a single variable in biotechnology,
i.e., they do not analyse the full associations between
innovation expenditure and economic development at the
national level.

This study aims to test the connection between economic
development and biotechnology innovation for developed
economies. It tests whether variables such as R&D
expenditure, patent productivity, sectoral growth, and
innovation intensity affect GDP growth over time.

More specifically, the research considers the following
research questions:

RQI: What are the relationships between biotechnology
innovation inputs (R&D expenditure, research intensity,
number of biotechnology firms) and innovation outputs
(patent productivity) across developed economies?

RQ?2: To what extent do biotechnology innovation factors
significantly predict GDP growth over time, and what is the
nature of these relationships?

This study first presents a detailed literature review
discussing the biotechnology field, its developments, and its
economic implications. Then, a brief methodology section
explains the research methods of this study. The following
findings section gives a detailed analysis of innovation and
economic growth indicators. The discussion section
thereafter discusses the analysis, linking it to the literature
review. Finally, the conclusion section comprises key
findings, limitations, practical implications, and directions
for future research.

II. LITERATURE REVIEW

A. Innovation and Economic Growth

Biotechnology innovations have drastically changed
developed nations by replacing conventional industrial
methods with sophisticated knowledge-based, competitive
frameworks. Biotechnology is no longer just a state-
controlled model; it is now a modern, private-sector-led
domain that is advancing through innovation policies guided
by global competitions and national self-sufficiency concerns
[10]. This new shift is a fundamental change in innovation
frameworks, in which regulatory authorities connect the
private and public sectors through modes of partnership,
franchising, and other mechanisms.

The biotechnology domain has very high, uncertain capital
requirements, similar to those of other highly technical fields.
Like other technical industries, it faces rapid technological
advances and uncertain demand in the global market [11]. In
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itself, the innovation process is hazardous and lengthy. Thus,
the policy framework must support long-term innovation
development while accounting for its uncertain nature, given
the significant investment required.

A nation with a commendable research infrastructure and
strong innovation outcomes serves as an example to
developing countries by sharing its experience, available
expertise, and actual implementation [12]. Empirical
evidence shows that complex scientific knowledge in other
developed nations may both hinder and support breakthrough
innovations, whereas technological knowledge from similar
countries has a positive effect. This means that biotechnology
innovations in developed countries need to strike a proper
balance between strong local research and global partnerships
[12].

B. National Systems of Innovation and Institutional
Arrangements

Complex institutional agendas that organise different actors
and flows of knowledge are vital in advanced economies for
shaping biotechnology innovation competencies. The
National Systems of Innovation framework highlights that
biotechnology innovation is the product of the accumulation
of scientific knowledge in research institutions and firms
(stock) and its dispersal between them (flow) [13]. Developed
economies will have more advanced and mature forms of
such systems than developing economies.

The advanced economies have built an experienced
biotechnology innovation infrastructure, supported by world-
class research universities, adequately funded government
research institutes, and advanced private-sector research
capacities. Institutional building methodically, rather than ad
hoc policy actions, clarifies the evolution of biotechnology
innovation in the developed economies. The United States,
Switzerland, Germany, and Sweden have developed strategic
national biotechnology plans that combine research support,
regulation, technology transfer, and human development
[14]. These steps acknowledge that cooperative organisation
among research institutions, public and private firms, and
foreign associates is key to active biotechnology innovation
[15].

A developed nation uses various methods, such as national
innovation councils, sectoral innovation institutions, and
public-private  partnerships, to inspire and develop
biotechnological innovations [16]. These mechanisms are
highly effective in balancing the need for knowledge sharing
with the market demand for these innovations.

C. R&D Investment Patterns and Scale Effects

R&D spending is one of the significant advantages that a
developed nation has over a developing one. R&D
expenditure itself is proof of strong regulatory policies and
better planning. Developed economies have a robust
biotechnology innovation infrastructure that yields long-term
benefits [17]. Their innovation strength results from the
quantity and quality of resources they invest in. These
countries have been observed to spend more on R&D to build
better research facilities and support long-term projects.

Economic scale and innovative
potential have been
empirically documented, and
larger economies can fund
risky, long-term research
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projects that would be far-fetched for smaller economies [18].
Scale effects, though, play out with competence
contemplations in complicated ways. A few of the less
developed, high-R&D-intensity-as-a-percentage-of-GDP
economies show that institutional efficiency and strategic
attentiveness can overcome limited size to some extent. This
attainment indicates that success in innovation in developed
economies is not based solely on available resources but also
on the extent to which they are efficiently utilised [19].
Advanced economies have become increasingly invested in
biotechnology as a strategically important field, and R&D
expenditure has risen sharply as a share of total innovation
spending.

D. Knowledge Networks and Global Collaboration

Biotechnology innovation in developed economies is
progressively dependent on international collaboration and
global knowledge-sharing networks. The complex, resource-
intensive nature of modern biotechnologies requires global
cooperation, with developed nations serving as a central hub
for a knowledge network [20]. These central hubs not only
compete but also collaborate to lead in technological
advancement while laying the groundwork for research and
resources to be shared with the global scientific community.
Collaboration in biotechnology advancement is essential, as
only then can countries capitalise on their research
partnerships and networks worldwide to drive better
inventions and innovations [21].

E. Patent Productivity and Innovative Outputs

Various biotechnology datasets demonstrate that, in
innovation leadership, a significant share is held by a few
nations, with the United States as the dominant player, along
with a handful of others that have core biotechnology
innovations at the centre of their development [21]. Although
patent registration data shows a considerable difference in the
impact of such innovations, i.e., some nations have more
patent registrations than research spending. This
demonstrates the nation's strength in converting academic
research into application-driven outcomes through profitable
partnerships and collaborations. Such nations are an example
of how effective research infrastructure management and
strong knowledge sharing within innovation collaborations
benefit the nation [22]. It is noteworthy that the rising trend
in patent filings indicates that nations are competing to
outperform one another, particularly in the biotechnology
field. Thus, a nation's innovation infrastructure, regulatory
authorities, and innovation policies are essential to the global
innovation hierarchy.

F. Policy Frameworks and Economic Impact

It has been observed that rapid innovation development
often takes into account risks and ethical issues [23]. Over the
past few years, policies have become more concrete,
including research funding, tax measures and subsidies,
technological transfer programmes, and human skills
management. Developed nations apply crucial risk-
management approaches to ensure a safe and favourable
environment for innovation [24]. Such developments benefit
not just the specific industry but leverage various other
strengths of nations, such as better job opportunities, more
foreign investments and thus rapid development. For a
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developed economy, a firm regulatory policy therefore helps
provide a competitive advantage. But now and then, it has
been proven that biotechnology innovation development
requires long-term planning and effective policy
implementation [25].

III. RESEARCH METHODOLOGY

This study aims to investigate the relationship between the
biotechnological innovation indicators and the economic
indicators. Initially, a correlation test is conducted to examine
the relationship between the two, followed by a panel
regression model with economic growth as the dependent
variable and the biotechnological innovation indicators as
independent variables. The regression models test in detail
whether these innovation factors have a strong influence on
economic growth. The Hausman test supports the panel
regression model. For the same purpose, the dataset has been
selected for the years 2018 — 2023, which neutralises the pre-
pandemic, pandemic (COVID), and post-pandemic damage
and recovery.

A. Sampling Framework

The research uses a balanced panel dataset of 11 countries
observed over 6 years, yielding 66 total observations (N =
66). The countries were chosen for their relatively high levels
of R&D expenditure compared to international peers, as well
as for their economic importance and contributions to
biotechnology research. This selection ensures coverage of
both top research investors and major contributors to global
GDP. Table 1 shows the independent and dependent
variables.

Table I: Variables and Rationale

Variable Variable Rationale
Type
Dependent GDP Growth (%) Primary indicator of economic
performance
. Number of Measure of sectoral scale
biotechnology firms
R&D expenditure Absolute financial investment in
research
R&D intensity (% Measure of research
Independent of GDP) prioritisation
Biotechnology
patents (annual Proxy for innovation outputs
counts)
Economies' share of . Proportion of the global
o biotechnology market attributed
global GDP (%) . .
to different economies

B. Data Collection

Secondary data was gathered from global statistical
sources, national reports, and biotechnology/innovation
patent databases. Years were averaged and harmonised over
the eleven countries to make them comparable.

IV. ANALYSIS

A. Frequency Analysis of Variables

i.GDP Growth Trends by
Country
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GDP Trends by Country (2018-2023)
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[Fig.1: GDP Trends by Country]

GDP trends from 2018 to 2023 across 11 major economies

B .
2018 2019

reveal significant fluctuations, primarily driven by the global
COVID-19 pandemic. From 2018 through 2019, these
countries experienced relatively steady, moderate GDP
growth, driven by stable economic conditions. Nevertheless,
2020 saw extraordinary GDP declines across the world, as
some economies, such as France and Japan, suffered near- or
below-7 % declines, reflecting sharp disruptions triggered by
pandemic lockdowns and supply chain disruptions.2021 saw
a strong economic recovery across all economies, with
growth rates ranging from 4% to 8%. Denmark and the
United States experienced a rapid recovery, especially
demonstrating effective policy responses and the revival of
their economies. Following this increase, GDP growth
slowed in 2022 and 2023, with numerous countries, such as
Austria and Germany, recording negative growth, indicating
external challenges from inflation, energy crises, and
geopolitical  uncertainties that are influencing the
sustainability of the recovery. The V-shaped economic cycle
seems to result from the pre-, ongoing, and post-pandemic
phases, highlighting economic disturbances across various
countries.

ii. Number of Biotech Firms by Countries

Number of Firms by Country (2018-2023)
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[Fig. 2: Number of Biotech Firms by Countries]|

In the above graph, it can be observed that the number of
biotechnology firms in the United States grew from 2500 to
3000 from 2018 to 2023, while in Canada, the number rose
from 700 to 2000 by 2023. France, which began with around
2100 firms, experienced a steady decline to 1800 firms after
2021. Germany, on the other hand, shows steady growth of
900 firms in 2023. Japan shows a substantial decrease, i.c.,
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from 1300 firms in 2022 to 300 firms. Smaller economies
remained stable with fewer than 500 firms.

iii. R&D Expenditure by Country

R&D Expenditure by Country (2018-2023)
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[Fig.3: R&D Expenditure by Country]

This graph shows that research and development spending
paints an inconsistent picture: the United States doubled its
expenditure from about 62,000 in 2018 to almost 1,20,000 in
2023, demonstrating its undivided attention on innovation
and development. In total contrast, other nations have
research spending less than 10,000 dollars, with modest
increases over the years. Even if some nations show a gradual
rise in spending on a high-level summary, the increases are
nominal values only.

iv.R&D Intensity by Country
R&D Intensity by Country (2018-2023)
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[Fig.4: R&D Intensity by Country]

Research intensity shows varied trends across nations
during the selected period. While Belgium shows the most
volatile rates — rising and declining, then rising again —
Switzerland has only seen a rising trend. Sweden maintained
a strong, steady performance between 0.70% and 0.75%. The
United States recorded steady growth from about 0.40% to
0.50%, while Finland experienced significant growth,
jumping from 0.10% in 2018 to 0.55% in 2019 and sustaining
it through 2023. In contrast, Denmark's R&D intensity
declined from 0.60% to 0.20%, and Germany, France, Japan,
Austria, and Canada remained
relatively low and stable, all
under 0.20%.
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v. Economic Share by Country

Economies Share by Country (2018-2023)
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[Fig.5: Economies Share by Country]

This graph shows each nation's share of collective GDP
from 2018 to 2023, accounting for differences in economic
scale. The United States controls the entire period with a 38-
39% share of the total, but shows a solid decline to around
37% in 2023, indicating a gradual loss of comparative
economic significance. Japan stands second at a much smaller
scale, falling continuously from close to 12.5% in 2018 to
approximately 8% in 2022, before rising to 9.5% in 2023.
This trend follows structural issues such as ageing,
deflationary pressures, and softer growth compared to
associates. Germany holds third place, steadily delivering 4-
5% growth with slight variation, highlighting its status as
Europe's anchor economy and its stability amid global
volatility. Developed nations take up lower levels, 0.5-3%
each. France leads this group at around 3%, and Switzerland,
although it has world leadership in R&D intensity, delivers
only 1-1.5% because of its smaller geographic and population
scale.

vi. Biotechnology Patents by Country
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[Fig.6: Biotech Patents by Country]

Biotechnology patenting activity during the period 2018-
2023 shows dominance by the United States. The United
States has consistently ranked first in patenting activity, rising
from roughly 9,000 in 2018 to almost 10,500 in 2023,
accounting for around 60-70% of biotechnology patents in
developed countries. Japan follows in second place, although
well below the United States, beginning at about 4,000
patents in 2018 and increasing steadily to approximately
6,500 in 2023. This steady but reasonable growth reflects
ongoing biotechnology focus, best explained by healthcare
needs of an ageing population and the recognised
pharmaceutical presence. Canada shows a disparate trend,
starting with around 2,200 patents in 2018, increasing slowly
to almost 3,000 by 2021, and then plummeting quickly to less
than 500 by 2023. The sudden shift may be linked to funding
adjustments, patent reclassification, evolving business
strategies, or talent movement toward stronger biotechnology
hubs. Other nations, such as Germany, France, Switzerland,
Sweden, Denmark, and Finland, produced fewer than 500
biotechnology patents annually, suggesting that, despite their
strong economies and R&D capacity, their innovation
priorities lie elsewhere.

B. Descriptive Statistics

Table II: Descriptive Statistics of All Variables

Variable GDP No of Firms | R&D Expenditure R&D Intensity Economies Share Biotech Patents
N 66 66 66 66 66 66
Mean 1.39 889.73 10667.15 0.25 5.98 1656.82
SD 3.05 859.99 27406.25 0.24 10.68 3260.34
Median 1.65 443.50 1558.00 0.12 1.84 14.50
Min -7.40 70.00 72.15 0.03 0.28 1.00
Max 7.40 3040.00 117108.00 0.87 38.66 11330.00
Skew -0.63 1.09 2.99 0.94 245 1.93
Kurtosis 0.55 -0.05 7.54 -0.40 4.59 2.48

In the above table of descriptive statistics, GDP growth
shows good results, with a mean of 1.39 and a median of 1.65.
However, the wide range from -7.40 to 7.40% indicates that
while some nations experienced strong growth, others faced
major downfall. The negative skewness (-0.63) shows that a
few downturn periods had a substantial impact on the overall
distribution. Firm numbers reveal a structural difference: a
high mean (889.73) but a lower median (443.5), indicating
that a few nations have a large pool of biotechnology firms.
The positive skewness (1.09) confirms this imbalance,
showing the dominance of outliers with large firm counts.
R&D spending shows the most significant disparity in
distribution. The mean expenditure (10,667) is much higher
than the median (1,558), and the high positive skewness
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(2.99) and kurtosis (7.54) confirm a substantial contribution
by a handful of firms, while many are outliers. R&D intensity,
measured as R&D expenditure relative to GDP, shows a
balanced trend, with a mean of 0.25%, a median of 0.12%,
and low kurtosis (-0.40), reflecting a relatively equitable
distribution of research effort despite significant absolute
gaps. Economic share patterns further confirm concentration,
with an average of 5.98%, a much smaller median of 1.84%,
and a maximum of 38.66%, indicating dominance by a few
economies, as indicated by the high skewness values.
Biotechnology patents mirror the
inequality in R&D spending,
with a mean of 1,657 patents
but a very low median of
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14.5. High skewness (1.93) and kurtosis (2.48) highlight that
most innovation is concentrated among a few advanced
economies. Overall, these results confirm that a small group
of leading economies drive economic growth, R&D
investment, and technological innovation, while others
operate at much lower levels.

C. Correlation

The correlation analysis provides essential insights into the
relationships among economic indicators, research
obligations, and innovation outputs across the sampled
economies.

Table III: Correlation Analysis of All Variables

GDP No of R&D R&D Economies Biotech

Firms Expenditure | Intensity Share Patents
GDP 1 0.047 0.126 0.151 0.071 0.074
No of Firms 0.047 1 0.719 -0.141 0.765 0.725
R&D Expenditure | 0.126 0.719 1 0.233 0.937 0.856
R&D Intensity 0.151 | -0.141 0.233 1 0.094 0.000
Economies Share | 0.071 0.765 0.937 0.094 1 0.938

Biotech Patents 0.074 | 0.725 0.856 0.000 0.938 1

The correlation analysis highlights strong relationships
between economic scale, research spending, and innovation
output. A significant finding is the strong positive link
between R&D spending and global GDP share (r = 0.937),
showing that larger economies invest more in research due to
greater resources. R&D spending also strongly correlates
with biotechnology patents (r = 0.856), suggesting that higher
investments translate directly into innovation. Likewise,
R&D intensity correlates even more strongly with patent
output (r=0.938), underscoring that economies that prioritise
research achieve superior innovation performance.
Economies with higher GDP allocations to R&D activity are
found to yield higher innovation outcomes despite relatively
small overall economic size. This strengthens the value of a
policy focus on R&D intensity and commitment rather than
size. Conversely, connections between firm numbers and
other factors are weak. Correlation between R&D spending (r
=0.233) and GDP share (r = 0.094) by firm numbers suggests
that increased firm numbers do not necessarily imply greater
innovation potential. GDP growth rates also lack correlation
with R&D or patenting activity, implying short-run

macroeconomic  performance is not  necessarily
commensurate  with  long-run  innovation  capacity
commitments.

D. Fixed-Effect Regression

A Fixed Effects panel regression was conducted to measure
the impact of innovation-related variables on GDP growth of
selected nations. The model was assessed on a balanced panel
dataset comprising 11 economies observed over 6 years,
yielding 66 total observations—the Fixed Effects estimator
controls for unobserved heterogeneity across countries,
which may bias joint specification results.

Table IV: Fixed Effects Panel Regression

Variable Coefficient | Std. Error | t-Statistic | p-Value
No. of Firms -0.000367 0.002099 -0.175 0.862
R&D Expenditure -1.87E-06 9.11E-05 -0.021 0.984
R&D Intensity 3.8449 4.3078 0.893 0.376
Economies' Share -0.1095 0.9903 -0.111 0.912
Biotech Patents 0.000666 0.001392 0.479 0.634
Statistic Value
Total Sum of Squares (TSS) 569.93
Residual Sum of Squares (RSS) | 552.68
R-squared 0.030
Adjusted R-squared -0.261
F-statistic (df =5, 50) 0.312
Overall Model p-value 0.903
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Fixed Effects model reports poor explanatory power, with
R-squared 0.030 indicating 3% of variation in within-country
GDP growth explained by included variables. The negative
adjusted R-squared (-0.261) highlights the specification's
weakness, and the F-statistic of 0.312 (p = 0.903) indicates
that the explanatory variables are not jointly significant. No
predictors were statistically significant. R&D intensity had
the largest positive coefficient (f = 3.84), but it was not
significant (p = 0.376). Biotechnology patents showed a tiny
positive coefficient (f = 0.0007) but were not significant (p =
0.634). Other predictors showed tiny or negative coefficients
with little explanatory power. These results indicate that the
tested indicators of innovation and economic structure do not
notably affect GDP growth in the 2018-2023 period in the
Fixed Effects specification. Possible reasons include delayed
R&D and the need for longer horizons for biotechnology
innovation, as well as overlooked macro factors such as
institutional quality and human capital.

E. Random Effects Regression

Random-Effects regression examined whether firm-level
and macroeconomic factors meaningfully predict GDP
growth. Unlike Fixed Effects, Random Effects assumes that
the unobserved country-specific effects are uncorrelated with
the predictors, enabling an approximation that exploits both
within-country and between-country variation.

Table V: Random Effects Regression

Variable Estimate | Std. Error | t/z-value | p-value
Intercept 1.034 0.894 1.157 0.247
Number of Firms 0.000 0.001 0.162 0.872
R&D Expenditure 0.000 0.000 0.968 0.333
R&D Intensity 1.459 1.957 0.746 0.456
Economies Share -0.152 0.161 -0.941 0.347
Biotech Patent 0.000 0.000 0.558 0.577
Model Statistic Value
Total Sum of Squares (TSS) 605.64
Residual Sum of Squares (RSS) | 577.78
R-squared 0.046
Adjusted R-squared -0.033
Chi-square (df = 5) 2.89
p-value (Chi-square) 0.716

The Random Effects model
has very low explanatory
power, with an R-squared of
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0.046, indicating that predictors explain only 4.6% of the
variation in the dependent variable. More than 95% of the
variance in the outcome is unexplained, implying that the
included variables fail to capture the main drivers of growth.
The negative adjusted R-squared (-0.033) indicates the model
performs worse than the mean-only benchmark.

Looking at the coefficients, none of the predictors—number
of companies, R&D spending, R&D intensity, shares of
global GDP in economies, or biotech patents—reaches
statistical significance, as indicated by p-values well above
the standard 0.05 cut-off. This shows a lack of proof of an
interesting linear relationship between these variables and the
dependent variable in the Random Effects model. Notably,
the lack of significance across all variables indicates that the
given specification fails to adequately explain both between-
country and within-country variation. The chi-square test of
overall model fit (3> = 2.89, df =5, p = 0.716) confirms this
conclusion, indicating that as a whole, the predictors do not
explain the dependent variable any better than chance. The
model is therefore statistically insignificant as a whole.

These results could occur for several reasons: the
underlying relationships may be nonlinear or weak, important
explanatory variables may be omitted, or unobserved
heterogeneity may override effects estimated from the chosen
predictors. Also, limited time horizons and high volatility
may hinder the model's ability to extract structural effects.
Subsequent models may thus require covariates beyond those
included here, lag testing, investigation of interaction terms,
or the use of alternative estimation methods to enhance
explanatory power.

F. Hausman Test

To determine which condition was more appropriate, a
Hausman test was used to compare the FE and RE estimates.

Table VI: Summary of the Hausman Test

Test df p- Decision
Statistic value
¥ =1.0573 5 0.9578 | Accept Ho — Random Effects
appropriate

The test yielded a chi-square statistic of 1.0573 with 5
degrees of freedom (p = 0.958). A significant p-value
indicates failure to reject the null hypothesis, thereby
vindicating Random Effects as the more efficient
specification. Results show no systematic correlation
between unobserved country effects and regressors; the RE
estimator can therefore be employed without bias.

But this does not assert that the RE model claims that the
poor explanatory power is a specification failure; rather, it
reflects structural limitations: limited time coverage, possible
omitted variables, or lagged effects between R&D
investments and observable macroeconomic outcomes.
Within-country or cross-country variation in firm numbers,
R&D inputs, or biotechnology outputs does not significantly
explain GDP growth for this sample and time period. This
implies that the interaction between development and
innovation can only be realised with a longer time horizon,
by incorporating additional institutional dimensions and
structural controls, or through dynamic modelling methods to
capture the dynamics in full.

Retrieval Number:100.1/ijef.B263805021125
DOI:10.54105/ijef.B2638.05021125
Journal Website: www.ijef.latticescipub.com

96

Indian Journal of Economics and Finance (IJEF)

ISSN: 2582-9378 (Online), Volume-5 Issue-2, November 2025

V. DISCUSSION

A. Innovation Concentration and Economic Dominance

The analysis suggests an intensely focused world
innovation system, dominated by the US across many fields
of biotechnology and R&D. This is consistent with recent
research on national innovative capacity as a function of
generic innovation infrastructure and cluster-specific
environments [26]. The U.S., with 60-70% of biotech patents
and almost doubling R&D expenditures between 2018 and
2023, exhibits what new scholars refer to as "innovation
capacity"—the ability of a country to generate a stream of
commercially relevant innovations [17]. Switzerland's
consistent ranking in R&D intensity, with rates over 0.75%
throughout the research period, reflects what recent literature
has termed "innovation efficiency" - the ability to convert
inputs into innovative outputs efficiently [18]. This trend is
corroborated by the literature on small, innovation-attracted
economies that compensate for the lack of scale with focused
effort and high-value specialisation [27]. The ubiquity of
innovation assets with a few dominant players is an echo of
what recent research on innovation systems identifies as path-
dependent institutional contexts, policy regimes, and
historical investments that create self-reinforcing strengths
[23].

B. The R&D Investment-Growth Paradox

The most striking outcome of this analysis is likely to be the
absence of strong relationships between R&D spending and
GDP growth, despite high correlations between innovation
inputs and outputs [26]. The same paradox aligns with the
broader literature on the "productivity paradox" in the context
of innovation studies [28]. There may be theoretical and
empirical reasons consistent with the prevailing literature. In
the first place, such a lag in time between R&D expenditure
and economic return may explain such results. New
longitudinal studies show that lagged effects of R&D
expenditure on measurable productivity typically take 5-15
years, especially in biotechnology, where the incubation
period is more extended [25]. The 2018-2023 span of such an
analysis might be too short to capture lagged effects, as
argued by contemporary growth economists [29]. Secondly,
R&D spillover advantages are not always accounted for in
national GDP statistics. Contemporary studies on innovation
have shown that knowledge spillovers tend to be
multinational, and thus R&D spending in a particular country
can contribute to global rather than domestic economic
advancement [3]. This is especially true for biotechnology,
where knowledge is highly mobile and international
collaborative research is prevalent [21]. Third, the quantity-
versus-quality aspect of R&D expenditure can be most
crucial. Recent literature on organisational learning stresses
that R&D expenditure must cross a threshold to establish
"absorptive capacity" - the capacity to identify, absorb, and
utilise new knowledge [30]. The relative lack of cutting-edge
research across a handful of
leading nations implies that
subthreshold expenditure will
yield decreasing returns.
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C. Sectoral Specialisation and National Innovation
Strategies

There is a significant disconnect between biotechnology
innovations in developed and underdeveloped economies.
Developed economies have the advantage of stronger
national innovation policies and sector-specific patterns.
Countries pursue various biotechnology strategies, ranging
from broad-based approaches to niche strategies, reflecting
variations in institutional capacity, resource endowments, and
historical innovation trajectories that shape competitiveness.
The evidence indicates that no universal model guarantees
success. The United States benefits from large-scale
capabilities and integrated biotechnology systems, whereas
smaller economies such as Switzerland and Sweden prosper
through strategic focus and high research intensity. These
models demonstrate what innovation systems literature
identifies as multiple pathways to competitiveness, shaped by
national contexts and institutional frameworks [15].

International collaboration remains a key factor in
biotechnology advancement regardless of economic size or
strategy. The growing interconnectedness of biotechnology
research enables countries to tap into global knowledge
networks and engage in advanced scientific work beyond
domestic limits [20]. Empirical findings show that nations
with highly internationalised research networks achieve
superior innovation outcomes compared to those with less
global connectivity [21].

D. Scale Effects versus Innovation Efficiency

The correlation analysis provides strong evidence of an
interaction between economic scale and innovation
performance. The extremely high correlation between
economies' GDP percentages and R&D expenditure (r =
0.937) reinforces the importance of scale effects on
innovation, as predicted by endogenous growth theory [14].
However, the equally high correlation between biotech
patents and R&D intensity (r 0.938) suggests that
innovation efficiency can be as crucial as overall scale.

This finding aligns with recent research on the relationship
between firm size and innovation at the national scale [31].
Economies with smaller innovation intensity, such as Sweden
and Switzerland, show that high R&D intensity and focused
strategies can yield substantial innovation outcomes despite
smaller overall size. This supports modern theories of
national competitive advantage, which argue that specialised
clusters can attain global competitiveness through
concentrated excellence [17]. Weak correlations between
firm quantity and innovation outcomes contradict traditional
assumptions in entrepreneurial economics. The results imply
that firm quality and innovative capacity matter more than the
number of firms, consistent with recent frameworks that
distinguish between creative and imitative entrepreneurship
[32].

E. Policy Implications and Innovation System Design

The results have significant implications for the design of
innovation policy. Failure by Fixed Effects and Random
Effects models to identify meaningful relationships between
innovation inputs and growth over short horizons suggests
that policymakers should consider longer-term perspectives
when evaluating R&D investments [33].
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The concentration of innovation capacity among a small
group of leaders is also a concern for international innovation
governance and knowledge spillovers. Recent research
purports that knowledge has characteristics of a public good,
which could imply possible market failures in innovation
investment [34]. The trend of observed facts may necessitate
an international collective policy to induce knowledge
spillovers and avoid excessive concentration of innovation
assets. For small developed economies, the Swedish and
Swiss experiences offer authentic models of innovation
competitiveness through an emphasis on excellence and high
R&D intensity. These align with established claims about the
significance of knowledge creation and absorption for the
learning economy at scale [19].

VI. CONCLUSION

This study examined the relationship between
biotechnology innovation and economic growth in eleven
high-income economies between 2018 and 2023, answering
simple questions about how innovation inputs translate into
measurable financial outcomes. The picture portrays a highly
clustered global biotechnology innovation system, with the
United States having an overwhelming presence across
various dimensions [21]. The focus aligns with theoretical
explanations of national innovative capacity, which posit that
institutional support and cluster-related environments create
reinforcing benefits [17].

Switzerland stands out as a leader in innovation efficiency,
maintaining R&D intensity above 0.75% of GDP throughout
the study period. This supports the evidence that small,
innovation-driven economies can overcome their limited
scale by focusing on strategic specialisation and high-value
research [27]. The Swiss case illustrates that relative
economic size is not the sole determinant of innovation
performance, as the high correlation (r = 0.938) between
R&D intensity and biotech patent outputs demonstrates.

Most strikingly, there is no correlation between R&D
spending and GDP growth, despite strong correlations
between innovation inputs and outputs. Neither the Fixed
Effects nor the Random Effects panel regression models
found a statistically significant correlation between economic
growth and innovation variables. This paradox aligns with the
broader "productivity paradox" literature [26, 28], which
posits that the returns to investment in innovation are realised
over more than six years, the period of our study. Correlation
analysis revealed strong structural relations within the
innovation ecosystem. R&D expenditure and world GDP
share of the economies had the strongest positive correlation,
confirming scale effects in innovation in accordance with
endogenous growth theory [14]. However, if as strong a
relation between R&D intensity and biotechnology patents as
between either and world GDP share, then the efficiency of
innovation could be as beneficial as absolute magnitude [19].

The findings address the central research questions by
demonstrating that while there is high potential for innovation
outcomes to be predicted by innovation inputs, short-run
economic growth remains elusive.
The agglomeration of
biotechnology innovation
worldwide, with few leading
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firms investing in the majority of research expenditures and
receiving most of the patents, reflects what recent studies
identify as '"national systems of innovation," in which
institutional settings construct competitive advantage [23].

A. Limitations

This research recognises methodological and scope
limitations that may affect the generalizability of the results.
The six-year period (2018-2023) may be too short to capture
the long-term impacts of R&D investment on economic
growth, especially given that the literature proposes lags
between R&D investment and quantifiable productivity
improvements of 5-15 years [25, 29]. Including the COVID-
19 years may have distorted typical innovation—growth
relationships, as the pandemic created exceptional conditions
that likely disrupted underlying trends. Focusing on country-
level data could also obscure significant differences within
regions, sectors, or firm types. Using biotechnology patents
as the sole indicator of innovation captures only part of the
economic and knowledge spillover effects. Additionally, the
study's sample—limited to 11 high-R&D-spending
developed economies—introduces selection bias and limits
applicability to emerging nations with different innovation
dynamics. Given biotechnology's rapid pace of technological
and policy change, some findings may soon become
irrelevant as new developments unfold.

B. Practical Implications

The findings make significant contributions to innovation
policy and strategic planning for biotechnology.
Policymakers should adopt long-term perspectives on R&D
investments, as biotechnology revenues take time to
materialise and may not be reflected in short-term GDP
growth indicators. The absence of critical short-run
relationships in regression analyses suggests that the
traditional economic measurement system may be ineffective
for assessing innovation outcomes. For smaller economies,
the Swiss and Swedish models demonstrate sustainable
competitiveness through focused excellence and high R&D
intensity rather than large-scale competition. Countries with
limited resources should prioritise developing "absorptive
capacity" [30] and pursue targeted specialisation in
biotechnology niches where they can achieve global impact.

The heavy concentration of innovation capacity among
major economies raises concerns about global knowledge
inequality. Since knowledge acts as a public good [34],
international policy cooperation may be needed to encourage
broader knowledge diffusion and prevent excessive
concentration of innovation power. Economies with fewer
resources should therefore strengthen institutional
frameworks that enable integration into global knowledge
networks instead of trying to build complete domestic
innovation systems.

C. Scope for Future Research

Further research is needed to better understand the
economic impacts of biotechnology innovation. Long-term
studies spanning 10—15 years would help capture the delayed
effects of R&D investment on economic growth, addressing
the time lag identified in this analysis. More detailed
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investigations focusing on specific clusters, technologies, and
firms could uncover insights hidden by national-level data.
Future research should also consider factors such as
institutional quality, human capital, and innovation
infrastructure to better explain how R&D translates into
economic gains.

The study underscores the complex and indirect
relationship between biotechnology innovation and economic
growth. While R&D inputs and innovation outputs are closely
linked, their influence on measurable economic outcomes
operates through non-linear and long-term mechanisms. The
lack of short-run correlations between R&D spending and
GDP growth should guide policymakers toward more
nuanced strategies that account for the prolonged and
globally distributed nature of innovation rewards.
Understanding these complexities is crucial for designing
effective innovation policies and institutional frameworks.
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