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Abstract: This paper examines whether government spending on research and development (R&D)
crowds out or stimulates private investment in Germany. While traditional economic perspectives
emphasize displacement effects arising from funding competition, alternative theoretical frame-
works suggest that public R&D can complement private investment by reducing uncertainty, im-
proving efficiency, and expanding technological opportunities. In particular, state-funded basic
research appears to support corporate innovation by providing foundational knowledge on which
private investment can build. The analysis combines a conceptual discussion of crowding-out and
crowding-in mechanisms with a descriptive examination of long-term trends in public and private
R&D expenditures from 2000 to 2023. Beyond its macroeconomic perspective, the study contrib-
utes to the broader academic discourse on knowledge creation, dissemination, and utilization. By
examining the role of public research funding as a catalyst for knowledge generation and inno-
vation, the paper highlights the importance of institutional frameworks that transform scientific
knowledge into economic and societal value. The findings indicate that public research investment
functions as growth-enhancing capital formation rather than a substitute for private activity.
Keywords: Public R&D Spending, Private Investment; Crowding-In Effect; Innovation Policy;
Endogenous Growth

INTRODUCTION

A fundamental controversy in classical macroeconomic theory concerns the examination of
the effect of government spending on private investment behavior. In neoclassical models, gov-
ernment spending acts as a primary disruptive factor for private investment, while Keynesian
theory and endogenous growth theory postulate a stabilizing and stimulating effect in this context
(Keynes 1936; Romer 1990). The form of government spending remains of crucial importance in
this analysis, with investment in research and development (R&D) in particular having a comple-
mentary effect on private investment rather than crowding it out. This article analyzes the crowd-
ing-in effect in the context of government spending on R&D in relation to the funding structure
of the Federal Republic of Germany (FRG). The central thesis of this article is that government
funding in the field of basic research performs an incubation function that positively stimulates
private investment. Due to the high level of uncertainty and (financial) risk, this private investment
may not materialize without government start-up funding.

This topic examines the role of information, knowledge, innovation, and institutional struc-
tures in modern society. Public investment in research not only generates scientific knowledge but
also facilitates its dissemination and transformation into technological and economic progress.
Consequently, the interaction between public and private R&D investments can be understood as
an important mechanism within knowledge-based economies.

In the classic crowding-out theory, government spending leads to rising interest rates, which
in turn suppresses private investment. The assumption here is that public spending cannot gener-
ate independent productivity effects and is substitutable for private investment (Modigliani 1961;
Barro 1974). In the context of the possible long-term impact of government spending on R&D, this
analysis is theoretically limited.

The objective of this article is to systematically present the theoretical mechanisms of govern-
ment R&D spending and to link them to empirical evidence from Germany. On a methodological
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level, the article combines an analysis of the underlying theoretical framework with a descriptive
evaluation of time series data on public and private R&D investment in Germany for the period
from 2000 to 2023. The economic added value of the article lies in its integrated consideration of
crowding-out and crowding-in effects in the area of government research funding and the deriva-
tion of policy implications for productivity-oriented fiscal measures.

RESEARCH METHODOLOGY

The research adopts a mixed conceptual—descriptive methodology, integrating a theoretical re-
view of macroeconomic models with a descriptive analysis of official longitudinal secondary data
on German public and private R&D expenditures. In order to achieve the objective of this article, it
1s necessary to examine the theoretical foundations of the mechanisms of government spending and
private investment as a starting point for investigating crowding-out and crowding-in effects. The
theoretical assessment depends to a large extent on macroeconomic model assumptions. In classical
crowding-out theory, government spending leads to rising interest rates, which suppresses private
investment. The assumption here is that public spending cannot generate independent productivity
effects and is substitutable for private investment (Modigliani 1961; Barro 1974). This condition is
met when the state invests in infrastructure that has a complementary effect on productivity, such
as transport infrastructure, energy supply, research and development (R&D), and education. This is
complemented by investment in innovative areas that promote technological development. Accord-
ingly, public spending must generate non-rivalrous knowledge (basic research), as this knowledge
can be used by multiple actors and is not subject to consumption, thereby increasing productivity
(Barro 1990; Romer 1990). Against this backdrop, government investment in R&D plays a promi-
nent role, as it is a key driver of innovation. The differences between these theoretical foundations
are essential when analyzing crowding-out and crowding-in effects in the context of government
R&D investment, as the factors of knowledge, innovation, and technical development cannot be
integrated into the classical assumptions of a perfect market. In the context of the possible long-term
impact of government spending on R&D, this assumption is theoretically limited.

RESULTS

At the heart of neoclassical theory is the assumption of limited capital supply. In this view,
government investment increases the demand for savings, resulting in rising interest rates, which
crowd out private investment. This assumption presupposes the logic of efficient financial mar-
kets in which capital can be transferred with complete mobility (without regulations, information
asymmetries, and transaction costs) and the factors of production (labor, capital, land) are utilized
optimally (Barro 1989; Mankiw 2019). In this view, the state and the private sector compete for
the same limited resources, with an asymmetric distribution of these resources leading to a decline
in investment by the other side. Taking modern economic relationships into account, this theoret-
ical construct is only of limited significance. Demand-centered Keynesian theory also addresses
market imperfections caused by uncertainties and the expectations of market participants (Keynes
1936). This view assumes that government spending (in productive areas) stabilizes demand in
times of crisis and, at the same time, can stimulate private investment behavior by expanding pro-
duction capacities through technological development (e.g., through R&D investments) and capi-
tal utilization. In addition, rising demand cultivates expectations in the private sector regarding the
profitability of investment projects, which can lead to a crowding-in effect (DeLong & Summers
2012). Furthermore, this assumption is extended in the models of endogenous growth theory in
the form of a long-term supply mechanism. Furthermore, technological development is not exog-
enous, but rather the result of targeted promotion through investment in knowledge, research, and
human capital. In this context, government spending has an incubating effect on private investment
by reducing uncertainty and shortening learning processes (e.g., in resource-intensive basic re-
search) (Romer 1990; Bloom et al. 2019). It can therefore be concluded that government spending
in productive areas such as R&D goes beyond short-term demand impulses and can generate long-
term productivity gains.
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Figure 1 illustrates the relationship between government spending (G1 and G2) and private
investment (P1 and P2) in the context of the crowding-out and crowding-in effects.
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Fig. 1. Crowding-out versus crowding-in effects of government spending.
Source: Own illustration according to Keynes (1936) and Blanchard (2019).

Point C in the figure represents underutilization of production capacity, with government
spending activating unused resources and thus not causing any crowding out. This situation corre-
sponds to the description in Keynesian theory. The falling curve in the figure represents the analyt-
ical framework assuming a competitive relationship between government and private investment
(crowding out). Point A describes the situation of targeted government investment that comple-
ments the private sector. This investment, particularly in infrastructure, knowledge, and human
capital, generates an expansion of production capacity to the outer curve (crowding-in). Based on
the summary representation of the relationship between government and private investment, it can
be concluded that budgetary discipline in modern economies should not be set statically by regu-
latory authorities but should be dynamically geared towards long-term productivity gains.

Reducing uncertainty is a key feature of crowding-in effects. Uncertainty and information
asymmetry are particularly pronounced in basic research, as this area involves significantly high
costs. Furthermore, this is accompanied by constant uncertainty about the commercial use of the
corresponding research results, as the focus of this orientation is not primarily application oriented.
In this context, there is a significant risk for private investment in financing basic research (Dixit
& Pindyck 1994). Government spending on R&D and infrastructure projects can be interpreted as
providing impetus through political support in these areas. This impetus can reduce uncertainty for
the private sector and create planning security with regard to investment strategies. (Rodrik 2008;
Bloom et al. 2019). At the same time, government activity expands the technological possibilities
within which private actors can identify profitable projects.

The prominent role of public R&D funding in this article stems from the economic charac-
teristics of knowledge and expertise as factors of production. The knowledge generated does not
compete with other knowledge and expands through dissemination. However, the social benefits
cannot be fully internalized by private actors (Arrow 1962; Nelson 1959). For this reason, with-
out government involvement, market failure would result from underinvestment in cost-intensive
basic research and the resulting follow-up funding for application-oriented research projects. In
this context, government spending does not constitute direct market intervention, but rather a
correction of an imperfect market (Stiglitz 1989). This fact illustrates the complementary effect of
government investment in R&D and the possible existence of a presumed crowding-in effect in
this context.

In addition to promoting stability and reducing uncertainty, public R&D funding also generates
knowledge spillovers that extend beyond institutional and sectoral boundaries, leading — particu-
larly in private-sector firms — to new insights and processes, as well as a skilled workforce, without
these actors having to bear the costs of generating this knowledge (Griliches 1992; Jones & Wil-
liams 1998). Furthermore, government funding programs lower barriers to market entry through
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open infrastructures and accessible research results, making it easier for companies to engage in
innovative activities (Audretsch & Keilbach 2007). This is of central importance, particularly for
attracting investors and increasing a location’s attractiveness, and it fosters greater competition. In
summary, these mechanisms imply a strategic complementary relationship between government
and private R&D investments. By reducing uncertainties, information asymmetries, and risks,
government R&D investments lower barriers to entry and act as a catalyst for private investment
strategies, which result in technological development and productivity gains at the macroeconom-
ic level (Aghion et al. 2015; Mazzucato 2018). Therefore, under appropriate institutional condi-
tions, a complementary relationship can be assumed to give rise to a stable crowding-in effect that
supports long-term growth and technological dynamism.

In order to place these theoretical principles in an empirical context, the analysis in this article
is based on the evaluation of time series from statistical surveys conducted by the German Federal
Statistical Office (Destatis). The underlying data sets contain government and private investment
in R&D for the period from 2000 to 2023. The two-time series are compared and contrasted to
illustrate the assumed dynamics and a possible complementary relationship. For visual orientation,
these compared time series are presented graphically. The aim of this analysis is to examine in a
descriptive manner whether volatile phases are reflected in both curves and to provide an indica-
tion of a connection in the context of the crowding-in effect. Nevertheless, it should be noted at
this point that the empirical evaluation in this article, based on the Destatis survey, cannot claim to
establish a causal relationship. This data basis is summarized and compared in Table 1.

Table 1. Comparison of Public vs. Private R&D-Investment.
Own representation according to Destatis (2024).

Year Public R&D-Investment (in € Private R&D-Investment
thousand) (in € thousand)
2000 50.825 34.333
2001 53.500 35.095
2002 55.300 35.904
2003 56.100 38.060
2004 57.100 38.394
2005 55.897 39.569
2006 61.000 42.281
2007 63.800 43.768
2008 67.600 46.890
2009 69.700 46.019
2010 70.014 47.409
2011 75.569 51.448
2012 79.110 54.109
2013 79.730 54.569
2014 84.246 58.115
2015 88.782 60.940
2016 92.174 61.673
2017 99.554 69.066
2018 104.669 72.662
2019 110.025 75.288
2020 106.583 70.627
2021 113.184 77.601
2022 121.421 83.422
2023 129.676 88.707
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A comparison of the time series for public and private R&D investment (see Table 1) already
provides compelling arguments that support the theoretical assumptions. Across the time series,
government spending had a stabilizing effect even during the crisis years 2007 to 2009 (global eco-
nomic crisis) and 2020 to 2022 (COVID-19 pandemic and energy crisis). This is evident from the
increase in spending on both sides, without any suggestion of crowding out. Based on the signifi-
cant increases in private investment, it can be inferred that public spending has a positive impact
on the return expectations of the other side. This fact confirms Romer’s theory (1990). In addition,
the graphical comparison of the time series examined illustrates the complementary relationship
(see Figure 2).
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Fig. 2. Comparison of Public vs. Private R&D-Investment.
Own illustration according to Destatis (2024).

The graphical representation of these time series shows an almost identical trend in these investment
volumes. Instead of displacement, this empirical analysis of investments between 2000 and 2023 shows
that the increase in private investment is complementary to public spending in the area of R&D. This fact
provides descriptive evidence to support the hypothesis of the existence of a crowding-in effect.

Based on the data, it can be assumed that the German funding structure for the research land-
scape fulfills the appropriate institutional conditions that provide a platform for further private capital
commitment. Government investment in R&D does not replace private research funding, but rather
expands it by providing or kick-starting research infrastructure and human capital. This empirical con-
textualization supports the theoretical considerations and provides a basis for assuming a crowding-in
effect of government research investment.

Due to the heterogeneous nature of the German research landscape, a differentiated analysis of
R&D investments is necessary for a comprehensive empirical classification of the underlying theoret-
ical assumptions about the crowding-in effect. The structure of German research funding is character-
ized by a division of labor between basic research, which is predominantly funded by the government,
and private investment in application-oriented research projects (BMBF 2022; OECD 2023). This
innovation system is designed to generate knowledge and support it in a targeted manner through dif-
fusion, so that government investment does not compete with private investment (Mazzucato 2013).

As the central channel for government R&D investment, knowledge transfer is the key mecha-
nism for commercially exploiting knowledge generated through research collaborations, joint pro-
jects, spin-offs, and licenses. This multiplies the positive effect of this government spending in the
overall economic context (Audretsch & Keilbach 2007). This transfer mechanism accelerates innova-
tion cycles and improves investment conditions and returns expectations for private actors.
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DISCUSSION

This article combines theoretical principles with empirical surveys on public and private re-
search funding. By comparing the time series, the theoretical aspects can be reinforced, thereby
consolidating the considerations on the connection between the crowding-in effect. However, the
study in this article reaches the limits of its significance because the data series are heavily ag-
gregated and individual funding structures remain unaffected by the heterogeneity of the German
research landscape. The main finding is that no decline in private investment can be observed on
the basis of rising government spending on R&D. Further studies comparing similar time series
from different countries and periods and combining more advanced analytical approaches may
demonstrate a causal relationship between the reciprocal effect of public R&D expenditure and
private capital formation.

Nevertheless, the empirical analysis in this article contradicts the assumption that government
investment in research systematically displaces private activity and supports the thesis of a com-
plementary relationship between these actors. The central argument is based on the imperfection
of financial markets, whereby further analysis of the structure of endogenous money creation by
financial institutions in the context of debt-financed government spending on R&D can generate
additional insights in this regard. Particularly exposed in this context is the government’s ability
to use public funding to achieve productivity gains in the context of technological development,
which can be driven by research.

By examining the total factor productivity indicator in the context of the work of Bloom et
al. (2019), it can be shown that the positive effects of government research funding on economic
growth occur with a time lag. In addition to the level of public funding, the aspect of planning
security is a decisive factor in the private sector’s assessment, enabling it to derive its own in-
vestment strategies. This correlation must be internalized by political decision-makers in order to
adopt funding strategies that not only generate short-term momentum but also pursue long-term
growth and enable anticipation by the private sector.

In the overall context, the findings compared in this discussion confirm that the theoretical
assumption of a complementary relationship between public and private investment in R&D cor-
responds to the crowding-in effect. Accordingly, a purely quantitative limitation of public deci-
sion-making in the context of R&D funding is an analytically simplified representation. In this
context, the quality of institutional support, planning security, and the stability of support pro-
grams are of essential importance. This connection represents a key argument for the design of a
productivity-oriented fiscal policy.

Based on the findings, far-reaching implications for the political design of fiscal decision-mak-
ing can be derived. In the basic understanding of endogenous growth theory, government invest-
ment in research is not classified as consumptive expenditure, but as a form of productive capital
commitment in the areas of knowledge, human capital, and (research) infrastructure. These gov-
ernment investments have long-term effects that have a positive impact on productivity (Romer
1990). Contrary to this logic, political decision-making on fiscal measures is restrictive. Further-
more, there is a debate within European countries about restricting productive investment through
strict deficit limits and spending restrictions (Truger 2015). In this context, the lack of innovation
and economic growth should also be quantified as opportunity costs in the context of political de-
cision-making. Furthermore, the narrative in political discourse needs to be rethought, as the basic
assumptions underlying fiscal strategy decision-making are often based on analytically simplistic
assumptions and consider spending to be negative based on its volume.

The planning security and assessment of the stability of the government support structure by
the private sector, as already described, goes hand in hand with return expectations and productiv-
ity gains. These premises are necessary for a crowding-in effect (Bloom et al. 2019). Governments
should therefore design sound spending policies that are not only based on avoiding debt and de-
clining expenditure but also convey certainty.

These implications are rounded off by the need for institutional quality on the part of the au-
thorities (bureaucracy reduction) and transparency of processes, for example in the allocation of
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funding programs. A credible innovation policy therefore requires stable funding commitments
that extend beyond political election cycles. Multi-year budget frameworks, institutionally se-
cured basic funding for public research institutions, and transparent funding mechanisms are key
instruments for this (Edler & Fagerberg 2017; Rodrik 2008). Simply increasing spending without
targeted use of funding through efficient institutional structures can distort the crowding-in effect.
A reduction in public R&D funding can significantly impair long-term growth opportunities and
weaken international competitiveness (Mazzucato 2013).

Finally, when considering the political implications of the findings in this article, it should
be noted that government R&D investments should play a prominent role in fiscal policy. They
should not be interpreted as expenditures that reduce success, but rather as strategic investments
in technological development and productivity gains, which are the determinants of economic
growth. The complementary relationship surrounding the existence of crowding-in effects should
be internalized in the political debate in this context.

CONCLUSION

The aim of this article was to present the theoretical foundations of the mechanisms of action
of government spending on R&D in relation to private investment and to analyze them empirical-
ly. The focus of this study is the question of whether government spending on R&D crowds out
or stimulates private investment in this sector. The starting point for this discussion is the crowd-
ing-out or crowding-in effect. To answer this question, this article combines a presentation of the
theoretical foundations with an analysis of empirical surveys conducted by the Federal Statistical
Office. Based on neoclassical theory, rising government spending leads to a crowding out of pri-
vate investment, while Keynesian models and endogenous growth theory open up an analytical
framework in which public investment in productivity-enhancing areas can stimulate private en-
gagement.

Analysis of the theoretical principles has shown that government spending on R&D plays a
prominent role in the assessment of the crowding-out and crowding-in theorems, since the gener-
ation of knowledge as a factor of production is not rivalrous and cannot be fully internalized by
private actors. Thus, under certain conditions, government spending does not constitute a substi-
tute intervention in the market. Under certain circumstances, it merely serves to compensate for al-
location problems that may result from market failure. In this context, the reduction of uncertainty
and the provision of research infrastructure are of essential importance, creating a complementary
relationship with private investment. They thus form a central channel for long-term productivity
gains and technological progress.

The theoretical assumptions are confirmed by the analysis of data series on public and private
R&D investment in Germany for the period from 2000 to 2023. The development trends of these
two variables show a significant increase overall, and the almost parallel curves in the graphical
representation (Figure 2) suggest a crowding-in relationship. Analysis of this empirical data points
to a complementary relationship between public and private R&D investment, which rules out the
crowding-out hypothesis in this area. Nevertheless, it should be noted that the underlying data does
not describe a causal relationship, but it does contradict the assumption that rising public R&D
spending crowds out private investment. From a broader perspective, the article makes it clear that
restrictive spending should not be understood primarily as a quantitative limitation on government
spending, but rather as a qualitative focus on productive and growth-promoting investments. Qual-
itative conditions such as institutional efficiency, planning security for the private sector, and the
reduction of uncertainties are crucial for this complementary relationship.

In conclusion, it can be said that in the area of R&D investment, there is a complementary
relationship between the state and private investors, which supports the crowding-in theory. This
finding can serve to adjust fiscal policy strategy by being internalized in the decision-making pro-
cess of political actors. Further investigation of data series and econometric analyses that can build
on this point to provide evidence-based proof of a causal relationship would generate added value
for the economic sciences.
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YHPABJIEHUE HA TH®OPMALIUATA U 3BHAHUSATA B OBJIACTTA
HA MIYBJIMYHUTE PA3XO/IU 3A HAYYHU U3CJIEABAHUSA
N PABBUTHUE 1 YACTHUTE HHBECTUIIUN

Pezome: B nacmoawama cmamus ce pasanedicoa 0anu ObpiucagHume pasxoou 3a HAy4HOU3CIe008amen-
cKa u passotina detinocm (R&D) usmecmeam, unu cmumynupam wacmuume uneecmuyuu 6 I epuanus. /{o-
Kamo mpaouyuoHHume UKOHOMUYECKU NooXoou Habisieam Ha eghekmume Ha UsMecmearne, NPOUsMuUauu
Om KOHKYypeHyuama 3a punancupane, aimepHamueiu meopemudny mooeiu covam, e nyonuunume R&D
Moeam 0a OONbI6AM YACMHUME UHEECMUYUL, KAMO HAMAA8AM HeCUypHoCmma, noooopsaeam egexmus-
HOCMMA U pasuupaeam mexHonocudHume ebamooichocmu. Ilo-konkpemno, ghunancupanume om ovpoica-
eama hynoamenmantu HAy4yHu uU3C1e08anus, U32nexcod, NoOKpensam KOpnopamusHume UHOBAYULU, Kamo
npecocmasam 0CHOBONONALAWU 3HAHUSL, 8LPXY KOUMO MO2am 0d ce Ha02paxicoam 4dacmuume uHEecmu-
yuu. Ananuzvm cvuemasa KOHYenmyaiHo 06CvbiCOane Ha MexanusMume Ha UsMecmeane U NPUeIUIaHe ¢
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ONUCAMENHO NPOYYBAHEe HA OBbA2OCPOYHUME MEHOCHYUU 68 NYOIUUHUMe U Yacmuume pasxoou 3a R&D om
2000 0o 2023 2. Omeb0 MAKpOUKOHOMUYECKAMA CU NePCNeKmMUBa, U3ci1e08aHemo OONPUHAcs 3a No-Uupo-
Kust akaoemuyen OUCKYpC OMHOCHO Cb30A8AHEMO, PA3NPOCIPAHEHUEno U U3NONI36aHemo Ha 3nanus. Upes
pasenexcoane Ha porsima Ha nyonuyHOmMo GUHAHCUPAHE HA HAYYHUME U3CLe08AHUS KAMO KAMAU3amop 3a
2eHepupane Ha 3HAHUL U UHOBAYUU CIMAMUAIA NOOYePMABA 3HAYEHUEMO HA UHCIMUMYYUOHATHUME PAM-
KU, KOUMO NPEeGpbUuiam HAyYHUme 3HAHUs 6 UKOHOMUYecKa u obwecmeena cmounocm. Pezynmamume no-
Kazeam, ue nyoruuHume uH8eCmuyuy @ HayyHu usc1e08anus GYHKYUOHUPAm Kamo Kanumaiooopasysaue,
CIMUMYIUPAWO pacmedica, a He Kamo 3amecmumer Ha YacmHama 0eunocn.

Knrouoeu dymu: ovpoicasnu paszxoou,; HaQyuHOU3CIe008amencKa 0eUHOCH, Pa36otuHa OetHOC, YACHHU UH-
secmuyu, eghexm Ha NPUGIUYAHE; UHOBAYUOHHA NOTUMUKA, eHOO2EHEH PACIENC
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