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This research uses the CDM framework to examine the relationship between R&D investment, innovation activity,
and firm-level productivity. The study provides clear insights into the mechanisms that link innovation and economic
performance by addressing methodological challenges such as selectivity bias and simultaneity. The findings show
that innovative firms experience higher productivity growth, with the impact varying across regions and industries.
The research also defines five stylized facts: the positive influence of firm size and age on innovation, the role of
competition in driving innovation, the importance of workforce qualifications and professional development, the
complementary role of IT investments, and the significant effect of innovation on productivity growth. These insights
form a foundation for policymaking that foster innovation and boost productivity growth.
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Bnnve iHHOBALiHOI aKTUBHOCTI Ha AMHaMiKy NPOAYKTUBHOCTI NpaLi Ha PiBHi NiANPUEMCTB € BaX/IMBOK TEMOID
€KOHOMIYHUX AOCAifKEeHb, OCKI/IbKM iHHOBALLT CbOrOAHI PO3rNSAA0TLCS SK K/OUOBMIA (DaKTOp eKOHOMIYHOTO 3poc-
TaHHA. MeTa LbOro JOC/iKEHHA NOMArae y BUBYEHHI B3AEMO3B'A3KY MK IHBECTULLIAMY B JOCNIIKEHHSA | pO3pOOKU
([iP), iHTEHCMBHICTIO IHHOBAUIHOT aKTMBHOCTI Ta 3apOCTaHHAM NPOAYKTUBHOCTI MpaLji Ha PiBHI NiANPWEMCTB i3 BU-
kopucTtaHHsM CDM mogeni. AKTyasTbHICTb TemMy 06yMOB/IEHa HEOOXIAHICTIO KpaLloro PO3yMiHHS MeXaHi3MmiB, SKi
BM3HA4alTb BNMB iHHOBALLi HA EKOHOMIYHI pe3y/ibTaTu, a TakoX NoTpebor B po3po6Li edpeKTUBHINX NOMITUK AN
CTVMY/OBaHHS iHHOBALLiiHOT akTMBHOCTI. MeToAo/10ria AocimKeHHs 6a3yeTbca Ha 3acTocyBaHHi CDM Mogeni, sika
[l03BO/IAIE BpaxyBaTu K/OHOBI METOLOMOTIYHI BUK/IMKI, 30KpeMa npobsiemy cenekTMBHOCTI Ta ogHodYacHocTi. CDM
MOZe/b BK/oYaEe TpY eTany OLiHIBaHHS CTPYKTYPHOT EKOHOMETPUYHOT MOAENI: YXBa/IeHHS PiLLeHHS NPo IHBECTULT
B [iP, npouec BUpOOHMLTBA 3HaHb Ta OLiHKY €KOHOMIYHOI e(heKTUBHOCTI. 3acToCyBaHHA LiEl Mogeni fgonomarae
OLIHUTK BN/IMB iHBECTULIN Y [iP Ha IHTEHCUBHICTb IHHOBALIAHOT AISNBHOCTI T4, B NIACYMKY, HA MPOAYKTUBHICTL npaL.
Pesynbtati gocnimKeHHs MiATBepAKYHTb, L0 iIHHOBALIIHO aKTUBHI MiANPUEMCTBA Mat0Tb BULL LUAHCKU Ha 3POCTaH-
HA MPOAYKTMBHOCTI NpaLli, NPMYoMy BM/IMB iIHHOBAL|iHOI aKTUBHOCTI BapitOETLCS 3a/1€XKHO Bif, PerioHy Ta rasysi.
3a pesynbrataMu JociMKeHH Byn0 cchopMOBaHO M'ATb CTWUNI30BaHMX (DakTiB (EMMAIPUYHMX 3aKOHOMIPHOCTEW), SIKi
BUCBIT/IIOKOTb K/IIOYOBI YNHHUKM, LLO BNIMBAKOTH HA IHHOBAL,HY aKTUBHICTb: MO3UTUBHWIA BN/IMB PO3MIpy Ta BiKy nia-
NPUEMCTBA, 3HAYMMICTb KOHKYPEHTHOMO CepefoBuLLa, BaXXMBICTb KBaUlidoikawii npawiBHUKIB i MPOHeCiiiHOro po3su-
TKY, PO/ib IHBECTULIN Y iIH(DOPMALLiViHI TEXHOMOFT Ta 3HAYHWI BNAMB IHHOBALLIV HA 3pOCTaHHA NPOAYKTUBHOCTI NpaL.
MpakTuyHa LiHHICTb AOC/IMKEHHS NONAra€e B HafaHHI 06r'PpyHTOBAHNX EMNIPUYHMX AaHWX, SIKi MOXYTb GyTY BUKOpPUC-
TaHi Ans hopMyBaHHS iHHOBALHOI MOMITVKK, 30KpEMA Y CTBOPEHHI YMOB A1 A0CTyny A0 (hiHAHCOBUX PEcypCiB,
MiATPYMKM NPOGIECIViHOTO PO3BMTKY Ta CTUMY/IHOBAHHS BNPOBAKEHHS HOBITHIX TEXHOMOTIN.

Kntouosi cnosa: CDM mogens, AiP, iHHOBaLjii, NPOAYKTUBHICTb, CTU/I30BaHi (hakTu.
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Problem statement. Economic research
has long focused on the relationship between
innovation activity and economic performance.
Yet, significant gaps still need to be in
understanding the mechanisms driving this
relationship at the firm level. While innovation
is widely recognized as a critical determinant of
productivity growth, the interplay between R&D
investments, the intensity of innovation activities,
and their economic outcomes varies across
industries, regions, and firm characteristics.
Existing studies often need to grapple with
methodological challenges such as simultaneity,
endogeneity, and selectivity bias, which can
distort results and hinder the formulation of
reliable policy recommendations.

Firm-level analyses frequently overlook
heterogeneity ininnovation strategies, knowledge
capital, and market structures, leading to
incomplete insights into the factors shaping
the innovation-productivity nexus. The lack of
consistent data frameworks and econometric
approaches further complicates cross-country
comparisons and the identification of universal
patterns. These challenges are particularly
evident in sectors where innovation takes
diverse forms, such as service industries, which
rely heavily on human capital, organizational
innovation, and advanced IT systems.

Addressing these gaps requires a robust
analytical framework that captures the
complexities of firm-level innovation. The CDM
model provides a comprehensive structure for
examining how R&D investment decisions,
the production of knowledge, and the resulting
productivity gains interconnect. By leveraging
this model, the research seeks to address
methodological challenges, explore the factors
driving innovation activity, and offer evidence-
based insights to guide policy interventions that
foster innovation and enhance productivity.

Analysis of recent research and
publications. Economicliterature has thoroughly
explored the role ofinnovation in driving economic
growth. The relationship between innovation and
productivity has been analysed by researchers,
including P. Aghion, B. Crépon, E. Duguet,
H. Loof, J. Mairesse, P. Mohnen, and B. Hall.
Studies focusing on the innovation activities of
Ukrainian firms and methods to stimulate these
have been conducted by researchers such as
V. Gryga, V. Heyets, |. Yegorov, L. Kavunenko,
O. Krasovska, O. Lapko, I. Lukyanenko, and
Y. Ryzhkova.

The purpose of this study is to investigate
the relationship between R&D investment,

innovation activity, and firm-level productivity
using the CDM framework, addressing
methodological challenges and providing
evidence-based insights to inform strategies
that foster innovation and enhance economic
performance.

Presentation of the main research
material. In 1998, French economists Crépon,
Duguet, and Mairesse developed a structural
econometric model based on Zvi Griliches’
knowledge production function to examine
the relationships between R&D investment,
innovation activity, and firm-level productivity
[1, p. 1]. Known as the CDM model, it has
become a workhorse of empirical research
on innovation and productivity, applied to firm-
level data from over 40 countries [2, p. 232]. By
addressing the endogeneity problem, the CDM
model enables a comprehensive analysis of
how R&D decisions, innovation implementation,
and productivity growth interconnect.

Before discussing how to build CDM models,
two key challenges must be addressed:
simultaneity and selectivity bias. Selectivity
bias arises when researchers observe the
dependent variable only under specific, non-
random conditions. In CDM models, this bias
occurs because data on R&D spending and
implemented innovations are available only for
firms that choose to invest in R&D. This creates
endogeneity, as the factors influencing the
decision to innovate also affect the scale and
intensity of innovation activity, leading to biased
and inconsistent ordinary least squares (OLS)
estimates. To resolve this, researchers often
apply the Heckman two-step procedure, which
corrects for selectivity bias and improves the
reliability of model estimates.

Simultaneity arises when regressors and the
dependent variable are mutually interdependent,
complicating estimation. In CDM models,
simultaneity occurs because the same factors
often drive decisions on R&D investment, the
intensity of innovation activities, and productivity.
For example, a positive coefficient for R&D
investment in the knowledge production function
might suggest that higher innovation intensity
leads to more implemented innovations.
However, this could reflect other factors, such
as improved management systems. Similarly,
performance variables may become endogenous
in the production function due to unobservable
factors, such as external shocks or firm-specific
attributes, like management quality, which
correlate with output and innovation. To address
simultaneity, researchers commonly use the
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instrumental variables method. CDM models use
predicted values of dependent variables from
earlier stages as instruments since these values
are uncorrelated with error terms, allowing OLS
to produce unbiased parameter estimates.
The CDM framework, organized into three
stages, addresses both simultaneity and
selectivity issues, ensuring robust and reliable
econometric results.

The CDM framework unfolds in three stages:

— Investment Decision: In the first stage,
firms decide whether to invest in R&D and
the scale of such investments. This decision
depends on profitability expectations, precisely
the net present value of cash flows from R&D,
which must be positive. Firms will only proceed if
the anticipated returns are within zero.

— Knowledge Production: The second
stage focuses on the knowledge production
function, linking R&D investments to measurable
outcomes. Depending on the research objectives
and available data, performance indicators may
include the sales volume of innovative products,
the number of registered patents, or the count of
implemented innovations.

— Economic Efficiency. The third stage
estimates an extended Cobb-Douglas production
function to assess the relationship between
innovation outcomes and economic efficiency.
Labor productivity is typically the primary metric,
offering insights into how innovation contributes
to performance improvements.

Most econometric studies using the CDM
approach rely on microdata from the Community
Innovation Survey (CIS) [5]. While these studies
share a common methodological framework,
they differ significantly in the variables analyzed
and the econometric techniques applied. Some
studies assess economic efficiency through
profitability metrics, while others focus on factor
productivity, allowing for comparisons across

different adaptations of the CDM framework.
Research rooted in the Schumpeterian tradition
often examines how the firm size and market
structure influence innovation activity. Based
on Schumpeter’s hypothesis, this approach
suggests that larger firms in concentrated
markets are more likely to innovate.

Schumpeter’s first hypothesis suggests that
a firm’s innovation activity increases with its size
[6, p. 153]. However, empirical studies provide
a more nuanced perspective, showing that
innovation often grows faster than the firm does.
Several factors contribute to this relationship.
Larger firms typically enjoy better access to
financial resources and are more likely to attract
venture capital. The knowledge production
function may also exhibit increasing returns to
scale, amplifying innovation outcomes. Since
innovation costs are largely fixed, their relative
proportion in unit production costs decreases
as production scales up, creating additional
incentives for innovation.

Empirical research identifies firm size as a
critical factor in innovation activity. However,
evidence on the intensity of innovation remains
mixed. Early studies, which supported the
idea that R&D spending increases faster than
firm size, often used surveys with fewer than
1,000 firms and failed to account for unobserved
heterogeneity at the sectoral and firm levels,
potentially leading to biased results. More
recent studies using more extensive datasets
and incorporating sector-specific characteristics
have produced conflicting findings, highlighting
the need to address structural heterogeneity
when analyzing the link between firm size and
innovation intensity.

Recent studies show a proportional
relationship between R&D spending and firm
size. For example, researchers found a negative
correlation between firm size and innovation

Stage 1: Stage 2: Stage 3:
Investment Decision Knowledge Production Economic Efficiency
R&D investment Innovation intensity Productivity growth
T T
Factors

Firm size Workforce skills
Firm age Professional development
Market structure Information Technologies

Figure 1. The CDM framework
Source: created by the author based on [3, p. 292; 4, p. 510]
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activity, with total innovation spending steadily
rising as firms grow, but its intensity remaining
unchanged. These findings were formalized as
a stylized fact and further validated by evidence
showing that the intensity of innovation spending
is independent of firm size. Research using the
CDM approach also demonstrates that firm
size significantly affects innovation activity,
though the effect is smaller for service firms
than industrial firms. For product innovation,
the marginal effect ranged from 16% for
SMEs to 77% for large firms, while for process
innovation, it ranged from 17% to 69% [7, p.
145]. Schumpeterian economic growth models
typically show a positive correlation between
firm size and age [8, p. 537]. These findings
support the first stylized fact: firm size and
age growth positively influence the likelihood
of a firm investing in R&D and the intensity of
innovation activity.

The second Schumpeterian hypothesis
suggests that market power encourages firms to
innovate by anticipating future monopoly rents.
This mechanism is formalized in first-generation
endogenous growth models, which indicate that
increased competition reduces the potential rents
for monopolists, discouraging innovation and
slowing economic growth. However, empirical
studies challenge these theoretical conclusions.
A positive correlation has been found between
market concentration and innovation intensity
among British firms, which can be explained
by an extended Schumpeterian model where
competition fosters innovation [9, p. 560]. This
model distinguishes between two innovation
strategies: leaders and followers, both engaging
in a step-by-step innovation mechanism, where
the follower first adopts the leader’s technology
and then seeks cost leadership.

Thus, competition produces two opposing
effects: the Schumpeterian effect, which
encourages innovation to capture monopoly
rents, and the competition-avoidance effect,
where firms innovate to avoid direct competition,
asin a Bertrand competition model. These effects
create an inverse U-shaped relationship between
competition levels and innovation activity [10].
In models depicting this U-shape, firms innovate
to increase the difference between post-
innovation rents and pre-innovation rents rather
than the absolute size of those rents. A key
distinction in these updated Schumpeterian
models is that innovation is not confined to new
firms; incumbent firms also engage in innovation,
thus potentially allowing increased competition
to stimulate innovation.

Empirical evidence from developed countries
generally supports this inverse U-shaped
relationship between market competition and
innovation intensity. Data from a U.S. survey
of firms between 1976 and 2001 confirms this
hypothesis [11, p. 1666]. A similar relationship
is observed in Swedish joint ventures, where
increased competition shifts innovation activity
towards acquiring new knowledge from internal
sources. For SMEs, this trend encourages the
formation of strategic alliances and increases
innovation spending. Research on Swiss firms
shows that when initial competition levels are
low, an increase in competitors raises the
likelihood of innovation, with the Schumpeterian
effect prevailing at higher competition levels and
the competition-avoidance effect at lower levels
[12, p. 679]. These findings support the second
stylized fact. a competitive market environment
positively influences the likelihood of a firm
investing in innovation and the intensity of such
activities.

Recent studies using the CDM approach
examine factors influencing innovation activity,
including human capital and advanced IT.
The proportion of employees with higher
education and indicators such as investment
in professional development and employee
participation in training often measure human
capital. However, no conclusive evidence
establishes a statistically significant impact
of human capital on innovation activity.
For example, a study of Finnish companies
found that employees’ technical skills positively
affected innovation implementation, while a
study of German firms found no such correlation.
Similarly, empirical research shows no clear link
between the number of training sessions and
innovation outcomes. In Australian firms, training
positively affected innovation in SMEs but not in
larger firms [13, p. 968]. These findings support
the third stylized fact: workforce qualifications and
professional development positively influence
the likelihood of a firm investing in innovation
and the intensity of such activities.

Studies suggest that investments in IT
complement human capital in driving innovation.
For example, Japanese SMEs using advanced
IT are 11% more likely to implement innovations
than those relying on traditional technologies.
Additional investments in innovation increase this
likelihood by 17 percentage points, bringing it to
28% [14, p. 174]. In a study of 7,302 firms across
25 European countries, electronic business
technologies raise the likelihood of sales growth
by 15%, while IT-related innovations boost
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it to 40% [15, p. 1324]. IT use, which enables
more flexible organizational structures, has also
significantly affected innovation. A 10% increase
in IT investment raises the probability of product
innovation by 7.2% and process innovation
by 8.4% [16, p. 345]. In the UK, firms using
advanced IT are 6% more likely to introduce new
products and 9% more likely to introduce new
processes [17, p. 693]. In Estonia, Lithuania,
Latvia, and Poland, advanced IT increases the
likelihood of product innovations by 2% and
process innovations by 3% [18, p. 469]. These
results support the fourth stylized fact: the use of
advanced IT positively influences the likelihood
of a firm investing in innovation and the intensity
of those activities.

The final stage of the CDM approach models
the relationship between innovation activity and
its economic effectiveness. By examining the
innovation-productivity link at the micro level, the
model captures sources of heterogeneity that
aggregate analysis may miss. Firms adapt to
their environments by adopting mixed innovation
strategies, and micro-level analysis allows
for modeling the channels through which
knowledge assets influence productivity.

Inthe third stage, the CDM model analyzes the
link between innovation and productivity using
an extended Cobb-Douglas production function
incorporating knowledge capital. Researchers
often measure knowledge capital as the stock
of past R&D investments, though newer data
sources, such as innovation activity surveys,
have introduced alternative proxies. These
refinements broaden the scope for evaluating
how innovation drives productivity.

Knowledge capital influences profit and
productivity through two key channels: directly,
by improving productivity, and indirectly, by
shifting the demand curve for a product. The first
channel involves process and organizational
innovations; the second concerns product and
marketing innovations. To assess the impact
of these innovations on productivity growth,
empirical models often include a dummy
variable derived from innovation surveys, with
profit per employee as the dependent variable.
Independent variables typically include the
number of employees and a proxy for innovation
activity.

A review of studies on the link between
innovation and productivity using the CDM
approach highlights the limitations of cross-
sectional data, which hinder the ability to capture
dynamic effects. While innovation surveys
typically combine three years of data on firms’

innovation activities and economic performance,
the inability to create panel data restricts most
analyses to a static framework.

The RMMP model, one of the first dynamic
CDM models, accounts for individual effects
and idiosyncratic errors, confirming a robust
causal link between innovation activity and labor
productivity [19, p. 301]. Using data from firms in
the Netherlands and France, the model shows
that the probability of productivity growth for
Western European firms rises by 9% to 13% with
each innovation implemented. This probability
is significantly higher in knowledge-intensive
services, ranging from 23% to 29%, compared
with around 9% in less knowledge-intensive
services. For the typical Western European
service firm, a 10% increase in implemented
innovations is linked to a 9% rise in the likelihood
of productivity growth [20, p. 184].

The link between innovation and productivity
has drawn significant attention across sectors.
In Sweden, a 1% rise in innovation activity
is associated with a 9% average increase in
the likelihood of productivity growth, although
the exclusion of unprofitable firms may skew
the results [21, p. 336]. Studies of Italian
firms show a feedback loop: past productivity
shapes innovation intensity, which drives future
productivity. The innovation here boosts the
probability of productivity growth by 11% on
average [22, p. 451-454], underscoring its
dual role as both a cause and consequence of
economic performance.

Regional studies show substantial variation
in the strength of the innovation-productivity
link, shaped by market conditions and local
innovation ecosystems. For instance, in the
Netherlands, service firms experience a 13%
increase in productivity growth probability [23,
p. 384], while in the United States, innovation in
business services boosts productivity by about
20% [24, p. 57]. Firms in technology-intensive
industries generally achieve higher returns from
innovation than those in less knowledge-driven
sectors. Overall, the evidence underscores
the critical role of innovation as a driver of
productivity growth, particularly in knowledge-
intensive sectors.

Technology intensity also plays a role.
In France, IT-focused R&D proves especially
fruitful. A 1% increase in R&D spending boosts
the probabilities of product innovation by 34%,
process innovation by 22% and productivity
growth by 39% [7, p. 150]. In China, cost-
saving service innovations raise productivity
growth likelihood by 10% [25, p. 1599]. These
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results underline innovation’s strong but varied
effects on productivity, shaped by regional and
sectoral contexts. Thus, the final fifth stylized
fact is that the implementation of innovations
by a firm positively and statistically significantly
influences the likelihood of productivity
growth.

Conclusions. This research highlights the
crucial role of innovation in driving firm-level
productivity growth, supported by evidence from
applying the CDM framework across various
contexts. The CDM model provides valuable
insights into the mechanisms linking R&D
investment, innovation intensity, and economic
performance by addressing challenges such as
selectivity bias and simultaneity. The findings
confirm that firms engaging in innovation
consistently experience higher probabilities of
productivity growth, with the magnitude of this
impact varying across regions, industries, and
technological intensities.

In this research, we defined five stylized facts
summarizing key insights into the relationship
between innovation and productivity. First, firm
size and age positively influence innovation.
Larger and older firms allocate more resources
to innovation, benefiting from economies of
scale, better access to financial resources, and
experience, while R&D intensity remains steady.

Second, a competitive market environment
fosters innovation, creating an inverse U-shaped
relationship where moderate competition
drives innovation, but extreme competition or
market concentration limits it. Third, workforce
qualifications and professional development
enhance innovation, with skilled employees and
investments in training increasing innovation
activity, although the impacts vary by sector
and firm size. Fourth, advanced IT investments
complement innovation by enabling flexible
structures and improving processes, especially
in knowledge-intensive sectors. Fifth, innovation
significantly drives productivity growth, with a
1% increase in innovation activity raising the
likelihood of productivity growth by 23% on
average.

Thesestylizedfactsunderscoretheimportance
of innovation in economic development and
provide a foundation for targeted policymaking.
Addressing structural barriers, improving access
to financial resources, and promoting R&D
collaboration are critical steps for fostering
innovation and unlocking productivity growth
across industries and regions. This study
contributes valuable empirical insights that
can inform policy design and implementation
and deepen understanding of the innovation-
productivity nexus.
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