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ABSTRACT

Public intervention to support knowledge generation is recognized as a fundamental strategy
that enables the closing the gap between latecomers and forerunners economies. Evaluations
and academic studies have been conducted on a wide variety of interventions and rapidly
expanded what is known about these policies instruments. However, much of the evidence
report conflicting results and can lead to misunderstandings about the potential of these
interventions. This article offers a systematic review and a critical discussion of what the
literature has to say about the effectiveness of these instruments. It is argued that learning
about the effectiveness of interventions requires a capacity to seize and interpret its effects.
Specifically, two critical factors are emphasized to understand the potential of these policies,
which are their sequence of implementation and the context-dependence of interventions.
Since none of these issues has been investigated in-depth, some aspects are discussed to guide

future evaluations.
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1. Introduction

The production of knowledge that enables eliminating gaps between latecomers and
forerunners countries is essential to the catch-up process (ABRAMOVITZ, 1986).
These attempts are undertaken in a world characterized by cumulative polarization
between rich and poor economies, in terms of innovative intensity (CASTELLACCI,
2011) and persistent heterogeneity in Research and Development (R&D) intensities
among firms in the same sector (COAD, 2019). Furthermore, in contexts of
increasing returns and technological asymmetries, the absence of public policies
is enough to result in the intensification of this process of divergence (CIMOLI;
PEREIMA; PORCILE, 2019).

The catch-up theoretical framework argues that policies focused on correcting
market failures are insufficient to generate the level of knowledge required to free
latecomers from the middle-income trap, given the existence of further failures in the
catch-up process (ABRAMOVITZ, 1986). The approach proposed by Lee (2019)
addresses three main flaws, namely: the “capability failure”, due to the intrinsic
difficulty of building innovation capabilities; the “system failure”, which results
from missing or weak connections among actors; and the “size failure”, caused by
the lack of world-class businesses.

Once the existence of these failures is recognized, evaluations need to inform
what works in policymaking and be more efficient and effective in designing future
instruments.! Nevertheless, the multidimensional nature of the catch-up phenomenon
is a notorious challenge in the evaluation of these instruments. Three factors lead to
the need to undertake the evaluations. First, there are several possible outcomes, and
the effects are strongly context-dependent, which means that the impacts tend to
appear only under certain conditions. Second, the relevant criteria used in assessing
the effectiveness of these policies have changed over time and also the locations
where they are applied.? Third, the complex combination of policy instruments
necessary to deal with the various dimensions of capabilities of firms and industries.
The reasoning of this combination depends on the targets to be achieved and vary
according to the stage of income status in the transition.

Although recent evaluations have expanded what is known about policy

instruments, systematic attempts to take advantage of these advances are remarkably
1 This article uses “evaluation” in a broad sense, including commissioned studies to conclude on the effectiveness of policies and

academic investigations on intervention-specific issues.

2 Korea is an illustrative example shifting its emphasis from tariffs to R&D subsidies, in the late 1980s (LEE, 2019).
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scarce. Moreover, much of the evidence report conflicting results and can lead to
misunderstandings about the potential of these interventions. This article fills this
gap by offering a review of what the literature has to say about the effectiveness of
policies for knowledge generation and critically discusses the potential of evaluating
these instruments in the catch-up process. Therefore, the approach is motived by
Lee (2019) more as an analytical framework for evaluating these interventions than
a normative framework. The article does not provide an exhaustive review of the
literature which is significantly wide and comprehensive. Rather, it focuses on recent
literature sourced mostly from leading journals.

The paper is structured as follows: Section 2 describes the policies instruments
and review of the empirical literature. Section 3 presents the key findings of the
review of the existing empirical literature. Some remaining questions and challenges
for future research are examined in Section 4. Section 5 summarises the conclusions

and discusses the implications.
2. Scope of policies, rationale, and evidence

According to traditional economic rationale, the need for policies to promote
knowledge production is due to the existence of market failures. In these situations,
given the character of public good of the knowledge, firms are prohibited from fully
appropriating the returns to innovation and tend to underinvest in R&D, when
compared to a socially optimal level.

In parallel with this stem of research, the catch-up framework has made
significant advances in a conceptual framework that addresses additional obstacles
that arise when latecomers attempt closing the knowledge gap with forerunners
(LEE, 2016, 2019). These advances represent a portion of an emerging body of
work committed to finding “binding constraints” of countries, according to their
income levels and structural differences (RODRIK, 2006) in contrast to attempts
of the mainstream to find a universal factor for economic growth.

This article addresses three failures in the knowledge generation in latecomers
that radically differ from this conventional view (LEE, 2019). In this context,
policies for knowledge generation are justified by the presence of capability failures
that hinder the enhancement of the innovation capabilities, the system failure
caused by the lack of collaboration between members of an innovation system and
the size failure that results from the lack of large firms in the generation, market
introduction and diffusion of innovation. Despite the wide variety of classification
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of policy interventions, this section reviews the instruments according to these
failures and organises the set of studies into logical subsets, through a classification
of innovations instruments proposed by Edler ez /. (2016a).’

2.1 Policies for capability failure

The incentives for private R&D are based on the rationale that activities related to
R&D generate knowledge spillovers, a critical phenomenon for latecomers countries,
where firms have a low R&D capability. Accordingly, the incentives are required
due to the chance of underinvestment in R&D, which is caused by the scarcity of
capital, the predominance of imperfectly competitive industries and obstacles to the
diffusion of knowledge (LEE, 2019). In these economies, private efforts in R&D
are required not only for the further absorptive capacity of advanced technologies,
but also for building capacities.

There are two main instruments to encourage private investment in R&D. The
tax incentives that comprise indirect mechanisms to support R&D and the direct
government funding for private R&D, through grants and contracts. The former is
a more market-oriented approach because the firm chooses the moment and the
level of investment.

The provision of tax incentives to stimulate private R&D has become an
increasingly popular policy in the past decade.* Developed countries have a long
tradition of operating these instruments, but they are also widely adopted in
emerging countries such as Brazil, Russia, India, China, and South Africa. Given
that building innovation capabilities through R&D involves uncertainty of results
and asymmetries of information, financial institutions tend to avoid committing
operations to this type of effort. Accessing tax incentives changes the incentive
structure faced by firms, by lowering the costs of private R&D (tax burden or other
types of mandatory contributions by law). They are delivered only after the R&D
activity has been undertaken (LAREDO; KOHLER; RAMMER, 2016).

Regarding the effectiveness of R&D tax incentives, there is a large amount of
evidence that tax credits have a significant positive effect on R&D expenditure, both
short and long term.” The extent of these positive input effects varies according to
the country, estimation method and model specification. Table 1 lists some relevant

studies consulted for this review.

3 For the sake of objectivity, many auxiliary interventions are absent, for example, the demand-oriented policies.
4 Among OECD members, R&D tax incentives is adopted by more than 20 countries.

5 Similar conclusions are observed in recent literature reviews (BECKER, 2015; LAREDO; KOHLER; RAMMER, 2016).
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TABLE 1
Overview of some key contributions on input additionality of R&D tax incentives

Autor | Period Industry Country Main results
Duguet 1998-2006 Manufacturing  France Each € 1 of tax credit generate €
(2012) and services 2.33 of private R&D
McKenzie 1979-1997  Manufacturing 9 OECD In the short-run elasticity ranging
and Sershun countries from -0.15 to -0.28 and the
(2010) long-run elasticity from -0.58 to
-0.83
Lokshin and 1996-2004 Manufacturing Netherlands  In the short-run elasticity is
Mohnen and services the order of 0.2-0.5 and the
(2012) long-run elasticity of the order of
0.54-0.79
Mulkay and 2000-2007 Manufacturing France Dynamic R&D demand function
Mairesse and services with a preferred estimate of -0.4
(2013) for the long run elasticity of the
user cost of R&D capital
Guceri (2013)  1998-2006 Manufacturing UK Treatment group increased
their R&D spending by more
than 18%, implying a user cost
elasticity of 1.35
Westmore 1983-2008 Manufacturing 19 OECD  There is a positive relationship
(2013) and services countries between R&D tax incentives and
private R&D spending in the
short and in the long term
Kobayashi 2009 SME:s in Japan R&D tax credits induce an
(2014) onstruction, increase in SMEs” R&D
manufacturing, expenditure in 100% compared
services to control group
Dechezleprétre  2006-2011  Universe of UK The elasticity of R&D with
et al. (2016) SME firms respect to its tax-adjusted user
cost of about 2.6. The policy
stimulates £1.7 of R&D for every
£1 of taxpayer subsidy
Freitas et al. 2004- 2008 Manufacturing Norway, Industries with high R&D
(2017) Italy and orientation have higher
France propensity to apply to R&D tax

incentives and stronger input and
output additionality effects.

Source: Own elaboration.

This evidence is the main source of information that supports a framework for

design and implement policies to knowledge generation in latecomers, even if the

obstacles in the transposition of these instruments are recognized. This overview
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reveals some caveats, when moving from these results to policy. First, these incentives
are usually implemented at the national level in the context of national taxation laws,
which restricts the evaluation of its effect under the specific legislative situation in
that country. Second, the tax incentive is not a guarantee of effects on innovation
as firms can re-label existing activities as R&D to take advantage of tax credits or
just expand very low-quality R&D projects (DECHEZLEPRETRE ez /., 2016).
Regarding the latter limitation, evaluations of input additionality — the effect of
the tax incentive on increasing private R&D expenditure — must be supplemented
with outpur additionality — the contribution to tax incentives on innovation and
economic impact.°®

Evaluations of the effects of R&D tax incentives on output additionality show
that these instruments increase the probability of introducing new-to-the-firm
products and new processes (CAPPELEN; RAKNERUD; RYBALKA, 2012); new-to-
the-market products (FALK, 2009); and new-to-the-world and a new-to-the-market
product (CZARNITZKI; HANEL; ROSA, 2011). Positive effects of tax incentives
on output additionality are also found when measured by the turnover from new
products (FREITAS ez al., 2017); patenting value (DECHEZLEPRETRE et /.,
2016); and flow of patents in the short and the long run (WESTMORE, 2013).

In addition to the indirect incentives, many direct instruments for promoting
private R&D fill the toolkit of policymakers and are related to a long tradition in
public policies. The rationale for direct subsidies to private R&D is to stimulate
innovation that leads to the production of new marketable products, processes, or
services. The literature on the effectiveness of direct R&D support is extensive and
covers a wide range of topics. One of the main surveys of the body of available
studies accumulated over 35 years states that econometric evidence is ambivalent and
there are crowding-out effects (DAVID; HALL; TOOLE, 2000). Garcia-Quevedo
(2004) meta-analysis finds similar results and argues that the relationship between
R&D public funding and private R&D expenditure are difficult to reconcile due
to its fundamentally empirical and descriptive nature.

However, the post-2000 empirical literature generally finds positive effects
of public R&D subsidies on private R&D investment. One explanation for this
revision is the effort to overcome the problems of sample selection bias using
new econometric techniques for this purpose (BECKER, 2015). Another possible
explanation is the improvement in the effectiveness of this policy tool over time

(KLETTE; MOEN, 2012).

6 Despite the scant evaluation of output additionality, the topic has received increasing attention from the literature in the recent
period (LAREDO; KOHLER; RAMMER, 2016).
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Accordingly, this growing literature finds additionality effects and rejects the
hypothesis of crowding-out effects (BRONZINI; PISELLIL, 2016; CARBONI, 2017;
CERULLI; POTI, 2012; CHOI; LEE, 2017; HUERGO; TRENADO; UBIERNA,
2016; LE; JAFFE, 2017). A survey on the effect of public subsidies on firm R&D
investment reveals limitation since the data most available come from studies
performed in the short term, at the firm level and focused on the manufacturing
sector (ZUNIGA-VICENTE ez al., 2014). A further limitation, and critical for
the scope of this article, is that most of these studies are the result of experiments
conducted in developed countries.”

The scant evidence from developing countries shows that public support is
an eflicient tool to improve innovation performance of firms in Turkey and Poland
(SZCZYGIELSKI et al., 2017); generate significantly higher technological and
commercialized innovation outputs in Small and Medium Enterprises (SMEs) in
China (GUO; GUO; JIANG, 2016); reduce the probability of abandoning an
R&D project due to economic crisis of 2008 in Latin America (PAUNOV, 2012).
However, evidence from Brazil reveals that the adoption of a very wide variety of
instruments could compromise the effectiveness of government support and raises
doubts about the complementary character of government resources to support
R&D (ROCHA, 2015).

The overview of evidence regarding fiscal incentives and direct support
reveals that the effectiveness of these instruments can be enhanced when they are
implemented in a coordinated manner since the former is more effective as a short-
run intervention and the latter is more effective in medium to long-run strategies
(BECKER, 2015). Furthermore, despite the emphasis on the supply side of these
instruments, it is necessary to recognize the complementarity exercised by policies

on the demand side in the success of these interventions.
2.2 Policies for system failures

System failures occur when missing or weak connections (and synergies) among
actors produce poor performance of an entire National Innovation System (NIS)
(LEE, 2019). According to the Schumpeterian tradition, this system is defined by
firms, universities, public research laboratories, government agencies and financial
institutions that interact in the generation, diffusion, and use of new and economically
useful knowledge.

7 For an expanded overview of this evidence, see Cunningham et al. (2016).
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These system interactions have been extensively investigated in advanced
countries but, still need to be fully understood in emerging and less developed
countries, given the specifics of their firms and universities (ALBUQUERQUE ez
al., 2015). In the initial stages of development, there is a lack of interaction between
scientific and technological knowledge and institutions that catalyse this interaction
are required to overcome specific thresholds (BERNARDES; ALBUQUERQUE,
2003). Accordingly, given the immaturity of the NIS for the mutual transformation
of scientific and technological knowledge, evidence shows that the latter — rather than
the former — matters directly for economic growth in latecomers (KIM; LEE, 2015).

The system failure is also described as the situation in which nations build
up a certain level of capacity and the virtuous circle related to the functioning of
dynamic complementarities does not work.® This arises from the mismatches or
misalignments in the accumulation of tacit knowledge among the NIS agents,
which result in an increase in their cognitive distance and a vicious circle of low
interaction and learning (LEE, 2019). To tackle this failure, policymakers suggest
instruments both within an established system that is in the process of transformation
and for an entirely new system. These instruments are designed to improve systemic
capabilities and complementarities between the NIS components and aim to change
their behaviour, encouraging more university-industry interactions, or between large
and small firms (EDLER et 4/., 2016b).

A systematic review of studies investigating public interventions aiming to
enhance collaborative activities reveals a positive relationship between government
subsidies and collaborative R&D between firms (CUNNINGHAM; GOK, 2016).
These studies are heterogeneous in terms of scope and results, but a careful analysis
reveals three main groups. First, we find the studies that identify the effects of
government subsidies on the design of collaborations and encourage firms to undertake
domestic upstream and downstream partners (KANG; PARK, 2012); expand their
external collaboration breadth (CHAPMAN; LUCENA; AFCHA, 2018); and work
with a heterogeneous range of partners (AHN; LEE; MORTARA, 2020).

The second group of studies deals with the mismatches among the NIS
agents and its results reveal that the supporting collaboration is associated with
academic researchers’ industrial activity (BOZEMAN; GAUGHAN, 2007);
the higher probability of firm cooperation with a public research organisation
(BUSOM; FERNANDEZ-RIBAS, 2008); and increase the rate of agreements

8 In the same way that “institutional failures” can precede or reinforce the existence of “system failures”, which would require

policies to correct this shortcoming.
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between manufacturing firms and universities or technological centres (AFCHA
CHAVEZ, 2011).

The third group of studies output effects and report the collaborative R&D
on firm increasing R&D spending (ARRANZ; ARROYABE, 2008); increasing
the probability of patenting (CZARNITZKI; EBERSBERGER; FIER, 2007);
and greater propensity to establish R&D agreements (SEGARRA-BLASCO;
ARAUZO-CAROD, 2008). The increase in spending also generates spillovers effects,
given the increase in R&D spending in other firms (WATANABE; KISHIOKA;
NAGAMATSU, 2004). According to Hottenrott and Lopes-Bento (2014),
public subsidies are even more effective in generating R&D spending in cases of
international collaboration. Calofli et al (2018) show that the expected results
of public subsidies over time depend on the characteristics of the beneficiaries.
SMEs with some prior R&D experience increase the amount of spontaneous R&D
investment and firms with modest R&D experience produce an increasing number
of R&D-performing SMEs.

2.3 Policies for size failure

The lack of world-class businesses in developing countries is conceptually defined
as “size failure”. Within these contexts, the market space that would be occupied
by large companies (as in developed countries) is filled by small and medium-
sized firms, which are perceived as an insufhicient organizational form in leading
a transition from middle- to high-income status. The Schumpeterian legacy states
that large and quasi-monopolistic firms are the businesses model capable to exploit
economies of scale and scope. Thus, the need for large companies in this transition
is due to their ability to achieve high levels of knowledge production and capacity
to undertake R&D and marketing activities with higher value-added (LEE, 2019).

Despite this rationale, the benefits of big business are a controversial topic
and its results in terms of social welfare are far from a consensus among scholars.
For instance, Fogel, Uyarra and Larangja (2008) find faster economic growth in
countries where big business is less stable over time. Moreover, the big business
stability occurs where governments are larger, civil codes hold sway, red tape is
denser, banks are more dominant, and the economy is less open to global.

A critical issue in this debate is the lack of a well-established toolkit for this
policy goal, which results in a relative scarcity of evaluations of its effectiveness.

Generally, the instruments to encourage the growth and consolidation of large
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companies are designed and implemented within the scope of trade, competition
and regulations policies and their public intentionality is not observed. For this
article, this section reviews the effectiveness of policies designed to building capacity,
especially in promoting R&D through fiscal incentives and direct support.

Guceri (2013) study on R&D tax incentive scheme in the UK shows that
large firms increased their R&D spending by more than an additional 18% in
comparison to the SME control group. In a similar study, Bond and Guceri (2012)
found effects of the UK R&D Tax Relief for large firms in increasing the intensity of
R&D, albeit almost wholly concentrated in high tech sub-sectors of manufacturing.

The effectiveness of R&D tax incentive schemes requires special attention when
the time dimension is included in the analysis since the effects and outcomes of
these activities are long-run. Lokshin and Mohnen (2012) examine the effects of
the Dutch scheme and find that input additionality diminishes over time, hence
the crowding out of private R&D can only be averted for small firms, while the
scheme becomes ineffective in large firms.

As in the case of fiscal incentives, the evidence of direct support is mixed
and not clear-cut. According to some authors, the additionality effect is observed
differently depending on the size of the company. Lach (2002) — using data from
the Israeli manufacturing sector — shows increased R&D spending for small firms
and decreases for large firms. Lenihan and Hart (2006) developed an approach to
estimate the net additionality and found a higher deadweight for larger domestic
firms, that is, the investments on R&D would have occurred regardless of subsidies.

Another stream of research reports positive effects of direct support for large
firms, although the effect on R&D intensity is more significant for small firms
(PAUNOV, 2012). Cerulli and Poti (2012) in a firm-level study suggests that the
Italian R&D policy instrument has been successful in promoting both input and
output additionality and firms with higher performances are generally larger.

In cases where the policy outcomes are measured by new products and services,
Hujer and Radic” (2005) study of the German Federal Employment Office shows a
significant effect for large firms. Herrera and Bravo Ibarra (2010), when comparing
R&D subsidies according to firm size, conclude that large firms only show a positive
and significant effect on in-house technology generation and R&D subsidies have

a positive, significant effect only on the tendency to patenting of large firms.
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3. Summary and discussion

Arguments in defence of evidence-based policies have proliferated in the past decades
and have had a deep impact on government bureaucracies, academic institutions, and
the media. According to this movement, evidence matters for public policymaking
and perform a critical role in demonstrating “what works”. However, science-based
policies are threatened by the “politicisation of science”, where political interests
appear to drive the corrupt to shape or cherry-picking the evidence (PARKHURST,
2017). Hence, scholars have proposed a toolkit that aims to guide policymakers
in various aspects of interventions, based on existing evidence (BLOOM; VAN
REENEN; WILLIAMS, 2019).

Despite this apparent consensus, another strand of academics is critical of the
notion that public policymaking can be based on evidence alone. These critical voices
argue that social policies involve trade-offs between several competing social values
and only a minor group of political decisions can be limited to decisions based
exclusively on technical evidence of the effects of interventions. In contrast, these
scholars are worried about the “depoliticisation of politics”, given that the emphasis
on evidence-based can obscure or marginalize social values (PARKHURST, 2017).

In terms of policies for the catch-up, although practices in forerunners usually
provide a model, the needs of latecomers countries inevitably differ in various and
important ways from the existing templates (MAZZOLENI; NELSON, 2007).
This can be illustrated by the paradox that states “to be similar, you've got to be
different” (LEE, 2019) which means that long-term success requires a different path
from that adopted by developed countries.

According to Parkhurst (2017), these views are not seen as mutually exclusive
since they are based on normative rather than on epistemological differences. Thus,
a pragmatic view tends to recognize that both sets of values are important goals to
deal with initiatives to improve the use of evidence within the catch-up process.

Despite the deeper implications of both sets of values, a first conclusion from
the extant literature is that much of the evidence is invariably context-dependent,
and lessons for latecomers contexts need to be in perspective. However, this fact
does not prevent this evidence from being a basis for guiding the efforts for catch-up
policy efforts in latecomers. Table 2 synthesizes these judgements according to the

failure and reveals the identified variations in terms of quality and conclusiveness.
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TABLE 2
Summary of instruments and evidence judgements

) " Availability of Accuracy of
Failure Instrument Time frame . y X <y
evidence evidence
Capabilities Tax incentives Short run ) ece
Direct funding Medium run ee0 ee0
System Subsidies to Medium run
; YY) 000
collaboration
Size Fiscal incentives Medium run ee0 €00
Direct support Long run ®00 ©00

Source: Own elaboration.

Note: ®®® = major presence, 80 = moderate presence and ®00 = minor presence.

Policies to deal with capability failure are the interventions most supported by
evidence from policy instruments. Evaluations show that R&D tax incentives and
direct funding increased business R&D expenditure over time (input additionality).
There are positive effects of R&D tax incentive on output additionality, especially
for products and processes, but the evidence for direct funding is limited and
contradictory. In both cases, these effects vary greatly depending on the country,
sectors, period and method used. Therefore, this context-dependent characteristic of
the instruments makes careful examination necessary before their implementation
in latecomers since most of the evidence comes from developed countries.

System failures are overcome by instruments such as subsidies to collaborative
R&D and reviewed studies present significant evidence of their effectiveness. In terms
of input additionality, government subsidies have strong effects on collaborative R&D
between firms. The evaluations also report a wide range of output additionality from
these subsidies, which are broadly defined and measured. Policymaking based on
this evidence requires caution since the evidence comes from developed innovation
systems and the effects are limited to the target group, not to broader populations
of firms.

The instruments to tackle the size failure are the most contradictory among the
groups investigated. Despite some studies finding positive input additionality, most
reveal that fiscal incentives and direct support to large firms become ineffective when
the time dimension is included. These results impose a dilemma for policymakers
since small firms seem to respond more positively to government support than large
companies (CRISCUOLO ez 4l., 2019). However, the focus on small firms can

limit the emergence of large companies since entrepreneurs are discouraged from
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expanding beyond thresholds that disqualify them from these subsidies (BLOOM;
VAN REENEN; WILLIAMS, 2019).

The R&D activities undertaken by large firms when compared to SME have
characteristics that change their performance in response to government support.
First, since R&D is characterized by indivisibilities and minimum size, projects
of all types and complexities are more likely to become feasible in the context of
large firms. Second, R&D activities also involve high fixed costs and large firms are
better able to absorb the spreading effects of fixed costs due to their larger scale of
production. Third, large firms are more capable to capture the spillovers from R&D
activities given the effectiveness of protecting their intellectual property. Ultimately,
large firms are endowed with a structure that enables them to secure funding for

risky projects given capital market imperfections.
3.1 Interaction between instruments

This summary leads us to question the consequences of the interplay between
instruments and their effects on the outcomes of the policy intervention. The
question that arises is whether there are effects from the combination of policy
instruments, since interactions can turn into “complementarities”, when the presence
of one instrument increases the effectiveness of another, or “trade-offs”, where one
instrument attenuates the influence of another (EDLER ez a/., 2016¢).

During policy enforcement, it is evident to assume that both possibilities
for interaction often occur. Meanwhile, the evaluations of policy instruments are
largely done in isolation and extant evidence on the interplay of policy instruments
is extremely rare. Accordingly, little efforts have been devoted to producing meta-
evaluation of these country evaluations. A comparative study commissioned by the
European Commission’s Research Directorate-General found no analysis concerning
the overall effects of policy mixes and interplay of instruments (CUNNINGHAM
et al., 20106).

The extent to which these instruments can achieve synergies and positive
complementarities and the mechanisms to minimise negative interactions between
instruments are a topic with increasing attention among policymakers. The discussion
on this phenomenon has been organized around the so-called “policy mix” and refers
to the combination of policy instruments which interact to influence the quantity

and quality of interventions, both in public and private sectors.
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The main idea is that a policy mix is more than simply a portfolio of instruments
and the appropriate understanding of the evolution of policy mixes is a precondition
to any evaluation. The conceptual mechanism proposed by Flanagan, Uyarra and
Larangja (2010) argues that policy mix interactions can occur across the policy
environment, which is embodied by different policy sub-systems, between different
levels of governance, across geographical space and over time. From this framework,
the policymakers take advantage of potential complementarities or address potential

sources of tension by efforts at improved coordination or design a coherent policy mix.
4. Challenges and lessons for evaluations

A usual conclusion in the reviewed studies on the effectiveness of instruments is
that “the evidence is mixed”. Some argue that when we recognize the complex and
multidimensional nature of the catch-up process, it should not be surprising that
quantitative evaluations achieve this type of results. However, a critical reflection
on the limits and possibilities of contemporary methods that are emerging could
guide the future directions of evaluations.

A challenge of evaluations is the adequate treatment of causal interpretations.
Usually, the policies for catch-up are based on a relevant causal argument that there
is a better outcome that would not have occurred in the absence of the intervention.
Although it appears this would be fertile ground for causal inference, the review
shows that this has not been the case until recently. Nevertheless, causal inference
has been at the centre of the concerns of quantitative policy assessment in several
areas. The counterfactual evaluation aims to estimate the magnitude of this specified
causal effect, using appropriate econometric techniques.

The use of counterfactual in policies has been the subject of disagreement among
scholars. Some believe that steps to build this counterfactual are excessively arbitrary
and suggest that analysis is impossible. According to others, using contemporary
econometric tools, questions and research designs, it is possible to conduct useful
counterfactuals comparisons for policies (LANE, 2020). In other words, the
counterfactual evaluation methods cannot answer many relevant questions since
that important effects cannot be quantified, however, still many issues for which
causal inference would be feasible and useful (BRAVO-BIOSCA, 2019).

In the case of policies to knowledge generation, a relevant question in the

counterfactual language is: “Would firms underinvest in knowledge production, or
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be less innovative, if they had not received a public incentive?” Since most of these
incentives are related to R&D promotion, one of the challenges to be overcome in
the evaluations is lacking experimental evidence in this area.

This experiment-based evaluation format is contextualized in a research
environment increasingly dominated by randomized policy evaluations (DUFLO;
GLENNERSTER; KREMER, 2007). To exemplify this method, we can imagine
randomly partitioning a population of firms into a treatment and a control group.
Whereas the former receives financial support and to latter funding is denied, the
differences in performance between the two groups could be directly attributable to
the grant. The main obstacle to this experiment is that policymakers and taxpayers
are unwilling, without extensive due diligence, to randomly handing amounts
of financial incentives among firms (HUNERMUND; CZARNITZKI, 2019a).
Furthermore, the application of this method is even more complicated in developing
countries, given that the alleged “randomness” in the selection of beneficiaries tends
to be difficult or unviable, considering the lack of a sufficient number of firms of
different industries and sizes. Alternatively, the evaluations are conducted mostly
based on data observed ex-post, collected from subsidy schemes where firms have
been hand-selected from a list of applicants. This method renders the econometric
policy evaluation task even more complex.

Attempts to overcome these obstacles arise when it is recognized that these
policies can be employed more effectively, when it is known whether the combined
net effects of treatment exceed those of the combined costs of the treatment. Although
the quantitative analysis of net effects of interventions can be particularly useful for
policymakers, studies demonstrating these effects are extremely rare.

Ex-post policy evaluation also needs to handle technical difficulties such as
the so-called confounding problem (BAREINBOIM; PEARL, 2016). Following the
reasoning of the previous example, differences between funded and non-funded firms
resulting from the selection process, if not carefully considered, can significantly
affect the outcomes of the evaluation. However, a successful assessment requires
that all confounders be observed, and as can be imagined, this rarely occurs. For
instance, the survey on the effectiveness of public subsidies of private R&D spending
shows that very few studies adequately take the confounding problem into account
(ZUNIGA-VICENTE et al., 2014).

The evaluation of a policy tool without controlling for simultaneous public

programmes aiming at the same objective can also result in procedural confounding

due to hidden treatments (GUERZONI; RAITERI, 2012). In other words, the results
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of the target treatment are distorted when only one particular treatment is observed
without controlling for other treatments. To handle these problems, emerging
studies have proposed the use of rankings, thresholds, and Regression Discontinuity
Design (RDD) to provide more convincing causal evidence (BRONZINI; PISELLI,
2016; DECHEZLEPRETRE e 4l., 2016; HOWELL, 2017; HUNERMUND;
CZARNITZKI, 2019b). Therefore, research designs are planned in detail to confront
endemic endogeneity and tackle the confounding problem.

Since these frontiers of evaluation tend to be undertaken at the level of specific
policy programs and schemes, challenges for their use during the catch-up process
become evident. A first challenge is imposed by the system complexity, their multiple
interactions over time and, essentially, the needed data to support assessments.” The
complexity is given by the fact that these systems combine heterogeneous institutions
such as universities, technology parks, clusters, business incubators, startups and
others. To overcome these obstacles, governments should become more open to the
use of experiments in policy evaluations and there is a need to increase cooperation

with researchers.
4.1 Sequence and context of policies

This article advocates that evaluation of policies for knowledge generation in
latecomers could improve interventions to deal with failures during the catch-up
process. Therefore, it needs to consider the effectiveness of a range of instruments
to achieve an increasing improvement in the design of the intervention. This
presupposes learning about these interventions and the capacity to capture and
interpret their effects. Yet, the efficiency of these instruments is a necessary but
not sufficient condition to guarantee the effectiveness of policies and since the
evidence is invariably context-dependent, caution is needed when drawing lessons
for latecomers’ contexts.

According to the current literature, evaluations have led to a perspective
that isolates individual instruments from their overall policy context. Since the
instruments do not emerge in a vacuum, studies increasingly need to demonstrate
how contexts can affect the overall results. The interventions need to put into

perspective the existence of unobservable forces such as government capacity, market

9 Anexample is the methods to measure and compare costs and benefits over time. The current toolkit makes it difficult to capture
both sides of the cost-benefit ledger since many of the benefits are based on future hopes for benefits and are fully captured only
in the long run.
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imperfections, and the targets of policymakers.” These forces can confound the
relationship between instrument performance and policy interventions. For instance,
the empirical relationship between private R&D spending and endogenous politics
cannot distinguish between the impact of the intervention and unobserved political
forces behind the policy. In the absence of context analysis, it is difficult to determine
whether the evaluation is testing the practical aspects of the policies per se or the
interaction of these policies with broader political forces."

The role of the political context requires attention since technocratic policies
may not be as salient in the time frame of evaluation. While instruments such as
tax incentives are well established in terms of evidence, this is not the case for other
incentive, such as incentives for building capabilities which, given their nature, their
effects may not be properly captured by evaluations. In some cases, the measure of
the impact requires more granular evidence and richer institutional context than
the present generation of empirical studies.

The political context is also crucial since the instruments are embedded in
institutions that shape their performance over time. Suzigan, Garcia and Feitosa
(2020) demonstrate how the general political context was decisive in determining
the results of policies to encourage the generation of knowledge in Brazil (based on
R&D indicators). Thus, evaluations of instruments need to consider the intention
of policy and recognize the existence of unobserved forces that shape the scope of
the policy.

A further challenge arises when the evidence is properly captured only as a
sequence of events is observed. The incentives for knowledge generation are highly
dependent on the time dimension and the verification of many outcomes depends
on the succession of different instruments over a significant period. A study on the
Danish and Norwegian wind industry reveals a cumulative impact on permanent
technical change, when different policy instruments are coordinated over time
(BUEN, 2006)."* This study shows that the cumulative impact of the interventions
is influenced by the succession of different instruments designed for specific needs
and it is captured by the combination of supply and demand measures. In other
words, the evaluation of incentives to knowledge generation must be followed up

by further tailored supply or demand measures.

10 This aspect is notably relevant for most developing countries that tend to suffer more severely from economic downturns driven

by local and international issues and obstacles to building coalitions around common goals given the uneven social structure.
11 See Rodrik (2012) for a detail discussion of these evaluation failures in the industrial policies context.

12 For discussion of sequencing policy interventions in the case of energy agencies, see Cunningham ez a/. (2016).
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When considering the temporal dimension, a further difficulty stems from the
intrinsically “dynamic” character of technological trajectories that require constant
reorientation of these interventions. When it is recognized that the evidence on
these interventions tend to be nuanced and pose challenges for emerging evaluation
methods, a possible consequence is that methodological advances are to render a
large portion of current methods impotent. These limits and shortcomings have
led scholars to reinforce the importance of qualitative reviews, among conventional
quantitative analyses when seeking to capture the effectiveness of instruments in
policies such as catch-up.”

Considering the proliferation of new studies and methods, the combination
of approaches can prove especially useful to deal with the challenges discussed.
In particular, the studies focus on specific case studies and natural experiences to
estimate the impact of catch-up policies. Although there are limitations to this
approach, it can still provide valuable information about these policies. An example
is the return of studies that adopt traditional historical investigations that rigorously
detail specific political cases, institutional schemes, and specific projects (LANE,
2020). Since the successful upward transition rarely occurs, this approach allows
the extraction of empirical lessons from specific episodes and is crucial for shaping
the way we understand the complex relationships between government action and

its broader effects.
5. Concluding remarks

This study proposed a review of studies about the effectiveness of policies for
knowledge generation and discusses the potential of evaluating these instruments
to address failures in the catch-up process. The results show that instruments for
tackle failures are heterogeneous and the availability and accuracy of evidence vary
significantly. The policies for capability failure and system failure are interventions that
are more evidence-based and less controversial than policies for size failure. Moreover,
much of the evidence report conflicting results and can lead to misunderstandings
about the potential of these interventions. The lessons for latecomers are that
evaluations tend to isolate individual instruments from their overall policy context
and given its characteristic of strong dependence on the context, caution is needed
when drawing lessons for policies.

13 In addition, while the analysis of the results is sufficient to assess the “efficiency” of these policies, the “effectiveness” of the

catching-up process involves some structural changes that may require even more complex framework and instruments.
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Emerging studies and their attempts to adequately address the problems of
causal evidence, endogeneity and confounding problem are relevant initiatives for the
improvement of evaluation of catch-up policies. However, these evaluations require
more granular evidence which poses challenges for methods of analysis. This article
argues that an adequate understanding of catch-up policies also requires detailed
particular political cases, institutional schemes, and specific projects. Furthermore,
this understanding requires the recognition of the essentially complex nature of
catching-up processes in developing countries. In general, our understanding of
these interventions is enhanced if emerging approaches have been enriched by
specific policy case studies, institutional details, and policy contexts. Put differently,
the combination of approaches, with appropriate caveats, represent a significant
potential to improve the future production of evidence of policies for the catch-up

and learning about policy design.
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