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Nowadays, technological and innovative capabilities are widely recognized as the fundamental
pillars of international competitiveness and sustainable economic development. Their significance is
particularly pronounced in the industrial sector, where they drive productivity growth, create new
market opportunities, and enhance value-added production. Given these advantages, narrowing the
technological gap between pioneering economies and latecomer countries, commonly referred to
as technology "catch-up”, has become a central concern in the literature on innovation capability
development. This article aims to develop a comprehensive framework for technology catch-up tailored
to the conditions faced by latecomer countries. The proposed framework is structured around four
interconnected axes: the institutional environment, the technology regime, firm-level capabilities,
and catch-up strategies. These four dimensions collectively outline the scope and direction of
government policies and strategic interventions aimed at facilitating technology catch-up within the
national innovation system. What distinguishes this framework from previous models is its integrative
perspective. While earlier studies have tended to focus either narrowly on firm-level processes or
broadly on national systems of innovation, this framework bridges these levels by explicitly linking
macro-institutional conditions with technological regimes and firm-level strategies. As a result, it
offers a coherent, actionable, and policy-oriented analytical tool that can assist developing countries
in designing more effective innovation policies and fostering sustainable industrial upgrading in an
increasingly competitive global economy.

Keywords: Supply Chain Resilience; Institutional Constraints; Energy Disruption; Post-Conflict Economic Recovery

case
DA 53 45 anl 1y o lady golandl sl axeogs 5 (Mollor (5rpdpoll, ol OIS clslss 5 gl sla uiaslss
2lyglid B i g, ol 5115 008 peend (B VL 03953135, L sl 9 (osd (SLoybb (3l sp9004 LSl alaly ey conio
Slasl ;o eme obo sl (S awashsld (Dbse 5 2z 0 poge grbigi) 03LBl n (slayeiS g 90 laslazdl olee
03Bl (55 larsne Ly sl ailyslid g sl golr (29712 (95 52 0 e ol sl 00 Ju (55l s
5257 Szl g ol s (Lo bl ashglid o) (s 3led Lame atmgendy 9 Lz 1 soleten 555 ool
Sslsh ko plls5 090 250 g3yl 5 (sl NS Ts aials 5 (5,5 bdlien s bty 5oz olasl (ol g ol gl g
Sldlhe By ool (rhssiz 5 (8000 (53,500, 30l i slad e & Cod sl (il olel Ay S e (S
03 35 b 55 oyl sl Loy (59l55 (slapllss (IS gl 44 Lo Lo g 005 355020 (o0l 09,8 0,5 (slaylSgils 2 L 45 4008
Golil Gz el eazms )3 35l o S8 N 5 9,5 glans loe (i (2 sLroyily 5 (65518 o) s Lo Shag s oled el

3 oo Sl (Malliy o0y slasdl o sl oli's (raro (S| (Somm 0 laygraS clan sl (Sllos 5 oo (b

1. mehdi.moharrami84@gmail.com

2. jalili7@yahoo.com

A Review of a New Technological Catch-Up Framework for Latecomers: Some Strategic Lessons for Iran 105



1. INTRODUCTION

1-1. The Role of Government in the Development of Technology and Innovation
Progressive governments have always supported knowledge production and the development
of technology and innovation as one of the pillars of government policy. The importance of
formulating innovation policies is underscored by the emergence of failures that arise in this
process. Therefore, innovation policy is defined as “a set of tools and measures to correct
some failures in the process of developing technological and innovative capabilities” (IMF,

2019). The failures faced by the innovation system can be classified as follows.

I. Market Failure:
Market failure is the basic premise for applying innovation policies. In market failure,
actors are assumed to adjust their behavior according to their private interests. Because
knowledge has public-good characteristics and its social benefits may exceed the private
benefits to individual firms, it is necessary for the government to make targeted interventions
to encourage investment in knowledge and technology with a long-term perspective. In
today’s knowledge-based economy, unintended knowledge spillovers can exacerbate
market failures. For example, governments use various methods to protect innovators’
economic returns through policies such as patent protection and intellectual property rights.
Because innovation-related market failure partly arises from the public-good
characteristics of knowledge and the spillovers that innovators cannot fully appropriate,
the government is recommended to subsidize research and development (R&D) and to
support the interests of innovative firms and sectors through intellectual property rights. In
developing countries, capabilities are often limited, and there is little ability to conduct R&D
within firms. Therefore, simply using tools to stimulate the supply of innovation will not

be productive unless firm-level capabilities to create innovation are thoroughly addressed.

I1. Capability Failure
Capability failure refers to a situation where the company lacks the necessary knowledge
and skills to develop technology and innovation, including limited technological capabilities,

weak learning capabilities, lack of absorptive capacity, and lack of managerial capabilities.

ITI. System Failure

In the Schumpeterian tradition, system failure is also important. System failure at the system level
refers to dysfunction in the national innovation system of a country, which includes companies,
universities, public research laboratories, government agencies, and financial institutions. Various
reasons can be listed for system failure, such as limited capabilities among actors, lack of effective
rules to create motivation and opportunities for cooperation, and related factors. Weak abilities
at the industry or university level (capability failure) lead to lack of cooperation, coordination,
and effectiveness of the innovation system (system failure). Despite many differences between

developed and developing countries, most innovation systems in developing countries try to
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emulate those of developed countries (Viotti, 2002). This leads to system inefticiency ultimately

resulting in system failure, as tools and policies cannot perform effectively.

IV. Size Failure
Along with the development of technology and economic transition toward the frontiers
of technology (high-tech industries), the processes related to R&D and technology
development become more complex and expensive. This requires large companies to have
the capacity to manage the technology catch-up process. Size failure occurs when firms
may fail to achieve sufficient scale because of these factors.

The following table compares the four types of failure. While in advanced countries,
market failure and system failure are among the major challenges of the innovation system,
in developing countries, all four types of failure can hinder the development of technology

and innovation systems.

Table 1- Comparison of types of failures in the innovation system

- Capability failure, market failure system failure

innovation system

. Market K business environment and
Focus Firms L (actors and their )
institution . . firms
interactions)
Lack of actors’
Lack of supply g
. X L. capabilities, X
Lack of firm-level side driving o Lack of tools to adjust the
Factor e . L institutional structure
capabilities incentives in P corporate structure
. . and inefficient
innovation
governance
Consulting and supporting the creation of
training services Incentives L business groups, consortium
I . adjusting the structure I,
. Facilitating the Compliance R . Facilitate the merger and
Solution o L of the innovation .
acquisition and with intellectual S acquisition process
accumulation of property rights ¥ Revision of licensing
knowledge conditions
Type of . Developing and Developing and .
P . Developing ping ping Developing
countries developed developed

1-2- Innovation Policy Challenges in Developing Countries

Due to the relatively lower quality of institutional and governance mechanisms in developing
countries, the effectiveness and efficiency of innovation policies in these countries are often
limited. This makes it impossible to prescribe a single combination of innovation policies for
all countries; each country needs a specific combination of innovation tools according to its
requirements (degree of growth and maturity of the innovation system). Some of the challenges

faced by developing countries in developing their innovation systems include the following:

I. Inability to manage and implement complex innovation policies because of limited

government capabilities
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The most important challenge for developing countries in implementing innovation policy
include market failure and system failure (World Bank Group, 2020). Low quality of
research, a costly business environment, lack of testing and measurement infrastructure,

and weaknesses in the financing system are among the most fundamental challenges.

I1. Inability to design effective policy packages

Another challenge is the business environment and the specific characteristics and level of
development of each sector of the economy. The combination of technological capabilities
within firms differs across countries; therefore, a one-size-fits-all policy cannot be applied
universally. To resolve this challenge, policies need to be designed according to the business

environment, technology level, and firm capabilities of each sector.

ITI. Information gap on how to support innovation

This challenge refers to the information gap and lack of effective data to design appropriate
policies supporting innovation. Most policymakers are not aware of the appropriate tools
given institutional capacity and market conditions. In developing countries, the first priority
should be to improve the availability and quality of information and data in order to adapt

technology policies to the business environment.

IV. Lack of attention to the layers of competitiveness development

In policymaking, attention should be given, apart from technology-related issues, is strengthening
the competitiveness of industries and creating a development path from competitiveness based
on resources to competitiveness based on efficiency and finally to competitiveness based on
technology. Resource-dependent industries that are that have not yet achieved production efficiency
do not have the necessary absorptive capacity to improve technology. This is an important point
neglected in many policy programs in developing countries. As shown in Figure 1, in developing
firms’ competitiveness, competitiveness based on resources (relative advantages) should be linked

to competitiveness based on technology by building competitiveness based on efficiency.

High competitiveness
Competitiveness layer
according to the technology
Low competitiveness

High competitiveness

Competitiveness layer
according to the performance

Low competitiveness

High competitiveness
Competitiveness layer
according to the resource
Low competitiveness

Source: Authors’” compilation based on the literature reviewed.

Figure 1- Layers of competitiveness development
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2- METHODOLOGY

2-1- Literature Search Strategy

This study adopts a structured narrative literature review combined with framework
synthesis. The objective is not to estimate an aggregate effect size, but to identify the
principal institutional, technological, firm-level, and strategic dimensions associated with
technological catch-up in latecomer economies and firms. The review covers the core
catch-up literature from the early 1990s through 2025, with particular attention to studies
published after 2020 that address digital transformation, green technological change, global
value-chain restructuring, and innovation policy.

The literature search focused on studies addressing technological catch-up, latecomer
firms, technological capabilities, national and sectoral innovation systems, technology
regimes, catch-up strategies, leapfrogging, digital transformation, green technology, global
value chains, and innovation policy. The principal search terms were: “technological catch-
up
countries,

» o« » o« » o« » o«
)

technology catch-up,” “technological catching-up,” “latecomer firms,” “latecomer

» o« » o« » o«

technological capabilities,” “technology regime,” “national innovation system,”

» o« » o«

“catch-up strategy,” “leapfrogging,” “digital transformation,” “green technology,” “global
value chains,” and “innovation policy.” The search was complemented by backward
reference searching from seminal and highly relevant studies.

Inclusion criteria were: (1) studies addressing technological catch-up, technological
learning, leapfrogging, or innovation upgrading; (2) studies examining latecomer firms,
industries, or developing and emerging economies; (3) conceptual, empirical, or policy-
oriented studies that identify determinants, mechanisms, strategies, stages, or windows
of opportunity for catch-up; and (4) studies containing sufficient conceptual or empirical
information to map their findings onto the proposed framework. Studies focused exclusively
on innovation in advanced economies without a catch-up dimension, studies unrelated to
technological or industrial upgrading, and publications without sufficient information to
identify catch-up mechanisms were excluded.

The final literature base was purposively selected for conceptual relevance rather than
statistical representativeness. This approach is appropriate because the purpose of the
paper is to synthesize explanatory dimensions of catch-up and develop an integrative,
policy-oriented framework rather than conduct a statistical meta-analysis.

Because the original manuscript did not preserve a detailed search log, the review does
not report database-specific retrieval counts. The search strategy is therefore described
transparently in terms of its scope, keywords, inclusion and exclusion criteria, and backward

reference searching.

2-2- Framework Synthesis and Identification of the Four Pillars
The four pillars were derived through comparative framework synthesis. First, the major

catch-up models reviewed in the paper were examined according to the level at which
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they explain catch-up and the principal factors they emphasize. Hobday (1995) primarily
explains catch-up through firm-level technological learning and a progression from
production to design and R&D. Lee and Lim (2001), Lee (2005, 2019), and Lee et al. (2017)
emphasize technological regimes, government intervention, competitive conditions, and
strategic choices. Miao et al. (2018), based on a review of more than 76 studies, distinguish
external factors, particularly the institutional environment and technology regime, from
internal factors such as technological capabilities and catch-up strategy.

Second, recurring concepts were grouped according to their analytical function.
Government, institutions, infrastructure, policy, and the wider innovation and business
environment were grouped under the institutional environment. Technological trajectories,
technology life cycles, modularity, knowledge characteristics, appropriability, spillovers,
and technological opportunities were grouped under the technology regime. Learning,
absorptive capacity, production, organizational, managerial, and technological capabilities
were grouped under firm capabilities. Path following, path skipping, path creating, OEM—
ODM-OBM progression, and windows of opportunity were grouped under catch-up strategy.

Third, the four dimensions were cross-checked against the reviewed models and
the more recent literature to assess conceptual coverage and internal consistency. This
triangulation provided conceptual validation of the framework: each pillar is supported by
multiple strands of the catch-up literature, while the framework connects macro-institutional,
sectoral-technological, and micro-firm dimensions that are often treated separately. This is
not empirical validation. The framework remains a conceptual model and requires future
testing through comparative cases, expert assessment, and quantitative indicators.

The synthesis therefore produced four interconnected pillars: (1) institutional
environment, (2) technology regime, (3) firm capabilities, and (4) catch-up strategy. The
central proposition is that successful catch-up depends not on any single pillar but on their
alignment: institutions create the operating conditions, the technology regime determines
feasible opportunities, firms accumulate and deploy capabilities, and strategy converts

those conditions and capabilities into upgrading trajectories.

2- Literature Review

Among the numerous models proposed for catch-up, Hobday’s model focuses on the
development of firm capabilities in the path of technology catch-up. Hobday (1995) argues
that while the standard model of innovation in leading firms begins with R&D activities,
this model does not suit lagging firms. Hobday’s model for lagging firms, known as the
reverse technology life cycle, begins with production, then moves to design, and finally to
R&D. Hobday believes that focusing on R&D activities is not a proper catch-up strategy for
latecomers. He maintains that, unlike traditional innovation models that place R&D at the
center, lagging firms should first engage in simple activities such as product assembly and

reverse engineering (Figure 2). According to Hobday, innovation for new entrants entails
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engineering efforts to improve production processes and reduce production costs (at least
in the early stages), along with learning to make gradual changes. Continuous innovation is

necessary for newcomers to reduce the technology gap with leading firms.

1
1
1
Exports :
1
i
Process technology : Technology
! frontier
l 1
Product technology |. (R&D!
, Innovation)
1
1
1
1
[}
[}
I
1
I
1
I
1950s/60s 1970s 1980s 1990s
Simple activities ~ — — — — — Complex activities™
Marketing Simple OEM/sub-contracting ODM OBM
Process Simple Process Incremental  Process Applied Process
technology’' asscmbly adaptation  improvements development research R&D
Product Assessment Reverse Prototype Design New Product
technology selection engincering  development  for Mfr. design R&D

Figure 2 - Hobday’s path of technology catch-up (Hobday, 1995)

Lee et al. (2017) introduced an alternative model of technology catch-up and highlighted
three key components, ”government role,” “technology regime,” and “competitive
advantages”, as key factors affecting technology catch-up (Figure 3). Of course, besides these
components, one should also take into account product development, market positions,
and firm strategies as three complementary factors. Lee et al. consider gaining market share
as an index for successful technology catch-up. Therefore, along with government role,
technology regime and competitive advantages (inspired by Porter’s diamond model) are

two important factors in the path of technology catch-up.
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Figure 3 — Lee et al. model of catch-up (Lee et al., 2017)

In Lee et al.’s (2017) model, the government’s role involves FDI policy, open market policies,
infrastructure investment, and quality policy. Competitive advantage includes segmented
markets, cost advantages, product diversification, and first-mover advantage. In this model,
the technology regime is made up of five axes:
= Technology cycle time: Defined as the frequency of innovation in creating new
technologies. For example, one new generation of technology may be developed
each year on average. The shorter the technology development cycle, the greater
the chance of catch-up.
= Fluidity of technological trajectories: Defined as the degree of unpredictability of
technological developments. The higher the predictability, the lower the fluidity. In
such a situation, large firms are more likely to succeed. Conversely, the greater the
fluidity, the greater the chance of success for small firms.
= Access to foreign knowledge: Defined as the level of access to foreign knowledge
and R&D. Access to foreign knowledge sources facilitates the path of catch-up.
= Modularity: Refers to the degree of standardization of the design, construction, and
assembly of subsystems of a technology. The more standardized these systems
are, the higher the degree of modularity and the simpler the catch-up (e.g., mobile
phones).
» Tacit knowledge: The higher the level of tacit knowledge (as opposed to explicit
knowledge), the more difficult the catch-up process becomes (e.g., the automotive

industry).
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After reviewing more than 76 research articles on technology catch-up since the early
1990s, Miao et al. (2018) introduced two pillars of internal and external factors. While
external factors consist of institutional environment and technology regime, internal factors
comprise technological capabilities, catch-up strategy, dynamics and catch-up stages, and
other organizational factors (Figure 4).

By comparing Miao et al.’s model with that of Lee et al. (2017), one can detect similarities,
as both seek to model the catch-up process at the innovation system level (in contrast to
Hobday’s model, which focuses on the development of firm capabilities). One distinctive
feature of Miao et al’s model is its special attention to the creation of technological
capacity (as one component of the internal factors pillar). It recommends measures such
as improving absorptive capacity, local innovation, foreign technology transfer, reverse
engineering, forward engineering, mergers and acquisitions, FDI, and informal training.

To conclude, existing models either focus narrowly on firm-level processes (Hobday) or
national systems (Lee et al.), but none systematically integrate institutional, technological,
firm, and strategic factors into a single operational framework for policymakers. This paper

addresses that gap.

External factors

Institutional environment Technological regime
- National innovation capability - Government policy

- Institutional foundation - Historical condition

- Scientific institution - Tech regime

- Public research institution - Window of opportunity
- Academic institution - Local market

- Other environmental factors

Catch-up performance

- Occurrence
- Speed
Internal factors - Total productivity
Building technological capability Catch-up strategy - Innovation performance
- Absorptive capacity - Imitation to innovation
- Indigenous innovation - Enter niche sector with low entry barrier
- Foreign tech transfer - Entry timing

- Scale-based innovation
- Mass production
- Fast follower

- Reverse engineering

- Forward engineering

- M&A

- Learning from FDI

- Informal learning

- Mobility of international scientists

Catch-up stage and dynamics
- Catch-up patterns

- Double-loop learning Other organizational factors
- Alliance - Complementary resource

- R&D collaboration - Corporate governance

- Technology licensing - Financial factors

_ Cross-border inventions - Resource-sharing affiliates

Figure 4- Miao et al. model of technology catch-up (Miao et al., 2018)

2-3- Recent Developments in the Catch-Up Literature
Post-2020 research reinforces and extends the earlier catch-up literature in three important

directions. First, the role of technology cycle time has been reconsidered at micro, meso, and
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macro levels. Lee (2024) argues that short technology cycles can create entry opportunities
for latecomers because incumbent technologies become obsolete more quickly, but the
same short cycles can also limit learning time; therefore, short-cycle sectors are beneficial
only when latecomers possess sufficient absorptive capacity. Chang et al. (2024) similarly
show that latecomers need a changing balance between imitation and innovation: imitation
is more valuable at earlier stages, whereas innovation becomes increasingly important as
capabilities accumulate.

Second, digital transformation has become an important mechanism of contemporary
catch-up. Recent empirical research finds that digital technology adoption can improve
technological and market catch-up through dynamic capabilities, while other research
shows that digital transformation works as a conditional catalyst by strengthening absorptive
capacity rather than as an automatic source of productivity growth. These findings reinforce
the argument that technology adoption must be combined with firm capabilities, skills,
organizational change, and learning mechanisms.

Third, the green transition is creating new “windows of opportunity” for latecomers.
Recent research emphasizes green technological diversification, renewable-energy value
chains, and the interaction between digitalization and decarbonization. UNCTAD argues that
green and digital transitions increasingly overlap in global value chains and that latecomer
countries need digital competencies, financial support, and international partnerships to
benefit from the twin transition. Whitfield and Wuttke (2025) further emphasize that access
to foreign knowledge, domestic learning and innovation, market demand, finance, and
targeted industrial policy must operate together if latecomers are to exploit emerging green
opportunities.

The post-pandemic restructuring of global value chains also changes the context of catch-
up. Digitalization, resilience concerns, economic nationalism, and geopolitical fragmentation
are reshaping investment and production networks. For latecomers, this creates both
risks and opportunities: participation in value chains can provide access to knowledge
and technology, but countries must develop domestic productive capabilities and reduce
excessive dependence on a narrow range of imported technologies or commodities. These
developments strengthen the case for integrating trade policy into a catch-up framework
rather than treating trade as an external condition.

For Iran, these developments are particularly relevant because the country’s catch-
up process combines substantial scientific and engineering capacity with institutional
constraints, sanctions-related barriers to technology and finance, and uneven firm-level
capabilities. The recent Iranian literature provides evidence that technological learning can
occur through domestic engineering capabilities, public procurement, technology licensing,
learning-by-doing, and supplier development, while also showing the importance of
international connections for sustained upgrading.

The proposed framework should be understood as an integrative synthesis rather than
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a claim that each individual component is entirely new. Its novelty lies in combining the
four dimensions into one operational diagnostic architecture and linking them explicitly to
sector selection, firm capability development, catch-up strategy, and trade policy. Table 4

summarizes this distinction.

Poli
Primary Main Institutional | Technology Firm Catch-up toraltcjz/
level - LENH environment regime capabilities | strategy e
Learning
th fi
Hobday . pa rc?m . . . .
Firm production Limited Limited Strong Implicit Limited
(1995) .
to design and
R&D
Lee & Lim i
2001); Fi !
Lefe (203)'5' seI::rtT:)/r Ii;;r)]fdrsigsirﬁ, Moderate Strong Moderate Strong  Moderate
2019) .
opportunity
Government
role,
Leeetal.  Sect technol
eeeta S5 ec r?o gy Strong Strong Moderate Moderate Moderate
(2017) system regime,
competitive
advantage
External
Miao etal. System and internal
(2018) +frm  determinants Strong Strong Strong Strong  Moderate
of catch-up
Integrated
Proposed Multi- diagnosis .
St St St St Explicit
framework level and policy rong rong rong rong xplict
sequencing

3- Proposed Model of Technology Catch-Up in Developing Countries
This section provides a deeper explanation of the proposed model, including factors
affecting technology and innovation. It establishes a bridge between strategies and
programs for technology development, given the necessity of customizing programs for
each sector according to innovation promotion components. The design of policy tools and
packages in the form of a multi-level ladder model requires knowledge of the variables and
factors affecting the innovation promotion system. These factors can be divided into four
components: institutional environment, technology regime, firm capabilities, and catch-up

strategy (Figure 5).
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Figure 5-Proposed framework for technological catch up

The proposed framework is explained in greater detail below.

3-1- Institutional Environment

The institutional environment includes institutions, innovation capabilities at the national
level, and the role and performance of the government in creating them. For example, the
catch-up processes of countries such as Korea, Taiwan, and China show that these countries
strengthened the institutional foundations of their national innovation systems and targeted

specific sectors. The role of actors in technology development is also important.

3-1-1- Government interventions

As mentioned, the technology development process may face failures that market
mechanisms are unable to resolve. This necessitates targeted government interventions.
In the technology development literature, there is consistent emphasis on the national
innovation system and the role of government in facilitating and encouraging technological

activities.

3-1-2- Technology and innovation environment
Technology development and innovation require a favorable environment for the presence

of actors and stakeholders. This environment includes various infrastructures, training
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and skill enhancement, intellectual property protection, value creation for researchers,
networking among actors, and related factors., all of which encourage firms to develop

technology and innovation.

3-1-3- Business environment

The business environment is the collection of all endogenous and exogenous factors at
the macro and sector levels that have a direct and indirect impact on firms. These factors
include labor force and its characteristics (skill level, wage level, and related factors.),
customers and their characteristics (expectations, purchasing power, and related factors.),
market conditions and competitors, technological and social trends, economic and political

developments, macroeconomic conditions, and government interventions.

3-2- Technology Regime

The technology regime entails creating exogenous opportunities for firms to choose
appropriate technology fields. This means creating institutional and sectoral systems for
innovation and technology in various industries. The environmental and institutional setup
is affected by programs and policies implemented by the government, as well as the nature

and characteristics of the industry and related technologies. These can be listed as follows:

3-2-1- Technology Development Cycle

The technology development cycle can be classified according to the stages of the product
life cycle into four stages: introduction, growth, maturity, and decline. Some technologies
have a long-life cycle, others a short life cycle. According to Lee (2019), technology catch-
up for developing countries is associated with greater simplicity in technologies with shorter
life cycles (the first level of the three-level modeD).

Based on this perspective, the transition strategy of developing countries should focus
on choosing sectors with short-cycle technologies rather than sectors with long-cycle
technologies dominated by advanced countries. Lee argues that, in contrast to the idea
of comparative advantage (trade-based specialization) initially determined by resource
endowments, dynamic comparative advantage in technology (technological specialization)
is based on R&D capabilities acquired over time.

According to Yanfei et al., (2020)’s model, technology development follows an inverted
S-curve, consisting of two stages: engineering problem-solving and scientific problem-
solving. In each stage, two strategies can be adopted: access to knowledge (engineering
stage) and appropriation of knowledge (scientific stage). In the access-to-knowledge
strategy, the focus is on the technology demand side; in the appropriation-of-knowledge
strategy, the focus is on the technology supply side.

In conclusion, according to the technology life cycle component, technology development

policies can be classified into three levels. The first level focuses on developing labor-
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intensive technologies with a short life cycle. The main approach is access to technology,
focusing on its demand side (market side). The second level targets the development of
engineering technologies (after mastering basic technologies). At this stage, mastery of
technologies with short and medium life cycles and accumulation of knowledge, experience,
and skills are considered. The third level pursues the development of high-tech and
analytical technologies with a long-life cycle. This level entails the scientific development of
technology, characterized by a high degree of value added and performance relative to the
amount of spending allocated to technology.

From a regulatory and legal perspective, adopting an access-to-knowledge strategy
(focusing on technology demand) versus an appropriation-of-knowledge strategy (focusing
on technology supply) directly influences the direction of intellectual property rights
policies. As shown in Figure 6, the degree of stringency in protecting patents can vary

depending on the combination of these two approaches (Lee, 2019).

A: Benefit from B: Benefit
appropriation from access
N A

A+B = Social benefit

L M
) 4
Patents provide Socially optimal Patents provide
complete protection level of protection no protection

Figure 6- Conflict between the interests of appropriation and access to knowledge and
technology (Ambashi, 2017)

3-2-2- The Level of Entrepreneurial Actions
Alongside technology development, entrepreneurship is often a necessary tool for
technology convergence and improving the degree of innovation in a given sector (Yanfei
& Zhang’s model). When there is high demand for entrepreneurial actions in a field of
activity, a set of policies supporting entrepreneurship must be devised.

In such situations, it is necessary to design policies and tools to support entrepreneurship

in the target sector. The importance of these policies arises from the market dimension of
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technology integration, because mere product development does not guarantee market
success. The development of start-ups and spin-off companies is one method of developing
entrepreneurial services. Within the three-level model of technology development,
as technologies mature and become more specific, the level of entrepreneurial actions
increases. Therefore, as the innovation system improves in efficiency and moves from
the first level to higher levels, supporting the creation of start-up companies should be
considered. At the second level, supporting the creation of start-ups and the formation of
innovation clusters among SMEs is targeted; at the third level, networking these start-ups

with large companies becomes a policy objective (Yanfei, Qiang & Zhang, 2020).

3-2-3- Appropriability Condition of Innovation (Economic Efficiency of Innovation)
In the literature on the economic benefits of innovation and R&D, two types of benefits are
considered: private benefits for the company and public benefits for society. Innovation
has economic justification when private interests override public interests. However, in
some industries, private interests do not justify R&D costs (public interests override private
ones), for example, technologies with general and multiple applications, such as transistor
manufacturing.

Moreover, because intellectual property laws do not have the same effect on innovators’
rights across different industries, and some industries, such as biotechnology, inherently
make it difficult for latecomers to enter and imitate while benefiting more from strong
property rights, regulation of intellectual property protection laws is necessary to balance
public and private interests in R&D.

Within the three-level model, at the first level, the government’s focus should be on
supporting development projects with the greatest benefits for the private sector. Support
for development projects with a public aspect should be pursued at higher levels. Also,
due to the cost-benefit justification of technology development from the demand side, at
the first level the priority for R&D activities should be the development of technologies for

which there is actual demand.

Table 2- Types of government interventions according to the private and public costs of research and development

Private interests in research and development

Minimum government incentive Maximum government incentive m public interest

in research and

Failure to provide incentives or ) .
i choice of alternative technology development

even levy taxes

A Review of a New Technological Catch-Up Framework for Latecomers: Some Strategic Lessons for Iran 19



3-2-4- Innovation Intermediaries

Innovation intermediaries are components that connect the innovation system’s actors,
such as universities, companies, and related factors., in situations where these actors would
otherwise act independently and in isolation, leading to suboptimal outcomes. The most
important functions of these intermediaries are providing financing, equipment, technology,
and market access to components of the innovation system. In the three-level model, at the
first level, the government focuses on technologies that are less dependent on innovation
intermediaries. At the second and third levels, the presence and role of innovation

intermediaries become more important within national and sectoral innovation systems.

3-2-5- Knowledge Spillovers Level

Some technologies have a low level of knowledge spillover; their development can be used
only in a few industries. Others have a high level of knowledge spillover; their development
benefits a wide range of industries. Given constraints such as financial resources and time,
investment priority should be given to technologies with high spillover potential, and

special tools and support should be considered for this category of technologies.

3-2-6- Location of Technological Opportunities (Access to Knowledge)
The development and completion of some technologies require the interaction of multiple
stakeholders. Internal R&D activities are not the only source of tangible technological and
innovative outcomes. Technology development is not possible based solely on a company’s
internal resources; opportunities outside organizations can also be used, such as customer
feedback, better inputs from suppliers, reverse engineering of competitors’ products, and
related factors. Different industries rely on different external sources, and the intensity of
this reliance varies. For example, the pharmaceutical industry has a higher dependence on
external sources (links with universities) as an industry based on analytical knowledge.
Industries where most technological opportunities are located in sources outside the
firm’s direct field of activity require special tools for networking actors to synergize activities

along the cooperation path. Their technology development is more complex.

3-2-7- The Type of Knowledge and Its Spillover Channels

Knowledge spillover channels affect the nature of innovation policy. Spillover channels
are sources of knowledge acquisition for technology development. To identify these
sources, it is first necessary to present a classification based on industrial knowledge. The
knowledge base for technology development and innovation can be divided into three
types: analytical knowledge, engineering knowledge (synthetic), and symbolic knowledge.
The key component of this framework is the degree of tacit knowledge involved and the
level and type of communication between knowledge sources and the firm (the more tacit

the knowledge, the lower the chance of its transfer).
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Within the three-level model for technology development and innovation, at the first
level, due to the ease of knowledge transfer, it is necessary to focus on industries centered
on engineering (synthetic) and symbolic knowledge. At subsequent levels, as the technology
system develops and matures, a focus on knowledge spillover channels based on analytical

knowledge is recommended.

3-3- Firm Capabilities

3-3-1-Technological and innovative capabilities

Along with the institutional environment (first factor) and technology regime (second factor),
the internal capabilities of the firm, such as organizational and managerial capabilities, are
important for the successful management of technological and innovative projects.

From another perspective, technological capabilities within the firm refer to a set of
actions the company takes to increase its ability to develop technology. These actions
include the capacity to attract, identify, and take advantage of knowledge and technology
spillovers, internal R&D, and skilled labor.

To improve technological capabilities within the firm, it is important to design learning
channels, which include production based on assembly, learning through export, internal
or external joint R&D, collaborative R&D, transfer of expert labor, mergers and acquisitions,

and related factors.

3-3-2- Production Capabilities

Production capabilities also rely on the firm’s managerial, technical, and financial
capabilities. Correct execution of business processes and activities, technical knowledge
and skills necessary for developing capabilities, and a solid financial base are among the
factors a firm needs to invest in on the path to technology catch-up.

Figure 7 shows some of these organizational capabilities (including technological,
innovative, and production capabilities). Many of them are basic capabilities that develop
and reach more complex levels as the firm moves toward innovation. As the firm progresses
(moving from left to right in the figure), the catch-up process of technology development
and innovation begins and moves from adaptation to basic technologies to high levels of

R&D and innovation.
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Although the types and degrees of these capabilities vary by sector, having some basic
capabilities is necessary for any firm on the path to innovation development. The technology
development paths of countries such as Japan, Singapore, China, and Taiwan show that the
development of these capabilities has played an essential role in technological learning and

facilitating innovation development.

3-4- Catch-Up Strategy

Choosing the appropriate catch-up and technology development strategy, as well as
identifying upcoming windows of opportunity, constitutes the fourth component affecting
the catch-up process. It should be noted that, contrary to common belief, these strategies

must arise from within the firm and cannot be assigned by the government or policymakers.

3-4-1- Methods of Technology Catch-Up (Development).

Technology development and catch-up require adopting correct strategies within the firm
to leverage resources and make the most of opportunities. These strategies depend on the
firm, its level of capabilities, and the nature of each field of activity. Three strategies can be
considered (Lee & Lim, 2001):

I. Path Following Catching Up

In this method, new entrants follow the path of pioneer companies. This method includes
a completely imitative pattern of technology acquisition. Reverse engineering is one of the
most important methods in this category. Generally, this method cannot bring sustainable
success for new firms, and some degree of technological leap is required. This strategy has

been used by most home appliance manufacturing companies.

Stage A ——- Stage B —- Stage C — Stage D

Figure 8- Path Following Catching Up

II. Path Skipping Catching Up

In this method, new entrants follow some stages of the path taken by leading companies
while skipping others (Type 1 skip). This method involves creativity in the technology
acquisition path. The development of car engine technology and digital phone technology

are examples.

Stage A > Stage C —— Stage D

Figure 9- Path skipping catching up
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ITI. Path Creating Catching Up

In this method, after initially following the path of pioneer firms, new entrants shift toward a
new path, thereby creating a new trajectory (Type 2 skip). This method involves innovation
in technology acquisition (integration of technology and innovation). Technological skips
require windows of opportunity. Changes in technology generations, market conditions,
and related factors., can provide such opportunities for a firm or industry. The production
of smart equipment is an example. In Figure 10, steps C' and D’ represent competing

technologies for C and D.

Stage A —— Stage B —— Stage C° ——- Stage D°

Figure 10- Path creating catching up

It is important to note that technology catch-up with leading countries is initially achieved
through path-following, but eventually skipping (either path-skipping or path-creating)

becomes necessary (Lee, 2005).

3-4-2- Paths of Innovation Catch-Up
The process of catch-up specifically refers to three stages of development: OEM (original
equipment manufacturing), ODM (original design manufacturing), and OBM (original brand
manufacturing). OEM is a kind of simple imitation, ODM is creative imitation, and OBM
refers to genuine innovation. While the first two stages are path-following catch-up, the
third stage includes path-skipping and path-creating catch-up (leadership in technology).

If the path from OEM to OBM into four stages, (1) skill development, (2) process
technology development, (3) product design technology development, and (4) new
product development, moving from stage 2 to stage 3 is very difficult, as it requires design
capabilities, R&D, and production of products with higher added value to compete with
technology leaders.

It should also be noted that catch-up through OEM is labor-intensive. If leading firms
move toward low-wage countries, it becomes difficult to compete. In such circumstances,

countries may remain at the OEM level with a limited domestic market.
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Table 3. Paths of Innovation Catch-Up (Lee, 2019)

Stage 3: Creative Imitation
(OBM in South Korea and
ODM in Taiwan)

Stages of Step 1: Repetitive | Step 2: Repetitive Stage 4: True

Innovation

Catch-up imitation (OEM) imitation (OEM)

Catch-up . Path Following, . .
Path Foll Path Sk Path
Method ath Following Path Skipping ath Skipping ath creating
New Product
focus of . ) .
learnin Operational Skills  Process Technology Design Technology Development
& Technology
learnin learning-by-doing  learning-by-doing domestic research and Strategic alliances
mechanisgm and using the and trying to design  development, joint and and joint
instruction manuals a product open development

3-4-3- Windows of opportunity for innovation catch-up

In technology catch-up, identifying and leveraging windows of opportunity is very important.
These opportunities help latecomers reduce their technology gap with leading firms. Latecomers
face certain advantages, such as opportunities to leverage resources, reduce time to access
knowledge, and transfer technology and learning, but also face challenges such as low profit

margins and mass production and sales. Windows of opportunity can be listed as follows:

I. Technology Transformation
Technological transformation creates an opportunity for latecomers to start from a starting
point relatively close to that of advanced countries (even leading firms may be reluctant to

move along a new technology path).

II. Market Conditions

Market conditions provide another window of opportunity. For example, a high market
share for a product, market segmentation, the emergence of new customer combinations,
or presence in sectors that competitors do not want to enter can serve as windows of

opportunity for technology catch-up.

III. Changes In Public Institutions and Policies

Changes and developments in the institutional structure or the legal and regulatory
environment can spark entrepreneurship, the creation of new enterprises, and capital
attraction in productive sectors. Therefore, any changes in institutional structure and policies

also represent significant windows of opportunity for technology development.

IV. Low Price Advantage
The ability of an industry or firm to produce low-cost products is another window of

opportunity for technological leap, given its impact on the costs of upgrading technology.
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4- Iran-Specific Application of the Framework

The four-pillar framework is particularly useful for Iran because the country’s technological
position is characterized by a combination of substantial scientific and engineering resources,
significant domestic industrial capacity, strong market size, and persistent constraints on
international technology, finance, and trade. The Global Innovation Index placed Iran 70th
in 2025 and identifies the country as an innovation-output overperformer relative to its input
level, while also showing substantial weaknesses in institutional and business conditions. The
2024 GII reported particularly weak rankings for Iran in institutional environment, regulatory
environment, and business environment. These indicators should be interpreted cautiously

because WIPO’s statistical audit reports a relatively wide confidence interval for Iran’s 2024 rank.

4-1- Institutional Environment

Iran’s institutional environment presents a mixed picture. On the positive side, the
country has a large science and engineering base, established universities and research
institutions, science and technology parks, and a policy tradition that explicitly recognizes
technological capability and innovation. Recent Iranian research on the Ministry of Science,
Research and Technology argues, however, that the multiplicity of policy instruments and
institutional responsibilities has not translated into consistently favorable innovation-system
performance. A demand-oriented study of science and technology parks likewise suggests
that Iranian innovation policy can benefit from shifting beyond purely supply-side support
toward demand-oriented instruments.

The external institutional environment is also shaped by sanctions. EU restrictive measures
include constraints on energy trade, investment, equipment, financial and business services,
and selected technology and dual-use goods. These restrictions increase transaction costs,
limit technology sourcing and finance, and make international partnerships more difficult.
Iranian industrial research also indicates that sanctions have contributed to structural shifts
toward food, chemicals, steel and minerals, while machinery and automobile production,
sectors more dependent on foreign technology, partnerships and imported intermediate
goods, have been particularly constrained.

Policy implication: Iran should treat institutional reform as an enabling condition for
catch-up rather than merely an administrative objective. Priority reforms should include
stable sectoral technology strategies, transparent criteria for public R&D and procurement
support, stronger coordination among the Ministry of Science, Research and Technology
(MSRT), Ministry of Industry, Mine and Trade (MIMT), Ministry of Economic Affairs and
Finance, National Development Fund, Central Bank, and relevant sector regulators, and
mechanisms that reward firms for measurable learning and export performance. Because
sanctions cannot be removed by domestic innovation policy alone, the institutional pillar
should also include lawful and transparent channels for international scientific cooperation,

technology licensing, standards cooperation, and regional trade relationships.
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4-2- Technology Regime in Iran

Iran’s technology regime is heterogeneous. It includes mature resource-based and
process industries such as oil and gas, petrochemicals, steel, cement and mining; medium-
technology manufacturing such as automotive and machinery; and emerging technology-
intensive activities in pharmaceuticals, biotechnology, ICT and selected engineering services.
The appropriate catch-up strategy therefore cannot be uniform across sectors. The 2024
Iranian steel case study provides a concrete example: technological learning has involved
learning-by-doing, engineering-company development, supplier capability building, R&D,
licensing, joint manufacturing and international connections, while public procurement,
financing and institutional policy have helped create windows of opportunity.

The framework suggests that Iran should prioritize sectors where domestic capabilities
and market demand can be combined with realistic opportunities for technological
upgrading. Candidate priorities include selected steel and mining equipment, petrochemical
downstream products, pharmaceuticals and biotechnology, industrial machinery, agricultural
technologies, digital services, renewable-energy equipment and energy-efficiency
technologies. The selection should be based on technology-cycle time, modularity, domestic
demand, export potential, knowledge spillovers, dependence on imported critical inputs,

and the feasibility of building local engineering and supplier capabilities.

4-3- Firm Capabilities

Iranian firms display substantial variation in technological and absorptive capabilities. Some
large manufacturing and engineering organizations have accumulated significant production
and process capabilities, while many firms remain dependent on imported equipment,
components, software, licenses, or foreign technical knowledge. The Iranian steel evidence
illustrates how firms can move beyond simple acquisition by developing engineering
subsidiaries, supplier networks, R&D activities and learning-by-doing. Conversely, the
literature on sanctions indicates that sectors heavily dependent on imported technology
and foreign partnerships have faced greater disruption.

The policy objective should therefore be to move firms from operational competence
toward engineering, design, product development and eventually original innovation.
Support should be conditional on capability accumulation: firms receiving public
incentives should demonstrate training, engineering localization, supplier development,
quality certification, R&D projects, technology adaptation, export learning, or measurable
reductions in critical import dependence. Digital transformation should be treated as part of

this capability-building process rather than as a stand-alone technology purchase.

4-4- Current and Emerging Catch-Up Strategies
Iran’s experience contains elements of import substitution, domestic capability building,

public procurement, technology licensing, reverse engineering, supplier development, and
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export-oriented activity in selected sectors. Sanctions have also created a form of forced
localization in some industries. However, import substitution by itself can protect firms
without generating international competitiveness. The framework therefore recommends
a transition from defensive import substitution toward “capability-conditional import
substitution”: temporary protection should be linked to productivity, localization of critical
technologies, quality improvement, export performance, and movement from OEM-like
production toward design and branded products.

Export promotion should complement rather than replace import substitution. Firms
should be encouraged to use regional markets as learning platforms, especially where Iran
has geographic or cost advantages. The strategic objective is to use protected or domestic
demand to accumulate capabilities and then expose firms progressively to international

standards, competition, and demanding customers.

4-5- Illustrative Case Study: Iran’s Steel Industry

Iran’s steel industry provides an illustrative application of the four-pillar framework.
Attarpour, Elyasi and Mohammadi (2023) used a mixed-method case study and DEMATEL
analysis to examine windows of technological learning in Iranian steel. Their findings
identify institutional, demand and technology opportunities and emphasize the roles of
public planning, investment, financing, public procurement and empowerment policies. At
the firm level, learning-by-doing, technical-engineering companies, supplier development,
R&D, technology licensing and joint manufacturing were important mechanisms. The study
also identifies international relationships, constrained by sanctions, as a highly influential
factor in technological learning.

Mapped onto the proposed framework, the case shows: (1) institutional environment,
government planning, financing, and procurement; (2) technology regime, steel process
technologies and equipment opportunities; (3) firm capabilities, engineering, suppliers,
R&D and learning-by-doing; and (4) catch-up strategy, technology acquisition followed by
adaptation, localization and innovation. The case therefore illustrates the central proposition
of this paper: catch-up is more likely when policy support, technological opportunity, firm

learning and strategy reinforce one another.

4-6- Comparative Benchmark: Iran and Tiirkiye

Toerkiye provides a useful benchmark because it is a regional middle-income economy
with a more deeply integrated manufacturing and export base and a substantially higher
innovation ranking. WIPO’s 2025 GII ranks Terkiye 43rd and Iran 70th. Terkiye also
ranks 35th in innovation outputs and 49th in inputs, while Iran’s overall position remains
constrained by weaker institutional and business conditions. The comparison should not be
interpreted as a simple policy-transfer exercise: the countries differ in geopolitical position,

sanctions exposure, market institutions, industrial structure and external integration.
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The comparison nevertheless yields a useful strategic lesson. Terkiye’s experience
illustrates the importance of combining domestic firm capabilities with international market
integration, export-oriented manufacturing, technology adoption and participation in regional/
global production networks. For Iran, the relevant lesson is not to copy Turkish institutions
wholesale, but to identify the functions that support upgrading, stable industrial priorities,
export discipline, supplier development, technology adoption, international standards, and

firm-level learning, and reproduce those functions within Iran’s own constraints.

5- Trade Policy Integration

Trade policy is an integral part of technological catch-up because access to imported
capital goods and knowledge, exposure to international competition, and participation in
global value chains affect both the technology regime and firm capabilities. World Bank
research emphasizes that firms can learn from multinational enterprises through investment,
partnerships and trade, while UNCTAD stresses that reducing trade costs, improving market
access and moving into higher-value activities can support diversification and technological
upgrading. For Iran, however, trade policy must be designed under sanctions and financial

constraints, making regional and neighboring markets especially important.

5-1- Import Substitution

Import substitution should be selective and temporary rather than economy-wide. Priority
should be given to imported technologies or components that are strategically important,
have strong domestic demand, generate spillovers, and can realistically be localized. Tariff
or procurement support should be linked to explicit capability targets and sunset clauses.
Protection without productivity, quality and export conditions risks creating low-productivity

incumbents rather than catch-up firms.

5-2- Export Promotion

Export promotion should focus on products and services where Iran can build differentiated
capabilities rather than merely compete on low prices. Export support can include
standards certification, export finance, market intelligence, logistics facilitation, digital trade
infrastructure, regional trade missions and support for firms entering demanding neighboring
markets. Export performance should become a criterion for continued industrial support
because international competition provides a mechanism for testing whether technological

upgrading has generated genuine competitiveness.

5-3- Global Value-Chain Participation
Iran should pursue GVC participation through realistic regional entry points rather than attempting

immediate integration into every global industry. Priority should be given to value chains in which
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Iran possesses existing productive assets and can move toward higher-value tasks: petrochemical
derivatives and specialty chemicals, steel and engineering services, pharmaceuticals, food
processing, agricultural technologies, ICT services, and selected renewable-energy and energy-
efficiency products. The goal should be progression from assembly and basic processing toward

design, engineering, component production, certification, and branding.

5-4- Trade Agreements and Regional Integration
Regional trade agreements and trade facilitation can partly offset the constraints created by
restricted access to major financial and technology markets. Iran should prioritize predictable
customs procedures, standards harmonization, digital trade documentation, logistics
corridors, and deeper commercial relationships with neighboring and regional economies.
Trade diplomacy should be coordinated with industrial policy so that negotiated market
access is linked to sectors in which domestic firms are capable of supplying competitively.
The following policy package translates the framework into implementable priorities.
The sequencing is deliberate: institutional and information reforms should precede large-

scale subsidies; capability-building should be linked to technology selection; and export

discipline should increase as firms mature.

.. ) Target sectors/ Lead Resources /
Priority policy e .. . Key outcome
actors institutions instrument
Create a cross- Priorit MIMT, MSRT, Coordination Stable
N ministerial Catch-Up yA Ministry of budget; shared priorities;
Institutional ) manufacturing,
. Council and sector . Economy, data platform; fewer
environment . digital and e .
roadmaps with 3-5 NDFI, Central competitive overlapping
green sectors )
year targets Bank grants instruments
. Procurement .
Use demand-side MIMT, Domestic lead
L . . . Energy, health, quotas/
Institutional innovation policy and N R MSRT, sector .\ markets for
) . R ICT, industrial L competitions . .
environment  competitive public ) ministries and ) innovative
equipment linked to .
procurement state buyers firms
performance
Select sectors Steel
using cycle time equipment Sector Concentrated
Technology = ) Y I Al ’ MIMT + sector diagnostics; resources
. modularity, spillovers, pharma, . . .
regime . . agencies technology in feasible
demand and import  machinery, ICT, .
roadmaps windows
dependence renewables
Capability grants Matching grants, Higher
. conditional on MIMT, MSRT, vouchers, g.
Firm . R . SMEs and large X . absorptive and
e training, engineering, ) Innovation supplier- . h
capabilities - anchor firms engineering
quality, R&D and Fund development .
L capacity
localization funds
L . . MIMT, ICT . Productivit
. Digital transformation Manufacturing - Digital vouchers, ¥
Firm R L Ministry, and data-
e tied to organizational SMEs and . shared testbeds,
LRI upgradin exporters Innovation skills programs el
Pe J P Fund prog production
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Target sectors/ Lead Resources /

Priority policy

Key outcome

actors institutions instrument
Shift from protected . Sunset tariffs . .
. L Automotive, Higher-quality
Catch-up import substitution . MIMT, trade + export/ .
. machinery, X .. domestic
strategy to capability- . agencies productivity .
. . chemicals, steel ) production
conditional upgrading milestones
Pharma, food, .
X X Export finance,
. engineering, Trade e
Catch-up Use regional exports o certification, Export
strate as learning platforms ICT, ST market diversification
gy ep petrochemical MIMT, firms . .
L intelligence
derivatives
Facilitate regional . . Foreign Trade facilitation,
L Neighboring- R .
. GVC participation Affairs, MIMT, standards, Higher-value
Trade policy market value o
and technology chains customs, trade logistics GVC tasks
partnerships bodies agreements
Create green Renewables, Green
. .. Energy
windows of efficiency, - procurement, Green
Green . . Ministry, . .
. opportunity with water, . concessional capability
transition Environment, ) ) -
procurement and low-carbon finance, pilot accumulation
) ) MIMT, MSRT
finance equipment markets

6- Catch-Up Readiness Diagnostic

To operationalize the framework, policymakers can assess each sector or industrial cluster
using a four-pillar readiness score. The purpose is not to produce a mechanically “correct”
ranking but to make assumptions explicit and identify the weakest binding constraints.

Scores should be based on sector-level data and reviewed annually.

6-1- Scoring System

. Suggested .
Indicator examples X Interpretation
weight
Policy stability; regulatory quality; 0 = severe constraint;
Institutional . v .y - N y .
. infrastructure; finance access; quality of 25% 0-5 5 = strong enabling
environment ) - ) -
public support; international access environment
Technology cycle time; modularity; 0 = poor catch-u
Technology £l ‘y . y . p :
regime knowledge spillovers; appropriability; 25% 0-5 window; 5 = strong
g import dependence; market demand opportunity
Firm Absorptive capacity; engineering skills; 0 = insufficient
capabilities production quality; R&D; supplier 25% 0-5 capability; 5 = strong
P capability; digital maturity capability base
Catch-u Clear pathway; technology acquisition; 0 = absent/incoherent;
. & learning mechanism; export orientation; 25% 0-5 5 = coherent and
3 windows of opportunity executable

Overall readiness score = 0.25(1) + 0.25(T) + 0.25(F) + 0.25(S), where I, T, F and S are the 0-5 scores for institutional
environment, technology regime, firm capabilities and catch-up strategy. A score below 2.0 indicates that catch-up
should not yet be the subject of large-scale sectoral investment without first addressing binding constraints. A score
of 2.0-2.9 indicates an emerging opportunity requiring targeted capability and institutional support. A score of
3.0-3.9 indicates a viable catch-up sector suitable for coordinated upgrading programs. A score of 4.0-5.0 indicates

a strong candidate for scale-up, export promotion and movement toward higher-value innovation. These thresholds
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are proposed analytical rules, not empirically validated cut-offs.

A second rule should prevent high readiness in one pillar from concealing a critical weakness
in another. Policymakers should therefore also apply a “minimum-pillar” test: if any pillar
scores below 2, the sector should receive diagnostic and capability-building support before
major scale-up. This avoids a one-size-fits-all interpretation of the framework and makes

customization explicit at the sector level.

7- Conclusion and Limitations

This paper develops an integrative framework for technological catch-up in latecomer
economies organized around four interconnected pillars: institutional environment,
technology regime, firm capabilities, and catch-up strategy. The contribution is not the
invention of four entirely new categories; rather, it lies in integrating dimensions that are
often examined separately and converting them into a multi-level diagnostic and policy
architecture. The framework connects macro institutions and trade conditions with sectoral
technology characteristics and micro-level capability accumulation.

The Iran-specific application shows why such integration matters. Iran possesses
substantial scientific and industrial assets and demonstrates innovation outputs that are
stronger than its input position would suggest, yet institutional weaknesses, sanctions-
related restrictions, uneven firm capabilities, and limited international integration constrain
the conversion of these assets into broad-based technological upgrading. The steel
case illustrates that progress is possible when public procurement, finance, engineering
capabilities, supplier development, learning-by-doing and international technological
connections reinforce each other.

The policy implication is a move from generic support toward sequenced, sector-specific
capability building. Iran should prioritize sectors with realistic technological windows,
combine selective and temporary import substitution with export discipline, use regional
markets as learning platforms, strengthen firm-level absorptive and engineering capabilities,
and integrate digital and green transitions into industrial policy. Trade policy should be
treated as a component of catch-up because access to markets, technologies, inputs,

standards and value chains affects both the technology regime and firm learning.

7-1- Limitations and Applicability Boundaries

The framework has several limitations. First, it remains conceptual and has not been
empirically validated through a large-N data set, Delphi exercise, or systematic expert
survey. The Iranian case evidence used here is secondary evidence from published studies
rather than primary interviews conducted by the authors. Second, the proposed readiness
scores and thresholds are analytical tools rather than empirically calibrated measures. Future

research should test their predictive validity across sectors and countries.
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Third, the framework is not intended as a one-size-fits-all policy prescription. Its four
pillars are deliberately broad, while their indicators, weights, and policy instruments must
be customized to sector characteristics, technology maturity, firm size, institutional capacity,
and geopolitical constraints. A policy that is appropriate for steel may be inappropriate for
pharmaceuticals or digital services. Fourth, sanctions and international political economy
conditions can alter the feasible set of technology and trade options faster than domestic
policy can respond; the framework should therefore be updated periodically.

Future research should undertake comparative sectoral applications in Iran and peer
economies, undertake expert Delphi validation, estimate the relationship between pillar
scores and catch-up outcomes, and test whether the proposed sequencing improves
productivity, export sophistication, technological localization and innovation performance.
Such work would convert the framework from a conceptual diagnostic into an empirically

validated policy instrument.
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