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Abstract. Common innovation performance measures, which are based on research and develop-
ment activities, are not relevant to dominant innovation behaviour of developing countries. The
main functions of the innovation system of developing countries are capture, imitation, learning
by doing and diffusion of knowledge, to reduce technology gaps with technology frontiers. Hence,
the purpose of measuring innovation performance in a developing geographical area should be the
evaluation on its success in technological learning and catching-up. Using the learning and techno-
logy gap concepts, in this paper we develop a novel model of measuring innovation performance
of developing countries/regions, based on common regional statistics. In the virtual absence of
mandatory firm level surveys, this model can provide a useful method to compare the innovation
behaviour of regions for policymaker. Running the model with the data from the Iranian provinces,
the paper concludes each province has its own specific innovation behaviour stemming from different
historical development paths and geographical characteristics.

Keywords: innovation performance, regional innovation, developing countries, technological
learning, catch-up, technology gap.
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Introduction

Innovation has significant consequences for socio-economic variables, such as GDP, pro-
ductivity growth and employment (Freeman 2002; Griliches 1979; Edquist et al. 2001), which
attracts the attention of policymakers. Furthermore, the study of innovation behaviour of
countries and regions is important for developmental policy research (Chaminade et al. 2009).
Yet, despite the importance of national/regional innovation performance measurement, there
is no consensus about its definition and this concept remains largely unclear. Hence, there
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is no agreed measure for innovation performance, and scholars, based on their approach to
innovation, have their own interpretation and use different methods for measurement, ac-
cordingly (Edquist, Zabala 2009; Fritsch, Slavtchev 2006; Broekel, Brenner 2007). In addition,
the innovation processes have different patterns and styles in different regions (Jensen et al.
2007). Therefore, it seems that the existing methods and indices are not necessarily appro-
priate in measuring innovations in all regions (Sutz 2012). One size does not fit all areas due
to different social-economical contexts.

Innovation in developing countries is based on diffusion and use of first, the inner
stock of knowledge; second, the created knowledge by local firms; and finally, the external
knowledge (Kim 1997). In developing countries, interactive learning and imitation are the
pillars of innovation activities. Unlike developed countries, this process rarely creates rad-
ical breakthrough in scientific and technological knowledge. The process typically brings
about small changes by incremental innovations and gradual reduction of the technology
gap. However, the existing common measures, even those recommended by international
organizations, such as the Global Innovation Index or the European Innovation Scoreboard,
have little relevance to the features of the innovation process in developing countries. There
is also an increasing tendency to use advance methods, such as Data Envelopment Analysis
(DEA) method, for measuring and benchmarking regional innovation systems which suffer
the same limitation (Zabala-Iturriagagoitiaa et al. 2007; Wu et al. 2010). Furthermore, while
the learning concept becomes a key concept in the innovation systems literature, none of
common innovation performance measures has been provided with an operational definition
for this concept to use it.

Studies on innovation systems of developing countries have begun since 1999 with the
papers written by Arocena, Sutz (1999) and Gu (1999). This trend, then, gained momentum
by Lundvall and his colleagues in the Globelics academy (Lundvall et al. 2006, 2009a). The
purpose of this paper is to contribute to this strand of research. We approach the study by
developing a novel method for measuring of innovation performance relevant to the context
of developing countries/regions, regarding “Learning Concept”. After presenting an overview
of common methods, we will introduce the proposed method, and evaluate the innovation
performance of different regions of Iran.

1. Measuring of innovation performance

There is a plethora of research on science, technology and innovation policy, which meas-
ures the innovation performance of geographical regions (Edquist, Zabala 2009; Fritsch,
Slavtchev 2006; Broekel, Brenner 2007; Hollanders, Celikel-Esserl 2007). These studies use
various methods and variables depending on the purpose of research and the approach of
researchers with regard to the innovation concept. Suffice it to say that the selection of proxy
variables and the way they are composited in the innovation measures and how their claim
of coordination with the innovation style in the developing countries is redeemed, are all
influenced by the researcher’s approach to the definition of the concept of innovation. The
method and the selection of the proxy variables these studies use could vary according to the
definition of the key concept of “innovation” in the study and the goal the researcher sets.
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1.1. Ambiguity in the concept of innovation

While researchers have agreed on the usefulness and importance of innovation in the de-
velopment of countries, there are different definitions of innovation in the literature and it
is not clear how to choose among them. A narrow approach to the innovation concept has
been highly regarded over the years and has many advocates especially among policy makers,
because of its simplicity and ease of measurement (Caraga et al. 2009). In this approach
which is rooted in the innovation behaviour of large and international firms, the innovation
process is “the process of discovery” (Smith 2000) of new scientific or technological rules.
In this view, innovation is a concept equivalent to science and technology and deals with
“creation of formal knowledge” which is usually the result of research in R&D departments
of large manufacturing firms, public labs, research institutes, and universities. The narrow
approach has some proponents in both linear and systemic paradigms of the innovation
process, and fits well with behavioural features of innovation in developed countries, where
radical innovations have a significant impact on economic growth.

In contrast to the above approach, there is a broad approach to the innovation concept,
which is rooted in the views of Joseph Schumpeter (1934). In Schumpeterian view, a new
technological change is considered as innovation when it leads to a new economic value
added. Innovation not only is the middle link between research and technological change
and market, but also might appear in management and organizing or marketing methods
when they create new economic values.

Suffice it to say that while many scientific endowers have created new knowledge convey-
ing scientific values, they have not necessarily led to new economic value'. That is why the
meaning of “innovation” in the course of conceptualization is gradually broadening, moving
away from science and technology concepts. In the 2005 version of the Oslo Manual (OECD
2005), “innovation” has a broad definition similar to Schumpeter’s interpretation. As described
in this manual, the meaning of “local newness” is not simply “novelty” in the world, but also
includes “new for the firm or the market of the firm”. Obviously, such a broad definition of
innovation increases the innovative community size and makes it difficult to measure the
innovation performance in geographic areas (OECD 2005).

In any case, most definitions of innovation whether be under the influence of the
linear and narrow approach or the systemic and broad one, all emphasize on “newness”
and “applying knowledge”. In both approaches, “knowledge” is the primary input of in-
novation, but what is not agreed upon is the “nature of knowledge”. In the broad systemic
view, knowledge used in innovation may be the result of a formal process such as R&D
activities, or from experiences in the local context and interactive learning over centur-
ies (Kraemer-Mbula, Wamae 2010). Therefore, it may be coded and explicit knowledge
transferable through different channels or implicit which could be transferred only by
face-to-face interactions. In the innovation literature, the first type of knowledge has
significant applications in the Science-Technology-Innovation (STI) style of innovation,
which is dominant pattern in developed countries, while the second type has significant

! We are not denying their potential economic value in future since every scientific advance has the potential for
subsequent developments by high economic values.
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applications in the Doing-Using-Interacting (DUI) style of innovation, prevalent in small
or developing countries (Jensen et al. 2007). In the broad systemic view, innovation is
a ubiquitous phenomenon. It is present everywhere, even in traditional sectors and not
confined to high technology sectors.

Efforts to conceptualize the “innovation” have already been running into trouble be-
cause of its ambiguity, and scholars see themselves in need of using proxy variables instead.
The first influential measurement of research activities is addressed to Bernal in the 1930’
(Caraga et al. 2009). He measured R&D as a proportion of GNP in the UK and advocated the
effect of raising this ratio on economic growth (Bernal (1939) cited in Caraga et al. (2009)).
Currently, this variable, which is an input of R&D activities, is one of the most popular proxy
indices in measuring the science and technology performance of countries.

With the purpose of facilitating a comparison of the innovativeness of geographical areas,
some international organizations have tried to develop science, technology, and innovation
measurement standards, drawing on firm surveys. Basically, the first series of these standard
manuals gave attention to R&D activities. The Frascati Manual is one of this type, which was
designed in 1962 in Europe (OECD 1962). The first editions of this manual gave attention
only to formal R&D activities, but in the sixth edition (OECD 2002), informal and occasional
R&D activities are calculated too.

The OECD Patent Manual (OECD 2009), Okubo Report (Okubo 1997), Canberra Manual
(OECD 1995) and TBP Manual (OECD 1990) are some of the other standard manuals
developed by OECD for measuring science and technology creation activities in the firms.
Also, UNESCO has provided similar manuals and recommendations (UNESCO 1968, 1980,
1978). Unlike the indices of R&D, there is not agreement about innovation indices (Gault
2007). The Oslo Manual was designed to measure innovation activities in the firms, but
underwent many changes over time. In first editions of this manual, the narrow approach
to innovation was dominant, where only product and process innovations were considered
and R&D activities were emphasized as the major input of innovation (Salazar, Holbrook
2003). However, in the last edition, the Oslo Manual used the broad definition of innovation
(OECD 2005). Many countries develop and implement surveys based on this manual (e.g.
Community Innovation Surveys CIS). There have been other efforts to create innovation
indices such as the European Innovation Scoreboard (EIS), the index of the Massachusetts
Innovation Economy, the Global Innovation Index and the Nordic Innovation Monitor, which
are still not as popular as Oslo Manual.

1.2. Approaches to innovation performance of geographical areas

Similar to “innovation”, the “innovation performance” of geographical areas differs in meaning
among researchers. A great number of studies use the metaphor of the geographical area as a firm
for simplification and interpret “the innovation process as a product process” (Broekel, Brenner
2007), in which there are some mechanisms for converting inputs to outputs. Some scholars
measure a geographical area’s innovation performance from an output standpoint (Edquist,
Zabala 2009) and some others use efficiency concept and count inputs, in addition to outputs
(Zabala-Iturriagagoitia 2008; Fritsch, Slavtchev 2007). And finally, some scholars adhere to the
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“functional ability of the innovation system” (Carlsson et al. 2002) and measure innovation
performance based on how the entire innovation system can respond to its different functions
(Edquist, Hommen 2008). These studies have mostly been conducted at a national level.

It should be noted that in policy studies, innovative process outcomes and consequences,
though not more valuable than, are equally considered as direct outputs. Measuring per-
formance of innovation in areas is much harder than firms, since geographical areas are not
integrated systems. The value-added of R&D activities or export of high-tech products are
some of the output proxy variables, counted in the metaphoric approach to regions as firms
with the goal of maximizing profits (economic growth).

Broekel and Brenner (2007) have reminded us about the stochastic nature of the innova-
tion process which is in contrast to the deterministic nature of the production process. Fur-
thermore, they have noted that managers take control over the resources of the firm except
external factors (Brenner, Broekel 2009), whereas, policy makers and economic actors have
extremely little effective control on regional innovativeness factors. Broekel and Bernner
have divided these factors into three categories; fixed and population characteristics, policy
settings, and economic activities. Fixed characteristics of a geographical area do not change
significantly over time but influence other factors. The rest influence each other. However, the
time scale of changes of each one is different (Broekel, Brenner 2007; Brenner, Broekel 2009).
Some examples of fixed characteristics of a region include the geographic profile, geographic
location and natural resources, which directly determine the regional industry structure
and impact on attractiveness of the region, population, and economic characteristics, so,
indirectly could influence policy decisions. Culture, believes and values are other examples
of regional population characteristics which influence other attributes, especially quality of
social relationships that could influence economic features and implementation of policies.

Given the above points, measuring innovation performance based only on comparing
and analysing indices suggested in standard manuals, without sufficient attention to the
geographical area’s characteristics and the indices’ suitability, could mislead policymakers
and making them design policies with negative impacts on communities.

Therefore, during the process of benchmarking, one should attempt to classify geographical
areas based on their corresponding features and one of the most common categories in such
benchmarks is the degree of development of a country. Some of these studies, which especially
contain best practices, were confided to developed or at most recently industrialized coun-
tries, not the developing ones. However, the arguments about the necessity to have a different
approach to study of innovation systems of developing countries have been growing recently
(Oyelaran-Oyeyinka, Rasiah 2009; Lundvall et al. 2009a; Krammer 2009), since these countries
(and regions inside them) have quite different features from developed ones, which should be
considered in evaluating their innovation performance and in analysing the results.

2. Innovation features in developing countries

Developing countries face enormous challenges, including macroeconomic uncertainty,
poor physical infrastructure, institutional thickness, lack of access to new technologies and
knowledge and information sources, lack of demand for innovations, lack of entrepreneurial
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and skilled manpower, financial constraints and many other obstacles which hinder the
innovation process (OECD 2005; Chaminade et al. 2009; Oyelaran-Oyeyinka, Sampath
2006; Hadjimanolis 1999). Srinivas and Sutz (2005) have pointed to those challenges as
scarcity conditions. Moreover, in some developing countries, especially Middle Eastern,
the economies are affected by the abundance of highly valued strategic natural resources
(e.g. petroleum). This kind of abundance has initiated and maintained rents and rent-seek-
ing behaviour. This case along with a weak institutional system has created the “resource
curse” phenomenon (Weinthal, Loung 2006) which disorder economic growth (Auty 1993;
Gylfason 2001). Actors in the rentier economy prefer to abuse the poor institution settings
and capture high incomes by means of rents than productive activities (Weinthal, Loung
2006). Rentier state (Mahdavy 1970) and political instability are some other features of such
economies. Political instability reduces political-business cycles and creates severe crisis
for a rentier economy (Gorgi, Eghbali 2011). A high risk of business added to rent-seeking
behaviour of economic actors eliminates incentives of investment and innovation in the
private sector (Miremadi 2012).

We can outline some of inconsistencies of common innovation measures with innovation
features in developing countries as follows (keeping in mind that the phenomenon of “rentier
economy” exacerbates all these characteristics):

- The innovation organizational setting of most firms in developing countries, which
typically are small and medium firms, is informal while formal R&D projects which
are highly valued in the common innovation performance measures, are scant (Salazar,
Holbrook 2003);

- Traditional sectors are responsible for the major part of wealth creation and economic
development in developing countries, while common innovation indices have a
structural bias to new technologies and depending on them makespolicymakers un-
derestimate the innovation capabilities of traditional sectors (Salazar, Holbrook 2003);

- Firms inherently are risk averse. Hence, to reduce risk, they are not prone to take big
steps and do radical changes and their innovations usually appear as incremental
improvements and small changes, which common innovation performance measures
ignore them;

- Common innovation performance measures have a strong emphasis on the private
sector whose role in developing countries is negligible contrary to the main role that
government plays in funding research and development and financing knowledge
creation activities;

- Asignificant part of developing economies are based on informal activities (Chaminade
et al. 2009) restraining our understanding of behaviour and performance of innovation
based on the use of formal statistics;

- Innovation systems in developing countries are weak, and links are fragmented
(Edquist, Chaminade 2006). This makes firms unable to overcome the technical
problems, so they turn to solutions such as importing technology. In other words,
“knowledge diffusion” (Arundel 2006) in developing countries usually is non-interactive
(e.g. purchasing machinery and equipment, using open and freely available sources,
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especially local cases). Recent measures emphasize active knowledge diffusion (by
means of collaboration) because of the importance of interactive learning;

- In most developing countries, product differentiation is captured due to low cost re-
sources (e.g. oil, human capital) (Altenburg 2006). Hence, there is little incentive for
technological innovation for differentiation making. Whereas, common innovation
performance measures focus on technological innovation.

Obviously, the differences of innovation features in developing countries compared to
developed ones cause differences in priorities and the methodology of innovation performance
measures. None of the standard innovation performance manuals, even Oslo Manual which
is the most favourite one in developing countries, has accounted those differences. Hence,
Latin-American experts have suggested an annex to Oslo Manual, based on Bogota Manual,
to adapt it by innovation behaviours in developing countries (Lugones, Peirano 2004). Cog-
nizant to the substantial differences between developed and developing countries, the Bogota
Manual has succeeded to draw attentions to the innovation process and the firms’ capabilities
in developing countries. However, since it normally relies on extensive, expensive and time
consuming surveys at firm level, some developing countries have hesitated to put it in their
policy making agenda, thus far despite its inherent values. Therefore, there is still a need to
have an alternative measure for innovation suitable for developing countries.

This paper introduces an alternative and claims its suggested method is more practical than
Bogota manual for developing countries, since by drawing on the second hand generalized
data, it does not require a complicated and expensive process of collecting data and survey.

3. Design and method

Selecting the measures that are directly related to the expectations of a policymaker about the
function of the innovation system leads to effective decisions. First of all we should mention
about a fundamental difference between the goals of innovation policy research in these
countries from developed ones. “Innovation system” in developed countries is an ex-post
concept, while in developing countries it is an ex-ante phenomenon (Lundvall 2005). In de-
veloped countries, these systems are relatively strong, well-functioning, coherent, diversified
and have spontaneously developed and matured over time. In these countries, the purpose
of the study of innovation systems is maintaining or capturing the position of technology
leader. Contrarily, in developing countries, in which the innovation system is still emerging,
the task of system design is inevitably oriented towards the goal of socioeconomic develop-
ment because all the greatest challenges in developing countries have development nature;
the lack of acceptable economic performance, social and economic inequality and poverty
of a significant part of the population (Lundvall et al. 2009b; Fagerberg, Verspagen 2002).

There are many controversies about the reasons of the low capability of developing coun-
tries to create new technologies. Capturing, adopting and imitating technologies, which are
in the grasp and control of technology leaders, are vital means of development (Lall, Teubal
1998). Moreover, Lundvall (2011) reminds:

“The intention of the original innovation system concepts was to link innovation to eco-
nomic performance and to the potential for ‘catching-up’ among less developed countries.”
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On the base of those arguments, we claim that in developing countries, policymakers’ in-
terest in the innovation system is to understand how to catch-up the frontiers (not necessarily
the international ones). Inequality and learning are two basic concepts embedded in catch-up.
Catch-up means trying to compensate the lagging behind, as well as socio-economical gaps
including learning inequality which leads to income inequality, by learning from frontiers.
Catch-up is not pure imitation of technologies. Technologies should be adopted by users and
adapted to new conditions (e.g. scarcity of skills, materials, etc.). Hence, catching-up usually
involves some technological changes, small innovations, training the workers and users and
enhancing innovation capability of firm through the process of the embedded learning.
Learning in catching-up process occurs in different ways, from purchasing new equipment
and using proper foreign new technologies, to imitation by reverse engineering techniques or
designing for problem solving due to challenges of scarcity conditions (Srinivas, Sutz 2005)
even reinventing the wheel. Catch-up learning leads to enhancement of firm’s innovation
capacity, reduce its technology gap, and empower their employees. A developing country/
region can create new transitional paths to development if there is necessary leverage as
history witnesses.

Another feature of the innovation process in developing countries, which we consider in
designing of proper measure, is the dominant style of innovation. In the related literature, STI
and DUI are two styles of learning and innovation; the former is crucial in high technology
firms (science-based innovation) and the latter is paramount in medium and low technology
firms (experiment-based innovation) (Hirsch-Kreinsen et al. 2005). STT and DUI styles are
complementary and exist in both developed and developing countries, with differences in
intensities. Obviously, the dominant style of innovation in developing countries is DU, since
their industrial structure is largely based on medium and low technology firms rather than
high-tech firms (Lundvall et al. 2009a).

And finally, the process of development in developing countries in general, is hindered
by some factors, e.g. inequality in learning and consequently in revenues at interregional
and domestic levels as well as international level. In other words, development in these eco-
nomies is uneven. As we might know, the phenomenon of economic inequality has been the
focus of numerous studies for years but there are not many studies on inequality in learning
capabilities which happens to be the cause of economic inequalities. However, measuring
the innovation performance in the regional level highlights the importance of attention to
uneven level of (technological) learning among the different regions in a developing country.

Based on above arguments, the rate of success of a geographic area in improvement of
its technology level (reducing its national/international technology gap), via both STI and
DUI styles of learning, could be an appropriate proxy for the innovation performance of that
region. We propose to use a composite measure with three dimensions: “learning’, “catch-up’,
and “research and development (R&D) efforts”. None of them can be measured directly. Some
scholars have used the productivity concept (total factor or labour productivity) to measure the
technology gap (Sjoholm 1997; Lee 2001) as a proxy of catch-up. Improving productivity for
achieving better performance levels represents some success in catch-up. Growth of productiv-
ity is a sign of learning, absorptive capacity, and innovation, more than technology transfer. In
addition to product and process innovation, organizational innovations (e.g. modification of
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organizational structure or management solutions that improve efficiency or organizational
climate), marketing innovations (market expansion, accessing new markets and more effect-
ive use of production capacity) and even using new materials and resources, all can increase
productivity. Hence, “productivity” can be considered as an appropriate conceptual tool to
measure innovation in developing regions and in different sectors as manufacturing, agriculture
or services. Of course, as productivity level depends on the sectors of industries, the type of
industries should be controlled in the measurement. For example high technology industries,
as well as some natural-resource-based industries, such as petroleum industries, essentially
have much higher levels of productivity than traditional ones. That means productivity level
is industry-specific. The impact of fixed characteristics of a geographical area can be better
understood now. Natural resources, climate, and geographical factors significantly influence
(sometimes determine) the industrial structure of a region and thus its productivity level. We
can control this effect by measuring the technology gap with respect to the “field of industrial
activity” in each region.

The industry structure of developing countries is bipolar (Lavopa, Szirmai 2011; Alten-
burg 2009). In these countries, a small fraction of this structure consists of large and high
productivity firms, while the bigger section contains lots of small and micro firms with
very low productivity levels and barely increasing performance (Altenburg 2009). Lavopa
and Szirmai (2011) have named this phenomenon as “partial catch-up”. They recognize the
stylized patterns of developing countries structure in an empirical study. According to these
patterns, the distribution of industrial sectors, according to their distance to technology
leaders, expands during developing process and moves from the extreme pattern of a lagged
economy to the extreme pattern of a developed one (Fig. 1) and transit from the middle
bipolar structure. In extreme patterns, most sectors lie in the same range of technology gap.

a) lagging-behind region b) structural-polarized region ¢) successful catching-up region

(partial-catching-up)

Number of Sectors
Number of Sectors
Number of Sectors

"\

(far<—) distance to the frontier (—close) (far<—) distance to the frontier (—close) (far<—) distance to the frontier (—close)

Fig. 1. Theoretical patterns of the distribution of sectors according to their technological gap
Source: (Lavopa, Szirmai 2011) reproduced with permission from authors.

We can use these theoretical patterns (we call them “catch-up patterns”) in the process of
measuring and interpretation of the innovation performance of developing regions. Lavopa
and Szirmai have used the measure of distribution of sectors to evaluate the compliance of
the industrial structure of countries with these patterns, but this method is not suitable for
constructing an innovation performance measure. First, it is not straightforward and requires
intuitive judgment. For example, as Lavopa and Szirmai measure, the distribution of sectors
of Mexico, similar to the Republic of Korea, was decreased over time after experiencing a
bipolar structure pattern. Unlike Korea, this was not a sign of Mexico’s success; in contrast,
the catch-up pattern of Mexico has a backward to a lagging-behind (Fig. 2). It means that
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Fig. 2. Distribution of sectors by labor productivity in the Rep. of Korea and Mexico
Source: (Lavopa, Szirmai 2011) reproduced with permission from authors.

industrial sectors of this country haven’t learned enough to close their technology gap and
their gap has increased over time. Secondly, the vertical axes of patterns represent “the num-
ber of sectors”, and their size and importance in the development of economies are ignored.
Consider the case of the existence of a lot of small low-productivity sectors, which have
no significant role in the development of the region, while some limited high-productivity
sectors make contribute greatly to the employment and wealth of it (e.g. industrial cluster).
The catch-up pattern of such a case is close to a lagging-behind region instead of a successful
catching-up one. Finally, we cannot have a proper assessment of the real behaviour of in-
novation in a region only with respect to its catch-up pattern in an interval of time. “Time”
is a key factor. The inability of a region to reduce its technology gap in a significant period
means the interactive learning in that region is not sufficient, and its innovation performance
is poor. The behaviour of the region must somehow be taken into account in the innovation
performance measure. Furthermore, it is necessary to know the extent of R&D efforts in a
region in order to find out how the innovation performance of the region is based on STI
or DUI styles of learning.

Using the catch-up pattern to construct the catch-up index, we consider the importance
of industrial sectors, instead of “number of sectors”, on the vertical axis of patterns. The
importance of the factor of value added of sectors in economic development is obvious.
Moreover, from the learning standpoint the factor of employment in high performance
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sectors has the same importance?’. Communication between workers of these sectors has a
significant role in the flow of knowledge and consequently innovations and improvement of
productivity. Therefore, with the assumption of reducing the technology gap as one of the
most important outcomes of innovation system in developing regions, we can define the
catch-up index as follows:

CATCH!=Y"

SHLti’S + SHVifS
i=1 2

SHL.  +SHV
GAPINV}, ;2;[%}1, 1)

where: CATCH! is catch-up index of the region s at the period of £; # is the number of in-
dustrial sectors in the region s; SHL | is the industrial employment share of the sector i at
the period of ¢ in the region s; and SHVY, is the industrial value added share of the sector i at
SHL?S + SHVl-fs
2

of the technology gap of industrial sector i in the region s at the period t.

GAPINV/ is the reverse of the technology gap of the industry sector i from the sector’s
leader at the period of ¢, which measures as follows:

the period of ¢t in the region s. We consider [ J as the importance coefficient

t

1,

p! L
GAPINV, =—1 —=—° (2)

() ]

1L

1

where: P/, is the labor productivity of the sector i in the region s at the period of t; and
max(Pf) is the labour productivity of the technology leader (industry’s highest productiv-
ity). Labour productivity is simply obtained by dividing the industry’s value added to the
number of industry’s workers.

Catch-up index gives us a picture of the whole industrial productivity of a region at a cer-
tain section of time, and its change over time could be a proxy for the learning of the region:

LRN!=CATCH! -CATCH!™, 3)

where: LRN' is the learning index of the region s at the period of .

In order to complement our understanding of innovation behaviour of regions, it is ne-
cessary to consider R&D efforts of the region in addition of catch-up and learning indices.
Geographical areas have different behaviours; for example, some regions with high per-
formance and success in catch-up are not continuing to learn further and so are in danger
of decline because of various system failures such as “lock-in”. Some other regions are close
to a lagging-behind pattern, but their conditions have started to improve lately improving
because of learning incentive policies. On the other hand, some regions have allocated no-
ticeable resources to R&D efforts and achieved some success in the past but now they are not

2 Obviously, we can designate different weights to different sectors of activities, based on policymaker viewpoints,
e.g. higher weight to ICT or High-Tech sectors, which are distinguished as crucial sectors to development.
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continuing their efforts in catching-up because of deep knowledge gap between industries and
research institutions or weak networks. It is clear that different regions require different and
specific policies to enhance innovation performance. The amount of reported innovations
(e.g. the number of patents per one million populations or other similar national statistics)
can be used as a proper proxy of R&D efforts.

By using the suggested compound measure, we can recognize if a province has better
achievement and learned more along the time compared to others. Using the fuzzy set theory
(Zadeh 1965) allows us a better comparison between regions. We have used the method in
a comparative analysis of provinces of Iran.

4. Case of Iran’s provinces

Iran is a vast country and has a great diversity of climate, ethnicity, and culture. Its economy
is dependent on natural resources, especially petroleum and has rentier property (Mahdavy
1970; Gorgi, Eghbali 2011; Miremadi 2012; Ghazinoory, Ghazinouri 2009). These make
for different economic and social attributes and consequently an income inequality and
enormous gap in the development level between its provinces. Innovation policy decisions
are mainly taken by the central government, but significant regional differences point to the
necessity of provincial (regional) policy making based on the study of innovation behaviour
and performance of provinces to reduce their gaps and balance economic development. In
this study, we have measured the innovation performance of the manufacturing sectors in
29 provinces of Iran, using their experimental catch-up patterns in two 4-year periods of
2000-2003 and 2004-2007. We have used the average values of variables in each period to
eliminate short-run instabilities. Throughout this study, we have used published regional
data from Statistical Centre of Iran.

Some studies tend to measure the technology gap of a country with a global technology
leader (e.g. USA) (Lavopa, Szirmai 2011). Nevertheless, firms use at first their existing know-
ledge base to do innovation and only if it is insufficient; seek new sources. Furthermore, for
learning from technology frontiers, firms should have some capability and cognitive prox-
imity with frontiers. Distance from the source of knowledge (geographical proximity) is also
effective in doing innovation (Cohen, Morrison Paul 2009; Boschma 2005), especially when
knowledge flow tends to be limited in regions, because of its tacit aspect (Jaffe et al. 1993).
In developing countries, where linking via the global knowledge network can be difficult for
various reasons including limitations of language, naturally, the most influential source of
knowledge of the firms are the domestic or national suppliers, customers, and competitors.
In Iran, in particular, some factors such as trade sanctions have escalated this rupture. Hence,
the attempt of each province to reduce their technology gap with other provinces can also be
considered as an indication of its learning and a proxy for its innovation performance. Obvi-
ously, a region that has links to foreign networks of knowledge can faster reduce its technology
gaps, and in the case of the technology leader of the country, can also maintain its position.

Remembering the industry-specific aspect of productivity, we have provided an experi-
mental catch-up pattern and have measured the catch-up index of each province, as a weighted
sum of the technology gap of each manufacturing activity in the province with respect to a
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province, which is the leader of the activity in the country. Using Eq. (1) in two 4-year-peri-
ods, we have calculated the learning and catch-up and indices of each province. We have
used the number of formally reported inventions/innovations per one million populations
as a proxy of R&D efforts of provinces.

Appendix-A provides measures of the learning, catch-up and R&D effort indices of all 29
provinces of Iran. There are also illustrated the experimental catch-up patterns of provinces
in two periods. Using these measures, we can understand if a province had a better outcome
and learned more compared to others, but we cannot easily infer from it how the provinces
can be considered innovative. We have used the fuzzy set theory (Zadeh 1965), suggested
by Ragin (2008) for a better comparison. In this approach, measures should be interpreted.
The raw measures are uncalibrated. They become calibrated by interpreting, meaning trans-
forming them to sets. The interpretation is affected by existing and substantial knowledge.
As we will show, the provinces are more or less learning, catching-up, and have accomplished
some achievements in R&D. On the other words, each province has a degree of membership
in “learning regions set” (L), a degree of membership in “catching-up regions set” (C) and a
degree of membership in “research-developing regions set” (RD). We have used direct cal-
ibration procedure, using log-odds suggested by Ragin (2008). Fuzzy membership function
is defined as follows:

1

(4)

For using this technique, we should specify three qualitative anchors for each set to dis-
tinguish between innovative and non-innovative provinces. Those are x;, as full membership
threshold (with fuzzy membership score L, =0.95) x; as non-membership threshold (with
fuzzy membership score p; =0.05 and b as crossover or maximum ambiguity breakpoint
(with fuzzy membership score p, = 0.5, then we use two different a to calculate fuzzy mem-
berships, a;, for x>b and g, for x<b:

3 I—y, I-u, o 1-p, I-w (5)
= s a4 = .

x,—b x,—b

Selection of qualitative anchors should be based on theoretical issues and cases attributes.
We recognize the similarity of experimental catch-up patterns of the provinces by a catch-up
index close to 0.6 or larger, to theoretical successful catching-up pattern (Fig. 1) and those
by a catch-up index close to 0.3 or smaller, to theoretical lagging-behind pattern. Hence, we
have selected qualitative anchors of catching-up regions set (C) as follows:

Threshold of full membership: 0.6 Threshold of full non-membership: 0.3
Maximum ambiguity: 0.5

That means, regions by catch-up index less than 0.3 are categorically lagging-behind;
regions by catch-up index more than 0.6 are catching-up (fully in catching-up regions
set); regions by catch-up index between 0.5 and 0.6 are in transition but they are near to
success (more in than out of the catching-up regions set); and regions by catch-up index
between 0.3 and 0.5 are in transition but near to the set of lagged-behind (more out than in
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the catching-up regions set). As the same order, the anchors of learning regions set (L) are
respectively selected as 0.2, -0.1 and 0. Finally, the anchors of research-developing regions
set (RD), are respectively selected as 125, 20, 50, based on a simple clustering routines.
High outcome (success in catch-up or R&D) signs satisfactory performance and worthy
of reward, while lack of learning means malfunction of innovation system and points to ex-
istence of system failures. Using this insight, “innovative regions set” (I) is the combination
(logical AND) of the “learning regions set” and the union of “catching-up regions set” and
“research-developing regions set”. In other words, significant learning and success in catch-
up or research activities are counted as sufficient conditions for a region to be innovative.

I(x)=LN(CURD)(x); (6)
LN(CURD)(x) =min{L(x), (CURD)(x)}, CURD(x)=max{C(x),RD(x)} .

Appendix-B provides a comparison and classification of Iran’s provinces and the degree of
their membership in innovative, learning, catching-up and research-developing regions sets.
As an example, Kerman has the full membership degree of 1 in catch-up regions set despite
the full out membership degree of 0.03 in research-developing regions set, so the member-
ship degree of Kerman in the union of these sets is 1. In combination with the membership
degree of 0.26 in learning-regions set, Kerman’s membership degree in innovative regions
set would be the minimum of those degrees that is 0.26. That means Kerman is a somewhat
non-innovative region. A summary of classification is provided in the Table.

Table. Innovativeness classification of Iran’s provinces

Innovative ~Somewhat innovative Somewhat non-innovative Non-innovative
Tehran Isfahan Fars Kohgilouye-Boir-Ahmad
Zanjan Guilan Hormozgan*
Mazandaran Khuzestan Golestan*
Boushehr West-Azerbaijan Chaharmahal-Bakhtiari
Ghazvin South-Khorasan
Markazi Ardebil
Kerman* North-Khorasan
Semnan Kurdistan
Kermanshah
Hamedan
Razavi-Khorasan
Qom
Yazd
Lorestan

East-Azerbaijan
Sistan - Baluchistan

* High score in catch-up index with serious risk of decline due to insufficient learning.

As the Table shows, only Tehran province is recognized as an innovative region, and
four other provinces are somewhat innovative by membership degree greater than 0.5 in
innovate regions set. That means between 29 provinces of Iran, regional innovation systems
of 24 provinces have serious failures which policymakers should recognize and decide how
to remove them by more studies. Characteristics of the members of each class are not similar.
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That means there are different paths to success/failure. For example, most of the “somewhat
innovative regions” are industrial, except Mazandran which has an agricultural-based eco-
nomy. On the contrary, most of the “somewhat non-innovative regions” are agricultural and
have traditional and low technology manufacturing sectors and suffer from low income, and
other inequalities. Beside them, we can see some industrial provinces by large manufacturing
firms and universities, which are unable to use their valuable knowledge resources. Further-
more, as in the Table and Appendix B, most of the provinces by high membership degree in
research-developing regions set are (somewhat) non-innovative. It could be the case as due of
the improper science and technology policies or large cognitive/knowledge gap between re-
search institutes and manufacturing firms. Almost all of the (somewhat) innovative provinces
have low formal research achievements, which supports the argument about the importance
of DUI-based style of learning in developing countries (Hirsch-Kreinsen et al. 2005).

For assessing the criterion validity of measure (Saparauskas et al. 2011), the provincial GDP
(without oil revenue) per head has been used. It is expected that the provinces recognized as
innovators have upper GDP per capita. The existence of positive and meaningful correlation of
Pearson among the degree of the provinces’ membership in innovative regions and the provin-
cial GDP per capita supports the criterion validity of the measurement (r = 0.606, p = 0.000).

Fig. 3 provides catch-up patterns of four provinces by different characteristics at two periods.
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Fig. 3. Experimental catch-up patterns of four developing regions in Iran
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Tehran province includes the metropolis of Tehran (capital of Iran) and has a financial
service-based economy. Tehran also has the highest diversity in manufacturing activities
in the country and benefit from existence of large universities and research institutes, large
population of elites, and a relative abundance of financial resources. Tehran is recognized as
the unique innovative region in our study, but as can be seen in Fig. 3, it was not a country
technology frontier in almost any industry sectors in the first period of study, contrary to pub-
lic perception. Nevertheless, it has experienced significant learning and could greatly reduce
the technology gap between the most of its manufacturing sectors and national technology
frontiers in the second period of the study, Tehran is the country technology leader in some
of manufacturing sectors which provide near one third of employment and value added of
the province in the second period, despite insufficient formal research efforts of firms.

In contrast to Tehran, Kerman, which has fully membership in catching-up regions set,
does not have diversity in manufacturing activities. Its economy is mineral-resource-based,
and manufacturing of basic metals (copper) is the dominant industrial sector in this province.
Firms of this sector are often large and essentially have high productivity. It can be argued
that Kerman is a professional region and benefits from the feature of the national frontier in
the basic metals sector. However, Kerman has not continued learning long enough during the
periods of study, and despite maintaining its leadership position in its professional activities it
shows a little decrease in its catch-up index (Fig. 3). This could be an alarm to policymakers
about Kerman’s system failure of “locking” in existing knowledge and consequently failure
of the innovation system of this region.

Policymakers can recognize regions with high learning potential, based on the inform-
ation provided by the Appendices. Then, they can apply appropriate policies and reduce
barriers of catch-up and R&D efforts in such regions. For example, in the periods of study,
Kermanshah has learned much but it has not succeeded in catch-up and R&D. If we observe
its catch-up pattern, we can see that it has moved from a lagging-behind profile to a structural
bipolar one (Fig. 3). Moreover, the bipolarity of this province is specific: the dominant pole
consists of more productive sectors. This remarkable behaviour deserves more attention of
policymakers and deeper study about the obstacles to innovation and development in this
province. While Kermanshah is a less-developed region because of a weak manufacturing
infrastructure, science and technology policymakers have not much attention to it. Public
expenditure in R&D is less than the average of the country and has been reducing over time.

The province of Semnan’s status is the opposite of Kermanshah. It is an industrial province
with a fully membership degree in research-developing regions set. Semnan’s public expendit-
ure in R&D in the periods of study is more than twice the national average; invention per
capita is four times the national average and has a significant rate of literacy and graduate
manpower. However, the experimental catch-up pattern of Semnan presents lack of learning,
enlarging technology gap of manufacturing sectors and backward to lagging-behind situation
(Fig. 3). While statistics indicate a significant increase in the number of manufacturing firms
and diversification of industrial sectors in Semnan, it seems that inappropriate supportive
policies serve to reinforce the traditional and non-productive sectors, which cannot properly
link with the centres of knowledge creation in this province. In our classification, Semnan is
recognized as a non-innovative province (Table).
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Summary and conclusion

Measuring innovation performance of geographical areas is essential to attain the aims of poli-
cymaking. This importance is not confined to the national level. In the case of vast countries
such as Iran, which encompasses varieties of climate and culture and the economic progress
has exacerbated the uneven development of the different regions, measuring the innovation
performance at the regional level is extremely useful. Common innovation measures derive
from the dominant innovation behaviour in developed countries and are appropriate to the
objectives and functions of their sound and coherent innovation systems but are not suitable
for use in developing countries.

The behaviour and style of innovation in developing countries is affected by economic
structure and its attributes. High-technology firms make up a small fraction of the economic
value of developing countries. On the other hand, the medium and low technology firms in
these countries, which are normally ignored by common innovation measures, are the driver
of the national economic growth. That is partially the reason why these firms often do not
benefit from science, technology, and innovation policies and do not benefit from as many
opportunities as they deserve. Moreover, although innovation should be regarded present in
all economic sectors, common measures target a specific style of innovation (STI mode), so
they are unable to show the real picture of the innovation behaviour in developing regions
to policymakers. The dominant style of innovation in developing areas is DUI, which relies
on existing knowledge and experience. In these countries, innovations are incremental,
and changes are minor. Diffusion of knowledge, imitation, and learning obtained from it
in a “scarcity conditions” is more urgent than knowledge creation. Tracking and measuring
innovation process output is difficult, due to the nature of innovation in these countries.
Therefore, the only effective way to measure is tracking outcomes of innovation and using
proxy variables to measure its performance.

One of the main reasons for the policymakers of developing countries to study innovation
systems is to understand how to design a catch-up strategy for their economies. Catch-up
here means learning from regional/national/international frontiers and reducing learning
inequality in order to diminish income inequality. By this approach, we claim that the main
function of innovation systems in developing countries is closing the technology gap with
the leaders, so this concept can be a relevant and appropriate proxy for measuring innovation
performance in these countries. The success of a developing region in catch-up is an import-
ant criterion for its innovation system performance. We believe the experimental catch-up
pattern, which the productivity concept is used as its proxy in this paper, is an effective way
to understand the innovation behaviour of a developing region. Nevertheless, if the poli-
cymaker doesn’t pay attention to the changes of patterns over time, his understanding of
regional performance will be incomplete and in some cases, even misleading. These changes
show the success/failure of the geographical area in learning, and allow the policymaker to
search for regional factors shaping the pattern and its changes, and decide about appropriate
policies to accelerate learning and catch-up.

The strength of this approach is its appropriateness to the purpose of evaluation from the
policymaker’s insight. However, it is case-based: the style of experimental catch-up pattern of a
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region is dependent on the selection of the technology leader region. For example, a developing
region which at a national level is recognized as a successful catching-up one probably would
be a partial-catching-up when it is evaluated at a global level. Similarly, changes in the anchors
of fuzzy sets could cause some changes in the results.

The study of catch-up patterns of Iran’s provinces and their learning behaviour shows
that few of them have the proper performance. Most provinces have insufficient learning and
only a few has decreased their technology gap with the sectorial-national leaders. There is no
doubt that economic sanctions and reduction in international trade relationships in addition
to factors such as isolation from global knowledge networks due to language and culture are
highly effective in reducing learning and innovation in Iran. However, such factors are somewhat
controlled in this study because we have compared regional performance within national level
(but not global). Secondly, innovation-affecting policies are centrally determined in Iran, and
local policies are rare. Thus, it seems that the behavioural differences between these provinces
are highly influenced by fixed characteristics of regions and its consequences such as industrial
structures, as well as population characteristics (social and cultural factors). This reveals the
necessity of policy research using a deep case study method to understand the effective attrib-
utes of each province, which affect its innovation and learning behaviour and diagnose their
specific system failures. Undesirable innovation behaviours of most of the provinces reflect the
inefficiency of centralized policymaking.

Furthermore, the results of innovation performance measures in Iran reaffirm the fact that
there is a chasm between the centre “Tehran” as the Capital of the country and the peripheral
regions in terms of productivity and innovation. The chasm has been resulted by the con-
sistent attention Tehran has drawn, while the remote areas and far reach regions like Kohgil-
ouye-Boir-Ahmad and Hormozgan have lost their chances for catching up and being innovative
during these years. Suffice it to say, it needs to have further study to be more specific about the
inequality among the regions and the policy implications in order to ameliorate this situation.

It should be noted that we did not consider the rentier aspect of Iran’s economy. Some of
the superficial improvements in productivity may result from the rent-seeking behaviour of
economic actors, which provides more opportunities in core areas, and may not be based on
technological learning. This behavioural feature should be considered in subsequent studies.
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APPENDIX A
Innovation performance dimensions of Iran’s provinces (sorted by catch-up index 2004-2007)
Experimental R&D Catch-up Catch-up  Learning Province
catch-up pattern achievements index index
————— First period (2004-2007) (2000-2003)

Second period

/ 13.57 0.7608 0.7954 -0.0346 Kerman

/ 1.13 0.7473 0.7072 0.0401 Boushehr
41.75 0.6395 0.5405 0.0990 Mazandaran
56.77 0.5999 0.3935 0.2064 Tehran
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Continued Appendix A
Experimental R&D Catch-up Catch-up  Learning Province
catch-up pattern achievements index index
_____ First period (2004-2007) (2000-2003)
Second period
89.49 0.5982 0.4604 0.1378 Isfahan
35.25 0.5624 0.3538 0.2086 Zanjan
0.71 0.5449 0.7354 -0.1905 Hormozgan
A 0.78 0.5405 0.7417 -0.2012 Golestan
99.91 0.4983 0.5274 -0.0291 Markazi
28.13 0.4708 0.4278 0.0430 Fars
~ 7.25 0.4602 0.4749 -0.0147 Khuzestan
27.84 0.4593 0.4332 0.0261 West-Azerbaijan
149.3 0.4551 0.5366 -0.0815 East-Azerbaijan
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Continued Appendix A
Experimental R&D Catch-up Catch-up  Learning Province
catch-up pattern achievements index index
----- First period (2004-2007) (2000-2003)
Second period
42.86 0.4424 0.4265 0.0159 Ghazvin
Chaharmahal-
/\ 8.16 0.4309 0.6108 -0.1801 Bakhtiari
19.81 0.4095 0.4882 -0.0787 Lorestan
18.62 0.4011 0.2980 0.1031 Kermanshah
84.93 0.3903 0.4512 -609 Razavi-Khorasan
9.98 0.3897 0.4250 -0.0353 Hamedan
7.86 0.3845 0.5965 -0.2120 South-Khorasan
16.24 0.3776 0.3066 0.710 Qom
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End of Appendix A
Experimental R&D Catch-up Catch-up  Learning Province
catch-up pattern achievements index index
----- First period (2004-2007) (2000-2003)
Second period
19.18 0.3501 0.3687 -0.0186 Yazd

Kohgilouye-Boir-

1.58 0.3372 0.4574 -0.1202 Ahmad

44.49 0.3270 0.3432 -0.0162 Guilan

/\ ;"' "-._ 3.33 0.3246 0.3513 -0.0267  Sistan-Baluchistan

/\ 11.09 0.3017 0.5362 -0.2345 North-Khorasan

215.35 0.2946 0.3371 -0.0425 Semnan

72.47 0.2874 0.4985 -0.2111 Ardabil

30.55 0.2484 0.4260 -0.1776 Kurdistan
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APPENDIX B
Innovation performance measure of Iran’s provinces

Membership score in sets

Learning Catching-up Research- Innovative

Province
(L) (©) developing 0]
(RD)
Innovative regions
(1) > 0.95 Tehran 0.96 0.95 0.57 0.95
Isfahan 0.89 0.95 0.83 0.89
Somewhat -
innovative Zanjan 0.96 0.87 0.19 0.87
regions Mazandaran 0.82 0.99 0.3 0.82
0.50 < (1) < 0.95
Boushehr 0.65 1 0.01 0.65
Fars 0.66 0.39 0.1 0.39
Guilan 0.38 0.07 0.37 0.37
Khuzestan 0.39 0.36 0.01 0.36
West-Azerbaijan 0.6 0.35 0.1 0.35
Ghazvin 0.56 0.3 0.33 0.33
Markazi 0.29 0.49 0.88 0.29
Kerman 0.26 1 0.03 0.26
Somewhat
non-innovative Semnan 0.22 0.04 1 0.22
regions Kermanshah 0.82 0.18 0.04 0.18
0.05 < p(I) < 0.50
Hamedan 0.26 0.16 0.02 0.16
Razavi-Khorasan 0.14 0.16 0.8 0.14
Qom 0.74 0.14 0.03 0.14
Yazd 0.36 0.1 0.04 0.1
Lorestan 0.09 0.2 0.05 0.09
East-Azerbaijan 0.08 0.34 0.98 0.08
Sistan - Baluchistan 0.31 0.07 0.01 0.07
Kohgilouye-Boir-Ahmad 0.03 0.08 0.01 0.03
Hormozgan 0 0.79 0.01 0
Golestan 0 0.77 0.25 0
Non-innovative Chaharmahal-Bakhtiari 0 0.26 0.02 0
regions
w () < 0.05 South-Khorasan 0 0.15 0.01 0
Ardabil 0 0.04 0.71 0
North-Khorasan 0 0.05 0.02 0
Kurdistan 0 0.02 0.13 0
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