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Abstract

Regional development is a complex challenge for policymakers in government, business, and industrial leadership.
The Fourth Industrial Revolution, labeled Industry 4.0, has created integrated opportunities for a circular economy in-
volving actors from different society strata. This paper presents an integrated approach that combines conventional
strategic planning methods with tools adapted to the Fourth Industrial Revolution. The regional development methods
discussed here are demonstrated with a real-life case study from a major regional development project initiated by
policymakers. The integrated approach presented here lists opportunities and challenges in regional development ap-
plications with interest to both researchers and policy makers. The case study is from the North of Israel, which also
is called the Galilee. The Galilee is considered a geographical and social peripheral region in Israel, and, as such, it
creates significant complexities and challenges for regional development policymakers. As a peripheral region, the
Galilee suffers from major weaknesses such as low income, low productivity, poor services, and negative migration,
especially of young populations. The paper presents the theoretical foundation of an integrated approach which in-
cludes an assessment using the Industrial Maturity for Advanced Manufacturing (IMAM) tool developed at the Samuel
Neaman Institute, Technion, Israel. The IMAM scale assesses the maturity and ability of industrial companies to adapt
and implement innovative and advanced manufacturing technologies and processes. We suggest that an integrated
approach combining a strategic plan and an IMAM assessment can be replicated in other industrial zones.

Keywords: fourth industrial revolution, strategic program, industrial maturity, regional development, SWOT analysis,
innovation and productivity

1. INTRODUCTION regional economics, processes of development,
growth, and sustainability. Consequently, careful at-
tention should be given to long-term factors such

as education, health services, welfare, and research

As value and production chains become more
trans-territorial in the era of globalization and In-

dustry 4.0, the regional development level of anal-
ysis gains more salience. Regional development is
a complex challenge that needs to address multiple
interrelated goals. Traditionally, the main economic
measures driving regional development, at both
the national and the regional levels, are the GDP
and GDP per capita. In contemporary developed so-
cieties characterized by growing income inequality,
these measures may not provide an accurate as-
sessment of the situation in which most people find
themselves and of societal well-being (Stiglitz, Sen,
and Fitoussi, 2010). This observation also applies to
regional disparities which lead to the resurgence of

and development (R&D) investments at the re-
gional level. Advanced technologies also may play
a major role in bridging the interregional well-being
gap by advancing proximity — physical and virtual
(Capello and Nijkamp, 2009). An essential vehicle
for regional development is proper policy mea-
sures, such as moving jobs to region with high un-
employment; indirect measures, including better
infrastructure, stimulating R&D and innovations,
improving education, and providing an attractive
environment (housing, recreation, sport, culture);
direct measures such as financial compensation,
soft loans, low land prices, favorable energy con-
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tracts, etc.; and strict direct measures such as relo-
cation of governmental institutions (van Dijk,
Folmer, and Oosterhaven, 2009).

Recent directions in theories of regional eco-
nomics shed light on two main approaches: more re-
alism, and more dynamics (Capello, 2008). We stress
the following trajectories: understanding endoge-
nous factors that support regional competitiveness
(industrial specialization, infrastructure, location, en-
trepreneurship, realistic economic clusters, agglom-
eration economies, transportation costs, human
resources, etc.); knowledge, which is embedded in
human capital, as an endogenous driving force to de-
velopment; and nonlinear trajectories of develop-
ment (Krugman, 1991; Romer, 1986; Lucas, 1988;
McCann and van Oort, 2009; Minerva and Ottaviano,
2009; Faggian and McCann, 2009).

Due to measurability difficulties, general mod-
elling logic entails static assumptions. The focus on
the “representative” firm and on pecuniary
economies, while ignoring dynamic nature of exter-
nalities such as human capital and technological
spillovers, underpins the critique of models (Mc-
Cann, 2005; Fingleton and McCann, 2007; McCann
and van Oort, 2009). Moreover, careful attention
should be given to institutions and their relation-
ships with knowledge. The role of institutions, and
more specifically efficient institutions, in economic
development is paramount (North, 1990; Aghion
and Howitt, 1998, Helpman, 2004). Considering the
dynamic environment of the 215t century and the
Fourth Industrial Revolution, the breaking down of
barriers between national economies make the re-
gion a fundamental basis of economic and social life
(Fischer and Nijkamp, 2009). Therefore, the variance
among regions should be considered, and for better
assessment of potential regional development, it
should be recommended to critically use generaliz-
able predictions based on representative models.
Hence, geographical thinking should be intertwined
with economic analysis, and pinpointing the need for
dynamic measuring tools is unquestionable. This dy-
namism gives central importance to entrepreneur-
ship among processes affecting regional growth.
Entrepreneurship encourages innovative activity and
always involves economic risk taking, which nonlin-
early leads to development and growth (Acs, 1994;
Audretsch, 2004; de Groot et al., 2004).

To bridge gaps between theories and practice,
we follow Cuadrado-Roura (2001), who identified
seven attributes of succeeding regions in terms of
development and growth:

1. The presence in aregion of a group of medium-
sized cities together with a large city.

2. The presence of medium- to high-educated
labor, preferably with moderate wages.

3. Physical proximity to major markets and large
urban centers together with access to new
ideas.

4. Availability of business services such as consult-
ing, advertising, financing, etc.

5. A facilitating local authority with well-devel-
oped strategies and leadership.

6. A positive social environment facilitating coop-
eration among institutions and organizations.

7. Many small and medium-sized industries easily
enabling knowledge spillovers, as opposed to
the dominance of a few large firms.

This article introduces a comprehensive inte-
grated methodology for regional development and
implements it in a case study. The article is struc-
tured as follows: Section 2 presents a survey of dif-
ferent models, the third section introduces the
integrated methodology for regional development,
Section 4 discusses the case study of Northern Israel,
and the last section concludes with a discussion.

2. THEORETICAL BACKGROUND

2.1 Competitive advantage and the clusters
approach

The importance of connections among branches
of businesses and industries gained the interest of
economists in the 1970s (Czamanski, 1974, 1976).
These connections among manufactures are called
“value chains” and the geographic concentration of
manufactures which are creating and operating rela-
tionships among them are called “geographic clusters.”
Analysis of these networks among businesses and
manufacturers is used to build and to calculate matri-
ces which are the basis for conventional analysis meth-
ods such as “input—output,” the gravity model (Haynes
and Fotheringham, 1984), and the Diamond Model
(Porter, 2000, 2003; Delegdo, Porter, and Stern, 2014).
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Figure 1: The Input—Output Model
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The “input—output” model (Figure 1) developed
by Leontief and Strout (1963), represents the flow of
money in an economy, primarily through connec-
tions between industries, i.e., the extent to which
different industries are buying from and/or selling to
one another in a geographic region. An “input—out-
put” model also accounts for such factors as govern-
ment spending, housing spending, investments,
imports, and exports, all of which help provide a full
picture of what is happening in an economy. This
model was used to assess the economic impact of
Teva and Intel on the economy of Israel (Fortuna,
Neev, and Freeman, 2014; Fortuna et al, 2018).

The gravity model (Figure 2) demonstrates the
general form of spatial interaction encompassing
any movement over space that results from a
human process. It includes journeys to work, migra-
tion, information and commodity flows, student en-
rolments and conference attendance, the utilization
of public and private facilities, and even the trans-
mission of knowledge. Gravity models are the most
widely used types of interaction models. They con-
sist of mathematical formulations used to analyze
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and forecast spatial interaction patterns. The gravity
model as a concept is of fundamental importance
to modern scientific geography because it makes ex-
plicit and operational the idea of relative as opposed
to absolute location.

Figure 2: lllustration of the Gravity Model
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locations

Adapted from Haynes and Fotheringham, 1984
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The strategic analysis based on Porter’s
(1990) Diamond Model (also known as the Theory
of National Competitive Advantage of Industries)
is a diamond-shaped framework (Figure 3). It ex-
plains why certain industries are competitive in-
ternationally, whereas others are not, and why
some companies perform consistent innovations,
compared to others. Porter argues that any com-
pany’s ability to compete in the international
arena is based mainly on an interrelated set of lo-
cation advantages that certain industries in differ-
ent countries possess, namely firm strategy,
structure and rivalry, factor conditions, demand
conditions, and related and supporting industries.

Figure 3: The Porter Diamond Model for Cluster
Development
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The Diamond Model of Porter describes the
main benefits of the regional clusters to the com-
petitiveness of the businesses in the clusters and to
the economic growth of the region:

¢ Productivity can be improved through the avail-
ability of common resources such as an experi-
enced workforce, shared knowledge, and
information.

¢ Innovation can be nurtured through sharing ideas
and innovative technologies.

¢ New businesses can be created through promot-
ing the business environment and ecosystem.

¢ Positive spillovers across complementary eco-
nomic activities can provide an impetus for ag-
glomeration: the growth rate of an industry within
a region may be increasing in the “strength” (i.e.,
relative presence) of related industries.

¢ Industries located in a strong cluster register
higher employment and patenting growth. Re-
gional industry growth also increases with the
strength of related clusters in the region and
with the strength of similar clusters in adjacent
regions.

e There is evidence of complementarity between
employment and innovation performance in re-
gional clusters: both the initial employment and
the patenting strength of a cluster have separate
positive effects on the employment and patenting
growth of the constituent industries.

¢ New regional industries emerge where there is a
strong cluster. These findings are consistent with
multiple types of externalities arising in clusters,
including knowledge, skills, and input—output
linkages.

3. AN INTEGRATED METHODOLOGY FOR
REGIONAL DEVELOPMENT

The model described in the case studies is an
integrated framework for policy making in regional
development. The framework is depicted in Figure
4. This framework includes four stages: assess-
ment, development, deployment, and lessons
learned. The assessment stage can combine quan-
titative methods such as the gravity model, the
input—output model, IMAM (see Section 4.4), and
qualitative models such as SWOT (see Section 4.2).
The development stage includes several elements
of regional development like innovation and en-
trepreneurship, human resources development,
collaboration and partnerships, and industrial
parks. The deployment stage consists of several ini-
tiatives such as developing infrastructure change
drivers and growth driver engines, deploying In-
dustry 4.0, advanced manufacturing and engineer-
ing technologies, and supporting economic
clusters. These initiatives are presented in the con-
text of case studies.
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Figure 4: Integrated Framework for Regional Development
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3.1 The Role of Entrepreneurship in Regional
Development

Entrepreneurship is a dynamic, ever-changing
entity in constant interaction with its ecosystem. It
begins with an idea sparked by the identification of
an opportunity within the abilities of the business
team. The main challenge lies in identifying an op-
portunity and approaching the matching market by
materializing this idea into business success in which
the outcome may be different from the initial idea.
The essence lies in finding that opportunity, exciting
the market and raising demand, planning the sce-
nario, and delivering a winning solution, while man-
aging the risk presented by uncertainty. This entity
exists in a challenging ecosystem consisting of highly
competitive market conditions and requirements,
such as the need for faster development and deliv-
ery of new and differentiated products, services,
value, and ever-growing customer expectations.

The ecosystem, and its regional cultural support
and empathy for innovation, are key factors in the
emergence of entrepreneurships. If it forms a sustain-
able local ecosystem, it can accept, absorb, and nour-
ish exceptional and nonconservative concepts,
approaches, and operations. This tendency, combined
with the practice of appreciating calculated risk-taking
and tolerance to failures, forms an encouraging incu-
bator for various initiatives. These are only a handful
of the issues to be considered. A mindset of dealing
with a complex situation in a dynamic ecosystem is re-
quired, and often timing is of the essence. One should
not disregard all relevant aspects of all factors in-
volved, including human factors. Reasoning the main

J \ J

systemic components and carefully planning how to
use a systemic concept may vastly increase the
chances for the success of entrepreneurship initiatives
in the region, which supports and advances en-
trepreneurship at the system level and the practical
level. Entrepreneurship in system development was
discussed in detail by Katz (2020).

3.2 The Role of Innovation and Creativity in
Regional Development

Managing the innovation and creativity process
also demands a holistic approach at the regional level.
The idea generation lifecycle includes the following
major milestones: focus selection, ideas generation,
harvesting, assessing ideas, treatment, and ideas im-
plementation. As indicated in Porter’s model (Porter,
2000, 2003) innovation is nurtured through the shar-
ing of ideas and innovative technologies in the cluster
ecosystem. It happens on the micro level through per-
sonal connections and communications, and on the
macro level through collaborations of companies and
institutes. As mentioned subsequently, the theory of
the strength of weak ties (Granovetter, 1973; Bakshy
et al, 2011) explains the barriers to and the enablers
of innovating and sharing ideas in regional periphery,
through connections on the micro level.

3.3 The Role of Human Resources in Regional
Development

The main source for successful regional develop-
ment is the human resources who act and work in
the region. There is a need for businesspeople, man-
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agers, engineers, and workers who have the knowl-
edge and expertise which fit the jobs of the busi-
nesses in the region. This may be called the regional
intelligence. In addition, the regional institutes for
training, such as academia and vocational programs,
can fill the gaps of knowledge in the region through
life-long training. The managers and workers not only
should have knowledge for the jobs in the region, but
also should have leadership and creativity skills. Cre-
ative workers have been shown to have a direct and
an indirect impact on regional innovation (Sleuwae-
gen and Boiardi, 2014). Creative workers have an im-
pact on innovation that is differentiated from the
presence of regional intelligence, as measured by the
availability of human capital. In addition, in peripheral
regions it is important to create regional loyalty and
identification with the regional vision and goals. Such
regional human resources development programs
may be created.

3.4 The Role of Collaboration, Partnership, and
Industrial Parks in Regional Development

Collaboration and partnership among peoples,
companies, and institutes in the region are essential
drivers for successful regional development. This
happens through the spreading and sharing of ideas
and innovations. Industrial parks are excellent place
for collaboration and partnership of the companies
located in the park, through the leadership of the
industrial park management.

4. CASE STUDY FOR REGIONAL
DEVELOPMENT: DATA AND APPLICATION
OF THE INTEGRATED METHODOLOGY

4.1 Background data

Following the proposed integrated methodol-
ogy for regional development, a real case study of a
strategic initiative to advance the geographical area
of Northern Israel was conducted. The initiative in-
volved a major strategic regional planning program
followed by a focused assessment of organizational
maturity in terms of Industry 4.0 implementation.
The assessment was based on the IMAM scale de-
scribed in Section 4.4 (Adres, Kenett and Zonnen-
shain, 2020). The methodologies and approaches
described here can be adapted to other regions and
industrial zones, and therefore provide a generic ap-
proach to the development of regions with indus-
trial parks.

The first step was to collect and assess relevant
data on Northern Israel, which is a heterogeneous
area in terms of industrial activity, population struc-
ture, socioeconomic status, and educational aspects.
Table 1 compares employment and salaries levels in
this region to those of other regions in Israel.

Table 1 shows that 16.5% of Israel’s population
lives in the North, and 14.7% of the employees in Is-
rael work in the North. The unemployment rate in
the North region is the highest in Israel, 8%, com-
pared to the average of 6.2%. In addition, salaries

Table 1: Employment and Salaries in the North Region Relative to Other Regions in Israel

24.2% 27.5%

- 16.4% 18.9%
North

District 16.5% 14.7%

Adapted from Central Bureau of Standards, 2013

70.2% 5.1% 115.6%
67.3% 5.2% 94.1%
58.0% 8.0% 79.7%
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in the North are relatively low, only 79.7% of the na-
tional average.

The Northern region of Israel is home to a large
portion of Israel’s industry — about 34%. However,
most of this industry is traditional, and its produc-
tivity and export rates are relatively low.

Industry in the North is strong in metals (38%),
electronics (35%), and food (35%) (Figure 5).

There is migration from the North to the central
regions of Israel, with high rates of migration among
young people. The Israeli Ministry of Economy, in a
joint program with the Samuel Neaman Institute,
identified five strategic goals for improving the eco-
nomic conditions in Northern Israel (Israeli Ministry
of Economy, 2014). These goals are:

1. Growth of the economic system in the North;

2. Improvement of the socioeconomic status of
the population in the North;

3. Advancing the joint economy of the Arab and
Jewish populations in the North;

4. Exploiting the potential of the Arab population
as a growth advantage; and

5. Reversing the negative migration from the
North and attracting strong populations.

The first two goals relate to the entire popula-
tion in the North of Israel. Goals 3 and 4 relate to
the Arab population and its potential for the growth
of the North. The fifth goal presents a challenge to
achieve better employment figures, a better busi-
ness environment, higher industrial productivity,
and improved quality of life indicators. This aims at
reversing the migration trends and attracting a
stronger and younger population to the North.

4.2 SWOT Analysis and Assessment of the North

The SWOT (strengths, weaknesses, opportuni-
ties, threats) assessment and analysis of the North-
ern region was driven by the data collected and
based on inputs solicited from 80 individuals with
leadership positions in different areas, representing
various positions within the government, industry,
municipality, education, healthcare, academia, and
NGOs. On-site visits were organized to several in-
dustrial plants and municipalities in order to receive
first-hand impressions of and information about op-
portunities and barriers in the North.

This provided both quantitative and qualitative
data that were combined with past programs and
reports that discussed the economic and social con-

Figure 5: Percentage of Israel’s Employees Who Work in the North and Haifa in Several Industrial Sectors
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ditions in the North of Israel. All this information led
to several discussions and roundtable brainstorming
sessions that produced the SWOT of the North. The
main findings of the SWOT were as follows.

Strengths:

¢ lLarge portions of the traditional industries are lo-
cated in the North, and they have significant
growth potential.

e The population in the North is diversified, with
good qualities and historical connections to the
North.

e The Arab population in the North is well edu-
cated.

¢ The basic relationships among the different cul-
tures are good.

e The North of Israel is green, beautiful, and holy to
Christians; hence it attracts both local and foreign
tourism.

Weaknesses:

e The North lacks large vertically integrated compa-
nies with effective human resources growth.

¢ The North lacks sufficient professional work force.

e The North is a periphery far from the nation’s de-
cision makers.

* Many municipalities lack substantial cooperation.

¢ The city of Haifa is not perceived as and is not act-
ing as the capital city of the North.

¢ The Jewish and Arab economies in the North lack
integration.

¢ Investment in innovation in the North is relatively
low.

Opportunities:

¢ There are many traditional and classical industries
in the North with a potential for growth through
innovation and productivity improvement.

e There is a good basis for life science clusters with
many active companies (more than 290), eight
hospitals with research capabilities, and several
good research institutes in tes area.

e The Arab population in the North has a growing
number of experts, workers, and students in the
area of life sciences.

e There is a good basis for clusters that focus on
water, with many active companies (more than
300) and several research institutes.

¢ The daily relationship between Arabs and Jews is
good and offers an opportunity for joint develop-
ment.

e Recent substantial government investments in
public transportation and roads in the North, as
well as roads connecting the North to the Center,
may promote businesses development and hous-
ing opportunities.

¢ The new deep-water seaport in Haifa presents an
opportunity to develop the economy of the
North.

* There is potential for an international airport in
the North, which may positively impact the econ-
omy of the North.

e The ultra-orthodox population in the North is
growing as a community, with good qualities of
work and study.

e The North is green and attracts ethnic and nature
tourism.

Threats:

e The absence of substantial economic growth in
the North in the next few years will encourage the
young population’s tendency to leave the region.

4.3 A Strategic Analysis of Northern Israel

A strategic analysis of the Northern region of Is-
rael was conducted in “The North Project” (Zonnen-
shain, Fortuna and Dayan, 2015). The program
studied the economic system of the North from var-
ious facets — industry, services, academia, munici-
palities, education, healthcare, transportation, large
companies, small companies, different sectors of
the population, etc. This also was based on the sys-
temic approach of the Systems Engineering method-
ology (Zonnenshain and Shtauber, 2015) The
program followed the integrated framework for re-
gional development presented previously: assess-
ment, development, and deployment. The
assessment stage included the SWOT analysis and
the IMAM scale (Adres, Kenett, and Zonnenshain,
2020). The development stage included identifying
infrastructure change drivers and developing
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growth drivers’ engines. In the deployment stage,
practical plans for deployment were prepared with
the relevant partners and stakeholders.

4.3.1 Identifying infrastructure change drivers

This study proposes four change drivers de-

signed to impact the infrastructure in the North in
nonlinear paths:

1.

Moving specified technological industries and
plants of the Israeli Defense Forces (IDF) from
the central part of Israel to the North. This move
can add at least 2,000 job opportunities for tech-
nical and logistic staff. In addition, it will create
10,000 jobs for suppliers and subcontractors.

Deepening and upgrading the port in Haifa so
that it can accommodate large modern contain-
ers ships. The government is investing about NIS
6 billion through 2021 to build this port. It is
planned that this port will employ about 7,000
people in various positions in various industries.

Building an international airport in Ramat David.
This move will create thousands of employment
opportunities, both for the construction and the
operation of this airport. This airport can change
the status of the North region for international
business and tourist communities.

Leveraging the transportation revolution in the
North to develop new business and housing
areas along the recently constructed railroads
and along the new major routes in the North.
Based on the transportation-oriented develop-
ment (TOD) methodology, we propose several
suggestions for developing businesses and
housings centers.

4.3.2 Developing growth drivers’ engines

The study also proposes several growth drivers

that do not represent “business as usual.” These
growth drivers, aimed at creating employments op-
portunities, are:

1.

Building and advancing an industrial scientific
cluster in the area of life sciences. This cluster
includes a full ecosystem of manufacturing
plants, academic institutions, research insti-
tutes, start-ups, incubators, hospitals, and labs,

all with advanced capabilities in life sciences. In
the North region and in the Haifa area, there
are impressive assets of manufacturing plants
(representing more than 300 companies) and
research institutes that use state-of-the-art
technology in the life sciences. In addition, an
impressive number of the Arab population have
knowledge, experience, and expertise in this
area. The North Project program proposes that
there should be a national policy in Israel to ad-
vance the life sciences in the North of Israel.
Furthermore, it is proposed that this policy
should include support for international medi-
cal tourism in the North.

Building and advancing industrial-scientific
water cluster. Similar to the life sciences cluster,
it is proposed to build in the North an industrial-
scientific ecosystem in the field of water. The
North also has assets of manufacturing plants
and research institutes. The Arab sector also
can be integral in this cluster, with engineers,
researchers, technicians, workers, and labora-
tory assistants.

Advancing innovation and productivity in the
classical industry in the North. The North has a
relatively large numbers of classical and tradi-
tional industries (34% of all classical industry
sales, and about 115,000 employees), but the
productivity, salaries, and export rates are rela-
tively low. Innovation and excellence are recom-
mended to improve productivity. The North
Project program proposed specific tools for pro-
ductivity and competitiveness improvements,
such as investing in research and development,
advancing automation, introducing advanced
manufacturing, developing industrial parks that
are oriented toward innovation and en-
trepreneurship, etc.

Better integrating the Arab sector in the North-
ern economy to create a common economy.
Upgrading the economy of the Arab sector is
one of the most important and crucial chal-
lenges in the North Project program. It is pro-
posed to improve the Arab sector by creating a
common economy with the Jewish population.
This program includes specific steps for creating
the common economy, such as improving the
socioeconomic situations of Arabs in the North,
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including initiating dialogue among the two
populations to advance trust, create collabora-
tive industrials parks, advance the employment
of Arabs with academic degree in quality roles,
encourage Arabs to join high tech organizations,
and integrate Arabs into the life sciences and
water cluster initiatives. This part of the pro-
gram is prepared with representatives of the
Authority for Economic Development of Minori-
ties in the Prime Minister Office.

Advancing tourism in the North. Annual tourism
revenue in the North is about NIS 10 billion. The
tourism industry offers various employment
and businesses opportunities to different pop-
ulations. The North Project program explored
several alternatives for developing tourism in
the North and chose ethnic and cultural
tourism, which demonstrates the highest pos-
sible revenue and future opportunities for
sound investment. Furthermore, as mentioned
previously, it is proposed to advance medical
tourism as part of the life sciences cluster. As
mentioned previously, it relates to building an
international airport in the North to further ad-
vance tourism development.

Integrating the ultra-orthodox population in the
North economy. Currently, 130,000 ultra-Ortho-
dox Jews live in the North. This population may
double in 15 years through natural growth and
immigration. The North Project program pro-
posed several tools and steps for developing a
productive and quality ultra-Orthodox popula-
tion in the North. These steps include, for ex-
ample, academic and technical education, and
integrating this community into the life sciences
and water clusters.

Advancing innovation in the North. As mentioned
previously, introducing innovation through indus-
try and other enterprises in the North is a key fac-
tor for the success of the economy system. The
Innovation Center in the Technion proposed, as
part of this project, a holistic program to introduce
innovation in the North. The program will include
specific steps, such as education of leadership for
innovation, teaching processes for innovation, cre-
ating collaboration between academia and indus-
try, initiating pilot projects for innovation in the
industries through advanced manufacturing, etc.

8. Advancing small and medium enterprises (SME)
in the North. Small and medium enterprises are
an important part of the North’s economy.
Through meetings with SME owners, and
through national reviews, it was found that
there are a significant number of barriers to the
development and the success of SME in the pe-
riphery of the North. The theory of the strength
of weak ties (Granovetter, 1973; Bakshy, Rossen,
Marlow and Adamic) explains the barriers to in-
novating and sharing ideas in the periphery. It
is very difficult for SMEs to survive in the eco-
nomic and business environment of the North-
ern periphery. Therefore, special government
and municipal help and support for the SMEs in
the North are proposed, such as offering special
loans, providing business-consulting services,
lowering the burden of unnecessary regula-
tions, and providing accessibility for purchase
by government and public institutions.

4.3.3 Deployments plans

The aforementioned joint strategic program
was developed during 2014-2015 and concluded
with several practical deployment’s plans (Israeli
Ministry of Economy and Samuel Neaman Institute,
2015). These plans were the basis for several major
decisions and actions of the Government of Israel
for upgrading the North of Israel. Some of the ac-
tions were already initiated, such as building a new
port in Haifa with deep water, improving the trans-
portation system in the North of Israel, upgrading
the economy of the Arab sector, and advancing in-
novation in the industries through advanced manu-
facturing (see Section 5).

4.4 Industry 4.0 — Maturity Assessment Model
Development

During the last decade, industry in advanced
economies has experienced significant changes in
its engineering and manufacturing practices, pro-
cesses, and technologies. These changes have the
potential to create a resurgence in the engineering
and manufacturing activities. This phenomenon is
often referred to as the Fourth Industrial Revolu-
tion or Industry 4.0. It is based on advanced man-
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ufacturing and engineering technologies, such as
massive digitization, big data analytics, advanced
robotics and adaptive automation, additive and
precision manufacturing (e.g., 3D printing), mod-
eling and simulation, artificial intelligence, and the
nanoengineering of materials (Pai, 2014). This rev-
olution presents challenges and opportunities for
the systems, manufacturing, and process engineer-
ing disciplines. Several authors have discussed ap-
proaches to assess organizational readiness to
advanced manufacturing challenges (McKinsey &
Company, 2016; President’s Council of Advisors on
Science and Technology, 2014; PwC, 2016; Shuh et
al., 2017). Under Industry 4.0, systems have access
to large types and numbers of external devices,
and to enormous quantities of data, which must
be analyzed through advanced data analytics
(Kenett and Shmueli, 2016; Kenett, Zonnenshain,
and Fortuna, 2018).

To help companies make progress on the
roadmap toward Industry 4.0, we developed a ques-
tionnaire-based tool that assesses the current ma-
turity level of a specific or a group of industrial
companies and highlights a set of focused areas for
the companies to pursue in an effort to deploy In-
dustry 4.0 methods. We call this the model of Indus-
trial Maturity for Advanced Manufacturing (IMAM).
The next section is an introduction to IMAM. More
details were given by Adres, Kenett, and Zonnen-
shain (2020) and Zonnenshain et al. (2018).

The IMAM scale helps companies to assess
their strengths and weaknesses and to prepare an
improvement plan. It also provides companies with
a tool for evaluating their actual improvements and
achievements and serves as an effective bench-
marking tool. The IMAM framework consists of an
assessment tool based on the Software Engineering
Institute’s Capability Maturity Model Integration
(CMMI) approach. It is specifically designed for as-
sessing the maturity level of a company in the area
of advanced manufacturing and engineering. The
CMMI maturity level assessment in systems and
software development was presented by Kenett and
Baker (2010). The IMAM scale was established and
validated using an accepted methodology (De Win-
ter, Dodou, and Wiernga, 2009; De Vellis, 2012;
Adres, Vashdi, and Zalmanovitch, 2016). The con-
tent of the IMAM was validated by an international

experts’ survey. The IMAM is a multidimensional la-
tent construct constructed at the basic level with 14
identified application areas (subdimensions) which
are relevant for advanced manufacturing and engi-
neering. For each subdimension, we developed a
self-report questionnaire, based on statements
(items) measured on a five-point Likert-type scale.
The 11th subdimension concerns information and
knowledge management and builds on the informa-
tion quality framework presented in Kenett and
Shmueli (2016) and Reis and Kenett (2018). We
added a concluding item stating, “It may be said that
in general that the advanced manufacturing status
of our company is in level...” (1-5 on a Likert scale).
The dimensions are:

1. Strategy and long-term planning for advanced
manufacturing

2. Human resources for advanced manufacturing
3. Communication with customers and the market
4. Processes in manufacturing

5. Processes in engineering

6. Business processes

7. Processes in maintenance

8. Logistics processes

9. Processes in the supply chain

10. Processes in product life cycle

11. Information and knowledge management

12. Processes in cyber assurance

13. Investment in infrastructure and equipment
14. Actual improvement outcomes and results

In each area, several possible actions and activ-
ities can be considered by companies aiming at the
advanced maturity level. Statistical analysis of these
14 subdimensions showed that they converge into
four higher-level dimensions: (1) value chain; (2) in-
frastructure; (3) monitoring and control processes;
and (4) engineering processes. These four dimen-
sions statistically converge to the IMAM scale, which
is an individual-level characteristic that can be un-
derstood as a single industrial organizational con-
struct, reflecting the competence and maturity for
advanced manufacturing implementation. More de-
tails on the IMAM model are given in Chapter 22 of
Kenett, Swarz, and Zonnenshain (2020).
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4.4.1 Analysis of IMAM assessments from Figure 7 shows the subdimensions of the Infras-
companies in Northern Israel tructure dimension.
Self-assessment and IMAM scores of 15 indus- Figure 8 shows the value chain subdimensions.

trial companies in Northern Israel are presented in
Figure 6. We approached the industrial companies
in the North of Israel based on our efforts and ex-
perience from the North Project. Figure 10 shows the engineering scores.

Figure 9 shows the subdimensions of monitor-
ing and control processes.

Figure 6: General Self-Assessment and IMAM Score
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Figure 7 : Infrastructure Subdimension Scores
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Figure 8 :Value Chain Subdimension Scores
Value Chain
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Figure 9: Monitoring and Control Subdimension Scores
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Figure 10: Engineering Scores
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Figure 11: Scores of the Four Dimensions of the Self-Assessment
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Figure 11 compares the four dimensions for the
15 companies.

The means, medians, and standard deviation
for the general self-assessment; IMAM score; and
the four dimensions are presented in Table 2. Self-
assessment may be affected by overcriticism on the
one hand, and by social desirability on the other
hand.

However, all means, and medians were less
than the mid-point, 3, except for engineering. This
indicates a need for general improvement in the in-
dustry; hence, this finding calls for planning a na-
tional policy.

To analyze the data, we used a methodology
and tools developed to highlight areas for improve-
ment and areas of excellence (Kenett and Salini,
2011). A basic element in this analysis is the com-
putation of the proportion of 1 and 2 ratings, la-
belled Bot1+2, and the proportion of 5 ratings,
labelled Top5. The analysis shown subsequently
builds on two standard statistical methods, control
charts for proportions (p-charts) and analysis of vari-
ance (ANOVA) with Student’s t-tests for paired com-
parisons, controlled for multiple comparisons. More
details of this analysis were given by Kenett and
Zacks (2014).

Table 2: Descriptive Statistics of IMAM Responses

General self- | IMAM score Value Chain Infra- Monitoring and Engineering

assessment structure control
N Valid 14 15 15 15 15 14
Mean 2.29 2.8998 2.8174 2.6728 2.9311 3.1488
Median 2.00 2.7328 2.7500 2.7125 2.8667 3.0833
Std. Deviation 0.994 0.74718 1.04668 0.96802 0.82522 1.10852
Range 3 2.72 3.27 3.56 2.93 3.50
Minimum 1 1.89 141 141 133 1.50
Maximum 4 461 4.68 497 4.27 5.00
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Based on this analysis of 15 respondents, repre-
senting industry in Northern Israel, overall strengths
and weaknesses were identified for the companies
which participated in the survey (Table 3).

Table 3:Strengths and Weaknesses of Industrial
Group with Respect to Industry 4.0
Implementation

Strengths Weaknesses

Communication with the
customers and the market

Strategy and long-term
planning for advanced
manufacturing

Human resources for
advanced manufacturing

Engineering processes

Processes in the supply chain | Processes in maintenance

Information and knowledge
management

Processes in product life cycle

The IMAM maturity level assessment helps to
achieve two major goals in efforts to implement ad-
vanced manufacturing.

Goal 1: Assessing the organizational maturity
level of a specific company and positioning its level on
a 1-5 maturity ladder. IMAM also helps companies
design an advanced manufacturing program based on
its strengths and weaknesses, and it helps the com-
pany assess progress along the maturity ladder.

Goal 2: Identification of regional strengths and
weaknesses in the dimensions of advanced manu-
facturing. This can be done at the regional level, but
also at the national level and for different industrial
sectors.

Based on the findings of this survey, there is
awareness in the industrial companies in North of
the importance of advanced manufacturing for the
success of these companies. However, previously
this awareness did not drive most of the companies
in the region to develop a strategy and long-term
planning for advanced manufacturing. We claim
that this conservative attitude may risk the surviv-
ability of traditional companies in the North of Is-
rael. It is proposed that the integrated framework
for regional development can support and promote
the Industry 4.0 implementation in the industries in
the region.

5. DISCUSSION AND CONCLUSION

This paper introduced an integrated framework
for regional development. This framework includes
four main components: assessment, development,
deployment, and lessons learned.

As a case study for this framework, we pre-
sented a joint strategic program for the growth of
the Northern region of Israel which was conducted
for the Ministry of Economics during 2014-2015.
This program proposes four change drivers, de-
signed to change the infrastructure in the North in
nonlinear paths. This study also proposes several
growth drivers that do not present “business as
usual” and that are aimed at creating employment
opportunities. It led to several decisions and actions
of the Government of Israel; some of these actions
already have been initiated.

The additional component of the integrated
methodology for regional development addresses
the Industry 4.0 implementation efforts which were
conducted in industrial companies in Northern Is-
rael. It is based on the Industrial Maturity for Ad-
vanced Manufacturing scale, which assesses the
maturity and ability of industrial companies to
adapt and implement innovative and advanced
manufacturing technologies and processes. The
findings from 15 companies from the North of Israel
are presented. These findings were used to validate
the IMAM scale, and to reveal the strengths and
weaknesses of the industries in the north of
Israel.Both case studies demonstrated the frame-
work for regional development in Northern Israel.

The combination of a strategic program, which
gave a wide and long-term perspective, with the In-
dustry 4.0 implementation based on IMAM assess-
ment, which is focused on a mid-term perspective,
represent the proposed integrative methodology
approach. It helped to pool together stakeholders
from government, business, industry and academia,
including various associations and NGOs. The IMAM
assessment gave individual managers of industrial
organizations specific feedback that can impact
their annual plan.

The combination of a strategic program and an
Industry 4.0 implementation based on IMAM as-
sessment can be replicated in other regions. It can
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be combined with deployment planning initiatives
and middle-of-the-road pulse-taking evaluations.

This paper demonstrated successful implemen-
tation of four theoretical approaches and practical
tools: the input—output model, through the direct
economic activities of the companies in the region,
through the derived economic input in the chain of
suppliers and the induced economic impact in the
region; the gravity model, by journey-to-work, mi-
gration of families and peoples, and flows of infor-
mation and commodity; Porter’s Diamond Model
for developing clusters in the areas of life sciences
and water engineering by productivity improvement
through the availability of common resources, nur-
turing innovation through sharing advanced ideas
and technologies, and creating and supporting new
businesses through promoting doing business envi-
ronment and friendly ecosystem; and applying
SWOT by advancing the strengths of the region like
the traditional industries and the well-educated
Arab population. These four approaches are inte-

EXTENDED SUMMARY/IZVLECEK

grated through four practical stages of an integrated
framework for regional development: assessment,
development, deployment. and lessons learned.
These approaches were successfully applied for the
case study of the Northern region of Israel. The im-
plementation process includes elements such as in-
novation, creativity, and entrepreneurship, such as
the Industry 4.0 initiative; infrastructure change
drivers and growth engines; and promotion of the
human resources. All are important for the devel-
opment and execution of improvement program in
the Northern region of Israel.

The program for developing the North of Israel
presents initiatives which demonstrate the bridging
of gaps between theories and practice for the ben-
efits of this region, such as the presence of a large
city (Haifa) with a group of medium sized cities; the
presence of medium- to high-educated labor; posi-
tive social and economic environment facilitating
collaboration among peoples, institutions, and or-
ganizations; etc.

Regionalni razvoj predstavlja kompleksen izziv za oblikovalce politik na vodilnih viladnih,
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poslovnih in industrijskih poloZajih. Cetrta industrijska revolucija oziroma Industrija 4.0 je ustvarila
integrirane priloZnosti za razvoj kroznega gospodarstva, ki vkljucuje akterje iz razli¢nih druzbenih slo-
jev. Raziskava predstavlja celostni pristop, ki zdruzuje obi¢ajne metode strateskega nacrtovanja z
orodji Cetrte industrijske revolucije. Obravnavane metode regionalnega razvoja so prikazane s po-
mocjo Studije resni¢nega primera razvojnega projekta, katerega namen je spodbuditi regionalni
razvoj. V raziskavi predstavljeni integriran pristop navaja priloZnosti in izzive regionalnega razvoja,
zanimive tako za raziskovalce kot oblikovalce politik. Studija primera izhaja iz podroéja na severu
Izraela, imenovanega Galileja. Galileja velja za geografsko in socialno obrobno regijo v Izraelu in kot
taka predstavlja izziv za oblikovalce politik regionalnega razvoja. Kot obrobna regija Galileje trpi zaradi
mnogih pomanjkljivosti kot so nizki dohodki, nizka produktivnost, slabe storitve in negativne migracije
zlasti mladega prebivalstva. V raziskavi so predstavljena teoreti¢na izhodis¢a celostnega pristopa ter
ocena slednjega, pridobljena na podlagi orodja Industrial Mat mature for Advanced Manufacturing
(IMAM), razvitega na Institutu Samuel Neaman, Technion, Izrael. Lestvica IMAM ocenjuje zrelost in
zmoznost industrijskih podjetij za vklju¢evanje in izvajanje inovativnih in naprednih proizvodnih
tehnologij in procesov. Avtorji predlagajo, da se celostni pristop, ki zdruzuje strateski nacrt in oceno
IMAM, uporabi tudi v drugih industrijskih conah.
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