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Abstract

Australia is experiencing a decline in traditional manufacturing due to downward pressure on
exchange rates and a shutdown of several motor vehicle production companies. Innovation is

essential to find new industries to replace the old.

The aim of this project is to develop a visual decision support tool where users can identify
opportunities to create distinctive, competitive products in key industries based on their
potential for exports, diversification and complexity. Based on analytics of global trade data
of over 5,000 products, it enables users to determine exports from Australia to various

countries for products of interest.

In this study, a dynamic visualisation tool was developed using Microsoft Power BI. More
specifically, through iterative qualitative research with a subject matter expert and economist
from the South Australian Government, the tool was refined using an Agile. It was then
deployed over the GitHub for impact among users. The tool provides innovation intelligence
in five key industries: defence and space; advanced manufacturing; renewables; medical

technologies; and food and agriculture.

The study makes an important theoretical contribution by developing a model to improve
economic complexity for innovation management by integrating interdisciplinary literature

on visualisation, innovation and complexity.

It also makes a valuable practical contribution to government on industry development and
innovation by identifying relevant product opportunities for Australia in priority industries to

increase complexity, exports and diversity.



1 Chapter One - Introduction

1.1 Overview

Innovation is fundamental to Australia’s economic growth. Consequently, it is important to
improve capability to create competitive and sophisticated products that consumers demand.
This project aims to develop a visual decision support tool to support innovation
management. First, it would apply visualisation to allow businesses in search of international
trade data and to identify project opportunities in areas of comparative advantage with export
potential for Australia. It also identifies areas for diversification where existing capabilities
can be applied to move into areas of demand. It focuses on product opportunities in five

priority industries.
1.2 Project Background

1.2.1 Innovation
Innovation is the crucial factor for the modern economies for many countries in the world.
Australia is one of the many countries in the world with innovation as a major focus point.

However, its innovation performance is relatively low (Wipo.int, 2018).

According to the Australian Bureau of Statistics shows that there is a decline in innovation
metrics in Australia among Australian Business (ABS, 2016). The data shows that there is
20% drop in new improved products introduced by business from 2014-2015 and there is
10% decline in the innovation business between 2013-2015 (ABS, 2016). Figure 1 shows the
world’s most innovative nations in 2019 (Data sourced from World Intellectual Property

Office, 2019) (Figure 1 was developed by the author of this thesis).

Innovation score
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Figure 1- World’s Most Innovative Countries
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Figure 2- Ranking of World’s Most Innovative Countries

“PATENTS ARE RELATED WITH INNOVATION”

Patents are one measure of technological innovation (Crosby, 2000). It does not capture all
innovation in an economy including service innovation which is not patentable or innovation
in some small companies, where the cost of patenting can be prohibitive. Figure 3 shows to
top patenting nations in 2016 where Australia ranks 19" in patenting. (Figure 3 was

developed by the author of this thesis).
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Figure 3- Top Patenting Nations

1.2.2 Economic complexity

Economic complexity is defined as a measure of the productive knowledge that a society
holds and contains its network (Hausmann et al., 2014). Usually the productive knowledge
refers to the knowledge required for creating a product and Raw material products such as
harvesting seeds and grains will require less amount of the productive knowledge and
whereas complex materials such as medical imaging devices will require a huge amount of
productive knowledge (Felipe et al., 2012). Economic complexity is an import part of this

project as it deals with various products and the product measures.
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1.2.3 Smart Specialisation

Generally smart specialisation is defined as the process of development of knowledge driven
growth strategies and which takes comparative advantage for promoting the innovation and
also for the sustainable economic growth in industries and regions (Felipe et al., 2012). The
main purpose of smart specialisation is to provide guidelines for the policies and activities on
research, innovation funding, production and development by eliminating the replicate
products in the industry and also in defining for making an industry or region unique (Pugh,

2018).

Strategies and policies based on the approach of smart specialisation are being documented in
various countries all around the world, most notably in the Europe 2020 Strategy
(Commission, 2010). In fact, the concept of the smart specialisation is built from the works of
Dominic Foray and the Knowledge for Growth expert group located in Europe (Foray et al.,
2009) Furthermore, the OECD created it into a framework that emphasises the role of smart

specialisation in public policies on innovation-driven growth (Oecd, 2013).

In this vein, smart specialisation is one of the notable strategies which helps in increasing
various areas of strength and also a comparative advantage which will potentially contribute
to the country’s economy in a sustainable manner (Foray et al., 2009). Using economic

complexity modelling as a basis of smart specialisation which will be explored in this study.

1.3 Project Aims

Using economic complexity modelling as a basis of smart specialisation, the project aims to
develop a visual decision support tool for supporting innovation management and identify
opportunities to increase economic complexity. Using dynamic data and visualisation to map
data from specific products, it will provide companies with intelligence on the know-how
required to pursue product opportunities. It will visualise product opportunities in the

following key industries

= Defence and space

* Food and agriculture
= Medical Technologies
= Renewables

= Advanced Manufacture

12



1.4 Research Question

The research question in this study is ‘how can visualisation be used to identify product
opportunities within an industry sector’? It will help industries determine products with
significant export potential and diversification opportunities for related products of

comparative advantage that are distinctive and more complex.

1.5 Significance

The study is significant as it identifies opportunities for Australia in diversifying the
economy, increasing the complexity or competitiveness of products and exports. This is
valuable for policy makers with a focus on industry development and innovation, by
equipping them with evidence-based intelligence to support decision making for industry

investment and support.

In addition to government, the study is also valuable to companies in their innovation
management efforts. The study will therefore provide intelligence for opportunity

identification to help businesses to imagine potential products and areas of diversification.

13



2 Chapter Two - Literature Review

2.1 Overview
This chapter reviews the literature pertaining to innovation, smart specialisation, economic
complexity, technology relatedness, and information technology (IT) for the decision support

and data visualisation.

2.2 Innovation

Innovation is not just a new idea: it refers to the entire process from ideation to technology
development, manufacturing, marketing, distribution and end-use by consumers.
Consequently, innovation in industry or business requires a defined set of steps and a
streamlined process for implementation and management. Innovation management is
therefore a systematic, methodological process (Baregheh et al., 2009). When a business
designs or develops a new product or service, there is a lot of research and analysis that is
involved in that process. There are feasibility studies that are conducted on different aspects,
such as technical, economic, operational, and likewise. There are various plans that are
prepared around the idea after the approval on the proposal (Valmohammadi, 2012). These
include identification of the opportunity, research and development requirements, target
market, commercialisation strategy, intellectual property and risks among other areas. The
idea around the product or service is then implemented with the execution of design,

development process and commercialisation approaches (Valmohammadi, 2012).

Opportunity identification is one of the core areas involved in innovation. This study will
develop a tool to facilitate opportunity identification based on visualisation of economic

complexity modelling of global trade data to determine areas of smart specialisation.

2.3 Smart Specialisation

Smart specialisation is defined as the approach that integrates the educational, industrial, and
innovative policies to provide business organisations and nations with the ability to identify
priority areas capable of enhancing business value and profits so that the investments can be
accordingly done (S3platform.jrc.ec.europa.eu, 2019). Thus, it contributes to the

identification of the respective strengths and comparative advantage in an industry or region

(Foray et al., 2011).
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2.3.1 Smart Specialisation Strategy

Smart specialisation strategy is a concept that facilitates the innovative processes and
activities that are aimed at the regional and organisational levels and links them with
international supply chains (MarieCurieAlumniAssociation,2019). These strategies are
defined with the aim to enhance the knowledge experience and development of regions and
specific technological areas and it is done to improve the overall quality of the governance of
interventions and These strategies are included in Europe 2020, a set of objectives in order to
develop and support the smart and sustainable growth of the EU nations through innovative

development and management (Commission, 2010) .

2.3.2 Economic Complexity Driving Smart Specialisation

The smart specialisation strategy is been identified as the most notably lack of secure data on
which it identifies related specialisations (McCann and Ortega-Argilés, 2014). The economic
complexity enhances the area of implementation for smart specialisation and also promises to

provide increased business value and revenues (Landabaso et al., 2014).

2.4 Economic complexity

Economic complexity is a term that refers to the measurement of knowledge in a society that
gets translated in the product that it develops (Felipe et al., 2012). A particular country is
considered as economically complex if it exports the highly complex products and these

products belong to different categories (Antonelli, 2011).

2.41 Economic Complexity Analysis

According to Hausmann and Hidalgo (2007; 2009; 2013) research statistical supports the
economic complexity driving the income and the growth of the countries and they developed
a method for identifying export opportunities and future economic growth (Hidalgo and
Hausmann, 2009). Economic Complexity Analysis is the process to determine the economic
complexity of the nation or a particular region so that industry development strategies can be
appropriately developed (Roos, 2017) . The increased economic complexity of a nation
indicates the strength of the infrastructure and makes it highly adaptable to the market
changes (Reynolds et al., 2018).

15



2.4.2 Economic Complexity Index
The Economic Complexity Index (ECI) is the holistic measure of the productive capabilities
of the large economic systems (Erkan and Yildirimci, 2015). These systems may include a

particular region or community or may even include a city or an entire nation.

2.4.3 Complexity Outlook Index

The Complexity Outlook Index (COI) is the measure of the strategic position of a particular
country in the product space (Hidalgo and Hausmann, 2009) . In the cases where the products
of a country have numerous complex products then it is considered to have good economic
complexity, and vice versa (Hausmann et al., 2014). In order to have a better understanding
of the COI, it is necessary to understand the meaning of the product space which is discussed

1n section 2.5.

2.5 Product Space

The product space is defined as the network relatedness of different products that are traded
and are involved in a global economy or market (Hausmann et al., 2014). Economic
complexity uses the product space for developing visualisations of new products of a country

or a region as shown in Figure 4 (Hidalgo et al., 2007).

2.5.1 Product Space Measurements

Product space measurement refers to the determination of the product space, It is evident
from the product space network that it exhibits heterogeneity and some of the core areas of
measurement include the network periphery and The clustering of the product networks
provides information on the relative amount of capital and labour that shall be invested in

order to export each of these products(Abdon et al., 2010).

The product space also reveals a more explicit structure within product classes for example,
appears to be naturally split into two clusters: heavy machinery in one, and vehicles and
electronics in the other (Can and Dogan, 2017). Although the machinery cluster is connected
to some capital-intensive metal products, it is not interwoven with similarly classified
products such as textiles. In this way, the product space presents a useful perspective on

product classification (Can and Dogan, 2017).

Figure 4 - The Product Space.

Source: Atlas of Economic Complexity (Hidalgo et al., 2007)
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2.6 Technology Relatedness

Competition in the present era depends heavily on the innovation in the area of technological
know-how and There has been a vast distribution and expansion of knowledge; there are
business firms and resources distributed across numerous agents and regions, Therefore
regional economies are considered as the localized communities of practice that reflect on the
region wise distribution of technological capabilities (Rigby, 2015). It is, therefore,
considered that the economies move and develop on the basis of the technological trajectories
wherein the search and exploration of the techniques is done on the basis of the knowledge
capabilities and associated routines, There are technological capabilities and paradigms that
are developed to determine the nature and direction of the technological changes (Balland et

al., 2017).

Geography continues to play a significant role in the development and enhancement of
technology which is complex in nature (Boschma et al., 2014). This is because there are
numerous knowledge areas that do not travel well and there is complex knowledge associated
with these concepts and the new technology comes out from the ideas that are associated and
related with the costs and the business benefits (Kogler et al., 2013). The concept of
technological relatedness is based on the overall variety of numerous sectors that belong to

each of the regions and the associated elements (Balland et al., 2019).

2.7 Information Technology for Decision Support

Information technology can play a significant role for decision support and management.
There are automated decision support systems that have been developed and designed based
on the Business Intelligence (BI) concepts (Turban et al., 2010). These systems enhance the
abilities of design teams and customers to understand specific problems in an iterative
manner and apply constructive processes and there are decisions that are made in order to
optimise the production processes and bring down the overall costs and Additionally, there
are automated decision support systems that can be designed based on the knowledge to carry

out the cost analysis and planning activities (Adya and Lusk, 2016).
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2.8 Data Visualization

2.8.1 Overview

Data visualization refers to the representation of the data and information sets. There are
different techniques that may be used for the purpose of data visualisation(Keller et al.,
1994). The representation of the data in the form of the charts is the basic technique and the
use of different types of charts, such as bar graphs, line charts and pie charts may be done for
the purpose of visualisation and whereas Plots are another data visualisation technique that
may be used. The distribution of two or more data sets over the 2D or 3D space may be done
in order to represent relations between data sets and its parameters (Barbosa and Barbosa,

2019).

Maps are also used as one of the data visualisation techniques, Heat maps and cartograms are
the most common visualisation techniques and there are automated tools that have been
developed and released which may be used for the purpose of data visualisation and these
tools are used to represent the analysis of results in the forms of charts and graphs (Zhu,

2012).

Data visualisation enables easily digested data analytics of massive data sets by companies

and various scenario-based analyses (Sedrakyan et al., 2018).

2.8.2 Visualization Tools

Now a days, there are numerous tools that are available for visualization, some of them are —
Microsoft power bi, tableau, Fusion Charts, Data wrapper, High Chart, Plotly, and many
more which helps the user to understand the data (Carlisle, 2018) clearly in picture form in
simple words a large set of data is not easily understood by the users but by using this
visualisation tools (Reddy et al., 2019) it is very easy to represent data and also easy to

understand the concept through visualisations (Diamond and Mattia, 2017).

2.8.3 Data Modelling

A process of analysing data objects and their relationship with other data objects is known as
data modelling (Barnes-Leon et al., 2007). In Object-oriented programming and database
design, data modelling acts as a designer in order to first create a conceptual model of how
data items relate to each other (Atzeni et al., 2016). Moreover, from conceptual model to
logical model then physical schema, progression is involved by data modelling. It can also be
said that a powerful expression of requirements of a company is data structures present in a

table for a database of a company is represented by data modelling (Franconi and Kamblet,
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2004). Furthermore, analysts such as — technical analyst and functional analysts involved in
designing and implementation of database uses a guide known as data model. There are many
purposes that are served by data modelling from conceptual models that are of high-level to

physical data models (Modeling,2019).

2.9 Conceptual Framework

In order to develop a data visualisation tool to advance smart specialisation for industry
development, the conceptual model developed in this study as shown in Figure 6 focuses on
how economic complexity modelling can form the basis of identifying opportunities to
increase exports, diversification and complexity in these industries. (Figure 6 was developed

by author of this thesis)

Product
Complexity

Inproving
Exports(Economic
Complexity)

v

Start >
Spec1lisation Tnproving . Data

Tnnovat1on

|

Complexity)

Complexity(Econonic _W | Visualisation

Inproving
Diversity(Economic
Complexity)

v

Figure 5- Conceptual Model for Driving Smart Specialisation through Economic

Complexity
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e Improving exports, improving complexity and improving diversity are related to both
product complexity and data visualisation.

e The product complexity and data visualisation are related to innovation.

2.10Hypothesis
The hypotheses of this study are:

e Hypothesis 1: Smart specialisation is related to increases in economic complexity in
key industries.

e Hypothesis 2: Economic complexity analysis is related to the identification of export
opportunities.

e Hypothesis 3: Economic complexity analysis is related to the identification of

diversification opportunities.

2.11 Summary

Visual decision support tools may be used for supporting innovation management and
industry development. Smart specialisation is a concept that facilitates the innovative
processes and activities that are aimed at the regional and industry levels. Economic
complexity analysis can form the basis of smart specialisation decision support tools, used to
identify opportunities to increase complexity, exports and diversification opportunities of

comparative advantage using knowledge in a sector.
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3 Chapter Three- Methodology

3.1 Overview
This chapter discussed various phases followed during this project. This included the agile
methodology used, tool implementation, visualisations development, evaluation and

deployment.

3.2 Agile Methodology

The Agile methodology was used in this research. It is widely implemented by the project
management teams across the world for achieving continuous improvements at every stage of
development. Apart from being a methodology, Agile is a collection of principles which
encourage the sense of communication, adaptability and flexibility amongst the members
associated with the project (Wrike.com, 2019). A project is broken down into several stages
so that appropriate emphasis can be laid onto every iteration of the stage. In case of this
methodology, client’s requirements are gathered, and insights are taken for their goals and
these are garnered in order to clear the objective of the client to the project team so that
desired output can be obtained. Based on these requirements, the life cycle phases start to
roll-out and the final product starts taking its final shape and all the stakeholders play a
significant part in achieving the desired output by collaborating their decisions with the ones
made by the team members. Various frameworks such as Extreme Programming, Scrum,
Adaptive Project Framework and Kanban are used for implementing the Agile methodology

(Wrike.com, 2019).

Figure 6 - Agile Methodology Depiction

(Medium, 2019)
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Agile methodologies are simply defined as a group of software methods which are mainly
based on iterative and incremental development the main characteristics of agile
methodology are planning, iterative, evolutionary development and response for changes and
promoting the communications and this incremental requirements further used for refining

the design, code and testing all stages of development (Kumar and Bhatia, 2012).

The Agile manifesto defines the process of agile software development based on principles
that are been setup by agile software development members they have principles such as
satisfying the customer needs, welcoming changing requirements, deliver products by time,
The customer and developer work together on basis of need, delivery of working products

and make changes if necessary and deliver product (Kumar and Bhatia, 2012).

This study follows agile methodology and its manifesto principles because it has planning of
selecting prior industries and gather data related to improving exports, complexity and
diversity and few visualisations are developed and changes were made iteratively and during
this project all the needs are been specified by the economist Hamish gamble and based on
his response the changes are been made and visual decision tool is been produced as part of

delivery which is in section 3.6

3.3 Visual Decision Tool Implementation

1. In this project data is gathered from five industries with respect to improving
complexity, improving diversity and improving exports categories with the help of
Hamish economist.

2. The data contains list of various products, export values, countries, density and
complexity outlook gain of the five industries.

3. Later I sorted that data based on products with respect to their countries i.e. I found
the countries name and the product names are been found based on their codes.

4. After sorting of the data of various industries the visual decision tool for improving
exports, complexity and diversity of five key industries is been developed.

5. The data is been imported to Microsoft power BI tool and five reports are created with
three sectors in each named as improving exports, complexity and diversity.

6. The improving exports tab contains Table, pie, tree and world map charts and also a
list of countries and products available in that sector.

7. The user can select any product or any country so they can view the required

information in the charts for example if user clicks on china, they can view all the
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products of defence and space in china. Another example the user clicks on product
alloy steel they can view list of alloy steel available in all countries which can be
viewed in the visual decision tool link shared in 3.5.

8. All charts in the improving exports tool is interactive and inter linked if we click on
one chart all the values in other charts will also changes.

9. This chart will also give potential gain of each product and each country in dollars.

10. Improving complexity, a scatter plot chart is created which contains density at y-axis
and cog at x-axis and also contains list of products where user can click on product
and can view density and complexity outlook gain of that product.

11. Improving Diversity contains a chord chart where the products and the products
within the sector are linked so if a user clicks a product, they can view the products
within that sector.

12. Three visualisations are made for five key industries.

13. Later a web page is been created by using HTML, CSS, Java Script which contains
the home page with information of five key industries and menu bar for viewing the
visualisations from five key industries and also separate page for viewing top product
opportunities from all five industries.

14. All visualisation screenshots can be viewed in Chapter 4 and can be viewed in the link

provided on section 3.6

3.3.1 Microsoft Power Bl

The term BI is an acronym for Business Intelligence which exists to enhance the decision-
making abilities for a business and it is a collection of applications, technologies which all
work together to collect, integrate, process, analyse and present the business information in a
user understandable manner (Ferrari and Russo, 2016). Power BI can be considered as a set
of software services or application continuously working to achieve interactive insights from

the given data (Lachev and Price, 2018).

In this study Microsoft power BI is been used in creation of various visualisations and also
for representing the data in visual form by using various charts like Tree, scatter plot, world

map, Chord which are discussed in section 3.4.

23



3.3.2 HTML Hypertext Mark-up language

HTML stands for Hypertext Mark-up language which is widely used around the world
because of the ease of implementation associated with it (Musciano and Kennedy, 1996). It is
a basic language which primarily serves the purpose to define the structure of an application.
This language uses tags to hold the information such as headings, images, paragraphs and

other such elements (Graham, 1995).

In this study HTML is been used in creation of home page of visual decision tool which can
be viewed in chapter 4. By using HTML the description of Five key industries is done in the

home page and menu bar, Icons and Image frames are been done.
3.3.3 CSS Cascading Style Sheet

CSS or Cascading Style Sheet is a popular language which is used to design the webpages
and make them attractive for the user (Lie et al., 2005). It is used in collaboration with
HTML, as it provides design to the elements of HTML. It can either be used in the form of
internal CSS or external CSS (Naser, 2008). However, with the implementation of internal

CSS, the loading time of the page increases drastically (Meyer, 2004).

In this study CSS is been used in creation of home page of visual decision tool styling like

various fonts, designs, colours are been created.
3.3.4 JavaScript

JavaScript is a language which is different from Java language. This language is an
interpreted language which is primarily used to develop network-centric applications
(Flanagan and Novak, 1998). It is an open-source cross platform language which is integrated
with HTML for successful implementation (Abu-Naser et al., 2011). Both front-end and
back-end software can be developed using this as it offers various frameworks such as

Node.js, jQuery and many others (Severance, 2012).

In this study Java script is been used in creation of few buttons and sliders in the visual

decision tool.
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3.4 \Visualisations Developed

3.4.1 World Map

In this study world map is used to locate the export value position of a country by using the
longitude and latitude values. It is predominantly used when multiple countries are
considered in a single data set and needs to be depicted accordingly (Benford et al., 1999).
The interactive world map visualisation implemented in this study by gathered data from

defence and space industry is shown in Figure 7.

PRODUCTS @Alloy steel ... @Aluminum ... @ Anchors, iron @Cast iron wast... @ COpper cat... @ Copper oxi... @Copper waste »

Pacific
Ocean

Indian
Ocean

AUSTRALIA

© 2019 HERE, © 2018 Microsoft Corporation Terms

Figure 7- World Map Interactive Visualisation Implemented in this Study

3.4.2 Tree

A tree is a hierarchal system which is used to depict a structure which contains data elements
that emerge from another data element. A tree contains nodes and edges. The nodes contain
data whereas the edges depict relationship between the data (Uthe, 2009). The dynamic tree
visualisation implementation implemented in this study by gathered data from defence and

space industry is shown in Figure 8.

BRAZIL

COpper cath...

Refined lea...
SPAIN

COpper cathodes

UNITED ARAB EMIRA...

COpper cathodes -
Refined lea... H.
o Coini —-W‘._’.
= |

Refined le...

Refined lead, unwrought | COpper cathodes COpper cathodes COpper cathodes

Figure 8- Tree Map Interactive Visualisation Implemented in this Study
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3.4.3 Scatter-plot

Scatter plot comprises of two axes i.e. X and y, where each axes represent a distinct set of
data. It is primarily used in the cases where the data set given is scattered and each data point
is distinct to each other (Keim et al.,, 2010). The interactive scatter plot visualisation
implemented in this study is from the data of advanced manufacture where density is viewed

on Y-axis and complexity outlook gain on x-axis is shown in Figure 9.

Y E4
IMPROVING COMPLEXITY BY DENSITY AND COG
1.8
name Methacrylic acid, esters
1.7 density 0.07
1.6
e
[ ]
® s ° . oo e .
o [
[ ] o [
° ® ee ©®
1.4 ® ° @ ™ : oo )
1.3
0.04 0.05 0.06 0.07 0.08
density
Figure 9- Scatter Plot Interactive Visualisation Implemented in this Study
3.44 Chord

Chord diagram is a representation of connections or flow between multiple entities or nodes.
Each entity exists at the outer part of the circle. Further, arcs are drawn between the nodes
which depict the importance of flow. If an arc is bigger and wider, it is important, and if it is

narrow and smaller, it holds low significance (Fabro, 2015).

The dynamic chord visualisation implemented in this study is shown in figure 10 where the

user can select the product and can view the products within the sector.
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IMPROVING DIVERSITY

Inorganic oxygen compounds

rdi

Slag wool, rock wool

Rollers, soil prep, cultivation ...

Motor vehicle parts nes

Hot rolled iron/non-aly steel, ...

Heat exchange units, non-do...

Y &
SELECT PRODUCTS

[ Anhydrous ammonia

{1 Borates of metals, not refined borax
[ Boron, tellurium

[ Carbonates of metals, nes

[ Fixed power capacitors, 50/60Hz circuits
[] Germanium oxides

[J Hydrogen chloride

B Inorganic oxygen compounds

[] Lead oxides, nes

[ Magnesium hydroxide & peroxide
[ Rare-earth metals

Figure 10- Interactive Chord Visualisation Implemented in this Study
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3.4.5 Use case diagram for Menu Top Down
The use case diagram for this study is shown in Figure 11 with details provided in Table 11.
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Figure 11- Use Case Diagram for the menu top down in visual decision tool
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Key Industries

Actor

Description of key Industries

Defence and Space

User

Advanced Manufacturing

Renewables

Medical Technologies

Food and Agriculture

Defence and space module would provide the
user many opportunities for complex
technology development for achieving
various capabilities which would include
frigates, submarines and maritime vessels for

the navy.

Advanced Manufacturing module would
provide user a capability to adopt industry 4.0
in Australian economy for its transition to

advanced manufacturing

Renewable industries would provide solar,
wind, hydro, concentrated solar thermal and
their manufactured components that can be

used in manufacturing of an industry

Medical Technologies modules mainly
provides the user information about various
technologies which mainly focuses on

hearing, stent and sleep technologies.

Food and Agriculture provides the description
about various Agricultural technologies such
as cutting-edge farm equipment, irrigation

and water technologies are also pertinent.

Table 1- Key Industries Description

29




3.5 Evaluation — User Testing

Evaluation through user testing was conducted by meeting Hamish Gamble (economist)
periodically, once per month during April to October 2019, to discuss user requirements and
feedback through the entire development of the system. Meetings were conducted with an
(Hamish Gamble) Economist, who was a former employee in the South Australian
Government, Department of Innovation and Skills, focussing on economic complexity. He
therefore provided key informant, subject matter expertise from an economic user
perspective. He is currently based at the Australian Industrial Transformation Institute (AITI)

in the College of Business Law and Government at Flinders University.

The system was developed though an iterative process based on Agile systems development
rather than a waterfall approach. This allowed the incarnation of feedback throughout

development in a proactive way.

Specifically, while the system was being development, his feedback pertained to improving
the ease of use of the system in terms of implementing key navigation categories of
increasing complexity, exports and diversity as well as searching the system by product

opportunities and country.

His final comments about the system were:

“The system has good flow and would be of use to State Government and various industry
groups in determining key product opportunities for industry development and investment in

South Australia.” Economic Complexity Subject Matter Expert

3.6 Deployment

The website which has been deployed over the GitHub has primarily five domains on which
analysis been performed. The domains which are considered in this are Defence & Space,

Advance Manufacturing, Renewables, Medical Technologies and Food & Agriculture.

https://avpsjayanth.github.io/examples/main.html
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4 Chapter Four- Results

The website which has been deployed over the GitHub has primarily five domains on which
analysis have been performed. The domains which are considered are Defence & Space,
Advance Manufacturing, Renewables, Medical Technologies and Food & Agriculture as

illustrated in the opening webpage for the tool.

The home page contains the menu bar with five industries, Home, about and contact us
buttons and below the menu bar it contains two buttons named top product opportunities and
learn more and Below that users can see the description of five key industries in the home

page and users can see the keep in touch with us

Home page can be viewed and accessed by the link provided in section 3.6.
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ECONOMIC COMPLEXITY

A measure of the knowledge in a society as expressed in the products it makes. The economic complexity of a country is calculated based on the diversity of
exports a country produces and their ubiquity, or the number of the countries able to produce them (and those countries’ complexity)

TOP PRODUCT OPPORTUNITIES

KEY INDUSTRIES

This page gives the top product opportunities of the following key industries

Advanced
Manufacturing

KEEP IN TOUCH WITH US

This website is a result of the work from a Flinders University Masters of Computer Science student investigating product
development opportunities for various firms using economic complexity and various forms of relatedness.

Flinders University
Tonsley, SA, Australia

giselle.-rampersad@flinders.edu.au

Figure 12- Opening Webpage for the Tool

32



By clicking each industry user can see the appropriate industry in three categorises improving
exports, improving complexity and improving diversity by selecting them user can see the

charts.

IMPROVING EXPORTS

IMPROVING COMPLEXITY

IMPROVING DIVERSITY

Microsoft Power BI { 30f3

Figure 13- Example of Product Diversification Opportunities in the Tool

By clicking on bottom of page user can select appropriate category and see the different

charts.
In this chapter the screenshots of Five key industries are attached in all the three categories of

e Improving exports
e Improving complexity

e Improving Diversity

The implementation of these charts is been discussed in section 3.3.
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4.1 Defence and Space

Figure 14 illustrates the Defence and Space visualisation interface that was implemented in

the tool
LIST OF EXPORT PRODUCTS TO VARIOUS COUNTRIES WITH GAIN EXPORTS OF PRODUCTS TO VARIOUS COUNTRIES
PRODUCTS LOCATION GAIN A PRODUCTS @Alloy steel ... @ Aluminu... @ Anchors, iron @Cast iron ... @COpper c.. @ Copper ox... @ Copper W... )
Alloy steel waste/scrap, not stainless  AUSTRIA 21,65745
Aloy steel waste/scrap, not stainless BANGLADESH 177,441.08
Alloy steel waste/scrap, not stainless  BELGIUM 333,22398
Alloy steel waste/scrap, not stainless  CANADA 80,502.24
Aloy steel waste/scrap, not stainless  CHINA 931,525.84 NORTH AMER
Alloy steel waste/scrap, not stainless  CZECH REPUBLIC 99,78647
Aloy steel waste/scrap, not stainless  FRANCE 138,908.94
Aloy steel waste/scrap, not stainless  GERMANY 356732 Atlantic Pacific
X cean Ocean Ocean
Aloy steel waste/scrap, not stainless  GREECE 18,259.08 3
Aloy steel waste/scrap, not stainless  INDONESIA 1081678
Alloy steel waste/scrap, not stainless  KUWAIT 55,27347
Aloy steel waste/scrap, not stainless  LATVIA 4,40605 Indian s
Aloy steel waste/scrap, not stainless  LITHUANIA 8,293.00 Ocean
Alloy steel waste/scrap, not stainless  LUXEMBOURG 191,07078
Aloy steel waste/scrap, not stainless  MEXICO 68,331.51
Alloy steel waste/scrap, not stainless MOROCCO 16,577.70 b Bing X i
Allos etaol snc, & ctainlace  AIFTLIEDLANDC 1173900 v ©2019HERE, ©2019 Microsoft Corporation Terms
Total 1,826,452,654.08
SELECT COUNTRIES . . —
SELECT PRODUCTS
Al Voo v
EXPORTS TO DESTINATION COUNTRIES
COUNTRIES WITH THERR POTENTIAL GAIN
INDIA
SWITZERLAND { CHINA COpper cathodes
GREECE
SPAIN
FRANCE
SINGAPORE COpper cathodes
BRAZIL UsA
UNITED ARAB EMIR...
TURKEY
L
TAWAN ALY UNITED ARAB EMIRAT..
GERMANY SOUTH KOREA

Refined le...
Refined lead, unwrought Opper athodes COpper cathodes Al. COpper cathodes

Figure 14- Defence and Space Visualisation Interface Implemented in the Tool

This interface depicts the list of all the products which are exported to various countries in
order to gain profits. The list contains, products, location and gain which is earned along with
the total profit gained. Also, filters are applied from which the countries and products can be
extracted, further these are depicted on the map. Below is a pie chart which displays all the
countries based on their potential gain. From this, it can easily be seen that China gained the

most profit out of all i.e. $323,550,223.59 (17.71%).
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Figure 15 shows the interactive visualisation interface developed as part of this project to

show product opportunities to increase complexity within an industry.

PRODUCTS AND THEIR DENSITY IMPROVING COMPLEXITY BY DENSITY AND COG
PRODUCTS pensmy 30
Particle accelerators 009 0
Phenolic resins 008
Television camera tubes 008 25
AC generators, 75-375 kVA 008
Receiver/amplifier valves & tubes 008
Automatic controlling equipment nes 008 20
DC motors, DC generators, 0.75-75 kW 008 "
Hot rolled stainless steel flat, w>600 t 4.75-10mm 008 3
Bar/rod, alloy-steel nfiv cold formedfinished 008 15
AC motors, multi-phase, >75kW 008
Eledtrical insulators, non-glass/ceramics 008 [}
Powders, copper, non-lamellar 008
Flat rolled iron/non-alloy steel, tin coated, w>600mm t<.5m 008 10
Polyamides, select 008
Polymers of propylene, nes 008
Acrylic polymers 008 v 0.5
Cold rolled stainless steel, w>600 t 1-3mm 008 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12

Complexity Outlook Gain - Measures how much a location could benefit in opening future diversification opportunities by developing a particular
product. Opportunity outiook gain qualifies how a new product can open up links to more, and more complex, products.

Distance - A measure of a location's ability to enter a specific product. A product's distance (from 0 to 1) looks to capture the extent of a location's
existing capabilities to make the product as measured by how closely related a product is to its current exports.

Economic Complexity - A measure of the knowledge in a society as expressed in the products it makes. The economic complexity of a country is
calculated based on the diversity of exports a country produces and their ubiquity, or the number of the countries able to produce them(and those
countries complexity).

SELECT PRODUCTS DENSITY COMPLEXITY OUTLOOK GAIN

. Y 1.7 23282

Figure 15- Visualisation Interface Developed for Increasing Complexity

All the products are enlisted along with their density and a scatter plot graph is implemented
based on the density and complexity outlook gain (COG) of each product. Underneath,
average density i.e. 11.71 of all products is depicted along with the average complexity
outlook gain i.e. 232.82. A filter is also applied alongside from where density and COG of a

specific product can be seen.
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) Zinc articles nes
Cartridges nes

Copper mattes
Diesel engine, mo...

Washers, iron, not...
Vending machines... SELECT PRODUCTS

Dithionites, sulfox... Transmissions for . Alkyd resins
Stainless steel pip... Aluminum, powder, non-lamellar
Drive axles for mo... Aluminum, unwrought, alloy
Sprays/powder di... Automatic circuit breakers for 1-72.5kV
Fencing, plastic-c... Bars, nickel alloy
Filter machine, pa... Silver nitrate n " o

Flywheels & pulleys
Foil, aluminum, no... — ===
Fuel pumps, moto...

Gasket sets
Golf equipment, n...

Signals for rail, wa...
Sheet, nickel alloy
Self-propelled rail...
Screw hooks and ...
Scarifiers, weeder...

Halogen derivs of ... Rubber conveyor ...
Hinges of metal Rolls for metal roll...
Homogenized veg...
’ Hlop extrgct Rivets, iron
Hot rolled iron/non... ‘ \ EeflraCtory Iceramr:...
Hydraulic presses... —— / \ ailway axles, wh...

Hydrides, nitrides,... — :’;’ump;, c:)mlpress...
Industrial electric ... ressing tools

Lacquers, hair — LY

Machinery parts, ...
Manicure, pedicure

Ploughs

Pipe, iron, cold rol...
Parts of wood, pla...
Parts of power tra...

Metallic salts of in... Parts of looms, au...

Non-domestic, no...

Figure 16- Interactive Visualisation to for Product Diversification

Figure 16 depicts the chord visualisation developed to identify opportunities for product
diversification. Also, using a filter of improving diversity, a user can access information on

the diversity of a specific product.
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4.2 Advance Manufacturing

LIST OF EXPORT PRODUCTS TO VARIOUS COUNTRIES WITH GAIN EXPORTS OF PRODUCTS TO VARIOUS COUNTRIES

PRODUCTS LOCATION GAN " PRODUCTS @Aircraft engines, spark-igniti... @ Cranes & lifting frame... @Parts for mineral sor... @Salts and esters ...
Aircraft engines, spark-ignition  AFGHANISTHAN 553.03

Aircraft engines, spark-ignition AREMENIA 1277068

Aircraft engines, spark-ignition  ATLANTA 2360

Aircraft engines, spark-ignition BAHRAIN 104236

Aircraft engines, spark-ignition  BRAZIL 20,157.53 T
Aircraft engines, spark-ignition CANADA 1154263 Atlannc bacllc

Aircraft engines, spark-ignition  CENTRAL AFRICAN 158.01 Ocean Ocean Ocean

Aircraft engines, spark-ignition  COLOMBIA 188279 '

Aircraft engines, spark-ignition  CZECHIA 158.32

Aircraft engines, spark-ignition  DEMOCRATIC REPUBLIC OF THE CONGO 2515 SOuTH
Aircraft engines, spark-ignition  ESWATINI 4360

Aircraft engines, spark-ignition  ETHIOPIA 33,535.04

Aircraft engines, spark-ignition  FUI 38651

Aircraft engines, spark-ignition FRANCE 1839931

Total

SELECT PRODUCTS

Aircraft engines, spark-ignition

Cranes & lifting frames, self-propell...

a1
28,689,919.98 bsing

SELECT COUNTRIES

AFGHANISTHAN
ALBANIA

©2019 HERE, © 2019 Microsoft Corporation Tems

EXPORTS TO DESTINATION COUNTRIES

Parts for mineral sort, screen machin...
Salts and esters of tartaric acid

ALGERIA
AMERICAN SAMOA
ANGOLA
AREMENIA
ARGENTINA
ARMENIA
ATLANTA
AUSTRIA
AZERBAIAN
BAHRAIN
BANGLADESH

Salts a. )
I Parts for miner...

Parts for mi... | Cran...

Parts for mineral s...

BELGIUM | —
VIETNAM I

Figure 17- Advanced Manufacturing Visualisation Interface Implemented in the Tool

A list of all the products is displayed along with the location to which they are being exported

and the profit they are gaining. A world map depicts all the information obtained from the

list. ,

an area chart is depicted which can be modified according to the filters applied to it.
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PRODUCTS AND THEIR DENSITY IMPROVING COMPLEXITY BY DENSITY AND COG
PRODUCTS QENSITY Ao 18

. ; 0 ' ‘
Machinery parts, non-glectrical, nes 008 0
Self-propelled works trucks, non-electric 008 17 "o
Acyclic polyamines, nes 008 0
Mail processing machinery 008 . '
. . . 0
Lawn mowers, powered, horizontal cutting device 008 1§ ‘ (R %
w Y
Valves,safety or relef 008 9 0 ’ y %0 %
. 0
Electronic valves/tubes 007 15 i 0 ™ 0 000 0
Filter machine, liquids, nes 007 0 o ) € 0o 0
Parts of electronic valve & tubes 007 0 LI
‘ 0 0 0
Colloidal graphite 007 14 .. o 0 0 .0 000 0 : e 0
Electric resistance welding equipment, automatic 007
Valves, oleohydraulic, pneumatic transmissions 007 13
Diesel engine, nes 07 "0 005 0.06 0.07 0.08

Complexity Outlook Gain - Measures how much a location could benefit in opening future diversification opportunities by developing a particular
product. Opportunity outiook gain qualifies how a new product can open up links to more, and more complex, products.

Distance - A measure of a location's ability to enter a specific product. A product's distance (from 0 to 1) looks to capture the extent of a location's
existing capabilities to make the product as measured by how closely related a productis to its current exports.

Economic Complexity - A measure of the knowledge in a society as expressed in the products it makes. The economic complexity of a country is
calculated based on the diversity of exports a country produces and their ubiquity, or the number of the countries able to produce them(and those
countries complexity). .

COMPLEXITY OUTLOOK INDEX

149.48

SELECT PRODUCTS

Acrylic acid, esters
Acyclic aldehydes, no oxygen function, nes
Acyclic ketones, no oxygen function, nes

Acyclic polyamines, nes

Figure 18- Advance Manufacturing Visualisation Interface Developed for Increasing

Complexity

All the products are put in a list along with their densities and further these are depicted on a
scatter-plot based on their Complexity outlook gain and density. Average density of products
is 6.06, Complexity outlook index averages at 149.48. Custom density and cog value can also

be seen by selecting the products from products list.
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Grinding machines, n...
Hinges of metal

Hot box rolled iron/no.

Industrial electric resi...

Ingot moulds/ladles ...

Machine tools for fini...
Machine tools to ben...
Machine tools to forg...
Machinery for cleanin...

Machines for working...
Machines to mix, kne.

Magnesium chloride

Manicure, pedicure
Manure spreaders, fe...

Metal milling machines
Metal milling machine
Metal shaping presse.

Methacrylic acid, esters

Milling machines, kne

Moulds, injection/com...

Packing orwrapping ...
Parts of power trans...

IMPROVING DIVERSITY

Yarn of other synthfi...
Water wheels, <1000...

Vulcanised rubber sh...

Threading tools

Thread rolling machin.

Textil conveyor belts
— Synthetic rubber, late.

— Stamping foils
Springs, iron, nes

— ——L Scarfiers, weeders a.
R

— | Sawblades, nes

==
~— Sanitary ware, iron
!

|- Rubberlplastic vacuu.

Rubber conveyor bet...
Rubber conveyor bet...

Rollingmachines

Railway axles, wheels

Polyacetals

Planing/milling machi

Upright freezers, < 90...

= L Screws, wood, iron, .

Presses, crushers for...

SELECT PRODUCTS

Automatic circuit breakers for 1-72.5kV
Boring-milling machines for removing metal
Bulldozers, wheeled

Carbon tetrachloride

Compounds with nitrogen function, nes
Engines, spark-ignition, 50-250cc

Fixed power capacitors, 50/60Hz circuits
Grinding machines, accur 0.01Tmm

Machines to sort, screen stone, ores, minerals
Metal threading/tapping machines

Parts for mineral sort, screen machines
Parts of electronic calculators

Parts of machinery for leather industry

Parts of presses, crushers for wine, juice
Pumps with measuring device, nes
Sharpening machines nes

Sharpening machines, num controlled

Figure 19- Advance Manufacturing Visualisation Interface Developed for Increasing

Diversity
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4.3 Renewables

EXPORTS OF PRODUCTS TO VARIOUS CONTRIES
LIST OF EXPORT PRODUCTS TO VARIOUS COUNTRIES WITH GAIN
PRODUCTS (@ Carbonates of metals, nes @ Copper oxides @ Radioactives, nes

PRODUCTS LOCATION GAIN "
Carbonates of metals, nes  INDONESIA 335,156.69
Carbonates of metals, nes  KENYA 887,052.50
Carbonates of metals nes MYANMAR 67,381.31 g 4
Carbonates of metals, nes  NORTH MACEDONIA 205,627.55 » . j
Carbonates of metals, nes  PAPUA NEW GUINEA 17744704 s 'f/ ASIA TR N
Carbonates of metals, nes  SOUTH KOREA 69,968.91 ww B -
Carbonates of metals nes  SRILANKA 549256 "“‘;‘t' Ko ® 7
Carbonates of metals, nes  TAWAN 215,781.16 Pacific Atlantic " @ ‘ ) i 34 Pacific
Carbonates of metals nes THALAND 1030522 feen (o ‘ &+ detn
Carbonates of metals, nes  VIETNAM 175,936.13 N ‘S ‘!3}
Copper oxides AUSTRIA 527,894.90 \!ﬁ‘ "\'
Copper oxides CAMEROON 21,949.74 ~ il
) Indian soutt
Copper oxides CHINA 868390158 Ocean AUSTRALIA
Copper oxides CROATIA 310,445.96
Copper oxides ] 14,108.96
Copper oxides HONG KONG 2,697,909.17 $
Cannar avidac HIUNGARY. 200 112 AR v bBing )
Total 52,814.468.34 62019 HERE, © 2019 Hicrosoft Corporation Terms
SELECT PRODUCTS SELECT COUNTRIES EXPORTS TO DESTINATION COUNTRIES

Al v Al Vv

COUNTRIES WITH THEIR POTENTIAL GAIN

PERU
PORTUGAL CHINA
KENYA

TURKEY

Copper oxides

SOUTH KOREA

JAPAN
ORI \ NETHERLANDS
INDONESIA > SOUTH KOREA

VIETNAM
THAILAND Copper oxides
SINGAPORE SWEDEN SINGAPORE
NETHERLANDS
SPAIN
HONG KONG

Copper oxides Copper oxides

Figure 20- Renewables Visualisation Interface Developed for Increasing Exports

All the renewable products being exported to other countries for profit are displayed in the
list along with their location and the gain which is earned from it. Based on the gain, world

map is plotted. Underneath, all the potential gains are depicted using pie chart and area chart.
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PRODUCTS AND THEIR DENSITY IMPROVING COMPLEXITY BY DENSITY AND COG
PRODUCTS DENSTY 16

Particle accelerators 009 [ ]

Isotopes, nes 008

AC motors, multi-phase, >75kw/ 008 15 .

Predous metal compounds, nes 0.08 .

Chlorides of metals, nes 007

Sodium hydroxide, in aqueous solution 007 [ ]

Silicon dioxide 007 14 (]

Nickel sulphates 007 [ ] 0

Battery carbons & electrical items, nes 007 . .

Potassium carbonates 007 8’ 13 [ ) ()] 0

Generators & alternators 007 v () (] [ ]

Silver compounds, nes 007 [ ] 0

ACmotors, multi-phase, 075-75kW 007 ’ o O

Titanium oxides 007 12

Alkali metals, not sodium 007 . . .

Signal generators 007 0 0 L 9] (] (]
Hydrides, nitrides, azides, silicides, borides 007 11 . ° ’ .
Eledrical insulating fittings of ceramics 007 ' [} ® . 0
Eledro-magnets, nes 007 . . O

AC motors, multi-phase, <750W 007

Inorganic compounds, nes 006 v 1.0

Parts of electranic integrated circits 006 0.04 0.05 0.06 0.07 0.08 0.09

dens
Complexity Outlook Gain - Measures how much a location could benefit in opening future divereélfﬁ‘gation opportunities by developing a particular
product. Opportunity outlook gain qualifies how a new product can open up links to more, and more complex, products.

Distance - A measure of a location's ability to enter a specific product. A product's distance (from 0 to 1) looks to capture the extent of a location's
existing capabilities to make the product as measured by how closely related a product is to its current exports.

Economic Complexity - A measure of the knowledge in a society as expressed in the products it makes. The economic complexity of a country is
calculated based on the diversity of exports a country produces and their ubiquity, or the number of the countries able to produce them(and those
countries complexity).

SELECT PRODUCTS DENSITY COMPLEXITY OUTLOOK GAIN
An v 3.79 76.96
Figure 21- Renewables Visualisation Interface Developed for Increasing Complexity

Products and their densities are displayed in a list and scatter-plot is plotted based on it. The
average cog and density are displayed i.e. the density is 3.79 and cog is at 76.96. Density and

COG for a specific product can also be seen using filters.
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IMPROVING DIVERSITY

Two-handed shears

Carbonates of metals, nes

One-handed shears

SELECT PRODUCTS

[1 Anhydrous ammonia

[] Borates of metals, not refined borax
[1 Boron, tellurium

W Carbonates of metals, nes

[I' Fixed power capacitors, 50/60Hz circuits
[ Germanium oxides

[] Hydrogen chloride

[] Inorganic oxygen compounds

[] Lead oxides, nes

[1 Magnesium hydroxide & peroxide
[] Rare-earth metals

Figure 22- Renewables Visualisation Interface Developed for Increasing Diversity

It can be seen in the above graph that, diversity for Carbonates of metals are depicted. Also,

diversity of all the products can be seen altogether.
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4.4 Medical Technologies

LIST OF EXPORT PRODUCTS TO VARIOUS COUNTRIES WITH GAIN EXPORTS OF PRODUCTS TO VARIOUS CONTRIES

PRODUCTS LOCATION GAIN ~ PRODUCTS @Breathing ap... ®Gland extracts, ... © Hearing aids ® Non-medic... ®Orthopae...  Vitamins, ...
Breathing appliances & gas masks ALBER 15.60 B
Breathing appliances & gas masks ALBERIA 11.30
Breathing appliances & gas masks ALGERIA 87.60 NORTH AMERIC
Breathing appliances & gas masks ANGOLA 6.53
Breathing appliances & gas masks ARGENTINA 429.04 2acific Atlantic Pacific

. : Ocean Ocean
Breathing appliances & gas masks ARMENIA 2.60 :
Breathing appliances & gas masks AUSTRIA 146.64
Breathing appliances & gas masks AZERBAUAN 19.80 W 5
Breathing appliances & gas masks BAHRAIN 1140 'é‘:e':: AUSTRALIA S0
Breathing appliances & gas masks BARBADOS 2.05
Breathing appliances & gas masks BELARUS 26.90 }
Breathi Ii & nas masks BEIGIIM 21565 v b Bi
Total 13,086,921.81 g ©2018 HERE, © 2018 Hicrosoft Corporation Terms

EXPORTS TO DESTINATION COUNTRIES
INDONESIA CANADA | MEXICO
SELECT PRODUCTS

Breathing appliances & gas masks

Gland extracts, therapeutic

Hearing aids

Non-medical device, alpha/beta/aamma radiation

SELECT COUNTRIES
AFGHANISTHAN

ALBER Non-medical

ALBERIA SOUTH KOR
ALGERIA
Non-medical device, alpha/beta/gamma radiation Non-medical...

Figure 23- Medical Technologies Visualisation Interface Developed for Increasing

Exports

All the medical technologies being exported to other countries are enlisted along with their
gains. A country-wise graph is also depicted alongside. Below an area graph is plotted which

can be further modified to display specific products for specific countries.
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PRODUCTS AND THEIR DENSITY IMPROVING COMPLEXITY BY DENSITY AND COG
PRODUCTS DENSITY A 16

Antisera and blood fractions 0.09 ° L]

Artificial joints 0.08 ¢

Arificial teeth 007 14 o L .

Automatic controlling equipment nes 0.08 °

Balances, >=50 miIIi:ra:m s:nsitivity 0.06 0 .. ° : A :...

Cathode-ray oscilloscopes/graphs 0.07 éﬂ 12 [ ° . ‘ ¢ ". ’ L)

Chromatographs, electrophoresis instruments 0.06 ‘ o o0 ° 00

Contact lenses 0.08 L] e ¢ '. ¢ ‘

Dental drill engines 0.07 1.0 ° ° ...

Dental fittings 0.07 [

Dentistry instruments & appliances 0.08 L ¢ 0, o o o ° °

Direction finding compasses 0.08 08 . ¢
Electrical measurement instruments 006 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Electrical measurement recording instruments 0.08 density

Complexity Outlook Gain - Measures how much a location could benefit in opening future diversification opportunities by developing a particular 2
product. Opportunity outlook gain qualifies how a new product can open up links to more, and more complex, products.

Distance - A measure of a location's ability to enter a specific product. A product's distance (from 0 to 1) looks to capture the extent of a location's
existing capabilities to make the product as measured by how closely related a product is to its current exports.

Economic Complexity - A measure of the knowledge in a society as expressed in the products it makes. The economic complexity of a country is
calculated based on the diversity of exports a country produces and their ubiquity, or the number of the countries able to produce them(and those
countries comnlexitv) v

SELECT PRODUCTS COMPLEXITY OUTLOOK GAIN

Antisera and blood fractions
9 8 L 8 5

Figure 24- Medical Technologies Visualisation Interface Developed for Increasing

Artificial joints
Artificial teeth

Antamatie cantrallina aaninment nac

Complexity

All the medical technologies are enlisted along with their densities and are depicted on a
scatter plot. Average density of all the products is 6.16 and the average COG of all the
products is 98.85. Further these can be filtered using the list on the left.

44



IMPROVING DIVERSITY

Vulcanised rubber
Toilet paper

Dental filings Polyesters, unsatur...

Plastic closures

SELECT PRODUCTS

[] Adrenal cortical hormones, doses

['] Breathing appliances & gas masks
Microtomes, scient... [] Dental fillings

[T Orthopaedic appliances, nes

[ Vitamins, doses

Milling tools

Vitamins, doses - Machines for testin.

Lubricating oil, < 7...

Breathing applianc... Liquid flow/level m...

Industrial electric re...
Adrenal cortical hor...

_ » Homogenised jams.
Orthopaedic applia...
Antibiotics, doses, ... Diagnostic reagent
Dentistry instrumen...
Clutches, shaft cou...

Figure 25- Medical Technologies Visualisation Interface Developed for Increasing

Diversity

The above graph displays the diversity of all the products and can be filtered for some

specific product as well.
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4.5 Food and Agriculture

LIST OF EXPORT PRODUCTS TO VARIOUS COUNTRIES WITH GAIN

PRODUCTS COUNTRY

GAIN A

Almonds, in shell | AFGHANISTHAN
Almonds, in shell | ARMENIA

EXPORTS OF PRODUCTS TO VARIOUS COUNTRIES

477085 PRODUCTS @Almonds,... ®Almonds,... ®Animal g... @Aquatic ... ®Aquatic i.. @Bone-in ... ®Boneless... ®Boneless... »

90,616.91

Almonds, in shell | BARBADOS

20221

Almonds, in shell | CHRISTMAS ISLAND
Almonds, in shell | COSTA RICA
Almonds, in shell | DENMARK
Almonds, in shell | DOMINICA
Almonds, in shell | HONGKONG
Almonds, in shell | IRAN

Almonds, in shell | ISRAEL

Almonds, in shell | JAPAN

Almonds, in shell | JORDAN

344,53
2,183.83
11.924.10
144,59
T13,365.77 %a:elil:
57,678.48
2,446.75
149,138.82

11,143.35 USTRASS

Almonds, in shell | LEBANON
Almonds, in shell | MALDIVES

5,044.20
693.62

Al de_in chall | DAKISTAN

Q000N 192

Total

SELECT PRODUCTS

Almonds, in shell
Almonds, shelled
Animal guts and stomachs
Aquatic invertebrates, nes

Aquatic invertebrates, nes (frozen/pres...

Bone-in beef, frozen
Boneless beef
Boneless beef, frozen
Bovine livers, frozen
Bovine offal

Bovine offal, frozen
Bovine tongue, frozen

v [
3,251,997,171.66 bsng

SELECT COUNTRIES

AFGHANISTHAN
ALBANIA
ALGERIA
AMERICAN SAMOA
ANGOLA
ARGENTINA
ARMENIA
ATLANTA
AUSTRIA
AZERBAIAN
BAHRAIN
BANGLADESH

Boneless beef, frozen

4 ASIA
< EUROPE NORTH AMEF

) >
t ,J Pacific
‘ X Ocean

- ARRICA

N o

Indian

Octin AUSTRALIA

©2018HERE, ©2018 icmsoft Coporaton Tems

EXPORTS TO DESTINATION COUNTRIES

Figure 26- Food and Agriculture Visualisation Interface Developed for Increasing

Exports

A list of the products being exported to various countries with gain is displayed along with

the world map which depict each product and its share in a country. Below, area graph is

depicted with all the products and the countries. Also, these can be modified based on it.
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PRODUCTS AND THEIR DENSITY IMPROVING COMPLEXITY

PRODUCTS DENSTY & 4.2
v

Bovine semen 011 "
Seed, fescue 011 1.0 o '

. 00
Other equine 010 N 0 '
Potatoes, prepared, frozen 010 g 0.8 o 0 0 ) 0w
Lard steain, oleostearn 010 v o g0 00. 0
Mustard lour meal prepared 010 08 0 . ¥ ;. (P
Milk and cream, >6% fa 010 ’ ' " 0, ) '%
Mixes/doughs for bread, pastry 010 0 % N % .: 0gy !
Dog or cat food 010 04 ! ' ' .
, ' 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0412
(Crispbread 010
Peas. frozen 010 density

Complexity Outlook Gain - Measures how much a location could benefit in opening future diversification opportunities by developing a particular
product. Opportunity outiook gain qualifies how a new product can open up links to more, and more complex, products.

Distance - A measure of a location's ability to enter a specific product. A product's distance (from 0 to 1) looks to capture the extent of a location's
existing capabilities to make the product as measured by how closely related a product is to s current exports.

Economic Complexity - A measure of the knowledge in a society as expressed in the products it makes. The economic complexity of a country is
calculated based on the diversity of exports a country produces and their ubiquity, or the number of the countries able to produce them(and those
countries complexiy).

SELECT PRODUCTS

Acid ols from refining
Agar-agar

Animal fats, oils nes

Artichokes

Beet-pulp, sugar manuf residue

Figure 27- Food and Agriculture Visualisation Interface Developed for Increasing

Complexity

All the food and agriculture products are enlisted with their densities and a scatter plot graph
is depicted along with it. The average density of all the products is 8.69 and the average cog
of all the products is 65.04. These can be filtered using the filter list provided on the left.
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IMPROVING DIVERSITY

SELECT PRODUCTS

Barley

Bovine meat, not livers, preserved
Rapeseed s Canola, mustard oil, crude
Canola, mustard oil, refined
Cereals, unmilled nes
Durum wheat
Flour, meal of meat, for animal feed
Food preparations nes
Grape must, unfermented
Grape wines, < 2| pack
Homogenised food preparations
Homogenized preparations of meat, preserved

Other poultry.

Central heat,
Malt, roasted

Oats
B Rape or colza seeds
Seed, clover
Seed, forage plants, nes
Wheat & meslin

Whaat alian
Buckwheat

Articles, iron.

Ammonium

Figure 28- Food and Agriculture Visualisation Interface Developed for Increasing

Diversity

In improving diversity chart of food and agriculture the rape or cola seeds are been linked

with other poultry, wheat and other related products are shown.

4.6 Product Opportunities

HOME ABOUT DEFENCE AND SPACE ADVANCE MANUFACTURING RENEWABLES MEDICAL TECHNOLOGIES CONTACT US

ECONOMIC COMPLEXITY

A measure of the knowledge in a society as expressed in the products it makes. The economic complexity of a country is calculated based on the diversity of
exports a country produces and their ubiquity, or the number of the countries able to produce them (and those countries’ complexity)

TOP PRODUCT OPPORTUNITIES

Figure 29- Product Opportunities

On clicking Top product opportunities user can view top Key Opportunities by Industry as

follows
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SNO INDUSTRY TOP PRODUCT OPPORTUNITIES

3 Advance Manufacturing + Advanced materials and chemicals
+ Machinary and components
¢ Industry 4.0

4 Renewables * Batteries
+ Titanum
+ Lithium and Rare earth materials
+ Photovoltaics

Figure 30- Top Product Opportunities in Key Industries

The user after selecting top product opportunities button can see the table of the key

industries and their top opportunities.



5 Chapter Six - Conclusions

5.1 Overview

The study developed a dynamic visualization tool for innovation management based on
economic complexity modelling. The main results of this study is the identification of
product opportunities for Australia in key industries including advanced manufacturing,

defence and space, renewables, medical technologies and food and agriculture.

5.2 Addressing the research question

The key research question of this study was how visualisation can identify product
opportunities within industry sectors this study research helped in finding significant product
opportunities by identifying the areas of improvement and suitable visualisations for various
data sets related to the key industries and in developing a visual decision tool by integrating
concepts of visualization, innovation and complexity. It also makes an valuable practical
contribution to government on industry development and innovation by identifying relevant
product opportunities for Australia in priority industries to increase complexity, exports and

diversity.

The sub-questions or hypotheses pertained to how smart specialisation influences increases in

economic complexity, diversification and exports (as outlined in Section 2.9).

The study answered the research question by first reviewing and integrating the literatures on
economic complexity, smart specialisation and visualisation. A dynamic, interactive tool was
developed to identify product opportunities in key industries to improve complexity,

diversification and exports.

5.3 Research Contributions
This research contributed to the body of knowledge related to visualization by analysing big
data using Microsoft power BI for implementing a dynamic tool for innovation

management.

5.3.1 Theoretical Contribution
The study makes an important theoretical contribution of developing a visual decision tool to
improve economic complexity for innovation management by integrating interdisciplinary

literature on visualization, innovation and complexity.
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5.3.2 Practical contribution

The study also made a valuable practical contribution to government players associated with
industry development and innovation by identifying relevant product opportunities for
Australia to increase complexity, exports and diversity. It provided implications for priority
industries medical technology, defence, space, renewables, advanced manufacturing and

food.

5.4 Limitations

The main limitation of this research is its technical complexity and Additionally, some users
may not find it easy to understand the visualisation without having knowledge of economic
terms and information used as a basis for the modelling. Nevertheless, the study is significant
for relevant target expert users such as economists from government, to make decisions
pertaining to industry investment. Thus, the tool is effective as an expert decision intelligence

visualisation.

5.5 Future Research

Future research can pertain to deeper analysis of particular product opportunities. This would
need further interaction with government stakeholders. By refining the visualisation based on
priority products, it would help to improve the narrative, accessibility and ready acceptance
of the tool by users as it would directly be linked to their specific interests. Nevertheless, the
tool’s current focus on industries enables relevance to a broader cross-section of users and
government departments. This is useful in facilitating a wider impact from the research and
introducing economic complexity modelling as a valuable approach in strengthening the

evidence based and intelligence to support decision making for industry development.
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