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 ABSTRACT 

This study has brought the Tanzania manufacturing sector in perspective of the new 

Fourth Industry Revolution.  In this quest, the study endeavoured to build upon the 

concept of Technological Leapfrogging, to leapfrog the adoption of I4.0 in Tanzania. 

The study employed a mixed research protocol, that used both descriptive and 

correlational approaches - using Logistic Regression to analyze the data gathered from 

256 respondents from 89 manufacturing entities (MEs) in Dar es Salaam and Coastal 

Region.  

The findings indicated that 74.61 per cent of the manufacturing entities surveyed, their 

manufacturing equipment are purely physical factories with production equipment that 

is entirely cut off from IT systems and no real-time information can be gathered. 

Further, it was revealed that many manufacturers lack a solid understanding of the 

prerequisites towards adopting I4.0. Given the current state of I4.0 in Tanzania, a 

model referred to as the LFADOPTIONI4.0 is proposed with some specific 

dimensions as the building blocks for the adoption of I4.0 in the manufacturing sector. 

The building blocks include Strategy for I4.0 Adoption; Cost of Adoption; Importation 

and Absorption of Latest Technologies; Capability Building; Government Role; 

Megatrends for I4.0 and Future Investment.  

The decision was that the null hypothesis be rejected in favour of the alternative 

hypothesis since it is statistically significant at 5 per cent. Thus, the proposed 

leapfrogging model for the adoption of I4.0 in manufacturing entities is suitable for 

I4.0 adoption or not.  Thus, because of automation, and digitization, AI, big data, and 

cloud computing we should anticipate the displacement of some specific jobs. 

Therefore, there is a need to prepare the workforce of the future. To this end, Tanzania 

has not established whether the country has a pure Industry 3.0 or transforming to 

Industry 4.0. Nevertheless, there is a need for National Strategy for Industry 4.0 

Adoption (Tanzania 4.0).  
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CHAPTER ONE 

1. INTRODUCTION 

1.0 Background 

Fourth Industrial Revolution is here (Botha, 2018), this new reality of the 21st century, 

signifies a period of manufacturing digitization, automation and data exchange driven 

by big data (Felch, Björn, & Sucky, 2019; Sony & Naik, 2019). Fourth Industrial 

Revolution is known by different nomenclatures such as 4IR or Industry 4.0 (I4.0). 

I4.0 indicates the transfiguration of the organization's global value chain by creating 

‘Smart Factories’ and interconnected machines commonly known as Industrial 

Internet of Things (IIoT) (Schwab, 2016b; Machado, Winroth, Carlsson, Almström, & 

Centerholt, 2019). 

Liao, Deschamps, Loures, and Ramos (2017); Pacchini, Lucato, and Facchini (2019) 

Industrialized nations have been implementing I4.0 since early 2010; for instance, the 

United States of America (US) introduced the Advanced Manufacturing Partnership 

(AMP) in 2011, German launched the High-Tech Strategy 2020 and the I4.0 in 2012, 

whereas in 2013 the United Kingdom (UK) launched the Manufacturing of the Future 

- 2050, and in 2015 China launched the Made In China 2025 and the Internet Plus 

Strategies. The reason for the adoption of I4.0 by Western and Asian economies is the 

socio-economic benefits so far experienced by the frontrunners in terms of improved 

decision-making, efficiency in production, and optimization of production processes 

in manufacturing (Sony & Naik, 2019; Weber, Königsberger, Kassner, & Mitschang, 

2017). It is imperative to note that, I4.0 is expected to yield $3.7 trillion in value to 

global manufacturing in 2025, with annual investment in industrial digitization of more 

than $900 billion in 2020 (Leurent, Boer, & Diaz, 2018; Gerrikagoitia, Unamuno, 

Urkia, & Serna, 2019).  

However, African nations, with exception to South African (Botha, 2018), are aversely 

taking measures to adopt I4.0 in their ecosystems. East African nations are also silent 
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in this regard and are without a region or national agenda, thus they do not have the 

strategies for adoption, or leapfrogging of I4.0. African nations to be successful in the 

adoption of I4.0, a different approach must be taken. An approach that takes lessons 

from South Korean success in Technological Leapfrogging (TL) started in the 1970s. 

Because I4.0 is technology-based then we can learn from the South Korean miracle 

story (refer to sub-section 3.2.6 of chapter 3) (Chen, Farinelli, & Johansson, 2004; Lee, 

2009; & Lee, 2016). 

An article by China Daily Online Edition, Diop (2017) posed a question “Can Africa 

leapfrog its way into the future?” This question drove the curiosity for this study to 

develop a leapfrogging model concerning I4.0 by taking into account the Tanzania 

local business environment and the current level of technological advancement. Thus, 

Lee 2009, 2016; Diop 2017 insists that some conditions are baselines such as the 

building of capabilities and upgrading, investment in infrastructure, nurturing the right 

regulatory environment for new business models to be tested, and paying deliberate 

attention to research and development, science and technology. The authors point out 

that it is not easy to achieve innovation without a properly trained workforce and a 

robust education system. It is further noted by the authors that; some leapfrogging 

attempts will not be successful.  

The study follows leapfrogging strategies by employing the triple helix principal 

(government, academia, and private sector), in a quest of developing a model that can 

be able to predict the I4.0 adoption through technological catch-up in Tanzania’s 

manufacturing sector. The study used two approaches for developing the suitable 

model for Leapfrogging the Adoption of I4.0 in Tanzania’s manufacturing sector 

which is, firstly, the conceptual studies on Maturity Models (MMs) and Readiness 

Models (RMs) where their thematic dimensions and levels are scientifically grounded 

(Schumacher, Erol, & Sihn, 2016; Wellener, Manolian, & Laaper, 2018; Sony & Naik 

2019). Secondly, the study applied the lessons learned from the South Korean miracle 

in implementing their TL programme (Lee 2009, 2016, Hung, Hsiao, & Wu, 2014). 
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The model also includes an (Ε) factor which represents any chances of failure while 

leapfrogging towards I4.0 from unknown factors (Lee 2009, 2016, Hung, et al., 2014; 

Schumacher, et al., 2016; Sony & Naik 2019). 

The model makes a close link between adoption of I4.0 in the manufacturing sector in 

Tanzania and the TL concept since I4.0 is technologically driven (Cilliers, 2018). 

Further, it is important to denote the role of the government in facilitating the 

technology adoption process through leapfrogging strategies as exemplified by the 

South Korean government role (Lee 2009, 2016, Hung, et al., 2014). According to 

Gross (2019), governments can introduce government-led interventions aiming at 

creating a comparative advantage that closes the lag-period towards development 

growth stages through techno-economic strategies. The author adds that using 

leapfrogging strategies the economy can choose to accelerate the development process 

by not taking the organic path which is led by market forces but rather by upgrading 

and undergoing structural transformations and skipping some development stages. 

This was the famous approach deployed by the Eastern Asia Miracle (EAM). A very 

compelling argument is that the late-comers (enterprises or nations) can achieve TL, 

in this context through the adoption of I4.0 technologies, and enjoy the lucrative 

opportunities similar to those enjoyed by the technological leaders of the West and 

East (Miao, 2019; Castelo-Branco, Cruz-Jesus, & Oliveira, 2019). 

The research aimed at determining the better model for leapfrogging the adoption of 

I4.0 that will set Tanzania into the right economic trajectory (Cilliers, 2018) while the 

country is implementing the industrialization strategies, which are stipulated in the 

medium-term development plans (the second and third Five Year Development Plans 

for 2016/2017 to 2020/2021 and 2020/2021 to 2024/2025 respectively). In a clearer 

context, this research is linking the manufacturing sector in Tanzania to I4.0. Thus, the 

developed Leapfrogging model will be used to proactively fast-track Tanzania to 

develop, deploy, implement and execute strategies with the I4.0 at the heart of the 

industrialization agenda.  
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It is important to note that, the current mainstream manufacturing sector in Tanzania 

is yet to embrace the I4.0. In a common factory, the machine operators engage with 

brief tête-à-têtes with fellow crew and shift supervisors. In this environment operating 

machines for 8-12 hours during their shift. The occurrence is, on a typical workday a 

machine may break and/or need maintenance. If it is operating without problems, the 

production line may require adjustments or settings to modify it so as a specific product 

can be produced. Also, electricity by be interrupted and require to run the whole line 

on the generator. Or it may need the operators to be trained on new procedures. Also 

of these may require manual or semi-automated processes (Timings, 2004; Groover, 

2010; Schwab, 2016b; Leurent, et al., 2018).  

It has been observed that every two decades’ era a new wave of technological 

innovation emerges. Such waves, according to the authors, have forced restructuring 

in economies and technological upgrading, and improvement of production (Chen, et 

al, 2004). This is the major reason that developing economies should be proactive in 

their plans and strategies, and leapfrogging strategies are vital for the transformation 

of the manufacturing sector. 

Schwab (2016b) claims that I4.0 is transforming the mainstream manufacturing 

economy sites. According to Schwab (2016a); Leurent Boer, and Diaz (2018), I4.0 

was born in the factory incorporating digital-computing to automate the production 

line using technologies such as 3D printing, Artificial Intelligence (AI), 

nanotechnology, Internet of Things (IoT), Cyber-Physical Systems (CPS), robotics to 

name a few. Despite the fact that many of these innovations are in their infancy, but 

they are at the climax of their development and each is amplifying the other 

technology. Therefore, the fusion of these technologies across the physical, digital and 

biological worlds, making a very thin line, has been made possible by frontrunner 

economies and/or businesses who are implementing them at scale (Schwab 2016b; 

Wellener, et al., 2018). Therefore, looking at the scope, complexity, and impact of 
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I4.0, it can be concluded that, no revolutions that have ever happened in the past can 

match it (Schwab, 2016a). 

1.1 Statement of the Problem 

The third industrial revolution emergence in the late-1970s left most of the developing 

economies caught up by surprise and with no adoption strategies of the revolution’s 

technologies. But that was not similar to South Korea and most Asian economies, 

which implemented TL strategies successfully (Lee 2009, 2016; Hung, et al., 2014). 

If Africa learned from past mistakes about the adoption of the third industrial 

revolution, then the continent should not be left in the adoption of the I4.0 

technologies. The authors concede that I4.0 adoption can either be achieved through 

conventional or leapfrogging strategies. This study is of a view that leapfrogging 

strategy is suitable for Africa; the strategy which was successful in South Korea which 

had similar socio-economic conditions to African economies in the late-1970s (Lee, 

2009, 2016).  

In charting the adoption of I4.0, Botha (2018), delineates that there is a need for 

strategic interventions to set-up a proper roadmap for its adoption. In this regard, it is 

vital to note that both academia and consulting firms have developed RMs and/or MMs 

for assessing the organization’s readiness and/or maturity regarding the I4.0 adoption 

respectively (Sony & Naik, 2019). However, the existing RMs and/or MMs for 

assessing the I4.0 adoption were developed and tested in and for the developed 

economies - the pioneers of I4.0 technologies or are at a maturing stage of I4.0 

adoption. It is imperative to note that developed economies have a different and well-

structured business environment, and are technologically advanced compared to 

African economies. This calls for the development of I4.0 adoption models reflecting 

developing economies' local conditions as Sony & Naik (2019) depicted that I4.0 

transforms the socio-economic conditions and customers as their needs change and 

they will need to be integrated into the organization’s global value chain. 
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Therefore, with the proper leapfrogging roadmap, the economic effect as a result of 

the adoption of I4.0 in the manufacturing sector are undisputed, the economies that are 

incorporating I4.0 in their policies, and strategies will yield unprecedented outcomes 

than those which will come late. It is further argued that the lack of proactive by 

developing economies’ governments to adopt I4.0 has been one of the causes of the 

majority of manufacturing companies to exhibit inertia to incorporate I4.0 in their 

strategic plans (Liaoa, Louresa, Deschampsa, Brezinskia, & Venâncioa, 2017).  

Taking Tanzania in perspective and the concept of TL which was employed 

successfully in South Korea. For this reason, this research featured TL as a core 

strategy in I4.0 adoption, where the majority of the reviewed MMs and RMs did not 

capture. TL is an important strategy for I4.0 adoption in developing economies 

(Lichtblau, et al., 2015; Sony & Naik, 2019). 

The research explored this gap and contribute to the literature and for policy 

formulation concerning the I4.0 adoption in Tanzania. This was achieved by 

developing a theoretically relevant and empirically grounded Leapfrogging Model for 

the Adoption of I4.0 by addressing the local business environment in the 

Manufacturing sector in Tanzania.  

1.2 Objectives of the Study 

This study’s main aim was to develop a suitable leapfrogging model for the Adoption 

of I4.0 in Tanzania Manufacturing Sector.  The model could be of paramount 

importance in making the adoption process by developing economies seamless, 

stepwise, and calculated to governments, public and private corporations. The specific 

objectives are: 

1. To determine the current state of I4.0 adoption in the MEs in Tanzania. 
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2. To examine the dimensions and sub-dimensions influencing to leapfrogging 

the adoption of I4.0 in the MEs in Tanzania. 

3. To analyze the magnitude of the dimensions and sub-dimensions affecting to 

leapfrogging the adoption of I.40 by the MEs.  

1.3 Research Questions 

RQ1. What is the current state of I4.0 adoption in the MEs in Tanzania? 

RQ2. What are the dimensions and sub-dimension influence to leapfrogging of the 

adoption of I4.0 in the MEs in Tanzania? 

RQ3.  To what magnitude do the dimensions and sub-dimensions affect to leapfrog 

the adoption of I.40 by the MEs? 

1.4 Assumptions of the Study 

One of the more common assumptions made in survey research is that the responses 

received were honesty and truthful. These assumptions generally refer to the 

characteristics of the data, such as distributions, correlational trends, and variable types 

(Singh, 2006). 

1.5 Delimitation of the Study 

Singh (2006) points out that, delimitations provide the scope within which the 

researcher conclude findings and define the reliability or external validity of the study. 

This study’s delimitations included the study population, variables, statistical analysis 

and focus of the research. He further concedes that to achieve this study’s purpose, the 

methodology for the study is explained in chapter 3. The parameters of the population 

included justification, to help the researcher maintain objectivity in a study. Further, 

to this, the delimitation provided the basis for other researchers to improve this study 

or conduct future research on this topic. 
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This study was conducted in Dar es Salaam and Coastal regions (doubled as the most 

industrialized regions in Tanzania). The sample for the observations included 256 

responses from 89 companies out of the planned 100 companies, where each company 

offered responses from 3 of the core functional managers, this was a prior-sample size 

as per the Power Analysis Results refer to Table 3.1 consistent with (Akbaryan, 2013). 

1.6 Limitation of the Study 

Singh (2006); Price & Murnan (2014), as this study was being developed, several 

limitations were anticipated and some arose while the study was underway. The 

limitations result from methodological or researcher’s related errors, and these may 

impact the research’s findings and interpretation. The authors assert that the study’s 

limitations may affect “generalizability, applications to practice, and/or utility of 

findings.” More details of the limitations of this study are specified in section 6.5 of 

chapter 6 of this report. 

1.7 Significance of the Study 

Most of the conceptualizations regarding I4.0 are still in their development phases, and 

that some nations have been doing such development of concepts, theories, and 

practices since 2011, there is still no agreement on some issues of what the I4.0 is 

(Botha, 2018). It is, therefore, imperative that this study sheds some light on the subject 

especially on adoption in Tanzania and developing countries with similar conditions. 

This study adds knowledge regarding I4.0 studies and developing a Leapfrogging 

Model for I4.0 Adoption in the Manufacturing sector in Tanzania. The findings of the 

study are of great interest to the triple helix (academicians, government, and private 

sector). This is because the I4.0 technologies are of great importance to the economy 

as a whole, as there is the need of proper investment decision and catalysts for the 

growth and ensuring that Tanzania has strong built capabilities while upgrading its 

environment to support the leapfrogging of I4.0 adoption.  
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The Mzumbe University (MU) in its strategic plans decided to be among the first 

Universities in Tanzania that advocate I4.0, therefore, as a postgraduate student, 

through this research, the findings are going to contribute into a better understanding 

of the I4.0 in all aspects of the economy, in this respect in the Manufacturing sector, 

which will help the university in setting up academic or consultancy services tailored 

to I4.0.  

1.8 Organization of the Report 

Chapter one, - Introduction, organized into sections: Background, Statement of the 

Problem, Research Objectives, Research Questions, Assumptions of the Study, 

Delimitation of the Study, Limitation of the Study, and Significance of the Study. Also, 

Chapter Two - Literature Review organized into: Introduction, Operational 

Definitions, General Literature Review, Theoretical, Empirical Framework, and 

Conceptual Framework, The hypothesis and The Gap for the Current Study. Further, 

Chapter Three, The Research Methodology, organized into ten (10) sections: 

Introduction, Research Design, Study Area and Target Population; Sample Size, 

Statistical Power Analysis, and Sampling Technique; Statistical Test for Estimating 

Adoption of Technologies; Research Variables and Data Sources; Data Types and 

Instrument for Data Collection; Treatment of the Data and Analysis; Model 

Specification; Ethical Considerations and Conclusion. 

The Chapter Four - Presentation of Findings, has the following sections: Introduction; 

The Current State of I4.0 Adoption in the MEs in Tanzania; The Dimensions Affecting 

the I4.0 Adoption in the MEs; Leapfrogging model for I4.0 adoption; Model 

Specification and Estimation; Conclusion. Chapter Five - Discussion of Findings, 

organized into Introduction; The Current State of I4.0 Adoption in the MEs in 

Tanzania; The Manufacturing Sector Leapfrogging Model for I4.0 Adoption; and 

Conclusion. Lastly, Chapter Six, The Summary, Conclusions, Implications and 

Recommendations for Further Studies is organized as follows: Introduction; Summary 
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of the Study; Summary of Findings; Conclusions of the Study; Implications of this 

Study; Limitations of the study; and Areas for further research. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.0 Introduction 

A glimpse of the chapter is that a finding by Dohale and Kumar (2018) found that 

despite that I4.0 is still at its extemporaneous phases and developing fast, the majority 

of the researches conducted by academicians is conceptual, rather than empirical. This 

calls for more empirical research on I4.0. This study proposes to develop a 

Leapfrogging Model for I4.0 Adoption based on the learned lesson from the existing 

RMs and/or MMs and take on board the success factors from the South Korean miracle 

story of the implementation of TL as depicted by (Lee, 2009, 2016) before the 

emergence of I4.0.  

2.1 Operational Definition of Terminologies  

 Fourth Industrial Revolution/ I4.0 

Sony & Naik (2019); Machado, et al. (2019); Pacchini, et al. (2019); Felch, et al. 

(2019); and Schumacher, et al. (2016) have defined I4.0 as the paradigm that uses 

state-of-the-art internet-based technologies - such as IoT/IIoT, CPS, big data, cloud-

based manufacturing, among others - to digitize and automate manufacturing 

processes and activities to improve value addition, flexibility, and sustainability in 

utilizing resources with real-time interactions between humans, products, machines 

and functional systems within and across the organization’s boundaries. 

 Manufacturing 

Manufacturing is a process involving the transformation of raw materials into products 

using labour and technological interfaces or machinery (Timings, 2004; Groover, 

2010). 

 Industrialization 
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Industrialization as “a generic name for a set of economic and social processes related 

to the discovery of more efficient ways for the creation of value.” (Simandan 2009) (p. 

419). 

 Digital Maturity 

Digital Maturity is “a blend of the digital intensity (investment in technology to change 

how the company operates) and transformation management intensity (developing the 

capabilities necessary to drive digital transformation)” (Machado, et al. 2019) (p. 

1114). 

 Readiness Model and Maturity Model 

Readiness Models are “assessment tools with the primary aim of capturing the starting 

point and allow for initialization of the development process” whereas Maturity 

Models are assessment “tools used to assess the maturity of the organization or a 

process (es) to assess the ability to achieve the desired targets.” Sony & Naik (2019) 

(p. 12) 

2.2 General Literature Review 

 The Fourth Industrial Revolution is here! 

Transformative technologies, ranging from manufacturing, health, agriculture, and 

banking, are shaping lives. This was and is the birth of I4.0 (Schwab, 2016a). The past 

two centuries witnessed tremendous changes in the industrial revolution. During the 

First Industrial Revolution production was mechanized using water and steam power. 

The electric power was used in the Second Industrial Revolution to enhance mass 

production. The Third Industrial Revolution used electronics and information 

technology in production automation (Schwab, 2016b; Gökalp, Şener, & Eren, 2017; 

Dohale & Kumar, 2018). Schwab (2016b), each industrial revolution had its 

technological advancements and characteristics - specifically focused on increasing 
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productivity and efficiency in manufacturing. The author, argues that across the global 

majority of manufacturing lines remain the same today as they were 10, 20 or even 30 

years ago. However, experts in the contemporary business issues, including Schwab 

(2016a, 2016b); Leurent, Boer, and Diaz (2018) and Castelo-Branco, Cruz-Jesus, and 

Oliveira, (2019) have found that the world is experiencing unprecedented 

transformations in all industries, which have nurtured new business models. As a result 

of this, businesses and/or economies are either being disrupted in the- or disrupting 

the- global value chains, whereas the ones with old business models are the ones to 

suffer the most. Further, Schwab (2016a, 2016b) claims that the world is reshaping its 

production, consumption, transportation and delivery systems. The author concedes 

that both virtual and physical systems are harmoniously working together to optimize 

and increase efficiency in the manufacturing setting – allowing the machines to learn 

and adjust accordingly – this is I4.0. 

 In Perspective: The Manufacturing in Tanzania 

Tanzania Vision 2025 highlights the ambition of building a diversified-semi-industrial 

economy whose industrial sector is envisioned to be bigger than that of a typical 

middle-income economy (Planning Commission [PC], 2000). The Vision 2025 is 

implemented in three development plans – dubbed as the first, second, and third 

National Five Year Development Plans, that is, FYDP-I, FYDP-II, and FYDP-III 

respectively. However, the strategies speak nothing about the future of the 

manufacturing sector concerning the emergence of I4.0, this is understandable that at 

the time the Vision 2025 plan was being developed in the 2000s, the I4.0 was yet to 

be a buzz concept among academicians, practitioners, and policymakers. However, 

since post-2011 the Western and East Asia economies, such as US, UK, Germany, 

China, India, were vigilant, in their actions by incorporating I4.0 is their new policies 

or updated outdated policies and strategies to reflect the opportunities and challenges 

offered by I4.0 (Liao, et al., 2017; Pacchini, et al., 2019).  
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Such lack of proactiveness to infuse I4.0 in Tanzania’s strategic plans or policies deters 

the envisioned desire of the economy to create a semi-industrialized economy, PC, 

(2000) nevertheless if I4.0 was utilized to catch-up with the developed economies by 

incorporating leapfrogging strategies for I4.0, the impact toward 2025 or beyond 

would be creating of a diversified-semi-industrialized economy larger than that of a 

typical developing economy middle income economy. In charting the I4.0 adoption, 

intrinsically has set the foundation in the FYDP-II which states the intention of 

“Nurturing Industrialization for Economic Transformation and Human Development” 

(Ministry of Finance and Planning [MoFP], 2016). The initiative by the Government 

of Tanzania under President, His Excellence John Joseph Pombe Magufuli (PhD.) 

embarked on the industrialization agenda which intends to build a base for 

transforming the agrarian economy into the semi-industrialized economy by 2025. 

According to Tanzania Investment Centre [TIC], (2016) looking at the FYDP-III 

2021/22 to 2024/25 with a theme “Realizing Competitiveness-led Export Growth”, it 

is, therefore, imperative for this plan to be effective, before being implemented, it 

needs to be revisited to incorporate the I4.0 agenda. Leapfrogging is the strategy to 

adopt I4.0 in ensuring the Vision 2025 is attained at an unparalleled pace. The success 

of this depends on the government’s willingness to institute a serious I4.0 

implementation agenda by aligning the industrialization with I4.0 (Lee, 2016; Liao, et 

al., 2017; Pacchini, et al., 2019).  

This research desires to trigger the discussion and find answers to the main question: 

is Tanzania – the industry – ready to adopt I4.0? To make the discussion more intense, 

the study integrates a variable that can model how I4.0 adoption, in the forward-

thinking, can be used through technological leapfrogging as was successfully used in 

South Korea be applied to create a better competitive economy in Tanzania through 

new levels of efficiency in manufacturing (Lee, 2009, 2016; Word Economic Forum 

[WEF], McKinsey & Company, 2019)? This is better explained by the WEF - White 

Paper on I4.0 that there are three most significant technological megatrends which are 

principal drivers of I4.0 transformation in production, these include connectivity, 

intelligence, and flexible automation.  
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 Fourth Industrial Revolutions Assessment Models 

Schumacher, et al. (2016); Sony and Naik (2019) argues that most business leaders are 

unknowledgeable enough about I4.0, which makes the businesses they lead 

(Schumacher, et al., 2016) especially Small and Medium Manufacturing Enterprises 

(SME), to fail to set up proper plans, programs or actions, neither they are sure of the 

financial obligations they may incur when they decide to acquire I4.0 technologies. 

Further, Schumacher, et al. (2016); Gökalp, Şener, and Eren (2017); Castelo-Branco, 

et al. (2019) argue that businesses are unaware of the effect of I4.0 on their business 

models should they implement it. The common trend according to Schumacher, et al. 

(2016) is that businesses, in frontier nations, experience serious problems on 

understanding I4.0 let alone launching it at full scale of implementation.  

Another common trend in the problems businesses face with I4.0 adoption is that most 

of them are unable to align their business-level strategies to I4.0 adoption strategies. 

Looking at these problems in contexts of Africa countries, you realize that they are in 

a disadvantaged position compared to the frontier nations. This is because there is little 

research in the I4.0 paradigm based on the African context. Also there a few TL 

success stories in Africa. Back to Schumacher, et al. (2016); Lee (2016), they highlight 

that companies must be able to determine their business-specific capabilities, which 

will be used in later stages of developing I4.0 implementation strategies, programs, 

and actions. Schumacher, et al. (2016) suggested that the frontier economies or 

businesses after realizing the pertinent challenges they faced with each implementation 

of I4.0, the businesses, especially MEs, developed new methods, and tools to chart 

their course towards the alignment of I4.0 to their business strategies and operations. 

Thus was the beginning of the development of Readiness and Maturity Models. 

 Popular Known Maturity and Readiness Models 

Schumacher, et al. (2016) refer to both maturity models and readiness models as 

synonymous with each other. Despite the thin-line between MMs and RMs, 

Schumacher, et al. (2016) were ardent to distinguish the two, where they refer to 
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maturity as the condition of being accomplished with capabilities ready for progressive 

works in the development of a system. On the other hand, readiness is the condition of 

determining the starting point for the initialization of the implementation of a certain 

development of a system. The authors defined Maturity Models as instruments or tools 

employed during the process of conceptualizing and measuring the maturity state of 

an organization; whereas Readiness Models are instruments or tools employed before 

engaging in a project, aiming at capturing the starting point and to allow the 

initialization of the development process.  

Table 2.1: Existing I4.0 readiness and maturity models 

Model Offical Name The Pioneer  Assessment Approach Employed 

IMPULS – I4.0 

Readiness  

VDMA, RWTH 

Aachen, IW 

Consult. Developed 

in 2015. 

There assessment 6 dimensions with 18 items to 

indicate readiness in 5 levels. It sets criteria for 

progressing to the implementation’s advanced 

stage. 

Empowered and 

Implementation Strategy 

for I4.0  

Lanza et al 

developed in 2016. 

Used to assess the maturity for I4.0  as a litmus 

check. It used as an assessment model for gap-

analysis and a toolbox for I4.0 implementation.  

I4.0 or Digital Operations 

Self Assessment  

PriceWater-House 

Coopers - 2016. 

This has 6 dimensions for online-self assessment. 

The model has 4 levels of digital maturity.  

The Connected 

Enterprise Maturity 

Model  

Rockwell 

Automation  - 2014. 

A five-stage maturity model used for realization 

I4.0 technology-focused assessment in 4 

dimensions.  

Source: (Schumacher, et al., 2016) 

Several authors have done the thematic analysis of the existing models, and it was 

found that the assessment dimensions of the models (Table 2.1) are conceptually 

different from each other (Sony & Naik, 2019). Therefore, the most common themes 

as they were put forth by Schumacher, et al. (2016), which were applied in the later 

stages of this study in the development model. Sony & Naik (2019) determined six 

key ingredients for evaluating the readiness of the organization concerning I4.0 

adoption as follows: 

1. Top Management Involvement and Commitment 

2. The readiness of Organizational Strategy 

3. Employee Adaptability with I4.0 
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4. Level of Digitization of the Organization 

5. The extent of Digitization of Supply Chain 

6. Smart Products and Services 

 Developing Readiness or Maturity Models for Manufacturing Sector 

According to Felch, et al., (2019), there are general design principles or frameworks, 

put forth by scholars about the development of MMs and RMs development. These 

frameworks are useful in guaranteeing quality in the development process of the 

model. However, to add to practicability to the RMs and/or MMs, central to what 

Schumacher, et al., (2016) and Lichtblau, et al. (2015) proposed in their model were 

developed after conducting consultation workshop with experts, and the same model 

was tested in MEs. This is key in validating the model’s usefulness. 

Felch, et al. (2019) asserts that the I4.0’s adoption impact has only been apparent in 

recent years, thus, the RMs and/or MMs reviewed, were borrowed from other domains 

such as project management, and Information and Computing Technology (ICT). 

Because I4.0 has a strong background ICT and is often implemented as part of ICT 

related projects, we believe that I4.0 can appropriately apply similar RMs and/or MMs. 

The author further asserts that I4.0 implementation is highly practice-driven, but most 

of the available RMs and/or MMs only originate with scientific studies but lacking 

practical application. Despite this shortfall, there are some few RMs and/or MMs 

which were developed by practitioners, particularly by consultancies such as PwC and 

Deloitte, bridge the theory and practice.  

2.3 Africas Prominent Leapfrogging Success Stories 

The focus of this study is on how Tanzania can leapfrog the adoption of I4.0 

technologies in the manufacturing sector. Since this area is currently new. Tanzania, 

and Africa at large there has been success stories on technological or developmental 

leapfrogging generally. It has been established by Diop 2017; and Alzouma 2005 that 

Africa is being transformed by technology and innovation. This follows the view of a 
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belief from modernists and ethnocentrism which is driven by the propensity to view 

that technology is the solution to developmental challenges. For example the 

penetration of mobile phones, this happened before landline telecommunications 

penetrated to the rural areas in the early 2000s. However, since the blink of the new 

millennium, mobile phone technologies are transforming other industries such as 

banking and financial services accessed through mobile money. Penetration of solar 

energy technologies in Rwanda and elsewhere in Africa. The connectivity of Internet 

connection is prevalent in African now. In this front Tanzania is the one leading by 

having the lowest cost per gig at $0.89 compared to the rest of Africa which is at $5.26 

(Research ICT Africa, 2020). From this African, and Tanzania, in particular, can 

conclude that Technological leapfrogging can be achieved in the manufacturing sector 

given the conditions outlined in this study are followed. 

2.4 Technological Leapfrogging 

Brezis, Tsiddon, and Krugman (1991) explained TL as “the response to an occasional 

major change in technology.” (p. 1) whereas Sauter and Watson, (2008) quoted Soete 

defining TL as “…the opportunities offered by the international diffusion of 

technology to jump particular technological paradigms and import more, if not the 

most, sophisticated technologies that will neither displace the capital invested nor the 

skilled labour of the previous technological paradigm which constitutes one of the 

most crucial advantages of newly industrializing countries in their bid for rapid 

industrialization.” Chen, et al. (2004); Lee (2009, 2016) point out that, technologies 

are not static but evolve. For instance, the UK modernized the iron and steel industry 

for 200 years compared to other EU economies which took half that time. Conversely, 

the US took 50 years to advance its steel and iron industry through the catch-up 

approach. Further, Japan took only 30 years to surpass the US and UE steel and iron 

industries by importing cutting-edge technologies from the US and UE. Exceptionally, 

South Korea surpassed the Japanese steel industry in 20 years through technological 

leapfrogging, despite being considered by many a late-comer economy. The authors 

further, stress regardless of the time spent by the US, UK, EU, Japan, and South Korea 
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to mature their technological transformation, the relative time spend to progress their 

industries had some strides through short-cutting technology adoption, importation, 

imitation, and development.  

Chen, et al. (2004) emphasize that the TL concept is a controversial theory, due to the 

existence of two opposing views: ‘mistake optimists’ and ‘mistake pessimists’. The 

‘mistake optimists’ argue - it is cheaper for developing economies to avoid mistakes 

in the long-term, due to the existence of various cost-saving alternatives to technology 

adoption. On the other hand, the ‘mistakes pessimists’ argue that in the short-term 

leapfrogging is not cheaper for developing economies, which will needless have to 

gather wealth from their current outdated technologies if they are still in optimal 

operations, and then catch-up the technological take-off at later stages of technology 

development. 

Speaking on the stages of TL, Lee (2016) brought forward an approach that: economies 

can attain TL through catch-up theory. Lee (2009, 2016) expresses that technological 

catching up is stage-wise including path-following catching-up, stage-skipping 

catching-up, and path-creating catching-up. The last two stages (stage-skipping and 

path-creating catching-up) make TL (Figure 2.1) which allowed economies or firms to 

skip some of the initial development stages or creating entirely new paths of 

technological trajectory. There are countless possibilities for developing economies to 

adopt state-of-the-art technologies at the final destination stage, without necessarily 

going through the initial stage, or intermediate stages (Bhagavan, 1992; Chen, et al., 

2004; Lee, 2016). 

Figure 2.1: Three Patterns of Technological Catch-Up 
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Bhagavan (1992), had a similar concept to Lee’s stages of TL but explained in a 

different perspective by claiming that TL can take place in three stages – Initial, 

Intermediate, and Final Destination, where each stage is advanced compared to the 

preceding stage. The author concedes that the initial stage involves the latest 

technologies importation together with their rampant absorption into the socio-

economy systems. The author, then asserts: the intermediate stage is about building 

local capacity to replicate the imported technologies with add-ons in terms of quality, 

improvements, and version, whereas the advanced stage of leapfrogging is the final 

destination, which involves replication of imported technologies to innovations and 

the invention of locally grown technologies. One of the famous examples of this 

successful approach is the East Asia Miracle (EAM) of Japan, South Korea and 

Taiwan, and Hong Kong and Singapore (Miao, 2019). 

TL can be achieved, Lee (2009, 2016), by continuously building of capabilities and 

upgrading at an economy or firm-level. Referring to the South Korean example, Lee 

asserts that key capabilities that were built included technological, Research and 

Development (R&D) and human capital development capabilities among others (refer 

to section 2.3.6).  
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Regardless of whether they are stages for TL proposed by Bhagavan (1992) or Lee 

(2016) to be realized, the authors conceded that TL will be fruitful to organizations 

with appropriate human capital, who make decisions about importation, use, 

replication and innovation of technology, through research and development. The 

authors assert that both the private and the public sectors have a role to play in TL 

implementation. It is important to note, at the core of a successful TL programme, is 

the government which spearheads the institutionalization of supportive industrial and 

technological policies. Just like it is proposed by Bhagavan, theories of technical 

changes at the macro-level can be tested at the micro-level of firms, and thus firms will 

be proxies to countries in understanding the concept of TL at the firm and national 

level. Lee (2009, 2016); Radosevic & Yoruk (2016) perceive the process of TL from 

a different perspective, by emphasizing that it can be achieved by adopting new 

emerging short-cycle technology instead of the conventional approach of mature 

industries. Further, the authors agree with Bhagavan’s point that structural change is 

vital, and it is only the government that can influence such change.  

 Trends on Important issues on Technological Leapfrogging 

Bhagavan (1992); Lee (2009, 2016); Schumacher, et al. (2016); Gökalp, et al. (2017); 

Zuazua and Schulz (2018); Castelo-Branco, et al. (2019) assert the I4.0 cutting-edge 

technologies are stimulating the development of new production techniques and 

business models and consequently disrupting the manufacturing value chains. To be 

successful, it is argued that governments should impose supportive frameworks 

(strategies, policies, and institutions) that will make I4.0 flourish in economies and 

firms changing their global value chains. Failure to that, such economies will be 

trapped in the past technologies which are becoming obsolete, costly to operate and 

make economies and firms less effective and less competitive. Nevertheless, the 

economies and firms embracing TL proactively may become successful as evidenced 

by South Korea's success.  The authors argue that leapfrogging strategies for I4.0 

create lucrative opportunities, and making countless possibilities for developing 

economies and/or firms to quickly take leading positions in development by creating 
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new catch-up paths that are competitive, effective than those taken by the more 

established competitors.  

Conversely, it is important to understand that TL is not for everyone (Lee, 2009, 2016). 

This is because TL is not risk-free and that each latecomer economy or firm has a 

different propensity to risk-taking. However, to be successful, the latecomer 

economies and/or firms must mitigate such risks by developing a certain level of 

capabilities before embarking on TL (Zuazua & Schulz, 2018; Lee, 2016). Lee (2016) 

claims that from the South Korean leapfrogging success, the following capabilities 

were key to success, which are technological, R&D and human capital development 

capabilities. It is suggested that only a few economies, which are proactively building 

and upgrading these capabilities, may be poised to make such leaps. Economies that 

have relatively small current production capabilities can rely on leapfrogging 

opportunities too. Even those economies with poor capabilities to leapfrog, they can 

focus their energies and investments to develop corresponding crucial capabilities 

(Zuazua and Schulz, 2018). 

2.5 The South Korea Miracle – A Successful Technological Leapfrogging  

The basis of this study to understand TL has been hinged upon, the successful 

implementation of TL in South Korea which has a well-documented TL programme. 

Also, most developing countries can learn from South Korea because in the early 1960 

and late-1970s they had similar socio-economic conditions (Lee, 2009; 2016). The 

author further insists that through building and upgrading capabilities while 

implementing TL the South Korean economy grew and transitioned to high-income 

from upper middle income within three decades. Additionally, the author points out 

that for the country to later attain continuous export growth, a strong foundation on 

R&D both in terms of expenditure and effort was instituted by South Korean 

authorities and supported by the private sector alike.  
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 Assessing the Essential Capabilities 

Developing economies could be well-positioned for I4.0 adoption and benefit from the 

changing techno-economy landscape, to achieve there is a need to use appropriate TL 

strategies pertinent to their local environment (Lee, 2009, 2016; Zuazua & Schulz, 

2018). Further, Zuazua and Schulz (2018) highlight that the areas for assessing 

capabilities are: (i) current baseline of the economy and (ii) drivers of production. To 

match this position, Lee (2009; 2016) asserts that South Korea endured over 20 years 

of continuous and tremendous structural transformations before the country 

experienced positive results on her technological catch-up and leapfrogging strategies 

while mitigating the risks of implementing TL. Therefore, the need for meticulous 

responsive, safe, and prosperous strategic planning (Lee, 2009; 2016; Zuazua & 

Schulz, 2018). In the South Korean 1960s economic transformation, the country 

specialized in labour-intensive goods for export like many developing countries did at 

that time (Tanzania included), while between 1960 to 1980, the country experienced 

rapid catch-up but with slow economic growth (Lee, 2016). However, the author points 

out that, in the 1980s the country took a different path and started to specialize in high-

end goods and investments in Research and Development (R&D) about 1.5 per cent 

of the Gross Domestic Product (GDP). 

 Areas of Merit in Building Capabilities 

 The Guardian for Successful Technological Leapfrogging Strategy 

The leaders were key guardians who laid the foundation for implementation of the TL 

strategy as they represented the economy and strategic business entities. The leaders 

had a clear vision and had a defined roadmap for progressive technology diffusion and 

then the development of local technologies (Zuazua and Schulz, 2018). East Asian 

economies such as South Korean and Taiwan involved their government institutions 

in the adoption and upgrading of their technologies through TL (Hung, et al., 2014).  
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 Consistent Technological Leapfrogging Roadmap 

Lee (2009; 2016) the success story of the South Korean economy is a result of 

proactive planning which involved advancing their competitive industry – the high-

end products industry. It involved upgrading their successive entry industries into 

lucrative industries, from light-manufacturing to high-end manufacturing. The author 

expresses that the country perfected its electronic and mechanical engineering sector 

through TL, which started from the importation of unpackaged technologies such as 

parts and components, and operational technologies. In this roadmap, South Korea 

initiative involved imitation and learning from imported technologies, and eventually 

perfected her local industrial sector and started to manufacture local products this 

depended heavily on investing in R&D. In due course, this caused a shortage of human 

capital with specialized technical skills. 

 Technological Capabilities 

South Korean firms, according to Hung, et al. (2014); Lee (2009; 2016) were active in 

the importation of- and learning about- foreign technologies. This was achieved by 

relaxing the importation regulations (refer to sub-sections 2.3.5.2.6). The authors 

emphasize that technological capabilities were accomplished by making qualitative 

measures: including the number of patents registered, the ability to creatively imitate 

or duplicate foreign technologies and innovations. To enhance its technological 

capabilities South Korea devoted efforts in R&D (refer to sub-section 2.3.5.2.4). This 

was essential in making sure that industries in assembly, low-tech parts development, 

high-tech parts development, product design and product concept develop in that order 

was implemented with laser-sharp precision - the basis of the TL strategy ventured by 

the South Korea economy. 

 Research and Development Capabilities 

Lee (2009, 2016) indicated that the strategic choice to Technological Catch-up via 

Leapfrogging, (as it was explained earlier in sub-section 2.3.4), involved two catch-up 
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patterns: Stage-Skipping and Path-Creating. The South Korean economy started to 

implement this strategy following the stabilization of the light-manufacturing industry. 

The author further, explains this: to experience rapid economic growth, the country 

ventured in high-end product manufacturing at the expense of light-manufacturing. 

Because of the decisive plans in place, the country instituted R&D programs funded 

by both the public and private sectors. For instance, R&D investments were only 0.42 

per cent in 1975 but grew to 1.41 per cent in the early-1990s, and currently, it is about 

2 per cent of the GDP. The private sector contributing more than 60 per cent of the 

funds. Further, he discerns that the outcome of these extensive and continuous 

investments in in-house R&D initiatives enabled South Korean firms to advance the 

production of knowledge-intensive products such as electronics, automobiles, and 

mechanical engineering industries.  

 Human Capital Development Capabilities 

Human Capital is the most important resource in the development of the economy or 

organization. Human capital plays a key role in decision-making in governments; and 

public and private organizations (Lee, 2016). Therefore, having a properly trained pool 

of human capital is key, for economic transformation because contemporary 

economies are techno-economic influenced. However, implementing TL strategies can 

bring challenges in human capital development. For instance, the imported 

technologies in South Korea as a result of the TL programme, provided the challenge 

in human capital development, especially technical skills (Lee, 2016). He asserts that 

in the 1960s the country’s enrolment in the education system was poor compared to 

1975s. However, due to the human capital demand created by TL, there was enrolment 

growth: primary education from 29.6 to 106.86 per cent, secondary education from 

10.9 to 56.35 per cent, and tertiary education from 2.6 to 6.9 per cent. This 

transformation in the education sector did not only focus on increasing enrolments but 

equipped the human capital with the right skills - “technical skills, continuous learning, 

creativity, emotional intelligence, and other soft skills.”  (Zuazua and Schulz, 2018).  
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 Legal and Regulatory Capabilities 

According to Lee (2009; 2016), the government’s role in the successful 

implementation of the TL strategy in South Korea is undisputed, where, an 

environment for the importation of technologies was set up. The author emphasizes, 

there were reformations in the legal and regulatory framework from the mid-1960s. 

The laws enacted by the government included the Foreign Capital Inducement Act 

(1966), and Technology Development Act (1972) among others. These laws 

stimulated capital goods imports, foreign loans, and technological imports. In 1968, 

the government issued guidelines for technology importation control, promote exports, 

and manufacturing of intermediate capital goods.  

The reforms promoted local firms to engage in technology business and they were 

essential in building more confidence of the government and instilling it into foreign 

multinational corporations, which were interested to invest in South Korea through 

FDI, collaboration with local firms through technology importation, and licensing, 

which eventually facilitated the transfer of knowledge in their economy.  The author 

adds these reforms made the economy promoted a vibrant private sector, also the 

government participated in forming strategic state-owned corporations. Further, the 

government gave a guarantee for markets as it protected its domestic markets and 

issued export subsidies. 

At the time of the South Korean miracle story, which started early in the mid-1960s, 

through the development of the five essential capabilities, and was successful in 

implementing its leapfrogging strategies, the I4.0 became a buzz concept in late 2000s. 

Therefore, South Korea is a symbol of preparedness and successful implementation of 

leapfrogging when it was a developing nation, thus the developing nations in Africa 

and specifically Tanzania can use the Leapfrogging strategy in the implementation of 

I4.0 (Lee, 2009; 2016; Zuazua & Schulz, 2018), and eventually stimulate her 

industrialization agenda as stipulated in the Tanzania Vision 2025 (TIC, 2016; MoFP, 

2016).  
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2.6 Theoretical Framework 

This research aims to develop a Leapfrogging Model for I4.0 Adoption for Tanzania’s 

manufacturing sector. The earlier sections of this chapter determined that I4.0 is a new 

paradigm, and its basic concepts are new, evolving from technological related 

concepts. To bring this study in perspective, the Theory of Constraints (TOC) 

developed by Eliyahu M. Goldratt in 1984, and Technology Leapfrogging Theory 

(TLT) originated with Radovan Richta are employed. The two theories are the 

overarching explanation for why and how the process of adoption can be triggered by 

constraints in the process of growing the manufacturing sector and technological 

leapfrogging can be used to explain the adoption through leapfrogging. The aim is to 

use these theories as a foundation for deducing and understanding the data collected 

in this study by scrutinizing the theoretical approaches in a novel and irreplaceable 

way (Zeynep & Özalp, 2014). 

 The Theory of Constraints (TOC) 

Fleury (2017), TOC is important in the management of MEs, when viewed as systems, 

the entities are usually limited in achieving their goals as they are constrained by at 

least one constraint. These constraints are situations within or external to the system, 

which impede the system’s ability to operate at full capacity of desired or specified 

performance (Goldratt, 1990; Zeynep & Özalp, 2014). The authors concede that such 

constraints have caused various innovations and inventions we witness today. They 

further suggest that the theory seeks to provide ways in which such constraints can be 

managed effectively and efficiently. It is important to note that I4.0 seeks to improve 

the efficiency and optimization of the organization’s resources (Gerrikagoitia, et al, 

2019). Goldratt, 1990; Zeynep and Özalp (2014) further, claims that TOC is more 

useful for evaluation when it is viewed as a theory of five  eras: “(i) The optimized 

product technology, (ii) The goal, (iii) The haystack syndrome, (iv) The it is not luck 

and (v) The critical chain.” 
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 Key assumption 

The key assumption of the TOC is: - organizations can be measured and controlled by 

variations on three measures: throughput, operational expense, and inventory 

(Goldratt, 1990; Zeynep & Özalp, 2014).  

 Applications of the TOC 

Goldratt, (1990); Zeynep & Özalp, (2014) the theory has been put into practice for 30 

years now “in production, logistics, supply chain, distribution, project management, 

and accounting, R&D, sales and marketing and so on.” The theory proposes that a 

system is usually constrained by at least one weak point. This study will link the TOC’s 

applicability when we look at a modern factory that is undergoing radical 

transformation through I4.0 which deals with multiple constraints occurring 

concurrently or separately.   

The theory gained attention for firms were aiming at maximizing the resources’ 

throughput and still at that time they could not meet the demand Zeynep and Özalp 

(2014). Balderstone and Mabin (2018) admitted that some companies were not 

successful in their attempt to adopt OPT, and discovered that the failure was due to the 

inability or unwillingness of the organizations to abandon old traditions and adopt new 

ways of doing things.  

 The five focusing steps of the Theory of Constraints 

TOC was developed on a premise that the degree of achieving a goal by a goal-driven 

system is that it is constrained by at least one constraint. If the system was working 

without a deadlock preventing it from achieving its full-capacity throughput, then the 

throughput will be infinite. But this is not the case in a factory operating environment. 

The only way to achieve the full-capacity throughput is by improving the flow through 

the constraint. The Process of On-Going Improvement, which includes the following 

five stapes: 
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1. Identify the system's constraint(s). 

2. Decide how to exploit the system's constraint(s). 

3. Subordinate everything else to the above decision(s). 

4. Alleviate the system's constraint(s). 

5. If in the previous steps a constraint has been broken, go back to step 1, but do 

not allow inertia to cause a system's constraint. 

A working process focuses on the above five focusing steps in a process, (Goldratt, 

1990; Zeynep & Özalp, 2014). Organization’s success depends on its ability to identify 

and adopt better practices to handle the system’s constraints, in a manner, where the 

overall outcome of the whole system is the improvement of the throughput by dealing 

with the constraints (Zeynep & Özalp, 2014; Balderstone & Mabin, 2018). Goldratt 

(1990), insists that every manager needs to know about these issues, because, this is 

where most of the third industrial revolution technologies challenges become a hefty 

task for managers. This is because a ME has to be viewed as a complete value chain 

system composed of raw material acquisition, product design, R&D, production, order 

handling, ERP, CMR, and human capital all of these would add complexities to handle. 

However, under the current manufacturing system, this calls for these entities to plan 

by forecasting demands which can be highly inaccurate (Fleury, 2017). 

Looking closely at I4.0 paradigm, these inquiries are not only the responsibilities of 

the manager but of the machines too because they can respond to any constraint in 

real-time without or with minimum human intervention (Leurent, et al., 2018). Liaoa, 

et al. (2017) contextualized that is where I4.0 shows its best as it is guided by most 

intelligent machines (human-beings) as well as the machinery through digitization and 

AI.  This research believes that under a fully working system, there is a possibility of 

occurring of hundreds of constraints, some happening simultaneously, other 

consecutively. In supporting an assertion by Liaoa; Gerrikagoitia, et al. (2019) express 

that with the introduction of I4.0 through IoT/IIoT, CPS, Big Data, to mention a few, 

a fully digitized manufacturing environment can deal with hundreds of constraints 
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happening simultaneously or separately as the processes are handled by integrated 

systems and machines using I4.0 technologies.  

Nevertheless, Fleury (2017), points out that traditional manufacturing theories such as 

the TOC, Lean manufacturing, Material Requirements Planning (MRP), and Six 

Sigma, applied in companies are outdated as they were codified over 40 years ago, 

while changes in technological development are happening every after two decades 

(Chen, et al., 2004; Fleury, (2017). Further, it is demonstrated that modern supply 

chains are patchy and extended, consequently, demanding more internal and external 

coordination, more vertical and horizontal integration (Fleury 2017; Sony & Naik 

2019).   

Bringing into context, Zeynep and Özalp (2014) point of view that, companies struggle 

to survive in the fiercely competitive domestic and global business environment. In 

this case, companies will try to adopt the best philosophy suited to their strategy to 

attain a strategic position to win the competition. Understanding the company-specific 

structure and processes is paramount in ensuring efficiency in a system. The authors’ 

claim that the TOC’s importance is realized when companies focus on the weakest 

ring(s) in the chain. This is to say when the weakest aspects of the organization(s) are 

dealt with; the economic benefits are enormous to the organization(s) and the economy 

as a whole.  

 Technological Leapfrogging Theory 

Drawing from the context delineated by Sony and Naik (2019) that customer demand 

is dynamic and the competition in the marketplace is fierce. The authors express that 

this has always demanded the manufacturers to be proactive, responsive, and efficient 

in optimizing their operations. The authors added that the factories of the 21st century 

are being digitized. Such digitization of the factory requires more collaboration within 

and outside the boundaries of the entities through automation and digitization of the 

entire supply chain through vertical and horizontal integration of the organization’s 
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activities and stakeholders. The vertical integration involves activities in 

manufacturing or production lines, ERP and integration of functional systems, that is, 

human resources, procurement, customer relations, finance, and R&D (Castelo-

Branco, et al., 2019; Gerrikagoitia, et al., 2019).  

Even though the introduction of the third industrial revolution was marvel through 

automation, still, it had limitations - only extended to manufacturing processes while 

other functional areas in the organization's value chain were not integrated (Sony & 

Naik, 2019). Further, the authors assert that interoperability between machines was 

limited and/or there was the misalignment of automation technologies. In time, I4.0 

which started in the factory (Schumacher, et al., 2016), is promising to close this divide 

where machines and other value chain activities on the manufacturing entity (ME) will 

be digitally connected through CPS and IIoT (Castelo-Branco, et al., 2019; 

Gerrikagoitia, et al., 2019). This is Smart Manufacturing (SM) where the digitalized 

factory will intelligently work with human beings. Therefore, under such conditions 

adoption of I4.0 is a strategic choice not to be ignored by firms (Lee, 2009; Hung, et 

al., 2014; Gerrikagoitia, et al., 2019; Gross, 2019).  

Since developing countries are mostly takers of technologies, they are at a better 

advantage compared to highly industrialized nations (Kwankam & Ningo, 1997; Lee, 

2016). Complimenting this proposition about developing countries concerning the 

adoption of technologies, the claim from the authors is, when you look superficially 

about the absence of supportive infrastructures in Africa, “this may be seen as a 

disadvantage.” However, when this situation is examined with a diligent-futuristic 

vision, the situation “can be turned into an advantage if properly managed” this aspect 

is useful in aligning the development of a suitable leapfrogging model for I4.0 for the 

manufacturing sector in Tanzania. 

The greatest advantage that African countries hold, according to Kwankam and Ningo 

(1997) is that they “are not built by extensive networks of obsolete technology…, 

which otherwise …will require an evolutionary process of replacement.” (p. 23). With 
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the right strategies in place and the willingness of African countries, technological 

inertia is quite low compared to the most developed economies. This is the opportunity 

for developing countries to catch up with developed countries concerning I4.0 (Gross, 

2019). In TL, according to Kwankam and Ningo (1997), the scale of the leap to acquire 

the new technologies, “is in inverse proportion to the technological inertia carried 

along.” Since we are in the I4.0 times, Botha (2018), asserts that African countries and 

enterprises must push for the latest cutting edge technologies by actively being 

involved in building new infrastructures that support the adoption of I4.0 technologies 

by employing leapfrogging strategies. Leapfrogging provides an opportunity for 

“latecomer countries to catch-up with industrialized countries” (Gross, 2019) (p. 11). 

In this case, Kwankam and Ningo (1997) and Gross, (2019) asserts that African 

countries will skip several stages and decades in the technology development process 

through the adoption of most advanced technologies that will not displace the invested 

capital or affect the human capital so far developed. In this process, the economies and 

firms will always seek to avoid the unpleasant outcomes of undergoing the natural 

course of development. The latecomers will have the advantage of obtaining new 

technologies at relatively cheaper prices (Gross, 2019). 

Gross (2019) explains two paths of TL developed by Lee and Lim in 2001 using the 

catching-up process (Figure 2.1) which includes the: “1) path-creating catch-up and 2) 

path-skipping catch-up.” The path-creating catch-up involves an approach where the 

latecomer will try to catch-up with developed economies by adopting sophisticated 

technology. The path-creating catch up will help the developing countries to take a 

new development trajectory this will create an environment to “take-over 

technological leadership in newly emerging industries.” On the other hand, path-

skipping catch-up the latecomer embarks on “pure adoption of more sophisticated 

technologies”, this can be achieved due to international diffusion. Developing 

countries trying to catch-up using this approach will skip some of the steps in its 

development trajectory. Path-skipping catch-up is completely related to the I4.0 

leapfrogging. It is, therefore, the foundation towards the development of the 

leapfrogging model for the adoption of I4.0 for the manufacturing sector in Tanzania. 
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2.7 Empirical Framework 

An approach applied by Felch, et al. (2019) is also adopted in this empirical evidence 

by conducting online libraries search in common digital libraries for a period between 

December 2017 and January 2020. Dohale and Kumar (2018) found despite that I4.0 

is still at its extemporaneous phases and developing fast, the majority of the researches 

conducted by academicians are conceptual, rather than empirical, calling for more 

empirical research on I4.0. 

Sony and Naik (2019); Machado et al. (2019); Pacchini et al. (2019); Felch et al. 

(2019); Schumacher et al. (2016,) who have explained I4.0 as the revolution of 

organization’s activities and operations to the digital form, using state-of-the-art 

disruptive technologies such as IoT/ IIoT, CPS, big data, cloud-based manufacturing, 

IoS, ERP to mention a few, which improve value addition, flexibility and sustainability 

in utilizing the organization’s resources through increased automation and digitization 

of manufacturing processes by applying flexible production model of personalized and 

digital products and services with real-time interactions between humans, products, 

machines, and functional units, where the internet is the backbone that makes this to 

happen within and across the organization’s boundaries. Despite such a widespread 

understanding of I4.0 there are several misconceptions about what the I4.0 can and 

will do to organizations (Sony & Naik, 2019). 

Felch, et al. (2019) found that MMs reviewed in scholarly works between 1996 and 

2010, were reviewed based on three perspectives, which is research, publication, and 

practice. One of the key findings is that studies on MMs have been on the rise, for 

instance, the author found 76 journal articles published about MMs. The authors 

admitted that there is a “lack of empirical validity and ready-to-use documentation” 

about the MMs. Equally, they conceded that academia has studied and developed new 

MMs but have limited suitability for direct application in the work environment since 

many fail to supply guidelines in support of such MMs. Moreover, the authors pointed 

out that MMs are used in various application domains such as software development, 
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software engineering, and project management among others. Therefore, it is 

important to take into consideration that developing MMs for I4.0 required to study 

first the model in other application domains. This provided room for this study to 

devote efforts in reviewing the thematic dimensions of current MMs and RMs. The 

available thematic information was deployed to develop the Leapfrogging Model for 

the adoption of I4.0 for the manufacturing sector in Tanzania. 

2.8 Conceptual Framework 

The conceptual framework for this study was driven from premises set out by 

Bhagavan (1992); Miao (2019); Lee, (2009a, 2016b); Schumacher, et al., (2016). The 

conceptual framework, (Figure 2.2), used in this study was developed by securitizing 

the research purpose which aimed at developing a leapfrogging model for the adoption 

of I4.0 in the manufacturing sector in Tanzania. The conceptual framework has seven 

dimensions which have various sub-dimensions, which collectively or individually are 

perceived in this study to influence the process of leapfrogging the adoption of I4.0 in 

the manufacturing sector in Tanzania.  

 Analysis of Proposed Conceptual Framework 

The research is conceptually modelled as follows: the dependent variable is categorical 

measuring the adoption of I4.0 by MEs (adoption/ no adoption of I4.0), whereas the 

independent variables will include those mentioned in Table 3.2 with possible 

variables to be investigated. These were analyzed using the Logistics Function. This 

study approached the development of the proposed I4.0 Leapfrogging Model using 

structural approaches such as those used in the development of RMs and/or MMs. The 

ultimate goal was to create frameworks that will help and assist organizations (public 

and private) in Tanzania in leapfrogging the adopting I4.0 technologies in their 

manufacturing sector on a verge of implementing industrialization agenda for the 

period 2015-2025. Therefore, the I4.0 Leapfrogging Model expected to provide a 

comprehensive roadmap for the adoption of these (Gökalp, et al., 2017). The basis for 
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developing this model is based on the foundation as described by Lee (2009; 2016). 

The authors (Gökalp, et al., 2017) made it clear that successful transformations in I4.0 

Leapfrogging will happen in stages. Therefore, the proposed I4.0 leapfrogging model 

covers “all relevant areas with a step-by-step approach to achieve the benefits that 

reduce the investment and implementation risks for the organization”. The model 

entirely depends on a succession of capability stages where each stage is a prerequisite 

of the preceding stage for leapfrogging the I4.0 adoption. 

Figure 2.2: Research Conceptual Framework 

 

Source: Bhagavan (1992); Miao (2019); Lee, (2009a, 2016b); Schumacher, Erol, & 

Sihn, (2016). Design by Author. 
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2.9 The hypothesis of the Study 

This study is guided by the following hypothesis. 

HO: The proposed leapfrogging model for the adoption of I4.0 in MEs is not 

suitable for the adoption or no adoption of I4.0. 

HA: The proposed leapfrogging model for the adoption of I4.0 in MEs is suitable 

for the adoption or no adoption of I4.0. 

2.10 The Gap for the Current Study 

According to Lee (2016); Schumacher, et al. (2016); Gökalp, et al. (2017); Sony and 

Naik (2019); Gerrikagoitia, et al. (2019) To develop the I4.0 Leapfrogging Model, the 

study chose to start from the known - RMs and MMs which have wide scholarly 

thematic reviews, and applications. However, the RMs and MMs do not satisfy the 

quest for developing economies (late adopters) which are playing the catch-up game. 

Therefore, the study drove concepts from the RMs and MMs to develop the envisaged 

Leapfrogging Model for the adoption of I4.0 in the manufacturing sector in Tanzania. 

Gökalp, et al., (2017), found that the existing RMs and MMs when investigated based 

of a set of parameters such as: “scope, purpose, completeness, clearness, and 

objectivity”, it is surprisingly easy to realize that the RMs and MMs do not meet these 

parameters, thus they need to be improved. The author concedes that when most of the 

models do not fit in supporting the manufacturing ecosystem as a whole, then it is an 

evident unfitness of these models. This position is opposed by Schumacher, et al., 

(2016) who advocate that the RMs and MMs developed and their related tools can 

methodically evaluate “manufacturing companies’ state-of-development concerning 

the I4.0 vision”. However, this research believes that the models have not put 

developing countries' manufacturing environment in perspective, because most of 

them are still using second and third revolution technologies, leaving developing 
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countries the I4.0 incapable, hence calling for developing countries to devise models 

for leapfrogging the adoption of I4.0 technologies. 
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CHAPTER THREE 

3. RESEARCH METHODOLOGY 

3.0 Introduction 

This study involved multi-methodological protocol, aiming at objectively, 

academically and practically realizing the purpose of this study which aimed at 

developing a suitable Leapfrogging Model for the Adoption of I4.0 in the 

Manufacturing sector in Tanzania.  

3.1 The Research Design 

The multi-methodology protocol incorporated correlational research design, and 

descriptive study (Liao, et al., 2017), while conversely employing the techniques by 

(Kafuru, 2019) used in his study regarding Lean Manufacturing in Tanzania, to achieve 

this study’s purpose. The developed hypotheses were tested, and a logistic regression 

model was developed incorporating all variables to predict the independent variable 

(suitability for adoption or unsuitability for the adoption of I4.0 in the Tanzania 

manufacturing sector). The I4.0 novelty in Tanzania impacted the research design. 

Since knowledge about I4.0 among MEs is hypothesized to below, this required a more 

targeted tactic. This affects the quality of the collected data and was therefore taken 

into account in the research design.  The study developed a model-like Google form-

questionnaire which was disseminated via email (due to the emergence of COVID-19 

pandemic) to 89 MEs, who responded at least 3 from their core functional managers. 

The companies with a valid industrial license were involved. The study anticipated 

non-responses of 40 per cent, however, this was not the case as the proposed one 

response was revised to three responses per responding firm. The targeted respondents 

were company directors, production managers, human resource managers, finance 

managers, marketing managers, quality managers, and operations supervisors.   
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3.2 Study Area and Target Population 

Dar es Salaam and Coastal, Tanzania’s industrialized regions than others were the 

study area. Sampling frame had MEs composed of small, medium and large scale 

industries, and with an industrial license since 2010 were identified from Business 

Registration and Licensing Agency (BRELA), and Confederation of Tanzania 

Industries (CTI).  

3.3 Sample Size, Statistical Power Analysis, and Sampling Technique 

The estimation of sample size was vital as it influences directly the interpretation and 

conclusion of the results; and was estimated priori to the execution of the protocol 

(Vishwakarma, 2017). It was impervious to the study to estimate the optimal sample 

size, to establish sufficient power to identify the study’s statistical significance (Suresh 

& Chandrashekara, 2012). Therefore, a statistical power and sample size estimations 

were feasible in answering “the research question or null hypothesis” (Jones, Carley, 

& Harrison, 2003). Akbaryan (2013) defined the effect size as “the degree to which 

the null hypothesis is false.” Therefore, Sawyer and Ball (1981); Akbaryan (2013) the 

effect sizes, complements the statistical tests such as p-values…”  

 Assumptions on Estimating Sample Size 

In estimating the sample size, it was determined that these influencers could be 

controlled: (i) prevailing theoretical assumptions of the study to appraise the effect 

size; (ii) null and the alternative hypothesis framing; (iii) the theoretical assumptions 

to determine if the alternative hypothesis will be directional or non-directional; (iv) 

decide what statistical test to use to verify the statistical hypotheses this study used 

logistic regression analysis; (v) the level of significance (alpha) for example 0.05, and 

(vi) the desired test power in this study was  0.9. These factors have been established 

to influence the sample size independently, nonetheless, advised to consider all of 
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these factors when defining the study’s sample size (Suresh & Chandrashekara, 2012; 

Tomcral, Lew, & Kleka, 2014). 

 Statistical Power Analysis 

This research used statistical power analysis to estimate sample size, using the 

G*Power 3 software as an analytical tool to ensure precision in the evaluation of the 

factors influencing power and sample size. (Sawyer & Ball, 1981; Akbaryan, 2013; 

Tomcral, et al., 2014; Singh & Masuku, 2014). A priori Power Analysis and Sample 

Size performed when this proposal was being developed and deduced that the Total 

Sample Size of 89 respondent entities, which is expected to provide statistically 

significant insights regarding the leapfrogging model for the adoption of I4.0 in the 

manufacturing sector, Table 3.1. The study’s power ensures the probability of making 

the right decision on rejecting a null hypothesis (Ho) when it is false based on the 

sample estimates (proportion, odds, correlation coefficient, or means). Therefore, 

when the power is higher this makes the chance of missing a real effect very minimum. 

Further, the generally accepted and desirable power is 80% due to the resources at 

disposal and ethical considerations, other powers are 90% and 95% but below 80%. 

When the study’s power is larger; it will require a large sample size as well and vice-

versa (Suresh & Chandrashekara, 2012; Tomcral, et al., 2014; Vishwakarma, 2017; 

Leydesdorff, Bornmann, & Mingers, 2016).  Refer to Figure 3.1. 

Table 3.1: Power Analysis for Sample Size Determination 

t-tests - Linear multiple regression: Fixed model, the single regression coefficient 

Analysis: A priori: Compute the required sample size 

Input:  Tail(s) = Two 

 Effect size f² = 0.15 

 α err prob = 0.05 

 Power (1-β err prob) = 0.95 

 Number of predictors = 8 

Output:  Noncentrality parameter δ = 3.6537652 

 Critical t = 1.9900634 

 Df = 80 

 Total sample size = 89 

 Actual power = 0.9504873 

Source: Survey Data, 2020. 
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Figure 3.1: Power Analysis - Central and Non-Central Distributions 

 

Source: Survey Data, 2020. 

 Sampling Technique 

This study used both probability sampling to identify the 89 required responding MEs 

when it was identified the receiving core respondent proposed two more respondents 

to make it a snowball sampling technique. Like it was proposed by Singh and Masuku, 

(2014)  the study employed a probabilistic sampling technique in sample selection and 

determining its actual size for this study thus the going to have enough power and 

effect size was persuaded to ensure the study’s reliability and validity. When the study 

has a smaller sample size it may not capture significant effects or correlation or 

determine impacts precisely. Following the probabilistic sampling, snowball sampling 

was used, Saunders and Lewis (2012) which is a non-probability sampling method 

where earlier respondents identify and distribute to further respondents. Snowball 

sampling is appropriate to populations in which the sampling units are difficult to 

identify. 

3.4 Statistical Test for Estimating Adoption of Technologies  

Mudiwa (2011), admits the adoption of technologies is a common concept in literature 

and widely investigated using classical methods like ordinary least squares (OLS), 

Tobit, Logit, and Probit. Focusing on the relationship between the dependent variable 

and independent variable(s), while holding others variable fixed, linear regression 

analysis is the generally used technique for modelling and analyzing several variables. 
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The study employed Logistic Regression (LR) because it involved a binary dependent 

variable. According to the author, LR is applied in predicting the probability of an 

event to happen by fitting data to a logistic curve. Peng (2002); Peng, So, Stage, & 

John (2002); Mudiwa (2011) LR also predicts several predictor variables (numerical 

or categorical). This study predicts the probability that a Tanzanian ME finds it suitable 

to adopt I4.0 from these independent variables: Strategy for Adoption of I4.0, Age of 

the Firm; Financial Resources; I4.0 Implementation and Business Strategies 

Alignment; Importation and Absorption of Latest Technologies; Local Capacity to 

Replicate Imported Technologies; Local Innovation and Invention of Technologies; 

Economy and Business Level Capacities and Upgrading; Government Role; Light-

Manufacturing Investments; High-End Manufacturing Investments;  Importation of 

Unpacked Technologies; and Megatrends for I4.0 (refer to Table 3.2).  

The LR was selected due to its robustness, according to Mudiwa, (2011), these are its 

advantages: no need for an independent variable to be normally distributed or to have 

equal variables in each group; no assumption for a linear relationship between the 

independent variables and the dependent variable; it may handle non-linear effects; 

one can add explicit interaction and power terms; there is no assumption for 

homogeneity of a variable; no assumption for normally distributed error terms; it does 

not require the independent variables to be unbounded. The ease with which the LR 

can handle qualitative dependent variables. However, the common con of using the 

LR is that it requires more data (at least 50 data points per predictor are necessary) to 

achieve stable and meaningful results.  

3.5 Research Variables and Data Sources 

The research (independent and dependent) variables are the most important elements 

of this study as they were logically determined from the statement of the research 

problem and the hypotheses (Marczyk, DeMatteo, & Festinger, 2005). In this research, 

the independent variables are ‘the dimensions and sub-dimension’ which can be 
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referred to as building blocks for the adoption of I4.0, affecting the categorical 

dependent variable: ‘leapfrogging the adoption’ or ‘no leapfrogging the adoption’ of 

the leapfrogging model for adoption of I4.0 in the manufacturing sector in Tanzania. 

On the other hand, the independent variables that used to predict the model in the 

adoption of I4.0 in the manufacturing sector in Tanzania, as listed in Table 3.2, are: 

Year of Adoption (YEARIMP), Average Capital Invested (AVECAPT1), Number of 

Employees (NUMEMP) Strategy for Adoption of I4.0 (ADOPTSTRATE), Cost of 

Adoption (COINVESTHIGH), Importation and Absorption of Latest Technologies 

(INVEITP2YR, INVEMFNP2YR), Capability Building (EMPCOMPSECURI, 

EMPCOMPCOLLA,  EMPCOMPCLOUD, EMPCOMPM2M), Support from the 

Government (GOVTSUPPORT), Megatrends for I4.0 (CLOUDCOMP, 

ANALYSISDATA, DIGITPRODUCTEQUIP, ADAPTABILITYM2M, 

AUTOMACHINES, EXTINTEGMFN), and Future Investment Decision 

(INVERNDPX5YR, INVEMFNX5YR). Other variables are is in Table 3.2 below. 

Table 3.2: Possible Variables to be investigated 

S/N DEPENDENT 

VARIABLES 

VARIABLE 

ACRONYM  

 

TYPE OF 

MEASURE  

 

EXPLANATION OF THE 

DEPENDENT VARIABLES 

1 Leapfrogging 

I4.0 Adopting  

LFADOTIONI4.0 1= adopt  

0= not adopt  

This model for assessing 

leapfrogging of the I4.0 adoption 

 

S/N INDEPENDENT 

VARIABLES 

VARIABLE 

ACRONYM  
TYPE OF 

MEASURE  
EXPLANATION OF THE 

INDEPENDENT VARIABLES 

1 Year of Adoption YEARIMP Number of 

Years 

Measures the number of years the 

firm since started to implement I4.0 

2 Average Capital 

Invested 

AVECAPT1 Monetary 

Value in TSh. 

Monetary Value of Financial 

resources invested in the company 

3 Strategy  for 

Adoption of I4.0  

ADOPTSTRATE 1=Yes 

0=No 

Aligning I4.0 Implementation 

Strategies to Business Domain 

Strategies. 

4 Number of 

Employees 

NUMEMP Number of 

Employees 

The count of employees working at 

the company 
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S/N INDEPENDENT 

VARIABLES 

VARIABLE 

ACRONYM  
 

TYPE OF 

MEASURE  
 

- EXPLANATION OF THE 

INDEPENDENT 

VARIABLES 

5 Investment in 

Information 

Technologies  

INVEITP2YR Categorical 

3=Large 

2=Medium 

1=Small 

0=None 

- Importation of Information 

Technologies 

6 Importation and 

Absorption of 

Latest 

Technologies 

INVEMFNP2YR Categorical 

3=Large 

2=Medium 

1=Small 

0=None 

- Machinery Imported which are 

equipped with I4.0 technologies 

into firm’s ecosystem 

7 Plans to Invest in 

Research & 

Development  

CAPRNDPROG Categorical 

3=Large 

2=Medium 

1=Small 

0=None 

- Capability in R&D Programme 

8 Adoption 

Strategy 

Implementation 

ADOSTRSTAT Categorical 

0=No Strategy 

Exists 

1=Pilot 

Initiatives 

Launched 

2=Strategy in 

Development 

3=Strategy in 

Implementatio

n 

4=Strategy 

Implemented 

- Level of the advancement in the 

I4.0 implementation strategy 

9 Capability 

Building - 

Employee 

Competences 

EMPCOMPSECUR

I  

Binary  

1=Yes 

0=No 

Employee capacity in security 

issues 

EMPCOMPCOLLA   Binary  

1=Yes 

0=No 

Employee competence in 

collaboration systems 

EMPCOMPCLOUD  Binary  

1=Yes 

0=No 

Employee competence in cloud-

computing  

EMPCOMPM2M Binary  

1=Yes 

0=No 

Employee competence in machine-

2-machine operations 

10 Support from the 

Government 

GOVTSUPPORT Binary  

1=Yes 

0=No 

Government the Catalyst for I4.0 

Adoption:  

I4.0 Friendly Legal and Regulatory 

Framework (Developing and 

Implementing Industrial and 

Technology Policies) 
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S/N 

INDEPENDENT 

VARIABLES 

VARIABLE 

ACRONYM 
 

TYPE OF 

MEASURE 
EXPLANATION OF THE 

INDEPENDENT VARIABLES 

11 Megatrends for 

I4.0 

CLOUDCOMP Binary  

1=Yes 

0=No 

Megatrends for I4.0 (Connectivity, 

Intelligence, and Flexible 

Automation) 

ANALYSISDATA Binary  

1=Yes 

0=No 

Capacity in data analytics 

DIGITPRODUCTE

QUIP  

Categorical 

1=Purely 

Physical 

Factory 

2=Low 

Digitized 

Factory 

3=Medium 

Digitized 

Factory 

Level of digitization of 

manufacturing equipment 

ADAPTABILITYM

2M 

Binary  

1=Yes 

0=No 

The adaptability of Current 

Machinery to Machine-2-Machine 

technologies 

AUTOMACHINES Binary  

1=Yes 

0=No 

Automation of Machines in 

production lines. 

EXTINTEGMFN Binary  

1=Yes 

0=No 

Integration of ME to external 

stakeholders 

DEPTINTEGMFN Binary  

1=Yes 

0=No 

Integration of ME core functional 

units within the manufacturing 

ecosystem 

The source:  the Survey 2020, BRELA, 2020 and CTI, 2020. 

3.6 Data Types and Instrument for Data Collection 

The nature of the data and how the data collected was vital therefore, this study had 

both categorical and continuous data types. Further, to achieve the collection of the 

data, the researcher developed the questionnaire [Appendix II] that ensured data was 

collected using an online Google form (Mauch & Park, 2003). The questionnaire was 

structured objectively to improve the accuracy of data analysis.  
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 Reliability and Validity of Instruments   

Consistency of a measurement technique (the questionnaire) was significant to ensure 

its Reliability specifically - consistency or stability of the score obtained from it over 

time and across settings or conditions. This ensured less chance of obtaining scores 

that are due to random factors and measurement error, which could have distorted the 

scores and observations. Validity focuses on what the test or measurement strategy 

measured and how well it did so. Therefore, the conceptual question was: did the 

instrument or measurement approach measure what it was supposed to measure? 

(Marczyk, et al., 2005). The protocol ensured both the reliability and validity of the 

instrument of measurement. 

3.7 Treatment of the Data and Analysis 

This study was quantitative by nature, thus, the analysis of the data and the 

interpretation of the findings were taken to be critical about the variables of interest 

(Table 3.2). Thus, find the rationale behind the main findings of the study is presented 

in chapter five. In the discussion of results, a comparison of the study’s primary finding 

to those of the literature review presented in chapter two is made. The data collected 

was prepared before it was analyzed which involved checking for missing data, 

removing outliers using labelling rule, and transforming variables. The study used 

binary logistic regression analysis and Stata 13 SE was the software of choice for the 

analysis of the data (Marczyk, et al., 2005; Singh Y. K., 2006; Bryman & Bell, 2007). 

3.8 Model Specification 

In developing the model specification, the study assumed that an individual ME 

intending to considers it to be: suitable to leapfrog the adoption or not suitable to 

leapfrog the adoption I4.0 in its manufacturing value chain. There are several factors 

Z that are important in creating a suitable environment for I4.0 technologies to be 

adopted by leapfrogging. The suitability for the adoption of I4.0 is denoted by UI4.0 (Z) 
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and the unsuitability for the adoption of I4.0 is denoted by YnI4.0 (Z). Thus, 

consideration of suitability or unsuitability for the adoption of I4.0 in the 

manufacturing sector in Tanzania is regarded as the linear relationship as indicated in 

questions (1) and (2) below, where βI4.0, βnI4.0 and ΕI4.0, ΕnI4.0 are coefficients from the 

responses on dimensions (factors) and random risks associated with suitability for 

adoption or unsuitability for the adoption of I4.0 respectively by the MEs in Tanzania 

or as an economy as MEs are proxies to the economy when collectively viewed. 

𝑈𝐼4.0(𝑍) = 𝑍𝛽𝐼4.0 + 𝛦𝐼4.0   

𝑌𝑛𝐼4.0(𝑍) = 𝑍𝛽𝑛𝐼4.0 +  𝛦𝑛𝐼4.0 

The assumption is that variable Y denoted as follows: the decision to find it suitable 

to adopt I4.0 technologies will carry a value of one, and the decision to find it not 

suitable to adopt I4.0 technologies will carry the value of zero for MEs under 

investigation. Therefore, according to Mudiwa, (2011), the probability that an ME 

will find it suitable to adopt I4.0 can be stated as a function of Z as follows: 

𝑃(𝑌 = 1) = 𝑃(𝑈𝐼4.0 > 𝑈𝑛𝐼4.0) 

𝑃(𝑌 = 1) = 𝑃(𝑍𝛽𝐼4.0 +  𝛦𝐼4.0 > 𝑍𝛽𝑛𝐼4.0 +  𝛦𝑛𝐼4.0) 

𝑃(𝑌 = 1) = 𝑃(𝑍𝛽𝐼4.0 −  𝑍𝛽𝑛𝐼4.0) > (𝛦𝑛𝐼4.0 −  𝛦𝐼4.0) 

𝑃(𝑌 = 1) = 𝑃(𝛽𝑍 > 𝛦) = 𝐹(𝛽𝑍) 

In this expression, P is the probability function,𝛦 = (𝛦𝑛𝐼4.0 −  𝛦𝐼4.0) is the random risk 

associated with the suitability of the model to leapfrog the adoption of I4.0 in the 

manufacturing sector in Tanzania. On the other hand 𝛽 = (𝛽𝐼4.0 −  𝛽𝑛𝐼4.0) is the vector 

of unknown parameters which can be interpreted as the net influence of the vector of 

the independent variables on the suitability for the adoption of I4.0 via the leapfrogging 

model developed. Further, 𝐹(𝛽𝑍) is expressed as the cumulative distribution function 

for Ε and βZ.  
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According to (Mudiwa, 2011) the proper explanation of the distribution of F depends 

on the distribution of the random term, Ε. The author developed that the probit model 

emanates from assuming a normal distribution, whereas the logit model emanates from 

assuming a logistic distribution. The author further concedes, when considering the 

standard assumption that regardless of the prevailing assumptions for each model 

stated above, there is no priori reason to choose probit over logit estimation. Therefore, 

a logit model was developed to study the factors that affect the suitability to leapfrog 

the adoption of I4.0 in the manufacturing sector, and such a model is what this study 

refers to as the Leapfrogging model for I4.0 Adoption in the manufacturing sector in 

Tanzania. 

Therefore, considering the logit model under consideration, the probability of MEs to 

find suitability to adopt I4.0, given the various dimensions and sub-dimensions 

(factors) denoted by (Z) is 𝑃(𝐼4.0|𝑍) and can be stated as, where α < Zβ < α: 

𝑃(𝐼4.0|𝑍) =
𝑒𝑥𝑝(𝛽𝑍 + 𝛦)

1 +  𝑒𝑥𝑝(𝛽𝑍 + 𝛦)
 

The probability for unsuitability for not adopting I4.0 is denoted as 𝑃(𝑛𝐼4.0|𝑍) thus it 

can be stated as follows: 

𝑃(𝑛𝐼4.0|𝑍) = 1 −  𝑃(𝐼4.0|𝑍) 

𝑃(𝑛𝐼4.0|𝑍) = 1 − [
𝑒𝑥𝑝(𝛽𝑍 + 𝛦)

1 +  𝑒𝑥𝑝(𝛽𝑍 + 𝛦)
] 

𝑃(𝑛𝐼4.0|𝑍) =
1

1 +  𝑒𝑥𝑝(𝛽𝑍 + 𝛦)
 

On the other hand, the relative odds of finding suitability to leapfrog the adopting or 

not suitable to leapfrog the adopting I4.0 is given by: 

𝑃(𝐼4.0|𝑍)

𝑃(𝑛𝐼4.0|𝑍)
=

[𝑒𝑥𝑝(𝛽𝑍 + 𝛦)][1 +  𝑒𝑥𝑝(𝛽𝑍 + 𝛦)]

[1 +  𝑒𝑥𝑝(𝛽𝑍 + 𝛦)]
 

------------ (4) 

------------- (5) 

 

------------- (5) 
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𝑃(𝐼4.0|𝑍)

𝑃(𝑛𝐼4.0|𝑍)
=  𝑒𝑥𝑝(𝛽𝑍 + 𝛦)  

By taking a natural logarithm of both sides gives: 

ln [
𝑃(𝐼4.0|𝑍)

𝑃(𝑛𝐼4.0|𝑍)
] = ln[𝑒𝑥𝑝(𝛽𝑍 + 𝛦)] 

LFADOPTIONI4.0 = ln [
𝑃(𝐼4.0|𝑍)

𝑃(𝑛𝐼4.0|𝑍)
] =  (𝛽𝑍 + 𝛦) 

When one intends to predict changes in the probability to find suitability to leapfrog 

the adoption or not suitable to leapfrog the adoption of I4.0 the formula can be used. 

Therefore, this can be used to estimate the chances of success in adoption I4.0 by MEs 

in Tanzania. The odds ratio or coefficients of the likelihood estimation method can be 

employed to estimate the equation (7) above (Mudiwa, 2011). 

3.9 Ethical Considerations  

This study has at its core embedded with the ethical considerations as it is an important 

part of this research design to avoid making this dissertation a failure if this part was 

left to be part of the methodology. Therefore, Bryman and Bell (2007); Saunders, 

Lewis, and Thornhill (2012) have expounded on this aspect by laying down the 

following ethical considerations issues including these principles: no harm should be 

imperilled to the study’s participants in any way whatsoever; respected and prioritized 

the participants’ dignity; obtain full consent from the participants before the study; 

ensure and protect the privacy of each participant in the study; ensure the 

confidentiality of the research data; ensure the anonymity of the participants 

participating in the research; avoid any deception or exaggeration about the aims and 

objectives of the study; declare any possible conflicts of interests, source of funding 

and affiliations; honesty and transparency in all communication concerning the study; 

and avoid misleading information, and bias in the representation of primary data 

findings. Further, the study ensured that all cited works of other authors are fully 

---------------- (6) 

------- (7) 
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acknowledged as per Mzumbe University Research guidelines (Marczyk, et al., 2005; 

Mauch & Park, 2003; Singh Y. K., 2006; Bryman & Bell, 2007; Saunders, et al., 2012). 

3.10 Conclusion 

The research protocol for the study was primarily interested to study the relationship 

between the dimensions that influence leapfrogging adoption of I4.0 in the 

manufacturing sector in Tanzania to determine the suitability or unsuitability to 

leapfrog the adoption of I4.0 by MEs in Tanzania. Therefore, the independent variables 

(dimensions) and dependent variable (suitability of the leapfrogging adoption of I4.0 

in the manufacturing sector). To achieve this the study ensured that a sufficient sample 

was determined and selected using a probability sampling technique for the primary 

89 participants who, then used snow-ball to involve other knowledgeable personnel in 

their MEs. The dissemination of the instrument was done using Google form and 256 

respondents were successful in submitting their responses in the study area in Dar es 

Salaam and Coastal regions. 
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CHAPTER FOUR 

4. PRESENTATION OF FINDINGS 

4.0 Introduction 

The presentation of findings is organized around the three research questions guided 

the research. The key analysis of findings also focused on the data collection and 

processing techniques as per the research protocol proposed and its modifications as 

in the methodology chapter. The data were analyzed using STATA 13 Standard 

Edition with Asdoc plugin as the prefix to each STATA command used in the analysis. 

The chapter presents a textual description and content analysis for each result 

presented thereof. The data from the questionnaire survey (Appendix II) was used for 

this analysis covering 256 respondents. The logit model was tested with several 

combinations of the independent variables but only those with goodness-of-fit are included 

in the model. This model is the theoretically and empirically grounded Leapfrogging 

Model for the Adoption of I4.0 for the Tanzanian manufacturing ecosystem. Therefore, 

by exploring this gap there has been a significant contribution to literature and in policy 

formulation on I4.0 adoption in Tanzania.   

4.1 The Current State of I4.0 Adoption in the MEs in Tanzania 

The current status of adoption of I4.0 in Tanzanian MEs is presented following the 

questions asked to the respondents aiming at measuring how the ME they represent 

have responded to the new paradigm shift in the sector locally from a worldwide 

perspective.  

Figure 4.1 shows the disparity of I4.0 adoption strategy among participant MEs in the 

study area, whereof the MEs responded about their recollection regarding the status of 

their I4.0 adoption strategy, where 30.47 per cent responded that no strategy exists, on 

the other end 49.22 per cent of the responded that they have launched pilot initiatives, 

only 18.36 per cent they are currently developing the I4.0 adoption strategy, the data 
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indicated that only 1.56 per cent have started to implement the I4.0 adoption strategy 

and 0.39 per cent have already implemented the I4.0 adoption strategy. 

Figure 4.1: Implementation of I4.0 Adoption Strategy 

 

Source: Survey Data, 2020. 

In Figure 4.2, results are revealed, when the respondents were asked regarding the 

advancement of digitization of ME’s production equipment, that is to say, equipped 

with sensors, IIoT connections, digital monitoring, control optimization, and 

automation: 74.61 per cent responded that their factories are purely physical where the 

production equipment is entirely cut off from IT systems and no real-time information 

can be gathered. On the other hand, 25 per cent, they indicated that their factories are 

low digitized factories with interconnected production equipment allowing for IT-

access and information is fed into some machine in the factory, and only 0.39 per cent 

of the MEs had medium digitized factories which are interconnected production 

equipment allows for IT-access and information is fed for some part of the production 

Legend 

0 No Strategy Exists 

1 Pilot Initiatives Launched 

2 Strategy in Development 

3 Strategy in Implementation 

4 Strategy Implemented 



53 

 

in the factory. However, there was no factory which was with high digitization which 

is interconnected production equipment allows for IT-access and information is fed 

into a virtual representation only for the main productions of the factory. Nor there 

was a fully digitized factory with interconnected production equipment allowing for 

IT-access and information is fed into a virtual representation of the factory. 

Figure 4.2 Digitization of Production Equipment (IIoT connection, Sensors, etc.) 

 

Source: Survey Data, 2020. 

 Descriptive Statistics of the Dimensions and Subdimensions of interest 

In Table 4.21, there were 256 valid observations, the mean value is the indicated 

proportion of the observation for each variable.  The standard deviation for each 

variable is giving information on how the distribution of the variable is spread. On the 

other hand, the 1 per cent is 1st percentile and 99 per cent in the 99th percentile both 
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calculated by ordering the values of a variable from the lowest to the highest and then 

finding the value correspond to whatever per cent of interest. Skewness in this research 

measures the degree and direction of asymmetry. An asymmetric distribution such as 

a normal distribution has a skewness of 0, and a distribution that is skewed to the left 

– when the mean is less than the median, has negative skewness. On the other hand, a 

variable is skewed to the right when the mean is great that the median, and has positive 

skewness. Another information of interest is presented as the Kurtosis which is the 

measure of the heaviness of the tails of a distribution. A normal distribution has a 

kurtosis of 3,  a heavy-tailed distribution has a kurtosis greater than 3 and for light-

tailed distribution the kurtosis is less than 3.
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Table 4.1: Descriptive Statistics – The Variables’ Mean and Standard Deviation values  

Variables Obs Mean Std. Dev. Min Max p1 p99 Skew Kurt 

Average Capital Invested 256 3,460 Mil 4,140 Mil 11.6 Mil 2,160 Mil 16.6 Mil  2,100 Mil 2.168 7.896 

Number of Employees in the Company 256 34.59 23.102 10 96 10 95 1.042 3.158 

Awareness in the Company about I4.0 256 0.625 0.485 0 1 0 1 -0.516 1.267 

Leapfrogging the Adoption of I4.0 256 0.57 0.496 0 1 0 1 -0.284 1.081 

Year of Adoption 256 2018.309 1.278 2014 2020 2015 2020 -0.501 2.55 

Adoption Strategy Status 256 0.461 0.499 0 1 0 1 0.157 1.025 

Cost of Investing in I4.0 Technologies 256 0.801 0.4 0 1 0 1 -1.506 3.268 

Adoption Strategy Implementation 256 0.922 0.763 0 4 0 3 0.557 3.302 

Support from the Government 256 0.316 0.466 0 1 0 1 0.79 1.623 

Importation of Latest Manufacturing Equipment 256 1.641 0.804 0 3 0 3 -0.984 3.149 

Investment in Information Technologies 256 1.281 0.978 0 3 0 3 0.247 2.054 

Plans to Invest in Research & Development  256 1.941 0.461 1 3 1 3 -0.218 4.598 

Plans to Invest in Manufacturing Equipment  256 2.492 0.587 0 3 0 3 -1.017 4.839 

Employees Competency in Security Technologies 256 0.938 0.243 0 1 0 1 -3.615 14.067 

Employees Competency in Collaborative Tech 256 0.508 0.501 0 1 0 1 -0.031 1.001 

Employees Competency in Cloud Computing Tech 256 0.246 0.432 0 1 0 1 1.179 2.39 

Employees Competency in M-2-M Operations 256 0.699 0.459 0 1 0 1 -0.869 1.755 

M-2-M Adaptability of Current Manufacturing Equipment 256 0.711 0.454 0 1 0 1 -0.931 1.866 

Automation Capabilities of Current Production 

Infrastructures 

256 0.746 0.436 0 1 0 1 -1.131 2.279 

Departmental Integration of Manufacturing Ecosystem 256 0.996 0.063 0 1 1 1 -15.906 254.004 

External Integration of Manufacturing Ecosystem 256 0.391 0.489 0 1 0 1 0.448 1.201 

Cloud Computing Technologies Adoption 256 0.438 0.497 0 1 0 1 0.252 1.063 

Level of Digitization of Production Equipment 256 1.258 0.447 1 3 1 2 1.239 2.903 

Data in the Manufacturing Ecosystem Analysis 256 0.68 0.468 0 1 0 1 -0.77 1.593 

Source: Survey Data, 2020. 
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4.2 The Dimensions Affecting the I4.0 Adoption in the MEs 

The dimensions (the independent variables) affecting the MEs in Tanzania to 

leapfrogging the Adoption I4.0 based on studies by (Lee, 2009; 2016; Fleury, 2017; 

Zuazua and Schulz, 2018; Castelo-Branco, et al., 2019; Gerrikagoitia, et al., 2019; 

Sony & Naik 2019). The predictor variables in Table 3.2 are reflected and matched 

from the logistic regression output in Table 4.2 and they are included here as follows: 

Year of Adoption; Average Capital Invested; Number of Employees; Strategy for 

Adoption of I4.0; Cost of Investing I4.0 Technologies; Importation and Absorption of 

Latest Technologies:- Importation of Information Technologies, Importation of Latest 

Manufacturing Technologies, Human Capital Capability Building:- Employees 

Competency in Security Technologies, Employees Competence in Collaborative Tech,  

Employees Competency in Cloud Computing Tech, Employees Competency in 

Machine-2-Machine Operations, Government Support, Megatrends for I4.0:- Cloud 

Computing Technologies Adoption; Level of Digitization of Production Equipment; 

Data in the Manufacturing Ecosystem Analysis; Machine-2-Machine Adaptability of 

Current Manufacturing Equipment; Automation Capabilities of Current Production 

Infrastructures; External Integration of Manufacturing Ecosystem, and Future 

Investment Decision:- Plans to Invest in R&D; Plans to Invest in Manufacturing 

Equipment. A summary of the mean values and standard deviation values of adopters 

and non-adopters from the sample manufacturers is presented in Table 4.2.  The mean 

values are the average values of independent variables for the sample population. The 

standard deviation shows how far each variable is from the mean.  

4.3 Leapfrogging model suitable for I4.0 adoption for the MEs 

The model was specified and then run using Stata 13 Standard Edition, an ASDOC 

plugin was employed as a prefix to each command that was run. The logistic regression 

output in Table 4.2, shows the coefficients and the marginal effect of the individual 

predictors and their p-values, which assesses whether or not the means of the adopters 

and non-adopters are statistically different from each other. 
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Table 4.2: Logit Model and Marginal Effect of MEs to Leapfrog the Adoption of I4.0 

 Binary Logistic Model Marginal Effect 

Leapfrogging the Adoption of I4.0  Coef. St.Err. p-value dy/dx Std.Err. P>z 

Importation of Information Technologies  -0.497** 0.14 0.031    -0.106     0.049     0.029 

Employees Competency in Security Technologies # 4.090*** 59.104 0.000     0.696**     0.071     0.000 

Employees Competency in Collaborative Technologies # 4.753*** 125.35 0.000     0.793**     0.092     0.000 

Employees Competency in Cloud Computing Technologies # -1.228** 0.147 0.015    -0.282**     0.116     0.015 

Employees Competency in Machine-2-Machine Operations # 0.690 0.955 0.150     0.154**     0.110     0.160 

M2M Adaptability of Current Manufacturing Equipment # 1.909*** 3.479 0.000     0.430**     0.106     0.000 

Automation Capabilities of Current Production Infrastructures # -1.921*** 0.081 0.001    -0.326**     0.073     0.000 

Year of Adoption 0.297* 0.234 0.087     0.064     0.037     0.086 

Average Capital Invested  0 0 0.101     0.000     0.000     0.098 

Number of Employees in the Company -0.028*** 0.011 0.010    -0.006     0.002     0.010 

Analysis of Collected Data in the Manufacturing Ecosystem # 0.100 0.522 0.833     0.021**     0.103     0.834 

Level of Digitization of Production Equipment -0.7260 0.254 0.167    -0.155     0.113     0.169 

Cloud Computing Technologies Adoption # -0.996* 0.204 0.071    -0.215**     0.119     0.069 

External Integration of Manufacturing Ecosystem # 1.184** 1.701 0.023     0.237**     0.096     0.014 

Perceived High Cost of Investing in I4.0 Technologies # -0.487 0.331 0.366    -0.098**     0.102     0.337 

Investment in Manufacturing Equipment in the past two years  0.611** 0.537 0.036     0.131     0.061     0.033 

Plans to Invest in Research & Development  -1.088** 0.173 0.034    -0.233     0.108     0.031 

Plans to Invest in Manufacturing Equipment  years  1.712** 4.635 0.041     0.366     0.175     0.036 

Adoption Strategy Status # -1.095** 0.158 0.020    -0.234**     0.097     0.015 

Government Support # 1.012** 1.267 0.028     0.199**     0.085     0.019 

Constant -605.516* 0 0.084 

Mean dependent var 0.570  SD dependent var  0.496 Marginal effects after logit 

y = Pr(LFADOPTIONI40) (predict) 

 = 0.68953951 
Pseudo r-squared  0.560  Number of obs   256.000 

Chi-square   195.731  Prob > chi2  0.000 

Akaike crit. (AIC) 196.081  Bayesian crit. (BIC) 270.530  

Note: (#) dy/dx is for discrete change of dummy variable from 0 to 1 Level of Significance denoted as: *** = 1%, ** = 5%, and * =10%,  

Source: Survey Data, 2020.
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If the p-value is less than 0.05, the difference between the means of the two groups of 

MEs is significant, but if it is greater or equal to 0.05, the difference between the two 

means is considered insignificant. However, to find a most reliable fitted logistic 

regression model the level of significance was also run at 1 per cent, and 10 per cent 

likewise. The following explanatory variables (dimensions), which are defined in 

Table 3.2, were reported to have a significant impact on the model: INVEITP2YR, 

EMPCOMPSECURI, EMPCOMPCOLLA, EMPCOMPCLOUD, 

ADAPTABILITYM2M, AUTOMACHINES, YEARIMP, NUMEMP, 

CLOUDCOMP, EXTINTEGMFN, INVEMFNP2YR, INVERNDPX5YR, 

INVEMFNX5YR, ADOPTSTRATE, and GOVTSUPPORT.   

4.4 The Marginal Effect of the Leapfrogging Adoption of I4.0 Model 

Also, in Table 4.2 the output for the independent variable, and the predictor variables 

marginal effect on the dependent variable – leapfrogging the adoption of I4.0 in the 

ME in Tanzania. Marginal Effect or Partial Effect most often measures the effect on 

the conditional mean of the dependent variable of a change in one of the predictor 

variables (Z). Thus, the marginal effect after logit was revealed to be 68.96 per cent, 

indicating that a high probability of approximating the among of change in the 

dependent variable (leapfrogging the adoption of I4.0 in the MEs in Tanzania) that will 

be produced by a 1-unit change in the predictor variables. The predictor variables with 

a hash (#) were found evidence that the variables to be statistically significant, at 5 per 

cent level of significance, to impact on leapfrogging the adoption of I4.0 in the MEs 

in Tanzania (Cameron & Trivedi, 2018; Norton, Dowd, & Maciejewski, 2019). 
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4.5 Model Specification and Estimation 

When one intends to predict changes in the probability to find suitability for adoption 

or no adoption of I4.0 the formula using the natural logarithm equation, which is: (refer 

to equation 7 in chapter 3 of this report under section 3.8).   

LFADOPTIONI4.0 = ln [
𝑃(𝐼4.0|𝑍)

𝑃(𝑛𝐼4.0|𝑍)
] =  (𝛽𝑍 + 𝛦) 

Therefore, considering the logit model under consideration, the probability of MEs to 

find suitability to leapfrog the adoption of I4.0, given the various a set of explanatory 

variables (dimensions and sub-dimensions) denoted by (Z) is - 𝑃(𝐼4.0|𝑍). The 

probability for unsuitability for not adopting I4.0 is denoted as - 𝑃(𝑛𝐼4.0|𝑍). Where 

random error term, is denoted as Ε. The result of the logistic regression model is 

presented in Table 4.2. 

4.6 Conclusion 

This research has revealed from the findings that despite the glimpses and silver lining 

in the sky signalling the start of the new area of I4.0. Still, the sample population 

(MEs), in Figure 4.2, in Tanzania have purely physical factories where the production 

equipment are entirely cut off from IT systems and no real-time information about 

manufacturing operations is collected nor analyzed. Further, the government is 

supposedly the key play of a significant role.  

However, it was revealed in the findings that the MEs indicated that the role of the 

government has been sluggish in updating its legal and regulatory framework to be 

accommodative to the changes happening in the manufacturing sector geared by the 

I4.0. Nevertheless, Tanzania has been a hybrid of the second, third and fourth 

industrial revolution as it is kicking into manufacturing ecosystems. This will need 
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strategic re-orientation, and huge chunks of money in an investment in I4.0 

technologies as most of the existing types of machinery are not upgradable. 

On the other hand, a model that is theoretically and empirically grounded 

Leapfrogging Model for the Adoption of I4.0 by addressing the local business 

environment in the Manufacturing sector in Tanzania has been identified. 
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CHAPTER FIVE 

5. DISCUSSION OF THE FINDINGS 

5.0 Introduction 

This chapter delves into an in-depth discussion and speculating as to why the findings 

revealed in chapter four of this report are they are and if correlation in the results 

concerning the current status of adoption of I4.0 in Tanzania as well as the 

development of a suitable model for leapfrogging the adoption of I4.0 in the 

manufacturing sector. The subsequent understanding and assessment of the discussion 

of findings are addressed objectively, free of bias or interpretation by the author. This 

chapter also forms the basis for the value-added from this study and make a 

contribution to the overall field of knowledge and in policy formulation. The author 

then endeavoured to build upon the concept of TL bringing Tanzania in perspective by 

employing the TL strategies as employed in South Korea, to leapfrog the adoption 

I4.0. On the other hand, the chapter has endeavoured into setting the ground for 

validation of the model LPADOPTIONI4.0 was subjected to a set of checks which 

included: (a) overall model evaluation, (b) statistical tests of individual predictors, (c) 

goodness-of-fit statistics, and (d) validations of predicted probabilities. The tests are 

the yardstick in determining the soundness of a logistic regression model. 

5.1 The Current State of I4.0 Adoption in the MEs in Tanzania 

When the respondents were asked regarding their awareness about I4.0 in the company 

the mean response was 0.625, however, the dispersion of the responses were about 

0.485, and they were skewed to the left (-0.516) indicating that that the mean is less 

than the median. Further, is awareness indicated that the tail of the distribution of 

sample responses was light as it was less than 3 (1.267), reference is made to Table 

4.1. 
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On the other hand, when the respondents were asked on if leapfrogging the adoption 

of I4.0 is the best strategy, the mean response was 0.57 indicating that about 57 per 

cent of them believed so and that the spread out the data from the mean was 0.496 

equivalent to 49.6 per cent. Further, it was noted that the mean year of adoption in 

Tanzania was 2018, with the standard deviation of one year. The adoption strategy 

status indicated that less than 50 per cent (46.1 per cent) of the respondents had 

strategies in place of I4.0 adoption, the refer to Table 4.1.  

In Table 4.1 it is revealed that 80.1 per cent of the respondents indicated that the cost 

of investing in I4.0 technologies was high, and their response standard error was at 4 

per cent. The results from the respondents indicated, when they were asked about the 

adoption implementation strategy the mean response was at 92.2 per cent that they 

were at some stages implementation whether, they already started to implement, 

develop or were in pilot stages, also Figure 4.1 has more details. On the other hand, 

government support was below 50 per cent, where the respondents believed that 31.6 

per cent indicated that there was existing government support, and the standard error 

was 46.6 per cent indicating that the responses were skewed to the right. 

Concerning the importation of latest manufacturing equipment which is the basis of 

I4.0, the mean responses were 1.641 out of 3 which was the maximum value, which 

was equivalent to 54.7 per cent of the responses indicating that somehow the MEs have 

started to import manufacturing equipment over the past five years. Further to this was 

the investment in Information technologies whereas supplementary to the 

manufacturing equipment the responses was 1.281 out of 3 which was the maximum 

value, and an equivalent of 42.7 per cent have already started to import and invest in 

information technologies. Refer to Table 4.1 for further details. 

In the area of building capabilities, based on two elements investments in R&D and 

plans to invest in Manufacturing equipment the responses were averaged at 1.941 (64.7 

per cent) and 2.492 (62.3 per cent) respectively. Both of these measures indicated good 
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signs that the MEs were intending to invest in R&D as well as plans to invest more in 

manufacturing equipment which is the building blocks of I4.0. 

Further Table 4.1 highlights another important area of building capabilities on the 

human capital findings revealed the following competencies as important: competence 

in security technologies (93.8 per cent), competence in collaborative technologies 

(50.8 per cent), competence in cloud computing technologies (24.6 per cent) and 

competence in Machine-to-Machine operations (69.9 per cent). These competences 

are important to be built as they were perceived to be important for the current and 

future human capital development in MEs. 

Another area that revealed important findings is the machine to machine adaptability 

of the current manufacturing equipment in the MEs under study. The results in Table 

4.1 indicated 71.1 per cent of the machinery do not have the machine to machine 

capabilities, which indicates that the current status of our industry still is in the 3rd 

industrial revolution. This also was complemented when the respondents were asked 

about their level of digitalization of the production equipment, only 12.58 per cent 

indicated that they had. The rest were either pure factories with equipment which is 

entirely cut off from IT systems and no real-time information can be gathered. Further 

to this was the question regarding the automation of current production infrastructures, 

it was indicated that 74.6 per cent of the production lines lack automation without 

sensors or any other computer-based equipment to enable them to be automated and 

integrated to other areas of the ME value chain. This is indicated by the lack of 

departmental integration of manufacturing ecosystem indicated by 99.6 per cent. 

However, there as some indication of external integration to the manufacturing 

ecosystem at 39.1 per cent. 

Further, Table 4.1 when the respondents were asked about cloud computing 

technologies adoption only 43.8 per cent indicated that they have already started to 
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adopt them. Concerning the analysis of the data collected it indicated that 68 per cent 

of the MEs do not analyse the that they collected across the manufacturing ecosystem. 

Therefore, it suffices to say that despite the picture painted from the descriptive 

statistics above, the current status of adoption of I4.0 in the manufacturing sector is 

quite promising. The adoption of I4.0 would better be reviewed based on the 

megatrends-lens, which is determined by the megatrends which are characterized by 

connectivity, intelligence, and flexible automation. However, this is not the full picture 

of what is happening in the ground among the participating MEs. This is because it 

has only revealed some silver lining in the sky signalling the start of the new area of 

I4.0. This is consistent with the studies by Bhagavan (1992); Kwankam and Ningo 

(1997); Lee (2016); Diop (2017); Cilliers (2018); Gross (2019) that the megatrends are 

tainted with the fact at the time of conducting this study 74.61 per cent of the surveyed 

MEs, in Figure 4.2, have their manufacturing equipment as a purely physical factory 

with their production equipment being entirely cut off from IT systems and no real-

time information can be gathered about the operations of the MEs.  

Further, in this study as it was established based on Lee (2009, 2016) central to the 

implementation of major policy shifts the government the principal guardian in the 

technological leapfrogging as the government is supposed to play a significant role in 

setting up friendly institutional and regulatory frameworks to spearhead such 

adoptions. While the government role is vital, it is worth remembering that the 

adoption of I4.0 will have an impact on the economy and MEs alike. Contrary to this 

regarding the adoption of I4.0 as it was discovered that the responding MEs believe 

that, the government has been slow in updating its current legal and regulatory 

framework that will accommodate I4.0 which is currently shaping the manufacturing 

sector worldwide.  

Therefore, concerning the current status of adoption of I4.0 in Tanzania, the study 

could easily conclude that Tanzania has been a hybrid of the second, third and fourth 
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industrial revolutions as it is kicking into the business ecosystems. This will need 

strategic restructuring, and huge investment in terms of money, building capabilities 

and upgrading current capabilities in the importation of technologies, human capital 

development, among others in I4.0 technologies as most of the existing types of 

machinery are not upgradable. Therefore, it is important to note that this study was 

looking at the sectorial level of leapfrogging the adoption of I4.0 in the manufacturing 

sector. Thus, in the end, the study proposes a model for I4.0 leapfrogging catch-up. 

Distinctive consideration has been taken to depict whether there has been an example 

of I4.0 leapfrogging in MEs in Tanzania and, if so, what were the conditions for its 

occurrence consistent with the perspective by (Lee, 2009; 2016). 

5.2 The dimensions and sub-dimension influencing leapfrogging of the 

adoption of I4.0 in the MEs in Tanzania. 

In the course of conducting this study, the researcher borrowed the concept by 

Schumacher et al. (2016); and Castelo-Branco, et al. (2019), when they were 

developing their models for assessing the maturity and/or readiness to adopt I4.0. This 

study when was developing the Leapfrogging Model for Adoption of I4.0 based on the 

technological leapfrogging theory which was popularized by Lee (2009, 2016) when 

looking at the South Korean success in TL. Therefore, this study concisely created a 

hybrid of the two approaches to come up with the dimensions (which in this study 

were also used as the predictor variables).  It suits to defer that this study supported 

the assertion that the variables used in this study (dimensions), in one way or the other, 

while holding constant the other variables (dimensions) it was discovered the variables 

(dimensions) to influence the process of leapfrogging the Adoption of I4.0 or not. Like 

in studies by Hung et al. (2014); Fleury (2017); Zuazua and Schulz (2018); Castelo-

Branco et al.  (2019); Gerrikagoitia et al. 2019; Sony and Naik (2019). A summary of 

the mean values and standard deviation values of the predictor variables that have an 

influence on the leapfrogging the adoption of I4.0 by manufacturers are presented in 

Table 4.2.  
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The corresponding coefficients for each explanatory variable with a low p-value 

indicated a meaningful addition to the LFADOPTIONI4.0 model, which is the primary 

goal of this study. Taking this into consideration, the research reveals the 

corresponding explanatory variables (dimensions) with their coefficients (β)  the 

default level of significance of 5 per cent as well as 1 per cent and 10 per cent they 

have a significant impact on the fitted model and are statistically significant (refer to 

Table 4.10) –Tanzania’s Manufacturing Sector Leapfrogging Model for I4.0 

Adoption: INVEITP2YR, EMPCOMPSECURI, EMPCOMPCOLLA, 

EMPCOMPCLOUD, ADAPTABILITYM2M, AUTOMACHINES, YEARIMP, 

NUMEMP, CLOUDCOMP, EXTINTEGMFN, INVEMFNP2YR,  

INVERNDPX5YR, INVEMFNX5YR, ADOPTSTRATE, and GOVTSUPPORT. To 

comprehend the coefficients as revealed in Table 4.2, it is imperative to understand 

that the respective coefficients represent the mean change in the dependent variable 

(LPADOPTIONI4.0) for one unit of change in the specific predictor variable while 

holding other predictors in the model constant. To this end, however, the following 

predictor variables: EMPCOMPM2M, AVECAPT1, ANALYSISDATA, 

DIGITPRODUCTEQUIP, and COINVESTHIGH were statistically insignificant at the 

default 5 per cent level of significance as well as at both 1 per cent and 10 per cent 

levels of significance. The error term (E) the intercept is 0, which means that the mean 

response value when all predictor variables are set to zero. 

𝐿𝐹𝐴𝐷𝑂𝑃𝑇𝐼𝑂𝑁𝑃𝐼4.0 = ln [
𝑃(𝐼4.0|𝑍)

𝑃(𝑛𝐼4.0|𝑍)
] =  (𝛽𝑍 + 𝛦) 

The fitted model referred here as LPADPTIONI4.0 is, affected by the predictor 

variables either positively, indicated by (+) sign of the respective coefficients or 

negatively indicated by (-) sign of the respective coefficients.  
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5.3 The magnitude of the contribution of the dimensions and sub-dimensions 

affect the adoption of I.40 by the MEs.  

The marginal effect of categorical predictor variables is easier to understand. They 

have shown in Table 4.2 the change in categorical variables from 0 to 1, after 

controlling in some way for other variables in the model. The output for the predictor 

variables marginal effect on the dependent variable – leapfrogging the adoption of I4.0 

in the ME in Tanzania. The predictor variables with an asterisk (*) were found to be 

statistically significant to impact on leapfrogging the adoption of I4.0 in the MEs in 

Tanzania. Marginal Effect or Partial Effect (dy/dx) most often measures the effect on 

the conditional mean of the dependent variable (leapfrogging the adoption of I4.0 in 

the MEs in Tanzania) of a change in one of the predictor variables (Z). Therefore, the 

marginal effect provides a good approximation of the amount of change in the 

dependent variable (leapfrogging the adoption of I4.0 in the MEs in Tanzania) that will 

be produced by a 1-unit change in the predictor variables (Cameron & Trivedi, 2020). 

The following predictor variables were statistically significant and they had their 

impacts on the dependent variable leapfrogging the adoption of I4.0 indicated in 

parentheses in the respective predictor variable: Employees Competency in Security 

Technologies* (increases by 69.6 per cent); Employees Competence in Collaborative 

Technologies* (increases by 79.3 per cent); Employees Competency in Cloud 

Computing Technologies*  (decreases 28.2 per cent); Employees Competency in 

M2M Operations* (increases by 15.4 per cent); M2M Adaptability of Current 

Manufacturing Equipment* (increases by 43.0 per cent); Automation Capabilities of 

Current Production Infrastructures* (decreases by 32.6 per cent); Analysis of 

Collected Data in the Manufacturing Ecosystem* (increases by 2.1 per cent); Cloud 

Computing Technologies Adoption* (decreases by 21.5 per cent); External Integration 

of Manufacturing Ecosystem* (increases by 23.7 per cent); Perceived High Cost of 

Investing in I4.0 Technologies* (decreases by 9.8 per cent); Adoption Strategy Status* 

(decreases by 23.4 per cent); and Government Support* (increases by 19.9 per cent). 
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The following predictor variables were statistically insignificant: Plans to Invest in 

Manufacturing Equipment (increases by 36.6); Plans to Invest in Research & 

Development (decreases by 23.3 per cent); Investment in Manufacturing Equipment 

in the past two years (increases by 13.1 per cent); Level of Digitization of Production 

Equipment (decreases by 15.5 per cent); Year of Adoption (increases by   6.4 per cent); 

Average Capital Invested (has a 0 per cent effect); Number of Employees in the 

Company (decreases by   0.06 per cent); and Importation of Information Technologies 

(decreases by 10.6 per cent). 

5.4 Evaluations of the Logistic Regression Model 

To conclude the effectiveness of the model in defining the suitability of the MEs to 

leapfrog the adoption of I4.0, the model LPADOPTIONI4.0 was subjected to a set of 

checks which included: (a) overall model evaluation, (b) statistical tests of individual 

predictors, (c) goodness-of-fit statistics, and (d) validations of predicted probabilities, 

these are the yardsticks in defining the soundness of an LR model (Peng, 2002; Peng 

et al., 2002). 

 Overall model evaluation 

An intercept-only model was run (Appendix I), aiming at determining when does the 

logistic model would provide a better fit to the data by exhibiting enhancement over 

the intercept-only model -  the null model. In this regard, the intercept-only model 

standard model for it has no predictor variables. The improvement to the baseline 

model could have been examined from either of the three inferential statistical tests: 

the likelihood ratio, score, and Wald test since they yield similar conclusions, namely, 

that the logistic model LFADOPTIONI4.0 was more effective than the null model. 

When this happens, it is advised to rely on the likelihood ratio and score tests only 

(Peng, 2002), refer to Table 6.1. 
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Table 5.1: Likelihood-ratio test for the Model LFADOPTIONI4.0 

Likelihood-ratio test     

(Assumption: M0 nested in M1) 

LR chi2(20) = 195.73 

Prob > chi2 =    0.0000 

Note: M0 is the intercept only model.  M1 is the LFADOPTIONI.40 

Source: Survey Data, 2020. 

The null hypothesis is that the smaller model is the best – It is rejected when the test 

statistic is large. In other words, if the null hypothesis is rejected, then the larger model 

is a significant improvement over the smaller one, therefore the LFADOPTIONI4.0 

was concluded to be the best fitted compared to the intercept-only model, the test 

statistic approximates a chi-squared random variable. The degrees of freedom for the 

test equal the difference in the number of parameters for the two models refer to Table 

5.1 (Glen, 2016). 

 Statistical tests of individual predictors.  

The statistical significance of individual regression coefficients (i.e., βs) is tested using 

the Wald chi-square statistic (Table 4.10), the following predictor variables were found 

to be statistically significant at 1 per cent, 5 per cent and 10 per cent levels of 

significance, INVEITP2YR, EMPCOMPSECURI, EMPCOMPCOLLA, 

EMPCOMPCLOUD, ADAPTABILITYM2M, AUTOMACHINES, YEARIMP, 

NUMEMP, CLOUDCOMP, EXTINTEGMFN, INVEMFNP2YR, 

INVERNDPX5YR, INVEMFNX5YR, ADOPTSTRATE, and GOVTSUPPORT. The 

test of the intercept (i.e., the constant in Table 4.10) merely suggests whether an 

intercept should be included in the model.  
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 Validations of predicted probabilities.  

Table 5.2: Logistic Model for LFADOPTIONI40, Classification 

 -------- True --------  

Classified D ~D Total 

+ 128 16 144 

- 18 94 112 

Total 146 110 256 

Classified + if Predicted Pr (D) >= 0.5 

True D defined as LFADOPTIONI40 != 0 

 

Sensitivity Pr( +| D) 87.67% 

Specificity Pr( -|~D) 85.45% 

Positive predictive value Pr( D| +) 88.89% 

Negative predictive value Pr(~D| -) 83.93% 

 

False + rate for true ~D Pr( +|~D) 14.55% 

False - rate for true D Pr( -| D) 12.33% 

False + rate for classified + Pr(~D| +) 11.11% 

False - rate for classified - Pr( D| -) 16.07% 

Correctly classified   86.72% 

Source: Survey Data, 2020. 

Validation of predicted probabilities is presented in terms of per cent of correct 

classifications, Somers’ D statistic, sensitivity, specificity, false positive, false 

negative, or concordance pairs. Table 5.2 revealed the hit rate of correctly classified 

cases is 86.72 per cent, indicating how good the logistic model LFADOPTIONI40 is. 

Other parameters are sensitivity indicating 87.67 per cent of the cases were correctly 

classified for continuing and specificity indicating 85.45 per cent were classified to 

discontinue the experiment. 

 Goodness-of-fit statistics. 

Goodness-of-fit statistics assess the fit of a logistic model against actual outcomes 

(whether the model is suitable to predict the adoption of I4.0 in MEs in Tanzania). 

Table 5.3 refers to one inferential test and descriptive measures pseudo-R2 which, but 

not having the same meaning as the R2 in OLS regression (Peng, et al., 2002). The 
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inferential goodness-of-fit test is the Hosmer–Lemeshow (H–L) test that yielded a Χ2 

(8) of 4.28 and was insignificant (p > .05), suggesting that the model was fit to the data 

well, that is to say, the null hypothesis revealed that the data provided an acceptable 

good model fit. The H–L statistic is a Pearson chi-square statistic, calculated from 10 

groups each with an equal number of observations.  

Table 5.3: Logistic model for LFADOPTIONI40, Goodness-of-Fit Test 

(Table collapsed on quantiles of estimated probabilities) 

Number of observations      256 
Number of groups        10 

Hosmer-Lemeshow chi2(8)    4.28 

Prob > chi2     0.8308 

Source: Survey Data, 2020. 

5.5 Hypothesis Testing 

HO: The proposed leapfrogging model for the adoption of I4.0 in MEs is not 

suitable for the adoption or no adoption of I4.0. 

HA: The proposed leapfrogging model for the adoption of I4.0 in MEs is suitable 

for the adoption or no adoption of I4.0. 

To run the hypothesis testing, this study used the likelihood ratio test statistic, which 

is the ratio of the likelihood at the hypothesized parameter values to the likelihood of 

the data at the Maximum Likelihood Estimates (Peng, 2002; Peng et al., 2002). 

Consistent with the position postulated further by the authors, therefore, Table 5.3 

shows the chi-square statistics indicating the probability given the null hypothesis is 

valid. In other words, if the predictor variables are taken together do not affect the 

dependent variable. Thus, the study has revealed that the probability - chi-square 

number (195.731), if there is, in fact, no effect of the predictor variables, taken 

together, on the dependent variable, in which the p-value 0.000, when this critical 

value is compared with the level of significance 0.05 or 0.01 or 0.1. This shows that 
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the statistical value of the overall model is statistically significant in this situation since 

the p-value is less than 0.000. 

Because the p-value (Table 5.4) is less than or equal to 0.05 or 0.01 or 0.1 levels of 

significance. The null hypothesis (Ho) is rejected. The data collected from 256 

observations favour the alternative hypothesis (HA), and that the results are statistically 

significant.  Then, the study concludes that the proposed leapfrogging model for the 

adoption of I4.0 in MEs is suitable for leapfrogging the adoption or no adoption of 

I4.0. 

Table 5.4: Logistic Model Summary for LFADOPTIONI4.0 

Mean dependent var 0.570  SD dependent var  0.496 

Pseudo r-squared  0.560  Number of obs   256.000 

Chi-square   195.731  Prob > chi2  0.000 

Akaike crit. (AIC) 196.081  Bayesian crit. (BIC) 270.530 

 *** p<.01, ** p<.05, * p<.1 

Source: Survey Data, 2020. 

5.6 Conclusion 

The study concludes that the current status of adoption of I4.0 in the manufacturing 

sector is quite promising, despite that 74.61 per cent of the MEs surveyed, are purely 

physical factories with production equipment that are entirely cut off from IT systems 

and no real-time information can be gathered about their manufacturing operations 

from logistics, inventory, machine utilization, employee performance among others. 

The adoption of I4.0 would better be reviewed based on the megatrends lens, which is 

determined by the megatrends which are characterized by connectivity, intelligence, 

and flexible automation.  

Concerning the suitable model for the adoption of I4.0 in the manufacturing sector, the 

explanatory variables with a low p-value proved to be statistically significant which 

indicated to have a meaningful addition to the LFADOPTIONI4.0 model, which is the 
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primary goal of this study. The following variables EMPCOMPM2M, AVECAPT1, 

ANALYSISDATA, DIGITPRODUCTEQUIP, and COINVESTHIGH were 

statistically insignificant at the default 5 per cent; and at 1 per cent and 10 per cent 

levels of significance. 

To conclude the effectiveness of the model in determining the suitability for the MEs 

to leapfrog the adoption of I4.0: it was concluded that the logistic Model 

LFADOPTIONI4.0 was more effective than the null model using Likelihood Ratio 

Test,  goodness-of-fit statistics and it as determined that The inferential goodness-of-

fit test is the Hosmer–Lemeshow (H–L) test that yielded a Χ2 (8) of 4.28 and was 

insignificant (p > .05), suggesting that the model was fit to the data well, that is to say,  

the null hypothesis revealed that the data provided an acceptable good model fit, and 

it was revealed conclusively that the correctly classified cases of the model were 86.72 

per cent indicating how good the logistic model LFADOPTIONI40 is. Therefore, the 

null hypothesis (Ho) is rejected in favour of the alternative hypothesis (HA). Then, the 

study concludes that the proposed leapfrogging model for the adoption of I4.0 in MEs 

is suitable for the leapfrogging the adoption or no adoption of I4.0. 
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CHAPTER SIX 

6. SUMMARY, CONCLUSIONS, IMPLICATIONS AND 

RECOMMENDATIONS FOR FURTHER STUDIES 

6.0 Introduction 

This chapter is organized in four cohesive sections. The first section contributes to an 

overall summary of the study followed by the summary of the findings and their 

conclusions. After this are the implications of the study and followed by 

recommendations for future research. 

6.1 Summary of the Study 

Bringing this study into perspective, this study’s main focus to develop a Leapfrogging 

Model for the Adoption of I4.0 in Tanzania Manufacturing Sector was central to this 

research.  The envisioned model was expected to overriding significant understating 

of the new technological paradigm shift and help businesses and governments to 

leapfrog the adoption seamlessly, and stepwise. The research questions were:  

RQ1. What is the current state of I4.0 adoption in the MEs in Tanzania?  

RQ2. What are the dimensions and sub-dimension influencing the leapfrogging 

of the adoption of I4.0 in the MEs in Tanzania? 

RQ3. To what magnitude do the dimensions and sub-dimensions affect the 

adoption of I.40 by the MEs? 

In this study RQ1 intended to determine the current state of adoption of I4.0 by the 

MEs in Tanzania, whereas RQ2 intended to determine the dimension and sub-

dimensions that could affect the leapfrogging of I4.0 adoption, which subsequently 
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was the building blocks for the RQ3 which intended to understand the most suitable 

model for the leapfrogging of I4.0 adoption in Tanzania. 

This endeavour was achieved through a magnifying less that helped to explore and 

diagnose how the Technological Leapfrogging (TL) theory can be used as the basis for 

the development of the model, which is dubbed as the LFADOTIONI4.0 in this study. 

Therefore, it has been reflected in this study that TL was employed successfully in 

South Korea in the post-1970s era (Lee, 2009, 2016). The opinion conceived in this 

study to develop a model that will eventually be employed to help MEs to understand 

and leapfrog the adoption I4.0 in the manufacturing sector. Unlike, the existing models 

which focused on assessing the maturity and readiness of I4.0, this study created a 

model that makes the process of skipping some of the stages not detrimental to the 

whole process of adopting I4.0 suitable for developing economies (Lichtblau, et al., 

2015; Sony & Naik, 2019).  

In this study we came to underscore that TL can take two paths: “1) path-creating 

catch-up and 2) path-skipping catch-up.” The focus of this study has been on path-

skipping catch-up, a “pure adoption of more sophisticated technologies”, due to 

international diffusion. Path-skipping catch-up is completely related to the I4.0 

leapfrogging, which was the foundation towards the development of the leapfrogging 

model for the adoption of I4.0 for the manufacturing sector in Tanzania. 

In achieving this endeavour, the study employed a research protocol which involved a 

mixed-methods approach qualitative and quantitative research method, in the form of 

correlational research design. The hypotheses regarding the subject area were 

developed and tested based on a logistic regression model analysis that incorporates 

all variables to predict the independent variable (suitability for adoption or 

unsuitability for the adoption of I4.0 in the Tanzania manufacturing sector). The 

sample size involved observations from 256 derived from 89 MEs in Dar es Salaam, 
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and Coastal Regions, which each responded from at least 3 of their core functional 

mangers.  

6.2 Summary of Findings 

For RQ1, which was determining the current status of the adoption of I4.0 in the MEs. 

The findings of the study indicated that 74.61 per cent of the MEs surveyed, their 

manufacturing equipment is a pure physical factory with their production equipment 

are entirely cut off from IT systems and no real-time information can be gathered about 

the MEs operations. Also, this meant that this would need the stakeholders in the 

manufacturing sector to understand the building blocks for proper leapfrogging the 

adoption of I4.0.  The role of the government cannot be over accentuated as it has been 

found in this study that the government has not updated its policies and regulatory 

frameworks. At the core of a successful TL programme, is the government which 

spearheads the institutionalization of supportive industrial and technological policies. 

This is consistent with the assertion by Bhagavan (1992) and Lee (2009; 2016).  

For RQ2, which was looking at the dimensions and sub-dimension that influence 

achieving the leapfrogging adoption of I4.0. The findings of the study revealed that: 

many manufacturers are still lacking a solid understanding of the prerequisites towards 

adopting I4.0. This study in understanding the current state of I4.0 in Tanzania 

delivered a model referred to as the LFADOPTIONI4.0 with some specific dimensions 

to form the building blocks for the adoption of I4.0 in the manufacturing sector. The 

most frequently used building blocks for I4.0 adoption from the logistic regression 

output that were significant are categorized in the following thematic dimensions: 

Average Capital Invested, and Number of Employees to signify the size of the firm; 

Strategy for Adoption of I4.0; Cost of Adoption; Importation and Absorption of Latest 

Technologies; Capability Building; Government Role; Megatrends for I4.0 and Future 

Investment. By using this as the platform for leapfrogging the adoption of I4.0 then it 

would be appropriate for MEs in Tanzania to build upon them to ensure they have 
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intelligent control, data analytics, smart products/parts/ materials, and IT-based 

production management systems in the process to start their adoption stepwise 

(Mittala, 2019). Other important building blocks were proactively building and 

upgrading these capabilities; top management involvement; and commitment, the 

readiness of organizational strategy; employee adaptability with I4.0; the level of 

digitization of the organization consistent with (Lee, 2009; 2016). The latecomers will 

have the advantage of obtaining new technologies at relatively cheaper prices (Gross, 

2019). 

For RQ3, which intended examine the magnitude of each dimension and sub-

dimension affecting the leapfrogging the adoption of I.40 by the MEs, the findings of 

the building blocks – the dimensions that affect the adoption of I4.0 were further 

investigated to reveal the significant dimensions, after expounding the fitted 

LFADOPTIONI4.0 for Tanzania’s Manufacturing Sector Leapfrogging Model for I4.0 

Adoption. The explanatory variables were regressed at the default 5 per cent also at 

both 1 per cent and 10 per cent levels of significance. The error term (E) – Y-intercept 

was found to be 0, which means that the mean response value when all predictor 

variables are set to zero, other predictor variables are as follows with their coefficients 

in parentheses: Z1 = INVEITP2YR (-0.497), Z2 = EMPCOMPSECURI (4.090), Z3 = 

EMPCOMPCOLLA (4.753), Z4 = EMPCOMPCLOUD (-1.228), Z5 = 

ADAPTABILITYM2M (1.909), Z6 = AUTOMACHINES (-1.921), Z7 =  YEARIMP 

(0.297), Z8 = NUMEMP (-0.028), Z9 = CLOUDCOMP (-0.996), Z10 = 

EXTINTEGMFN (1.184), Z11 = INVEMFNP2YR (0.611), Z12 = INVERNDPX5YR (-

1.088), Z13 = INVEMFNX5YR (1.712), Z14 = ADOPTSTRATE (-1.095), and Z15 =  

GOVTSUPPORT (1.012). To comprehend the coefficients revealed herein, it is 

imperative to understand that the respective coefficients represent the mean change in 

the dependent variable (LFADOPTIONI4.0) for one unit of change in the specific 

predictor variable (given the fact either it influences negatively or positively the 

dependent variable) while holding other predictors in the model constant. To this end, 

however, the following predictor variables: EMPCOMPM2M, AVECAPT1, 
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ANALYSISDATA, DIGITPRODUCTEQUIP, and COINVESTHIGH were 

insignificant. Thus, the following is the model that the study found to be most suitable, 

for leapfrogging the adoption of I4.0 by the manufacturing sector in Tanzania. 

To comprehend the partial effect of the predictor variables, the study revealed that the 

marginal effect as shown in Table 4.2 indicated the change in categorical variables 

from 0 to 1, after controlling in some way for other variables in the model. The output 

for the predictor variables marginal effect on the dependent variable – leapfrogging 

the adoption of I4.0 in the ME in Tanzania. Marginal Effect or Partial Effect (dy/dx) 

most often measures the effect on the conditional mean of the dependent variable 

(leapfrogging the adoption of I4.0 in the MEs in Tanzania) of a change in one of the 

predictor variables (Z), thus, the marginal effect “express how the predicted 

probability of a binary outcome changes with a change in a risk factor” (Norton, et al, 

2019).  In this regard, just like it has been suggested by Norton, et al, 2019 the marginal 

effect, expresses the change in the probability that the outcome occurs (leapfrogging 

the adoption of I4.0 by the MEs in Tanzania as the risk factor changes by 1 unit while 

holding all the other predictor variables constant. 

The following predictor variables were statistically significant and they had their 

impacts on the dependent variable leapfrogging the adoption of I4.0 indicated in 

parentheses in the respective predictor variable: Employees Competency in Security 

Technologies* (increases by 69.6 per cent); Employees Competence in Collaborative 

Technologies* (increases by 79.3 per cent); Employees Competency in Cloud 

Computing Technologies*  (decreases 28.2 per cent); Employees Competency in 

M2M Operations* (increases by 15.4 per cent); M2M Adaptability of Current 

Manufacturing Equipment* (increases by 43.0 per cent); Automation Capabilities of 

Current Production Infrastructures* (decreases by 32.6 per cent); Analysis of 

Collected Data in the Manufacturing Ecosystem* (increases by 2.1 per cent); Cloud 

Computing Technologies Adoption* (decreases by 21.5 per cent); External Integration 

of Manufacturing Ecosystem* (increases by 23.7 per cent); Perceived High Cost of 
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Investing in I4.0 Technologies* (decreases by 9.8 per cent); Adoption Strategy Status* 

(decreases by 23.4 per cent); and Government Support* (increases by 19.9 per cent).  

Therefore, the marginal effect provides a good approximation of the amount of change 

in the dependent variable (leapfrogging the adoption of I4.0 in the MEs in Tanzania) 

that will be produced by a 1-unit change in the predictor variables (Cameron & Trivedi, 

2020). 

The study decided that the null hypothesis (Ho) should be rejected in favour of the 

alternative hypothesis (HA) because the data from 256 observations were statistically 

significant at the level of significant of 0.05 or 0.01, and 0.1 where the p-value was 

0.000. The study concludes that the proposed leapfrogging model for the adoption of 

I4.0 in MEs is suitable for leapfrogging the I4.0 adoption or no adoption. 

6.3 Conclusions 

It has been a fascinating process of understanding the current status of adoption of I4.0 

in Tanzania by the manufacturing sector. Eventually, the study as it was called for to 

develop a theoretically relevant and empirically grounded Leapfrogging Model for the 

Adoption of I4.0 by addressing the local business environment in the Manufacturing 

sector in Tanzania.  

The model so far dubbed LFADOPTIONI4.0 was created to ensure that the argument 

raised by Gökalp, et al., (2017), that majority of MMs were not meeting some 

important parameters such as: “scope, purpose, completeness, clearness, and 

objectivity. Therefore in the quest to developing a suitable model for Adoption of I4.0 

by the manufacturing sector, it was important to sure that it was a fit model for the 

sector since the MMs were found to be unfit in supporting the manufacturing 

ecosystem as a whole. Just like it was brought forth by Mittala, Khana, Romerob, and 

Wuesta (2019), this study motive was to create a model which is scientifically 

grounded to assess the current status of I4.0 adoption in Tanzania, as well as 
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developing a suitable model for leapfrogging the adoption of I4.0 for the 

manufacturing sector.  

From this fitted model, we discovered there exists profound interoperability among the 

building block for leapfrogging the adoption of I4.0 in the manufacturing sector in 

Tanzania, as it has been highly regarded in the literature. Further, from the model 

LFADOPTIONI4.0, the findings showed that the adoption of I4.0 in Tanzania can be 

better achieved through IT-based systems in the form of Cloud computing, increasing 

investments in manufacturing equipment in the next five years which has some sort of 

IT capabilities in the form of connectivity, responsiveness enabled by sensors, and the 

government being central at the process of adoption.  

The spillover effect of the adoption of I4.0 in the manufacturing sector is expected to 

transform the manufacturing ecosystem, as established in the literature that the 

financial benefit for the economy is enormous, and this could go beyond the 

manufacturing sector. This calls for another variable discovered in the study of 

strategic importance in creating a seamless process of leapfrogging the adoption of 

I4.0 to determine where to focus and invest and to build on the MEs capabilities and 

upgrading them based on ME’s internal and external business environment. This 

entailing to grasp the individual MEs strategic objectives, in the leapfrogging the I4.0 

adoption across multiple objectives and horizons of maturity. 

6.4 Implications of this Study 

The findings in this study have contributed to the understanding of the current status 

of adoption of I4.0 in the manufacturing sector in Tanzania. It has uncovered the 

dimensions which were eventually the building blocks of developing the 

LFADOPTION94.0 model. These finding when reflected on their value into the 

manufacturing ecosystem in Tanzania, their impact in leapfrogging the adoption of 

I4.0 could be stepwise and calculated for adopters. This study has yielded findings that 



81 

 

indicate the manufacturing sector in Tanzania can benefit from I4.0 just like it has so 

far benefited other pioneers. Further, Leapfrogging is the only strategy which could 

speed up the process of adoption of I4.0 in the country. The findings concur with and 

provide both theoretical and practical implications for all who are in the manufacturing 

sector in general. This research following the findings as revealed above has the 

following policy proposals for considerations as it requires the adoption of a Triple 

Helix principle (involving the government, academia and private sector) in the 

preparing and building capabilities for the adoption of I4.0 in Tanzania’s 

manufacturing sector. The implications are as follows: 

 Dealing with Displacement of Jobs and Creation of New Jobs 

It is a fact that I4.0 (because of automation, and digitization, AI, big data, and cloud 

computing) causes displacement of some specific jobs. But further, new jobs of the 

future are being created in and across the industry. Because of this, there is a need of 

the stakeholders involved (the government, academia, and the private sector) to 

understand the characteristics of the workforce of the future and diligently plant for 

this future. As it is projected that by 2022 human being will only perform 58 per cent 

of the hours while machines will take 42 per cent (Cilliers, 2018). 

 Curbing the Demand of Future Workforce Professional Requirements 

The stakeholders in the triple helix must carb future demand for a workforce with a 

hybrid of professionals in science and technology with human and social sciences. 

Tanzania must accommodate a multi-disciplinary education to achieve this. 

Universities should introduce degrees and technical education packages to incorporate 

skills to prepare for the future workforce.  Imagine a degree programme that is tailor-

made to combine a hybrid of Politics, Economics, and Technology. 
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 Transforming the Current Workforce through Retraining 

We have realized that I4.0 will bring new skills, displace some specific jobs, therefore, 

the workforce must be re-trained, and get re-skilled. This is the responsibility of 

Universities and colleges working hand in hand with the private sector.  Therefore, 

Tanzanian universities and colleges must introduce programmes that will sharpen, 

upskill, retrain and transform the current workforce because the labour market 

landscape is changing as the transformation of I4.0 are unfolding and career paths are 

going to be disrupted significantly. Future organizations will require a hybrid 

workforce with a skill set in any of the following: marketing and data analysis, or 

mechanical engineering with design and programming, management and 

manufacturing optimization. Universities and colleges must develop modules and 

qualifications to ensure that students are equipped with skills for the employment of 

the future. University must provide consultancy services dedicated to technology 

research and technology transfer which aligns the real-world needs, trends, and local 

business environment. 

 Formulation of the National Tanzania 4.0 Strategy 

Tanzania has not established whether the country has a pure Industry 3.0 status or it is 

transforming to I4.0. Nevertheless, there is a need to propose a policy statement for 

the National Strategy for I4.0 Adoption (Tanzania 4.0). This strategy will come amid 

when the I4.0 paradigm is mobilizing, we should prepare as a nation. 

The implementation of I4.0 (Viwanda 4.0) has some challenges, and countries at the 

forefront have made I4.0 a priority adopting large-scale I4.0 policies to increase 

productivity and competitiveness and improve the high-tech skills of the workforce. 

Industrialized nations have been implementing I4.0 since the early 2010s; for instance, 

the United States of America (US) introduced the “Advanced Manufacturing 

Partnership (AMP) in 2011”, German launched the “High-Tech Strategy 2020” and 

the “I4.0” in 2012, whereas in 2013 the United Kingdom (UK) launched the 
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“Manufacturing of the Future – 2050”, and in 2015 China launched the “Made In 

China 2025” and the Internet Plus Strategies” (Leurent, et al., 2018; Machado, et al., 

2019). 

 Need for Adoption of I4.0 at Regional Level 

East African Community (EAC) and Southern Africa Development Cooperation 

(SADC) member states need to look at I4.0 as a catalyst for economic progress geared 

at a regional integration adoption of transformational technologies such as AI or the 

IIoT. This can be achieved by ensuring at regional levels we update and retrain the 

workforce skills in the transformational I4.0 technologies, coherent leadership and 

building capabilities on basic infrastructure that will make a seamless adoption of I4.0.  

6.5 Limitations of the study  

This study was prone to some methodological limitations, which in one way or another 

has a great impact on the outcome of this study. Therefore, the researcher realizes the 

following limitations to this study, which however were dealt with succinctly and 

directly whenever they were identified in the course of performing the study (Singh & 

Masuku, 2014). One being of the sampling errors limitations, the study intended to use 

probability sampling techniques, which, however, might have yielded the sample that 

did not reflect appropriately the population of interest. Despite this challenge, was 

mitigated by accessing appropriate sampling frame from the CTI, and BRELA which 

could give appropriate respondents, just like proposed by (Singh 2006, Price & 

Murnan, 2014). 

Another limitation is that data collection techniques used by the researcher in one way 

or the other were discovered during the data analysis, that the data collected or the 

variables were measured impacted negatively the researcher's ability to perform a 

thorough analysis of the result. This was a resultant of the case that the questionnaire 

included questions that were asked from a different perspective, but such questions 
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would have been better asked from another perspective or important question(s) may 

be left out (Jones, et al., 2003; Singh (2006); Akbaryan, 2013; Singh & Masuku, 2014). 

Limited access respondents and data: It has been asserted by this study it is was 

possible and it was faced by challenges of accessing appropriate respondents, which 

as caused by the outbreak of COVID-19 pandemic during the execution of this study. 

To mitigate these challenges, the research design was restructured partly, for the 

COVID-19 issue, a google form was designed and sent via email to respondents. 

Concerning access to data it the questionnaire was redesigned partly. Therefore, the 

study’s emphasis to guarantee reliable and valid findings regardless of this limitation. 

Further, the researcher realizes during the planning and execution of this research 

protocol may have caused some of the limitations to this study - either be errors caused 

indirect or direct by the researcher. Efforts were taken to mitigate such errors from the 

researcher and their impact on the study as a whole. 

6.6 Areas for further research 

Practitioners should consider investigating further how can the government role and 

private sector desire to adopt I4.0 can be aligned based on this conclusion. Further 

research needs to be conducted for a better understanding of the implications of these 

findings. Further, the effects of the relationship between Technological Leapfrogging 

Theory and alignment of ‘Tanzania ya Viwanda’ agenda is blurred, and so further 

research must be conducted. Smart Manufacturing adoption is a rising trend for both 

developed nations, and even more infant in developing nations, for the academic 

fulfilment of adding more knowledge to this field, there is a need for more studies to 

consider this aspect. Further, consider a business has started to adopt I4.0, further 

studies need to be conducted as to how do businesses can be successful in an I4.0 

business climate? 
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8. APPENDIX 

 

Appendix I: Intercept-Only Logistic Model (M0)  

 LFADOPTIONI40 Coef. St.Err. t-value p-value [95% Conf. Interval]  Sig 

Constant 1.327 .168 2.24 .025 1.036 1.7 ** 

 
Mean dependent var 0.570 SD dependent var  0.496 

Pseudo r-squared  -0.000 Number of obs   256.000 

Chi-square   -0.000 Prob > chi2  . 

Akaike crit. (AIC) 351.812 Bayesian crit. (BIC) 355.357 

*** p<.01, ** p<.05, * p<.1 

 

Source: Survey Data, 2020. 

 

Appendix II: Questionnaire 

Part 1. Respondent Business Background: 

Company Name:  

District:  

Average Capital (TZS):  

Number of Employees including contracted, part time and temporary :  

Average Annual Revenue ( TZS ):  

Department:  

Position of the person answered:  

 

1. Are you aware of Industry 4.0? (Pl.  in the box) Yes  No  

2. Do you agree, Leapfrogging Adopting Industry 4.0 technologies is 

the best strategy? 

Yes  No  

3. Have you started implementing Industry 4.0 in your organization?  Yes  No  

If Yes, Which Year?  
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Part 2: Assessment of Strategy Level 

4. Does your company or you believe the following are the reasons for not 

implementing I4.0? (Pl.  in the box) 

Implementation Challenges Yes No 

Company is not fully aware of Industry 4.0 and associated technologies   

Did not know where to start   

Employees are interested but not empowered   

Employees are not ready to change to new practices   

Management is not interested in implementing Industry 4.0   

No consultant is available for guidance and implementation   

No proper training is provided to employees   

The investment requirement is high for implementation   

No government support for the adoption of Industry 4.0 and associated technologies   

5. How would you describe the implementation status of your Industry 4.0 strategy? 

 No Strategy Exists 

 Pilot Initiatives Launched 

 Strategy in Development 

 Strategy Implemented 

Importation of Technologies 

Parameter Yes No 

Does your company import unpacked technologies (parts, components and/or 

operational technologies?) 

  

Legal and Regulatory Capabilities 

2. Building on Capabilities for I4.0 Adoption 
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6. How do you rate these parameters about government catalyst for I4.0 technologies 

adoption? 

Parameter 

Not Existing Initiatives 

Implemented 

Developing and Implementing Friendly Legal and 

Regulatory Framework (Industrial and 

Technology Policies.) 

  

Research and Development Capabilities 

7. What is your position on the following capabilities 

Parameter Yes No 

Do you have an R&D programme at your company?   

Do you have a budget set for the R&D programme?   

How much is the absolute amount for the R&D budget 

annually? 

Tsh. 

Investment Area Capabilities 

8. In which parts of your company have you invested in the implementation of 

Industry 4.0 in the past two years, and what are your plans for the next five 

years? 

 Investments in the past 2 years Investments in the next 5 years 

 Large 

(3) 

Medium 

(2) 

Small 

(1) 

None 

(0) 

Large 

(3) 

Medium 

(2) 

Small 

(1) 

None 

(0) 

 Research & Development         

 Production/ Manufacturing         

 Purchasing         

 Logistics         

 Sales         

 Service         

 IT         

 



98 

 

Technological and Human Capital Capabilities 

9. What kind and level of competence that your company will need for current 

and potential employees when it comes to Industry 4.0? 

 Low Strong 

IT infrastructure   

Automation technology   

Data analytics   

Data security/communications security   

Development or application of assistance systems   

Collaboration software   

Non-technical skills: Systems thinking Process 

understanding, or Collaboration 

  

Mobile end devices   

Big data to store and evaluate real-time data   

Cloud technologies as scalable IT infrastructure   

Machine to Machine (M2M) communications   

 

Part 3: Assessing the Current Adoption Level of Industry 4.0 

10. Does your company allow the customer to co-design the product or service 

experience to suit their context? 

 Yes No 

Product   

Service   

Product/Service Integration   

Equipment Infrastructure 

11. How would you evaluate the adaptability of your current equipment infrastructure 

when it comes to the following functionalities from an Industry 4.0 perspective? 
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 Not relevant Relevant,  but 

not upgradable 

Upgradable High, as functionality 

already available 

Machine-to-Machine 

(M2M) communications, 

with Interoperability: 

Integration and 

collaboration with other 

machines/ systems 

possible 

    

Distributed control 

12. Does your company already have use cases in which the production-line responds 

to changes and/or guides itself autonomously/automatically through production in 

real-time? 

 Yes, cross-enterprise 

 Yes, but only in selected areas 

 Yes, but only in the test and pilot phase 

 No 

Digital model of factory 

13. Digitization of factories makes it possible to create a digital model of the factory. 

Which data about your machinery, processes, and products, as well as malfunctions 

and their causes is,are collected during production, and how is it collected? 

Parameter on Data Yes, Manually Yes, Automatically No 

Inventory data    

Manufacturing throughput times    

Equipment capacity utilization    

Quality Management    

Employee utilization    

Quality Control data    

Overall Equipment Effectiveness 

(OEE) 
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Vertical and horizontal integration 

14. Where have you integrated cross-departmental information sharing into your 

system, and to your external stakeholder?  

 Internally between 

departments 

Externally with customers 

and/or suppliers 

 Yes No Yes No 

Research and development (R&D)     

Production/ manufacturing     

Purchasing     

Logistics     

Sales     

Finance/accounting     

Service     

IT     

Data and communications security 

15. How is your IT organized? 

 No in-house IT department (service provider used) 

 Central IT department 

 Local IT departments in each area (production, product development, etc.) 

16. How far along are you with your IT security solutions? 

 Solution 

implemented 

Solution in 

progress 

Solution 

planned 

Not relevant 

for us 

Security in internal data storage 

and communication 

    

Security of data through cloud 

services 

    

Security of communications for 

data exchange with business 

partners 
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17. Are you already using cloud services like software, data 

analysis or data storage? 

Yes No 

18. How advanced is the digitization of your production equipment (sensors, IoT 

connection; digital monitoring, control, optimization & automation)? 

 1 (Purely physical factory – Production equipment is entirely cut off from 

IT systems and no real-time information can be gathered) 

 2 (Low digitized factory – Interconnected production equipment allows for 

IT-access and information is fed into some machine in the factory) 

 3 (Medium digitized factory – Interconnected production equipment allows 

for IT-access and information is fed for some part of the production in the 

factory) 

 4 (High digitized factory – Interconnected production equipment allows for 

IT-access and information is fed into a virtual representation only for the 

main productions of the factory) 

 5 (Fully digitized factory – Interconnected production equipment allows for 

IT-access and information is fed into a virtual representation of the factory) 

19. Do you analyze the data you collect from the usage phase? 

 Yes 

 No – we collect the data but do not analyze it 


