Assessing Industry 4.0 Maturity in Sri Lanka’s Industrial Sector:



Abstract
Unlike previous industrial revolutions, the fourth industrial revolution enforced to alter existing industrial benchmarks for more advanced technological based paradigm shift, alarming all economies to redesign the conventional industrial policy. Accordingly, the integration of advanced technologies demonstrated succeeding industrial sector performance in developed countries with redefining and reshaping productivity, competitiveness, and value creation etc. However, empirical evidence from developing countries remains confined to primitive technology adaptation due to various causes. The study focuses on the gap, examining the progress of adapting five key advanced technologies in the industrial sector in Sri Lanka in terms of Industry 4.0 maturity. 
A quantitative research design is employed, using 30 firms operating in the industrial sector Sri Lanka, collected through stratified sampling to assess the maturity of adapting five key technologies- artificial intelligence, internet of things, cloud computing, big data analytics, and 3D printing. The Industry 4.0 Maturity Index was utilized to evaluate the maturity of adapting five key technologies and the correlation analysis was adapted to examine the relationship between technology adoption and industrial performance outcomes.
The findings indicate that Sri Lanka’s industrial sector reveals moderate level according to Industry 4.0 Maturity Index, indicating early phase of digital transformation, urging serious attention of policy makers and industry practitioners. Significant positive correlations between technology adaptation and industrial performance outcomes were identified in relation to big data analytics, internet of things, cloud computing, and 3D printing. However, the adaptation of artificial intelligence and industry performance did not imply statistically significant correlation, indicating uneven distribution of five key technologies across firms and the gap between developed and developing economy’s industrial observers. 
The study contributes to limited empirical literature on Industry 4.0 adaptation in developing economies by supporting evidence-based context from Sri Lanka’s industrial sector. The findings further urge the necessity of a national roadmap to align industrial sector with long- term macroeconomic deliverables of Sri Lanka. Policy makers and practitioners can rethink strategy formulation to accelerate digital transformation to enhance industrial competitiveness through value addition. 
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Introduction
The impact of the fourth industrial revolution is significantly differentiated among others due to its technological impression towards macroeconomic performance. (IPS, 2019) Accordingly, industrial revolutions marked significant junctures in human civilization influencing the mode of production and consumption. Digitalization originated with the third industrial revolution and expanded its wings with the support of key technologies launched in the fourth industrial revolution. Adaptation of key technologies has been the accelerator not only for industrial growth but also for contemporary digital citizenship. Artificial intelligence, internet of things, cloud computing, big data analytics, and 3D printing transformed the way of doing production and consumption. (Basu & Bhowmick, 2023)  
Sri Lanka has already taken sizable measures of adapting fourth industrial revolutionary technologies among agriculture, industry, and service sectors. In addition, a separate ministry to initiate and advocate digital affairs, with the objective of hastening digital citizenship in 2030. DIGICON 2023 is the government strategic initiative to digitally empower the economy for innovation, inclusion and sustainable growth. (Ministry of Technology, 2024)
The purpose of the study is to assess the progress of positioning the fourth industrial revolution in Sri Lanka with respect to the industrial sector.  The scope of the study confines to the adaptation of five key technologies (artificial intelligence, internet of things, cloud computing, big data analytics, and 3D printing). Progress is technically assessed via maturity of utilizing technologies for various institutional activities. The specific objectives are listed below. (i) to assess the current state of adoption and awareness of Fourth Industrial Revolution technologies within the industrial sector in Sri Lanka, (ii) to identify the opportunities and challenges that Sri Lanka faces in leveraging the Fourth Industrial Revolution for socio-economic development, (iii) to analyse how existing policy frameworks and infrastructure in Sri Lanka support or hinder the advancement of the Fourth Industrial Revolution in the industrial sector, and (iv) to propose strategic recommendations for effectively positioning Sri Lanka within the context of the Fourth Industrial Revolution to maximize its benefits.
Literature Review 
Scholars clearly pointed out the gravity of adapting fourth industrial revolutionary technologies as it enables to transform economies to developed versions of economic performance. (Xu, M., David, and Kim, 2018) The concept of fourth industrial revolution initiated as “High Tech Strategy 2020” in Germany, 2011 with the purpose of developing their industries to mitigate the global competitiveness. Thereafter, several economies all over the world, designed and launched national strategies to adapt key technologies as a top priority. (Liao, Yongxin; Loures, Eduardo Rocha; Deschamps, Fernando; Brezinski, Guilherme; Venancio, Andre, 2017)

Table 1.Governmental investments for initiatives related to the fourth industrial revolution
	Country
	Public fund (Value)
	Initiation/ focus

	France 
	1.9 billion Euro (2013-2016)
	Industrial projects 

	Singapore 
	3.3 billion Singapore Dollar
(2016-2020) 
	Research, Innovation and Entrepreneurship lead to Advanced Manufacturing and Engineering 

	United States 
	2.2 billion USD (2013)
	Advanced Manufacturing R&D Projects 

	Taiwan
	36 billion Taiwan Dollar 
(2015-2024)
	Taiwan Productivity 4.0 Initiative

	Europe
	1.15 billion Euro (2014-2020)
	Horizon 2020 “Factories of the Future”  

	Germany
	Until May 2017; 550 million Euro
	Industry 4.0, Support medium sized Companies in digitization, networking etc

	Italy
	2.6 billion Euro (2017-2020)
	Piano Nazionale Industria 4.0

	Spain 
	78 million Euro (2017)
	Industria Conectada 4.0

	United Kingdom
	200 million Pounds 
(2014-2017)
	Additive Manufacturing, Robotic & Autonomous systems, Modeling and Simulation 


Source: Liao et.al, (2017) 
(National Research Foundation -Korea, 2017) indicated five key technologies adapted by major economies in the globe based on the scholarly findings. 
Table 2.five key technologies adapted by major economies
	Ranking
	3D printing
	IoT
	Big data
	Artificial Intelligence
	Cloud Computing

	1
	USA
	China
	USA
	USA
	USA

	2
	China
	USA
	Chaina
	Chaina
	Chaina

	3
	Germany 
	India
	UK
	UK
	Germany

	4
	UK
	Germany
	Germany
	Germany
	UK

	5
	Japan
	Korea
	France
	India
	India


Source: National Research Foundation – Korea, 2017

(Koc & Tecker, 2019) explained the significance of the fourth industrial revolution to economic development. Traditional industries coupled with key technologies such as artificial intelligence lead the development.  Manufacturing industry has been structurally changed by the fourth industrial revolutionary technologies. (Dalenogare, L. S., Benitez, G. B., Ayala, N. F. & Frank, A. G, 2018) The adaptation of technologies emerged in the fourth industrial revolution caused the global production frontier to relocate from the West to the East. (Turel, M. & Akis, E, 2019) Economies such as China, and Indonesia challenged the global competitiveness with relatively less labor, equipped with key technologies of Industry 4.0. (Khan & Turowski, 2016)
(Jayatilake, Hasitha & Withanaarachchi, Amila Suranjeewa, 2016) discussed the significance of adapting fourth industrial revolutionary technologies to the apparel sector in Sri Lanka. Accordingly, three major apparel firms, MAS Holdings, Brandix, and Hydramani working with a cheerful outlook of adapting technological solutions in addition to existing technologies such as 3D printing and ERP system solutions. 
A distinct empirical and knowledge gap observed with respect to Sri Lankan context of adapting the fourth industrial technologies. 
Methodology
The sample of the study consist of 30 firms from the industrial sector, Sri Lanka. Firms adapted at least one of these technologies or more (artificial intelligence, internet of things, cloud computing, big data analytics and 3D printing) were examined. Though the selection of firms based on the stratified sampling technique, the real data collection conducted with the support of snow-balling technique. Deliberately designed questionnaire based on the elements of the Industry 4.0 Maturity Index was used to collect data. The questionnaire consists of eight sections and summarized below. 
Industry 4.0 Maturity Index -2016 has been employed by several scholars to assess the maturity of adapting Industry 4.0. (Schumacher, A., Erol, S. & Sihn, W., 2016) adapted the index to assess the maturity in the manufacturing sector of a given economy. (Özgür O, 2023) adapted the industry 4.0 maturity model to design an innovative model to measure the maturity of digital technology transformation in the metal products industry in Sweden. (O. K. K. Bandara, V. K. Tharaka & A. P. R. Wickramarachchi, 2019) employed the industry 4.0 maturity model by Schuhmacher et al. (2016) to assess the maturity of implementing the fourth industrial revolution in the banking sector, Sri Lanka. (John, H.A.B. & Richard de, J.G.H, 2022) confirmed the validity of the industry 4.0 maturity model for the small and medium enterprises in Bogotá-Colombia. 
Table 3. Composition of the questionnaire
	Section/Section Title
	Data expectation and mode

	1. Introductory section 
	General demographics -Structured questions 

	2. Strategy and leadership 
	Assess maturity status of strategy formulation and implementation by the top management of the firm, to lead technological transformation – Five Scale Likert

	3. Business Models 
	Assess the impact of adopting the key technologies on changing the existing business models of a firm - Five Scale Likert

	4. Adaptation of five key technologies 
	Assess usage of fourth industrial technologies (Five key technologies) four dimensions, product/services, customers, operation, and technology. Twenty-five subdimensions - Five Scale Likert

	5. Post effects of adapting five key technologies 
	Assess the post effect of adopting the five key technologies on various business operational variables – Five scale Likert 

	6. Culture and Employees 
	Assess the organizational culture and employee’s attitudes and preparation of transforming the wok culture – Five Scale Likert 

	7. Potential opportunities to adapt five key technologies 
	Assess prospects / opportunities available for industrial sector firms to adapt five key technologies – Five scale Likert 

	8. Challenges of adapting five key technologies 
	Assess the possible challenges and obstacles to adapt five kye technologies – Five scale Likert 


Source: Author 2024
The quantitative data analysis conducted based on the Industry 4.0 Maturity Index and the correlation analysis. The result of the maturity index is interpreted as very low maturity (1.0-1.5), low maturity (1.51-2.5), moderate maturity (2.51-3.5), high maturity (3.51-4.5) and very high maturity (4.51-5.0). The weights for elements were placed after series of empirical reviews in alignment of Sri Lankan context.  

The equation to determine the weighted average maturity level is indicated below.
MD- Maturity of the Dimension, M – Maturity, 
D – Dimension, S- Sub Dimension      g – Relative importance factor        n – No of sub dimensions 








The adaptation of five key technologies on product/services, customers, operations and employees and post effects of adapting five key technologies on sixteen operational variables such as cost per unit of production, number of steps eliminated in the production process, labor/capital ratio etc. were assessed in the correlation analysis conducted via SPSS at the 95% of confidence level. The following alternative hypotheses were tested in the correlation analysis. 
1. There is a significant impact of using artificial intelligence applications for product/service development, customer management, operational activities, and employee affairs on artificial intelligence-based impact of sixteen operational dimensions in the industrial sector. 
2. There is a significant impact of using big data analytics applications for product/service development, customer management, operational activities, and employee affairs on big data analytics-based impact of sixteen operational dimensions in the industrial sector. 
3. There is a significant impact of using cloud computing applications for product/service development, customer management, operational activities, and employee affairs on cloud computing-based impact of sixteen operational dimensions in the industrial sector. 
4. There is a significant impact of using internet of things applications for product/service development, customer management, operational activities, and employee affairs on the internet of things-based impact of sixteen operational dimensions in the industrial sector. 
5. There is a significant impact of using 3D printing applications for product/service development, customer management, operational activities, and employee affairs on 3D printing-based impact of sixteen operational dimensions in the industrial sector. 
The data collected through sections four and five of the questionnaires were used for the correlation analysis. Section five of the questionnaire, post effects of adapting five key technologies as the dependent variable and section four, adaptation of five key technologies for product/service, customers, operations, and employees as the independent variable were modelled to run the correlation analysis. 
Results and Findings
The following technological applications were identified within the thirty (30) industrial sector firms in Sri Lanka, based on the primary data collection. 
Table 4. Number of Technological Applications in the Industrial Sector
	Technological Application
	Number of firms

	Artificial intelligence 
	12

	Internet of things 
	21

	Cloud computing
	20

	Big data analytics 
	16

	3D printing 
	05


 Source: Author, 2024
Internet of things and cloud computing are extensively adapted. Availability of digital equipment with internet of things attributes among individuals and relatively affordable prices have been key reasons. Cloud computing is the reasonable financial solution for many firms to manage the big data gathered from internet of things. Big data analytics applications are adopted as a combined results of adapting internet of things and cloud computing. Manufacturing firms adapted AI applications, including robots, image processing and sensor systems to upgrade production processes. 3D printing applications are widely adapted in manufacturing, apparel sector and construction firms. However, seventy-four (74) applications of five key technologies in practice noticeably indicate that industrial sector in Sri Lanka progressed with industry 4.0 transforming conventional processes to automated. 






Industry 4.0 Maturity Index Analysis
Table 5. Results - Industry 4.0 Maturity Index Assessment
	Maturity Dimension (M)
	Industry 4.0 Maturity Model -Index
	Weightage (%)
	Weighted Maturity Dimension

	Strategy and Leadership 
	3.06
	25
	0.76

	Business Model 
	3.33
	14
	0.46

	Product/Services 
	2.91
	19
	0.55

	Customers 
	2.91
	14
	0.41

	Operations 
	2.91
	10
	0.29

	Employees 
	2.77
	9
	0.25

	Culture 
	3.59
	9
	0.32

	Overall Industrial sector Maturity 
	
	100
	3.05
Moderately Matured


Source: Author, 2024
The key observation of the industrial maturity measures is the cultural readiness and adaptation of five key technologies. Business models and competition indicate the potential expansion of business operations. Focus and guidance of top management through strategy and leadership drive the adaptation structurally. Moderately matured adaptation of five key technologies for product/service design and digitization, personalization of products, customer relationship management, digital marketing, automation of processes, logistics tracking, and employee information sharing forums etc. are depicted through product/service, customers, operations, and employees’ sections. 




Correlation Analysis 
Table 6. Results -Correlation Analysis
	
Key Technologies in Use
	Correlation coefficient (Technology usage & impact on Industrial sector performance)
	

P value
	

Significance Level

	Artificial Intelligence 
	0.219
	0.246
	0.05

	Big Data Analytics 
	0.719
	0.004
	0.05

	Cloud Computing 
	0.770
	0.003
	0.05

	Internet of Things 
	0.710
	0.003
	0.05

	3D Printing 
	0.867
	0.032
	0.05


Source: Author, 2024
The positive but weak correlation between adaptation of artificial intelligence applications and post effects on operational variables alarms several indications. Substantial vacuum is available to introduce AI applications and redesigned production processes with automated attributes are essential. 
However, the positive and strong correlation coefficients indicate the effectiveness and efficiency of adapting all other key technologies except artificial intelligence. 
Potentials and challenges of adapting five key technologies 
Global competition hinders the industrial sector’s resilience to move forward with existing technologies. Changing market dynamics aligned with generations reflect increased tendency of adapting technology is another prospect. Most significantly, the government strategic initiative to digitize the economy in 2030 originates private sector confidence to move forward. Prevailing educational curriculums and demand for tech-based streams prepare upcoming workforce to drive the change. 
Among the key challenges, the necessity of national roadmap emerged as a critical guiding macroeconomic framework. Unequal infrastructure distribution, lack of infrastructure support, cost of investments, resistance to change, limited market share, constraints in technological literacy, skills gap, and comparatively higher energy prices were surveyed as challenges to adapt key technologies to be aligned with progressing the fourth industrial revolution in Sri Lanka. 
References
Basu & Bhowmick. (2023). In the age of Globalization 4.0: BIMSTEC, Sri Lanka, and Technology. Jadavpur Jouranl of International Relations, 66-89.
Dalenogare, L. S., Benitez, G. B., Ayala, N. F. & Frank, A. G. (2018). The expected contribution of Industry 4.0 technologies for industrial performance. International Jouranl of Production Economics 204(c), 383-394.
IPS. (2019). Gearing up for Fourth Industrial Revolution (4IR. Institute of Policy Standards.
Jayatilake, Hasitha & Withanaarachchi, Amila Suranjeewa. (2016). Industry 4.0 in the Apparel-Manufacturing Sector: Opportunities for Sri Lanka (August 1, 2016). 1st Interdisciplinary Conference of Management Researchers, At Sabaragamuwa University of Sri Lanka,. 
John, H.A.B. & Richard de, J.G.H. (2022). Proposal and validation of an Industry 4.0 Maturity Model for SMEs. Journal of Industrial Engineering and Management (JIEM), 433-454.
Khan & Turowski. (2016). A Perspective on Industry 4.0: From Challenges to Opportunities in Production Systems. International Conference on Internet of Things and Big Data. 
Koc & Tecker. (2019). Industrial revolutions and its effects on quality of life. PressAcademia Procedia (PAP), 9, 304-311.
Liao, Yongxin; Loures, Eduardo Rocha; Deschamps, Fernando; Brezinski, Guilherme; Venancio, Andre. (2017). The impact of the fourth industrial revolution- a cross country/region comparison.
Ministry of Technology. (2024). Digital Sri Lanka 2023, A National Digital Strategy for Sri Lanka. 
National Research Foundation -Korea. (2017). Analysis on research level of the five major platform technologies related to the Fourth Industrial Revolution . 
O. K. K. Bandara, V. K. Tharaka & A. P. R. Wickramarachchi. (2019). Industry 4.0 maturity assessment of the Banking Sector of Sri Lanka. 019 International Research Conference on Smart Computing and Systems Engineering (SCSE). Colombo, Sri Lanka.
Özgür O. (2023). Assessing Industry 4.0 Maturity. A model for manufacturing companies within the Metal products in Sweeden.
Schumacher, A., Erol, S. & Sihn, W.,. (2016). A maturity model for assessing Industry 4.0 readiness and maturity of manufacturing enterprises. Changeable, Agile, Reconfigurable & Virtual Production Conference (pp. 161-166). Elsevier B.V.
Turel, M. & Akis, E. (2019). Industry 4.0 and competitiveness. Research Journal of Business and Management, 6(3), 204-212.
Xu, M., David, and Kim. (2018). The Fourth Industrial Revolution: Opportunities and Challenges . International Journal of Financial Reserach .




image1.emf

image2.emf

