[IIEM

International Journal of Industrial
Engineering and Management

Digital Transformation in Industrial SMEs:
A Holistic Approach to Symbiotic Relationships
with Technology

G. Teixeira? 0009-0000-4509-6075, L.P. Ferreiradb* 0000-0003-4225-6525,

|. Costa Melo® 0000-0002-4210-9325

9 ISEP, Polytechnic of Porto, rua Dr. Anténio Bernardino de Almeida, 4249-015 Porto, Portugal;
b Associate Laboratory for Energy, Transports and Aerospace (LAETA-INEGI), Rua Dr. Roberto Frias 400, 4200-465 Porto, Portugal;
CICN Business School, CEREFIGE - Université de Lorraine, Paris, France

References

(1]
(2]

3]

(4]

6]

(7]

8]

(91

Amaral and P. Pecas, "A framework for assessing manufacturing SMEs Industry 4.0 maturity," Applied Sciences, vol. 11, no. 13,
p. 6127, 2021, doi: 10.3390/appl11136127.
Michna and R. Kmieciak, "Open-mindedness culture, knowledge-sharing, financial performance, and industry 4.0 in SMEs,"

Sustainability, vol. 12, no. 21, p. 9041, 2020, doi: 10.3390/sul2219041.

J. Brodeur, 1. Deschamps, and R. Pellerin, "Organizational changes approaches to facilitate the management of Industry 4.0

transformation in manufacturing SMEs," Journal of Manufacturing Technology Management, vol. 34, no. 7, pp. 1098-1119,
2023, doi: 10.1108/JMTM-10-2022-0359.

K. Hansen, L. Christiansen, and A. H. Lassen, "T'echnology 1sn't enough for Industry 4.0: on SMEs and hindrances to digital
transformation," International Journal of Production Research, pp. 1-21, 2024, doi: 10.1080/00207543.2024.2305800.

R. Riccl, D. Battaglia, and P. Neirotti, "External knowledge search, opportunity recognition and industry 4.0 adoption in SMEs,"
International Journal of Production Economics, vol. 240, p. 108234, 2021, doi: 10.1016/).1jpe.2021.108234.

F. Pirola, C. Cimini, and R. Pinto, "Digital readiness assessment of Italian SMEs: a case-study research," Journal of Manufacturing
Technology Management, vol. 31, no. 5, pp. 1045-10883, 2020, doi: 10.1108/JMTM-09-2018-0305.

S. Khin and D. M. Hung Kee, "ldentifying the driving and moderating factors of Malaysian SMEs’ readiness for
Industry 4.0," International Journal of Computer Integrated Manufacturing, vol. 35, no. 7, pp. 761-779, 2022, doi:
10.1080/0951192X.2022.2025619.

L. Gualtieri, I. Palomba, E. J. Wehrle, and R. Vidoni, "The Opportunities and Challenges of SME Manufacturing Automation:
Safety and Ergonomics in Human-Robot Collaboration in Industry 4.0 for SMEs," Springer International Publishing, 2020, pp.
105-144, doi: 10.1007/978-3-030-25425-4_4.

M. Estensoro, M. Larrea, J. M. Miiller, and E. Sisti, "A resource-based view on SMEs regarding the transition to more sophisticated
stages of Industry 4.0," European Management Journal, vol. 40, no. 5, pp. 778-792, 2022, doi: 10.1016/j.emj.2021.10.001.

[10] D. T. Matt and E. Rauch, "SME 4.0: The role of small-and medium-sized enterprises in the digital transformation,” in Industry

4.0 for SMEs: Challenges, opportunities and requirements, pp. 3-36, 2020, doi: 10.1007/978-3-030-25425-4_1.

[11] F. Amjad, Y. Rao, M. Arif, R. Aftab, S. Baig, and A. U. Rahman, "Towards strategic digital transformation: Manufacturing

sustainability via crowdfunding, business model innovation, and supportive digital culture," International Journal of
Entrepreneurship and Innovation, vol. ahead-of-print, 2024, doi: 10.1177/14657503241286467.

[12] S. H. Bhatti, M. S. Sumbal, A. Ahmed, and I. Golgeci, "Digital strategy for firm performance-mediating role of digital platform

capabilities and digital culture in manufacturing SMEs," Technology Analysis & Strategic Management, vol. ahead-of-print, pp.

1-15, 2024, doi: 10.1080/09537325.2024.2339379.


https://orcid.org/0009-0000-4509-6075
https://orcid.org/0000-0002-4210-9325
https://orcid.org/0000-0003-4225-6525

[13] D. Palade, C. Mgller, and A. K. Hansen, "Enterprise Integration as a Driving Factor for Guiding Digitalization in a Manufacturing
Small and Medium Enterprise,"” Complex Systems Informatics and Modeling Quarterly, no. 39, pp. 48-64, 2024, doi: 10.7250/
csimq.2024-39.03.

[14] 1. C. Melo, G. A. Queiroz, P. N. A. Junior, T. Botelho de Sousa, W. F. Yushimito, and J. Pereita, "Sustainable digital transformation
in small and medium enterprises (SMEs): A review on performance," Heliyon, vol. 9, no. 3, 2023, doi: 10.1016/j.heliyon.2023.
e13908.

[15] J. Brodeur, R. Pellerin, and 1. Deschamps, "Operationalization of critical success factors to manage the Industry 4.0 transformation
of manufacturing SMEs," Sustainability, vol. 14, no. 14, p. 8954, 2022, doi: 10.3390/sul4148954.

[16] S.Joshi, M. Sharma, S. Bartwal, T. Joshi, and M. Prasad, "Critical challenges of integrating OPEX strategies with 14.0 technologies
in manufacturing SMEs: A few pieces of evidence from developing economies," TQM Journal, vol. 36, no. 1, pp. 108-138, 2022,
doi: 10.1108/TQM-08-2022-024.5.

[17] L. M. C. M. da Fonseca, "In search of six sigma in Portuguese SMEs," International Journal of Industrial Engineering and
Management, vol. 8, no. 1, pp. 31-38, 2017, doi: 10.24867/1JIEM-2017-1-104.

[18] R.Zimmermann, A. Soares, and J. B. Roca, "T’he moderator effect of balance of power on the relationships between the adoption
of digital technologies in supply chain management processes and innovation performance in SMEs," Industrial Marketing
Management, vol. 118, pp. 44-55, 2024, doi: 10.1016/j.indmarman.2024.02.004.

[19] 1. C. Melo, G. A. Queiroz, P. N. A. Junior, W. F. Yushimito, and J. Pereita, "Do We Consider Sustainability When We Measure
Small and Medium Enterprises’” (SMEs’) Performance Passing through Digital Transformation?," Sustainability, vol. 15, no. 6,
2023, doi: 10.3390/sul5064917.

[20] A.P.H. Wongand D. M. H. Kee, "Driving factors of industry 4.0 readiness among manufacturing SMEs in Malaysia," Information,
vol. 13, no. 12, p. 552, 2022, doi: 10.3390/info13120552.

[21] M. Sharma, R. D. Raut, R. Sehrawat, and A. Ishizaka, "Digitalisation of manufacturing operations: The influential role of
organisational, social, environmental, and technological impediments," Expert Systems with Applications, vol. 211, p. 118501,
2023, doi: 10.1016/j.eswa.2022.118501.

[22] M. A. Roy, G. Abdul-Nour, and S. Gamache, "Implementation of an Industry 4.0 Strategy Adapted to Manufacturing SMEs:
Simulation and Case Study," Sustainability, vol. 15, no. 21, p. 15423, 2023, doi: 10.3390/sul52115423.

[23] D. L. Bjelica, M. Mihi¢, K. Kav¢i¢, and D. Gosnik, “Relationship between project success factors, project success criteria and
project success in SME: Evidence from selected European transitional economies”, International Journal of Industrial Engineering
and Management, vol. 14, no. 4, pp. 297-310, 2023, doi: 10.24867/1JIEM-2023-4-340.

[24] K. Aliand S. K. Johl, "Driving sustainability in industry 5.0 through sociotechnical approach of quality management," Total Quality
Management & Business Excellence, vol. 35, no. 13-14, pp. 1567-1592, 2024, doi: 10.1080/14783363.2024.2375303.

[25] R. Kumar, G. Dutta, and R. K. Phanden, "Digitalization Adoption Barriers in the Context of Sustainability and Operational
Ixcellence: Implications for SMEs," Engineering Management Journal, vol. ahead-of-print, pp. 1-17, 2024, dor:
10.1080/10429247.2024.2372519.

[26] E. Korneeva, S. Honigsberg, and F. T Piller, "Mass customization capabilities in practice-introducing the mass into customized
tech-textiles in an SME network," International Journal of Industrial Engineering and Management, vol. 12, no. 2, p. 115, 2021,
doi: 10.24867/1JIEM-2021-2-281.

[27] S. Mittal, M. A. Khan, J. K. Purohit, K. Menon, D. Romero, and T. Wuest, "A smart manufacturing adoption framework for
SMEs," International Journal of Production Research, vol. 58, no. 5, pp. 1555-1573, 2020, doi: 10.1080/00207543.2019.1661540.

[28] D. Moher, A. Liberati, J. Tetzlaff, and D. G. Altman, "Preferred reporting items for systematic reviews and meta-analyses: the
PRISMA statement," PLoS Medicine, vol. 6, no. 7, p. 1000097, 2009, doi: 10.1371/journal.pmed.1000097.

[29] X. Huang, J. Lin, and D. Demner-Fushman, "Evaluation of PICO as a knowledge representation for clinical questions," AMIA
Annual Symposium Proceedings, vol. 2006, p. 359, 20006.

[30] M. E. Falagas, E. 1. Pitsouni, G. A. Malietzis, and G. Pappas, "Comparison of PubMed, Scopus, Web of Science, and Google
Scholar: strengths and weaknesses," FASEB Journal, vol. 22, no. 2, pp. 338-342, 2008, doi: 10.1096/1].07-9492L.SF.

[31] G. Guest, K. M. MacQueen, and E. E. Namey, Applied Thematic Analysis. Thousand Oaks, CA, USA: Sage Publications, 2011.



