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Abstract: The aim of the article is to present and analyze the design thinking method as an 
innovative way of teaching on an academic level in the era of the fourth industrial revolution. 
This method is becoming increasingly more popular. It can be used in both small and large 
enterprises, for example in the management of innovative projects. A report prepared by the 
World Economic Forum indicates that the most important skills required of the current  
and future workforce are analytical thinking and innovativeness. Therefore, higher education 
institutions should take the responsibility for preparing graduates to design and implement in-
novations, for example by using the Design Thinking method. The article presents the original 
assumptions of the Innovative Product Design and Development course prepared as part of the 
MSIE4.0 project., which is funded within CBHE ERASMUS+ actions. The main objective of 
the course is to develop the conceptual design of a product with the support of creative thinking 
techniques and entrepreneurial problem-solving approaches. During the course, the focus is on 
identifying customers’ needs, generating innovative concepts and creating product prototypes.  
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Introduction 

Industry 4.0 (I4.0) is currently one of the most discussed topics in the business 
sector as well as academic and R&D sectors. The overall vision of I4.0 is to join 
together the most up-to-date technological breakthrough innovations with intelli-
gent, fully automated and AI-driven production systems, which leads to the integra-
tion of both the virtual and physical worlds and, as a requirement and a consequence, 
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ensures more efficient use of information resources. This assumption shows the op-
portunity to achieve intelligent and flexible production that would enable adaptation 
to the dynamically changing needs of customers (Zawadzki, Żywicki 2016, p. 105). 

I4.0 refers not only to technologies, but also to new ways of working and new 
roles of employees in the industry. To put it simply, the role of humans in the I4.0 
era should be focused on designing, managing and controlling the production pro-
cess, which should automatically proceed within integrated systems. The specific 
role of engineers should be underlined here since it is their responsibility to appro-
priately design and adapt to innovative technologies and solutions, and, in conse-
quence, to create, apply and contribute to new I4.0 business models (Raport Smart 
Industry Polska 2019, p. 8). Due to the dynamic changes resulting from I4.0  
advancements in global and national scales, a gap between I4.0 needs, the current 
requirements of employers as well as the competences and skills of engineers can be 
observed. This could be directed to newly graduated engineers that are looking for 
their first jobs, as well as to already experienced and employed engineers (Azmi, 
Kamin, Noordin 2018, pp. 519-520; Raport Smart Industry Polska 2019, p. 11).  

According to the World Economic Forum report (The Future of Jobs Report 2018, 
pp. 11-12) the most important skill that is required for current and future I4.0 jobs is 
analytical thinking and innovativeness. The skills that are expected to gain more  
importance in 2022 in comparison to 2018 are: an active learning ability and learning 
strategy, creativity, originality and initiative, as well as proficiency in designing and 
programing new technologies. Aside from those skills of growing importance, the set 
of currently appreciated skills with critical thinking, complex problem solving  
and leadership skills, remains on top (Table 1). Identification of the specificity of the 
demanded skills for I4.0 should indicate the current development path for engineering 
education development as well as life-long learning opportunities.  

Table 1. Top ten most important  employee skills in 2018 and 2022  

No. 2018 2022 

1. Analytical thinking and innovation Analytical thinking and innovation 

2. Complex problem solving Active learning and learning strategies 

3. Critical thinking and analysis Creativity, originality and initiative 

4. Active learning and learning strategies Technology design and programming 

5. Creativity, originality and initiative Critical thinking and analysis 

6. Attention to detail, trustworthiness Complex problem solving 

7. Emotional intelligence Leadership and social influence 

8. Reasoning, problem solving and ideation Emotional intelligence 

9. Leadership and social influence Reasoning, problem solving and ideation 

10. Coordination and time management Systems analysis and evaluation 

Source: (The Future of Jobs Report 2018, p. 12) 
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According to the abovementioned expectations, the role of the academic sector 
should be focused on competence-based education of future employees with support 
of continuous learning, innovation and transdisciplinary cooperation. These assump-
tions were introduced within the project entitled “Curriculum Development of Mas-
ter’s Degree Program in Industrial Engineering for Thailand Sustainable Smart  
Industry” (Master of Science i Industrial Engineering 4.0 – MSIE4.0). The imple-
mentation of this project should contribute to narrowing the gap between the market 
expectations and current profiles of graduates, and therefore, to meeting the chal-
lenges of the I4.0 development concept (Nitkiewicz, Ayen 2018, p. 1; Nitkiewicz  
et. al 2019, pp. 661-662). The objective of the paper is to verify whether the method 
of design thinking, perceived as an innovative way of education, could contribute to 
the process of reorienting higher education to the new skill set for I4.0 engineers.  
The paper presents the possible contribution on the basis of an Innovative Product 
Design and Development course that has been developed within the MSIE4.0 cur-
riculum.  

The concept of product innovation 

The knowledge-based economy and I4.0 development are prioritizing the activities 
focusing on innovation, technological breakthroughs and knowledge absorption mech-
anism improvements. Therefore, the implementation of innovation stimulating  
solutions, both through public policies as well as educational strategies, could be  
a source of competitive advantages for industry. Innovation could be defined as a se-
quence of activities that leads to the production of new and improved products, as well 
as organizational and technological processes (Szymańska 2017, pp. 694-700). Inno-
vations are classified into product innovation, process innovation, marketing innova-
tion and organizational innovation (OECD / European Communities 2005, pp. 35-49). 

The role of product innovation seems to be vital and somehow integrative from 
the I4.0 perspective. Product innovation could be a result of the autonomous R&D 
efforts of a company, its cooperation with other business and R&D units, or could 
be the purchase of a ready-to-use solution in nonmaterial (patent, industrial design 
or license) or material form (prototype, equipment or machinery). From the perspec-
tive of consumers, product innovation is defined through its market perception and 
its sales numbers (Roehrich 2004, pp. 671-677).  

The process of product innovation design and implementation seems to have be-
come an increasingly more complex task nowadays. It is related to the success rate 
of product innovation and its influencing factors. Chesbrough (2003, pp. 93-135) 
argues that the success of product innovation is dependent on the rate of satisfying 
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consumers’ needs, but also on its correlation to the product-related absorption ca-
pacity of the market. On the other hand, fast paced economic, social, political  
or environmental changes somehow force the development of product innovation 
and give it an unprecedented pace. Unfortunately, this challenge for the entrepre-
neurial sector has many obstacles and barriers, including the high level of bureau-
cracy in gaining access to external funds, an imperfect education system that does 
not pay enough attention to the innovation-generating skillset, insufficient cooper-
ation between industry and the academic sector, lack of human resources special-
ized in launching and implementing innovation processes, lack of complex inno-
vation development programs and clear strategies of implementing them, lack  
of clarity and long-term stability in innovation-supporting laws and regulations. 
The role of product innovation in the economy is somehow limited but still, from 
the company perspective, it is vital to  maintain good relationships with customers 
(Szul 2016, pp. 224-229). 

In order to achieve the best possible impact of innovation, with regard to both 
individual and public perspectives, it is important to introduce activities that would 
encourage entrepreneurs to undertake product innovation development. The set of 
such activities should include public support of innovation, a clear and accessible 
financing system, promotional activities or education. It is quite obvious that higher 
education plays a key role here by providing courses oriented to product innovation 
design, assessment and implementation. The saturation of engineering studying pro-
grams with product innovation related content should be a priority in innovation-
supporting educational strategy. The content should be specific with regard to stud-
ying programs and the industries that absorb its graduates. Product innovation related 
education should include new problem-solving methods, a wide spectrum of product 
design approaches, consumer-oriented product development and an understanding 
of market responses to it.  

Design thinking – a method of creative problem solving  

Design thinking is a method of a systemized approach to the innovation imple-
mentation process. The method is focused on deep understanding of consumers’ 
needs. It can contribute to the development of innovative and extraordinary solutions 
with educational programs, services or products. The method was created at Stanford 
University in order to transfer academic knowledge to the entrepreneurial environ-
ment in the Silicon Valley. One of the authors of the design thinking method is  
Prof. David M. Kelley. He is the founder of the IDEO design office that is engaged 
in using the design thinking approach in developing the new products of such com-
panies as Apple, Shimano and General Electric (Educational materials 2017). The 
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definition of the design thinking approach is not unambiguous in the literature. There 
are several quite different descriptions and characteristics of the method, i.e. 
“Searching for a balance between business and arts, structure and chaos, intuition 
and logic, concept and its implementation, flexibility and formalization or control 
and empowerment” (Mootee 2013, pp. 26-38). 

Design thinking is not a linear or cascade process. It is an iterative process. It can 
lead through many trials, turns, and returns to a complex solution. The method  
can be used in a diversity of businesses, including both private and public types.  
The group of companies that has adopted the design thinking approach is growing 
and includes, among others, the following examples VOX (furniture), Ergo Hestia 
(life insurance), Amica (home appliances), Tymbark (fruit and vegetables pro-
cessing), Kamis (spices), TV “n” (broadcasting service), Allegro (Internet-based re-
tailer), IKEA (home furnishings) or banks. The  design  thinking process includes 
several stages (Table 2).  

Table 2. Stages of design thinking process 

Stage Characteristics 

Discovering  
and defining 

Identification, understanding and clear definition of the problem. Overview 
of the problem from the perspective of consumer experiences and real needs. 

Creating 
Focus on consumer (real problem and real needs). Generation of multiple  

potential solutions and designing unique value. 

Prototyping  
and testing 

Moving from the idea to the prototype and testing the potential solution.  
This stage is focused on verifying the proposed value, quickly learning  

and improving the proposed solution. 

Implementation 
Preparing the company and consumers to disseminate the innovation through 

designing the change, communication and indicators enabling assessment 
 of the implementation results and improving the solution. 

Source: Authors’ own study based on (www.interaction-design.org; Educational materials 2017) 

One of the basic assumptions of the design thinking approach is based on fo-
cusing on the consumer, which enables full understanding of the underlying needs. 
Another important issue of the design thinking approach is the engagement of  
interdisciplinary teams as well as experimenting and testing proposed solutions 
versus real-life conditions. The specificity of the design thinking approach allows 
the use of diversified tools at every one of its stages (Table 3) (Alves, Nunes 2013, 
pp. 215-229). 
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Table 3. Examples of tools used at each stage of design thinking method 

Stage Potential tools 

Discovering  
and defining 

value map, interviews (IDI), focus groups, desk research, trends research, 
mental model, empathy probes, customer journey, service ecology,  

experience curve 

Creating 
value proposal, business games, written brainstorming, studio design, design 

sprint, past-future 

Prototyping  
and testing 

storyboard, design sprint, paper prototyping, mockups (lo-fi, hi-fi), models 
(i.e. 3D printing), customer journey map, service blueprint, storytelling 

Implementation 
storytelling, communication plans, defining KPIs, scenarios,  

Sibbet game plan, project chart 

Source: Authors’ own study based on (www.interaction-design.org; Educational materials 2017) 

The solutions and projects that are implemented with the design thinking ap-
proach are assessed from three perspectives: available technology, business and the 
consumer (Figure 1).  

 

 

Figure 1. Assessment perspectives for projects and solutions approached with 
design thinking method 

Source: Authors’ own study based on (http://dtdlafirm.pl/...) 

A common benefit from using the method, as reported by its users, is the increase 
in consumer satisfaction. It is the result of orienting the design process of products 
or services to the requirements and needs of consumers. Working within the design 
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thinking approach could also contribute to an increase in the motivation of design 
teams, and in turn, would boost the creativity of its members. Another virtue of the 
design thinking approach is related to its fast-paced prototyping and testing process. 
Through an encounter with consumers, the possible perception of the product or ser-
vice on the market is verified, and therefore could benefit in saving resources and 
time. On the other hand, working within design thinking is difficult, demanding and 
has some potential pitfalls. It requires the engagement of employees from different 
fields, regularity in following its stages and a creative approach to any issue that is 
raised (Chasanidou, Gasparini, Lee 2014, pp. 27-30). 

Design thinking is a method that could be used in many different organizations 
(companies, public administration, universities). Therefore, it is important to dissem-
inate it among key stakeholders. Students, a future key workforce entering the mar-
ket, belong to one of the most important groups of stakeholders. On one hand, stu-
dents are not yet routinized by every day working activities. On the other hand, they 
are able to easily absorb new competences and have an unlimited potential to affect 
the economic and social reality. It seems that providing an appropriate tool to unleash 
their creativity, strengthen a practical approach and problem-solving skills is a good 
idea to make them more impactful in their future positions.  

Innovative Product Design and Development course as an example  
of an answer to the Industry 4.0 challenge by universities 

The course of Innovative Product Design and Development (IPDD) was devel-
oped within the MSIE4.0 project. Its major focus is on the creative design of product 
innovation. As its major outcome, the products designed by students should find their 
application within Industry 4.0 sectors. The main objective of the course is to de-
velop the creative thinking of the graduates and the discussion of issues related to 
the development and marketing of innovative products, including searching for ideas 
and creating a concept based on creative thinking techniques and methods of entre-
preneurial problem solving, selecting ideas and the development of prototypes, tak-
ing into account user needs and the latest scientific research. 

The MSIE4.0 project applied backward design to the program and course devel-
opment. With regard to the high requirements of contemporary higher education, the 
course development team assumed that the key stage of building the structure of the 
course was to define its learning outcomes (CLO 1 – CLO 8) (Table 4). Learning 
outcomes are defined as the assets of knowledge, skills and social competences that 
are acquired by students in the learning process (Kumpas-Lenk, Eisenschmidt, 
Veispak 2018, p. 180). 
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Table 4.  Assumed course learning outcomes for Innovative Product Design  
and Development as referred to Bloom’s taxonomy levels 

Course Learning Outcomes Level  
of Bloom 

taxonomy: Name: 
Students on completion of this course 

would be able to: 

CLO 1 
identify the basic concepts related to innovations and the idea  

of implementing innovative products 
Apply 

CLO 2 
apply the basic techniques of creative thinking and creative problem 

solving to create innovative product and marketing strategies 
Apply 

CLO 3 identify the benefits of implementing innovations Analyze 

CLO 4 
identify the challenges and opportunities associated with the launch 

of a new product and propose suitable strategies depending  
on the product and situation 

Analyze 

CLO 5 
prepare a conceptual product design taking into account user needs 

and the latest scientific research 
Create 

CLO 6 
valorization, capitalization and protection of original solutions  

obtained from creative activity 
Evaluate 

CLO 7 
create and co-ordinate cross-disciplinary teams to achieve  

a common objective 
Create 

CLO 8  
present an entrepreneurial and creative attitude towards seeking  

various solutions to a problem 
Apply 

Source: Authors’ own study 

An appropriate definition of course learning outcomes requires changing the way 
of thinking with regard to the educational process. Additionally, it requires some 
proficiency in its supporting tools. One of the tools is Bloom’s taxonomy that pre-
sents the hierarchy of ever more complex processes that the student should be able 
to adapt to. Bloom proposed his classification based on the diversification of three 
learning domains: cognitive, psychomotor and affective. In each one of the domains 
the hierarchy of complexity levels of learning outcomes was developed. The hierar-
chy of competencies referring to the cognitive domain includes six major categories 
of the cognitive process:  
 Knowledge 
 Comprehension 
 Application 
 Analysis 
 Synthesis 
 Evaluation 



 Design Thinking in Innovative Teaching in Industry 4.0 

31 

Knowledge is the lowest, most basic level and above it there are more demanding 
ones; in the sense of competences the levels build up. Bloom’s taxonomy represents 
the holistic and multilevel character of the learning process. Each one of the levels 
is affected by the competencies supposedly acquired on the lower levels (Jawor, 
Szczupaczyński 2011, pp. 76-77).  

Working on course and program development in higher education has become  
a demanding task nowadays, and teachers are required to appropriately design sup-
portive conditions for the learning process and guarantee that students achieve the 
course learning outcomes. It certainly requires the application of innovative teaching 
methods that would contribute to the development and verification of higher-level, 
practice-oriented competences, which are required by Industry 4.0 employers (Koh 
et al. 2015, pp. 33). Bearing that in mind, we undertook the effort to match and assess 
the relationship between the course learning outcomes of the IPDD course with the 
five key competencies that will supposedly be required by employers in the forth-
coming years (The Future of Jobs Report 2018, pp. 11-12) (Figure 2).  

 

Figure 2.  Relationship between IPDD course learning outcomes with key  
competencies of future employees  

Source: Authors’ own study 
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As shown above, the IPDD course learning outcomes show a high level of rela-
tionship with 4 out of the 5 top competencies of future employees. Only technology 
design and programming remain outside the scope of the IPDD course, having  
a weak or rather moderate relationship level. Since the IPDD course is a part of the 
MSIE4.0 curriculum, it could be assumed that this specific competence would be 
achieved through different courses that have more engineering and ICT-oriented pro-
files.  

Conclusions 

All over the world we can observe the dynamic process of moving towards  
a knowledge and data-based economy with the support of modern technologies.  
The innovation design and application process is one of the most significant factors 
of economic development. Therefore, research in many different countries is focused 
on searching for new sources of knowledge and introducing innovative methods that 
would support the development process of a modern economy. Tracking and imple-
menting innovative solutions is a complex issue and certainly requires streamlined 
support from the education sector. Setting new educational goals and strategies 
should be correlated with the development of new technologies and the dynamically 
changing needs of consumers. The  Innovative Product Design and Development 
(IPDD) course was developed within the MSIE4.0 project. Its major focus is on the 
creative design of product innovation. As its major outcome, the products designed 
by students should find their application within Industry 4.0 sectors. 

In the proposed course, the assumption is made that students after finishing it 
should be familiarized with basic creative thinking and problem-solving techniques 
that would provide them with the necessary skillset to create product innovation and 
marketing strategies, identify the challenges and opportunities related to innovation 
implementation  and the market reaction to it. Graduates should be capable of pre-
paring a product design concept that takes into account the needs of consumers  
and is aligned to the technology development level within the field. Students should 
gain analytical skills and the ability to use them in practice, especially within the 
participation and coordination of interdisciplinary project teams. More attention 
should be paid to teaching methods that would support the development of those 
analytical skills and creative thinking competencies. One of such methods is cer-
tainly design thinking that stimulates different competencies and provides a perfect 
training ground to test them. The dissemination of the design thinking approach 
could significantly contribute to improvement of the role of higher education in the 
process of making the Industry 4.0 vision come true.  
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DESIGN THINKING W INNOWACYJNYM NAUCZANIU 
W DOBIE PRZEMYSŁU 4.0 

Streszczenie: Celem artykułu jest przedstawienie i analiza metody Design Thinking jako 
sposobu innowacyjnego nauczania na uczelniach wyższych w dobie czwartej rewolucji 
przemysłowej. Metoda ta jest coraz bardziej popularna. Wykorzystywana może być za-
równo w małych, jak i dużych przedsiębiorstwach m.in. przy zarządzaniu innowacyjnymi 
projektami. Raport opracowany przez World Economic Forum wskazuje, że najważniejszą 
umiejętnością wymaganą od aktualnych lub przyszłych pracowników jest analityczne my-
ślenie oraz innowacyjność. Dlatego tak istotna jest edukacja na uczelniach wyższych z za-
kresu wdrażania i projektowania innowacji m.in. przy pomocy metody Design Thinking. 
W artykule zostały zaprezentowane autorskie założenia kursu Innovative Product Design 
and Development przygotowanego w ramach projektu MSIE4.0. Głównym celem kursu 
jest opracowanie koncepcyjnego projektu produktu w oparciu o techniki kreatywnego my-
ślenia i sposoby przedsiębiorczego rozwiązywania problemów. W trakcie realizacji kursu 
nacisk został położony na identyfikację potrzeb użytkowników, generowanie nowatorskich 
koncepcji i tworzenie prototypów produktu. 

Słowa kluczowe: Design Thinking, szkolnictwo wyższe, Przemysł 4.0, innowacyjne po-
dejścia w projektowaniu  


