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Abstract


Industrial design is intrinsically linked to manufacturing; however, what is required of industrial design to adapt to new changes brought on by Industry 4.0 in manufacturing is unknown. Current literature gives little insight into how industrial designers need to evolve to the current developments in manufacturing to remain value drivers in an Industry 4.0 paradigm. There is minimal research describing the link between industrial design, Industry 4.0 and the effect this will have on sustainability. We conducted an extensive survey of 190 respondents from 53 countries to establish the present state of industrial design practice globally and to better understand the priority sustainability is given by practicing industrial designers. Qualitative data showed a desire for improved sustainable processes; however, quantitative data contradicted this, showing “sustainability” as one of the lowest ranked areas of importance in design practice for industrial designers. While sustainability—especially in manufacturing—demands more prominent change as industrial design adapts to an Industry 4.0 manufacturing paradigm, it seems that junior industrial designers do not currently see this as a priority.
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1. Introduction


Establishing close relationships or close partnerships with manufacturers is one way that industrial designers can stay abreast with manufacturing change. It is also an enabler for designers to influence manufacturers to be more innovative, more sustainable and more flexible when working with designers. In the eyes of industrial designers, the aspect of sustainability is not only concerned with ecological issues but also with economic sustainability. However, industrial designers are of the belief that the barrier to be more “sustainable” seems to rest with profit-driven manufacturers. There are existing frameworks showing how to integrate Industry 4.0 alongside sustainability practices into a company [1,2,3]; however, the role of the industrial designer in the process of integration is largely neglected. Although “design” is mentioned in previous literature on this topic, the designers themselves are not included. The survey conducted for this study took the perspectives of practicing industrial designers rather than company managers, and a knowledge gap was apparent when a number of industrial design respondents were unfamiliar with existing frameworks. This study is exploratory and shows that industrial designers need to better understand existing frameworks for Industry 4.0 and sustainable integration to be a driving force in this manufacturing paradigm. This research reveals that it is the systems that surround the manufacturing procedures that are crucial to both ecological and economic sustainability, not only the methods of production themselves, and it is the designer who needs to evolve to design for an Industry 4.0 manufacturing environment. Industrial designers support future manufacturing to be more sustainable; however, current practice suggests this is not the highest priority when designing.



Much of the existing literature within sustainability for Industry 4.0 focuses on the overall manufacturing environment, focusing on a circular economy of supply. Little is discussed in detail about the choices made during the conceptual stage when products are initially designed; this key issue forms one of the main points in our study.



Aim and Objective


The aim of this paper is to investigate how—and what—a meaningful relationship between industrial designers and manufacturers may look similar to in an Industry 4.0 context. Our study surveyed industrial designers globally to understand their position on how they engage with Industry 4.0, as this specific area has been understudied. While the authors acknowledge that within the Industry 4.0 landscape, manufacturing and supply-chain processes are the foci of most research; fundamentally, the role of those processes is to support the production of an object to be purchased and used by a consumer. Through better understanding the involvement of the designer, future efficiencies and better collaborations may be found, resulting in more sustainable outcomes both ecologically and economically. The objective is to provide context from a designer’s perspective as to how sustainability is prioritised and what needs to change as industrial design evolves alongside Industry 4.0. This paper establishes a context, but also provides a guide for which global regions may require further education and awareness for sustainable design and manufacturing practices.





2. Literature Review


The literature search focused on different outlooks on the future of the industrial design profession, with specific attention to industrial design’s link with manufacturing and sustainability issues that arise. [4] mentioned a potential “crisis to the otherwise stable areas of design practice" through Industry 4.0 changes to manufacturing. Reference [5] elaborates that if designers fail to adapt to these developments, “new competencies will emerge to fill the gap left behind”. Since design is closely linked and associated with technology [6] and these technologies are constantly evolving, thus does design [7]. As seen from past research related to the design profession, [4] predicts that industrial design will “mutate” again as it did concurrently with the changes it faced during the 20th century. Reference [8] asks important questions about the meaning of being a designer in the future with concepts such as design networks or open design, and what they will signify for the professional designer if, and when, everybody designs [9]. Therefore, defining industrial design’s core values and manufacturing engagement and the impact this has on being a more sustainable designer helps in determining and futureproofing the profession for the changes Industry 4.0 will bring.



The research presented in this paper is significant for the field of industrial design in highlighting issues in the current state of the product/industrial design practice, as well as understanding the core competencies—and potential areas for improvement—designers require to better prepare themselves for the fourth industrial revolution. The literature identified that the voice of the industrial designer is not prominent, despite the designer being one of the major “actors” in the creation of new products. Reference [6] claimed early on that “design is changing; its products and processes are changing, so too is the role demanded of the designer”. This continues to remain true and presents opportunities to create new product development strategies within an Industry 4.0 paradigm, and for industrial design to remain as a value driver and sustainable contributor in a manufacturing environment [10]. Since design is a vital part of supporting a manufacturing enterprise [11], it is important for industrial designers to understand the changes and opportunities Industry 4.0 presents.



In their handbook [12], the authors split industrial design up into different chapters, i.e.,:



	
design in the context of business;



	
design and manufacturing processes;



	
intellectual property;



	
ergonomics;



	
sustainability;



	
design documentation, etc.






There is a stark difference between what industrial designers do versus what they achieve within product development. The contemporary industrial design definitions are primarily outcome focussed, and do not touch on tacit processes designers employ to achieve physical outcomes. Although these “outside” definitions portray industrial design’s strengths they fail to show the whole picture. The understanding of sustainability as an essential value, results from a coming to consciousness in the field of engineering and design [13,14]. The author of [13], who wrote a seminal article published in Design Issues, Design for a Sustainable World, argues for change:




Design will change through a coming to consciousness of its individual practitioners. Broad proposals and visions are a stimulus to this process but cannot replace the hard sustained work of rethinking one’s identity as a professional. What makes this process so essential right now is the clear evidence that older models of practice are not working.



[13]





Ref. [6] already predicted “post-industrial design”, which in contrast to the conventional non-hierarchical design processes, rather than an autocratic process, sees the product development approach being more transparent and interdisciplinary. Current design practice, however, is still concerned with developing specialised and mass manufactured goods, which are designed for short-term profitability [6]. In contrast, post-industrial design, according to [6], will be a more flexible and inclusive process compared to the more rigid industrial design processes of today. This means the incorporation of a more democratic structure, which is participatory and open to everyone, and which also takes into account the needs of the environment and society into the broader design process [6]. This is further expanded by [15], demonstrating how the end-of-life of a product is considered at the point of product’s conception, certainly a significant evolution from the earlier definition by [6].



Ref. [6] elaborates that post-industrial products ideally might be more generalised, multipurpose tools which are designed to be long-lasting, repairable and more sustainable, while also suggesting that the properties of these post-industrial products will be short-run and customised rather than mass-produced and standardised. Certainly, with the advent of 3D printing and online bureaux that provide these services [16], there is truth to this, however, it is the former point that [6] made that has become prescient. Reference [3] details a commonly held principle in how a product is considered for production within an Industry 4.0 environment, with six key areas identified: interoperability, virtualisation, decentralisation, real-time capability, service orientation, modularity, and finally, eco-design. Ensuring that meaningful engagement with these six areas—and in particular, eco-design—is the challenge for the modern industrial designer, ensuring that the product is outwardly sustainable from its onset, i.e., designed in the spirit of repairability, that it is long lasting, and so on. This becomes somewhat complex when we consider [5], adding that industrial designers will have to balance two extremes: global “super mass-production” and “product customisation”, which satisfy the customer’s needs on an individual level [17]. The latter prediction became especially clear with the emergence of Industry 4.0s concept of “mass customisation” [18]. Since technologies in and for manufacturing is rapidly advancing, such does the designer’s role have to adjust to these ever-ongoing changes [5,6,19].



“Should designers fail to adapt, new competencies will emerge to fill the gap left behind” [5]. Knowledge is still developing and growing, and it will continue to do so until it is transformed into multiple knowledges [20]. Especially the ever-growing and complex field of industrial design that can be described by multiple knowledges [20]. This concept goes back to design itself being an interdisciplinary field [21,22]. Therefore, it can be argued, that when knowledge in a certain field becomes too complex and too abundant, the field will evolve or diverge into other specialised professions [20].



Currently, industrial designers are involved in more than the design of physical products (e.g., form giving) [4], due to the considerable expansion of the application of the design field in recent times [20]. With the introduction of innovative approaches and technologies into the design world in the late 20th century, industrial design activity got increasingly complex [23]. Designers are now engaged in a multitude of diverse activities such as user experience (UX) and user interaction (UI) design as well as service design fitting within the design skillset [20]. “The rapid development of these areas is, in part, propelled by a broad recognition of design thinking and practice as a significant driver of innovation” [20].



Within an Industry 4.0 context, sustainability is one of the key drivers, however this is in a more general manner. For instance, Ref. [24] details processes within the overall manufacturing environment and supply chain, however the initial concepts appear to not be discussed with a designer. While the authors of this paper accept that in this particular case, the product being discussed are ceramic tiles and a designer’s input may be limited, it is of note that this journal’s most cited paper is one of life-cycle assessment [25], which indicates an underlying interest and importance of sustainably conceptualised and carefully designed products—all of which are within the remit of a professionally trained industrial designer. Ref. [26] states that sustainability value within an organisation is commonly understood as monetary value; however, sustainability requires a more comprehensive view of value that includes social and environmental benefits [27]. For this study, the “value” of sustainability is apparent when economic, social and environmental value is effectively integrated into business models that are maturing within an Industry 4.0 manufacturing paradigm. We propose that sustainable value must be integrated with the same level of priority alongside other sources of value (social, cultural and economic), as companies adapt to Industry 4.0.



While the authors of this paper do not discount the importance of an overall viewpoint of sustainability within Industry 4.0, they advocate for greater involvement at the briefing stage. Referring to [15] by engaging with the stakeholders involved within an early stage (i.e., manufacturer, client, user), sustainability aspects of the project, which involve raw materials, supply chains, overall durability of the finished product, as well as aesthetics, were able to be enhanced through strong collaboration. It is this factor in particular that is of interest to the authors of this study and was subsequently investigated.




3. Method


A global survey was conducted in 2020 consisting of 30 questions to better understand the current state of industrial design and its link to Industry 4.0. The survey questions for this research were developed from a pilot study consisting of six practising industrial designers (three male, three female), providing an immediate instrument for developing the survey. Detailed information of this pilot study was presented at the Design Research Society (DRS) conference in 2020 and published in the subsequent proceedings (refer to [28]). The overarching theory was a mixed methods approach where qualitative research from the focus group was used to inform the quantitative survey presented in this paper. The basis of the survey was formulated using the existing literature on industrial design to establish the present state of industrial design practice globally and to identify areas for improvement, as well as opportunities for growth within the discipline. This approach helped define and communicate the capabilities and priority of industrial design for future manufacturing industries and gauge the state of sustainable design within this new paradigm.



The number of people who were contacted to complete this survey was estimated at around 1700. The response rate was 18 per cent, with an initial sample of 307 respondents collected after four months of running the survey. However, not all data were used in the analysis. After multiple screenings during coding, some answers were excluded under certain conditions:




	
Incomplete surveys;



	
Contributed by repeated respondents;



	
Unusual data inputs (outliers) which may be falsified or are misleading;



	
Invalid responses due to language barriers.








Removing these outliers was important in mitigating bias and errors in the statistical analysis. The remaining sample size after the data clean-up ended with a total of 190 completed surveys, specifically from product/industrial design globally. The dominant specialisation was general product design, followed by furniture/lighting design, automotive/transportation design, and lastly, systems and service design. This large sample size was important to gain a greater understanding of the industrial design profession globally and the priority given to sustainability. The open-ended follow-up questions were subsequently checked for language accuracy and non-English answers translated with Google Translator. Some of the languages which needed to be translated were Korean, Mandarin and Spanish. The original data entries in these languages were preserved with an English translation attached.



The online survey was conducted in line with the National Statement on Ethical Conduct in Human Research and was approved in May 2019. All respondent’s data in the survey were anonymised or was anonymous from the beginning since no signifiers were used. The respondents agreed to undertake the study based on the informed consent statement at the commencement of the survey and, as such, gave consent for the data to be used for this research. Following is a summary of the demographics and experience:



The 190 product/industrial designers who completed the survey were between the ages of 18–64. In total, 57.4 per cent of the respondents was in the age bracket of 25–34 (Figure 1), which aligns with the distribution of junior designers with 1–5 years of experience of 46.2 per cent (Figure 2). The sample of junior designers is much younger than the general demographic, with a mean within the 25–34-year range.



When examining the years of experience (Figure 2) in the industrial design field a clear trend emerges. The distribution of the respondent’s years of experience is skewed to the right. Most of the industrial designers who responded to the survey sit within the 0–10 years of the experience-range. This is seen as a positive as the data have been able to capture emerging industrial designers who will be the ones with the greatest influence for industrial design to adapt to an Industry 4.0 manufacturing paradigm.



The data were also split into four distinct categories to better distinguish between experience levels (Figure 3). Students with no experience make up the lowest percentage of the overall data set with 4.2 per cent (n = 8). Since they do not practice industrial design on a professional level, they were therefore omitted from further inferential analysis using one-way ANOVAs, which are tests to find out if certain data are significant. Spearman’s Rho and chi-square tests—other tests to test the significance of data—were also applied to test the significance of this data.



To obtain a more holistic understanding about industrial design practice globally, data from all continents were gathered, with some countries such as the United States (16.8%), Australia (10.5%), France (7.9%), Germany (5.3%), Russia (4.7%) and the UK (4.2%) being the most prominent countries represented. There was an obvious bias toward Australian respondents since the study was heavily advertised in Australian networks by the authors, however, when sorting the distribution of a respondent’s country of origin into continents, the distribution of respondents according to continents became clearer (Figure 4).



	
European industrial designers made up the biggest part of the sample with 44.7 per cent (n = 85);



	
North America with 18.9 per cent (n = 36);



	
Asia with 13.7 per cent (n = 26);



	
Australia and Oceania with 11.1 per cent (n = 21);



	
South America with 9.5 per cent (n = 18);



	
Africa with 2.1 per cent (n = 4);







4. Results


The aim of the survey was to obtain a thorough understanding of the industrial design profession globally and its connection to manufacturing. Additionally, the survey has served in understanding whether industrial design professionals know about, and/or already engage with Industry 4.0 technologies and the impact that has on sustainability. Since an overall snapshot of the current state of the profession helps to determine the profession as a whole, close-ended questions were chosen to be analysed via statistical methods. Some questions expanded with subsequent open-ended questions to gain a deeper understanding into a specific topic which may arise during the data analysis.



A repeated measures ANOVA was conducted for multiple answer questions to find the overall highest ranked answer regarding the importance in the design practice of industrial designers (Figure 5). The “importance” indicator was determined by ranking multiple industrial design activities against each other to provide a level of hierarchy specific to the individual. This question asked, “Where do you rank the importance of the following in regard to your design practice?” Product ergonomics and usability was the most highly ranked with a mean of 84.868, followed by product safety (mean 79.784), material choice (mean 74.768) and manufacturing process (mean 71.668). The lowest ranked aspects presented in the accompanying list were sustainability (mean 67.368), money and pricing (mean 67.153) social responsibility (mean 65.137) and lastly working conditions with a mean of 63.3. Respondents were asked to rank all categories for level of importance; thus, the mean value is the average result for all 190 completed surveys.



Age, gender and geographic origin had no significant influence on these choices. However, when looking at the experience level of the participating industrial designers one statistically significant association can be found (p = 0.037). There is a mean difference of 12.46238 in between junior designers and expert designers when looking at the choice of sustainability. That means the expert designers with 10+ years of experience prioritise sustainability more than junior designers with <5 years of experience. A similar trend can be observed with the same variable, sustainability, when looking at whether manufacturing and engineering experience has an effect in the ranking of certain choices. The one-way ANOVA found a statistically substantial association with a p value of 0.039: industrial designers with experience in the manufacturing and engineering fields prioritised sustainability much higher than practitioners without that same experience (mean 75.7750, SD 24.65712). However, only 21.1 per cent of the surveyed product/industrial designers said they had worked in the manufacturing or engineering field before becoming an industrial/product designer.



Age seems to have a bearing over whether industrial designers had work experience within the manufacturing and engineering field before becoming an industrial designer. The chi-square test showed that the younger designers (age brackets: 18–24, 25–34 and 35–44) have overwhelmingly less manufacturing and engineering experience compared to older industrial designers (p = 0.017) (Table 1).



It is therefore supported that the experience level and length of practice of an industrial designer correlates with the level of importance given to sustainability. Several one-way between group analyses of variance (ANOVAs), with Fisher’s least significant difference (LSD) post hoc tests, were conducted to investigate differences across continents in the variables of interest. There were no significant differences for importance of working conditions, material choice, manufacturing process, ergonomics and usability, safety of product and social responsibility. However, there were significant continental differences (by country of residence or work) for the importance of sustainability (p = 0.040) and importance of money/pricing of a product (p = 0.047).



North America (n = 40) (mean 55.5750) scored significantly lower than Europe (n = 76) (mean 72.4342) (p = 0.003) and South America (n = 11) (mean 76.2727) (p = 0.035) on the variable: sustainability (p = 0.04). This shows that North American industrial designers prioritised sustainability much less than the professionals from Europe and South America (Figure 6). There were no other significant differences between the other continents for this variable.



While the level of importance given to sustainability by junior industrial designers ranked lower than other categories, the open-ended questions revealed overwhelming support for improved sustainability practices. Respondents were asked what changes they would wish to see being implemented in the product/industrial design practice in the future in 50 words or less. The most common theme identified was an increased focus on considering sustainability in the process of design. Industrial designers frequently mentioned the desire for improved sustainable processes, for the improved choice of materials, as well as developing products with longer lifecycles to decrease the negative environmental impact that both manufacturing and disposable items have on the environment. Sustainability was also mentioned in connection to business models as a gateway to responsible design solutions, which rely on material and process innovations rather than in the creation of “short shelf life” goods. The respondents recognised that the current paradigm of consumerism in a world of climate change is not appropriate anymore. They suggested the development of longer lasting products, which would decrease the impact of mass-consumption, and they also suggested implementing higher quality designs, with reusable parts, and/or with greater facility for recycling as a way of moving towards a circular economy.



The desire for less resources and for creating fewer products was stated relatively often. Industrial designers demonstrated a certain sense of responsibility and respect for the environment and a concern to ensure it is a sustainable place for the future. Most industrial designers wish for the initiation for these changes to come from the manufacturing companies rather than from themselves. Besides the responsibility for the natural environment, industrial designers also feel accountable for the working conditions, the rights and the money regulations, as well as being responsible for the sourcing of materials and supplies in the process of a design project.



Therefore, we have found a mismatch of what current industrial designers practice (especially junior designers), with how they would like to practice in the future. This is where greater connection between industrial design and Industry 4.0 can facilitate manufacturing change by supporting more sustainable industrial design outcomes. The digital aspect of Industry 4.0 was also recognised, allowing for interconnection or hyper-connection between machines, the Internet, and people, and thus facilitating better manufacturing processes. Industry 4.0 was frequently described as a solution, which would involve less human intervention in the manufacturing process by incorporating automated and smart systems instead. Simultaneously, the interconnections between humans and machines were a prominent theme – looking at the variety of connections and interface opportunities between the biological (human) and physical (machine).



Respondent #74, male, United Kingdom:




“The ease of exchanging information, inter connectivity, advanced technology influencing design.”





Respondent #135, male, Russia:




“Smart factory, IoT, Machine learning, AI.”





However, this interconnection was not limited to these two domains. Connection was seen in a largely holistic way in which “everything” is linked. Consequently, the factory will not be seen as a separate entity anymore. Industry 4.0 was also seen as an improvement to the current manufacturing paradigm, where production efficiency and sustainability is increased, and costs are lowered. Industry 4.0 aspects such as society, the economic context and the environment surrounds were touched on. However, most of the definitions were centred around the physical factory and its production and the organisational structures within it. Designing—as well as the role of the industrial design professional—was not explicitly mentioned. Although it was implied that “designing” would become easier if it was linked to technologies such as additive manufacturing and improvements in AI.



Both the industrial designer and their manufacturing clients/partners are interested in efficiency and improvement within manufacture. This includes cost, time and waste reduction:



Respondent #52, male, Italy:




“Streamlining processes, avoiding conflicts and improving efficiency.”





Respondents frequently discussed sustainability issues for a question that asked, “What changes would you wish to see being implemented in the product/industrial design process in the future?” Sustainability was seen as an improvement rather than a limitation when it came to manufacturing and material selection.



Respondent #78, male, USA:




“Reducing material consumption and waste while increasing strength and function by creating multi-feature injection molded plastic parts.”





Several industrial designers responded wanting to make the world a better place and change people’s lives. There was an overwhelming consensus that being an industrial designer comes with a certain obligation to serve people and society, while ensuring sustainability is at the forefront of all design activity. Alarmingly, this does not seem as high of a priority for junior designers (1–5 years of experience) to that of experienced designers (10+ years of experience). Conclusions can be drawn that with experience comes a better understanding of the impact of the profession, therefore, a greater awareness of sustainable design over time. In addition, as skills develop with professional experience, greater efficiencies can be made in both the act of designing, as well as design for manufacture and production. It is with this that Industry 4.0 can play a critical role in enabling a more sustainable manufacturing environment for designers to design for.



Although the priority of improving efficiency and processes highlighted in the survey was typically associated with manufacturers, industrial designers shared their concerns and adapted to the concerns of the production-based stakeholder to be a crucial part in developing their capabilities. This includes cost and time savings in the manufacturing process, as well as waste reduction. The latter aspect aligns with the desire to become more sustainable within manufacturing for new product development.



Respondent #109, male, USA:




“I wish we had the luxury of business as usual. But in a world where the future of our children—and all the species we share the planet with—are at extreme risk. Design can only be viewed as our last best hope to save the planet.”





Some respondents demanded that their career be more ethical and sustainable. However, the majority of the surveyed industrial designers demonstrated a forward-thinking attitude by treating their job and their work in design with integrity and conscience. A respondent concluded this aspect concisely by describing the industrial design profession as:



Respondent #106, male, USA:




“A holistic methodology by which products are created and/or optimized to address the needs of the user, the manufacturer, and the environment.”





Despite this strong statement, industrial designers admitted to feeling powerless when working in the current economic and manufacturing paradigm. There are ethical issues within this system that pose a risk to how much control designers can exercise within this new paradigm. Reference [29] suggests that the increased automation within Industry 4.0 systems remove a level of control; one example can be in the removal of humans within manufacturing processes, further distancing designers and operators from engaging with materials to best understand their suitability and sustainability. This distance impacts on the development of tacit knowledge by the designer and operator, and in a way, dehumanises the process. However, the recurring theme of encouraging change for the betterment of existing systems and frameworks within society, as well as the individual, came up regularly. Numerous respondents expressed the desire to “improve people’s lives”, the quality thereof and/or how the world works around them. Moreover, the meaningfulness of some products and experiences was emphasised. This was due to the longing of industrial designers for purposeful intervention and innovation to create solutions that impacted both consumers and the environment. The response to this desire was defined as innovation. It was believed that innovation could be achieved in a variety of ways to address issues within and outside of the industrial design profession. When it came to positively impacting or enhancing people’s lives, innovation and creative processes were frequently reported together.



Pleasingly, improved renewable technology and developing products and goods with longer lifecycles were among the most articulated themes for changes in industrial design practice as ways to minimise the negative environmental impact of both production and disposable objects. It was recognised that the existing consumerism model is no longer suitable in the face of climate change and suggestions were made for the production of longer-lasting goods that reduced mass-consumption and pollution. Industrial design professionals preferred that these improvements were more strongly pushed by manufacturers rather than by themselves. Designers are increasingly engaging with this ethical dilemma [30]; explores this within his research, suggesting that the impact of the finished design—and the ethical consideration of its conception and development—plays an increasingly important role to the consumer, alongside its creative, functional, aesthetic and importantly, sustainable choices.



On a similar note, industrial designers brought up the issue of new manufacturing technologies entering the design field, particularly additive manufacturing (3D printing). These new technologies were heralded as ushering in a new era of manufacturing, freeing industrial designers from the constraints that traditional manufacturing processes impose. This is seen as an enabler for industrial designers to respond to more personalised sustainable products manufactured within an Industry 4.0 paradigm. Moreover, the respondents highlighted that 3D printing is a cheaper alternative to traditional modes of prototyping, which seemed especially important for industrial designers working from home or not having access to a workshop. That means changing the way industrial designers ideate and prototype more effectively in a post-COVID-19 world (where one is forced to work from home), as well as minimising costs, materials and therefore waste. Augmented and virtual reality (AR and VR) technologies were also named concurrently with additive manufacturing. These technologies, however, were described as additional tools for digital prototyping, as well as useful tools for ideation. The need to incorporate these technologies was weaved into discussion on the issues of sustainability in the product development process, since digital ideation (e.g., VR sketching) and prototyping produce no waste (Figure 7).



As stated by [32], new and rapid technological breakthroughs will revolutionise the way industrial designers design, bringing traditional design into the “smart era”. Furthermore, the integration of artificial intelligence (AI) with 3D modelling or CAD software was also discussed by the respondents of the survey. The purpose of using digital technologies was to make the overall design and 3D modelling process easier. However, no detailed feedback on how AI would play a role in the product design process and in CAD were provided. Perhaps, AI was confused with processes such as topology optimisation (Figure 8), which is widely used with 3D printed products, allowing new forms to be manufactured that were otherwise impossible to create with traditional ways of mass manufacture, such as injection moulding.



Therefore, industrial design and manufacture seem to converge by introducing a new digital sphere, beyond the human and physical ones, that will enable a better connection between both. The findings show that the core-competencies of practitioners remain unchanged, however presented with Industry 4.0 technologies, the state of collaboration and communication with various stakeholders involved in the design and manufacture of products might be transformed. Although the respondents did not make this connection, it is possible that this is the natural progression with both the industrial design and manufacturing fields moving closer together through Industry 4.0. Hence, the physical factory will not be a separate entity anymore but will take on diverse forms. The physicality of the production site might also change as seen with industrial designer’s 3D printing their own designs and selling them directly (via websites) as digital model files that can be printed by the customer.



By adopting this decentralised method, industrial designers have the ability to skip multiple steps and stakeholders involved in the processes of developing new products in the traditional manufacturing paradigm. The complexity of supply chains, distribution, marketing etc. is hence reduced. An example for this is seen with LimeLite®, which uses unique and complex geometry to create a range of track downlights that can only be manufactured using additive manufacturing (Figure 9). This is because of the undercuts and varying wall thicknesses that are impossible to manufacture via traditional manufacturing processes, such as injection moulding [34]. This is an example of an Australian company investing in its own manufacturing facility to avoid having to rely on offshore production and supply chains. In addition, this example demonstrates how important industrial designers are in purposefully designing for novel manufacturing methods to facilitate mass customisation.



Digital technologies, as used by LimeLite®, enabled industrial designers and individual creators to have more freedom through at-home-manufacture, by directly engaging with the end-user and manufacturer of the product. Although this works well for relatively small quantities, this might not necessarily be applicable for other items. However, the persisting mass-manufacturing paradigm may soon experience its first interruption since its advent. New technologies and systems Industry 4.0 offer might turn this paradigm upside down. Examples such as LimeLite® show that concepts such as mass-customisation within manufacture might further enhance the value of industrial designers within an Industry 4.0 manufacturing environment.



From a sustainability perspective, this is advantageous because there is less risk of products being made that do not sell, wasting valuable resources within production. While 3D printing commercial outcomes is clearly more expensive than the raw cost of an injection moulded part, it is the capital investment required at the front-end of the manufacturing process that is avoided in this situation. While this investment would be amortised across the production run, there is no guarantee the final product will be successful. Crucially, it would avoid a large investment in tooling for mass-production with a risk of an unpopular design languishing on the shelf–with 3D printing it is “print to order”.



All listed technologies and methods align with the industrial designer’s desire to change and improve the way production, and, by extension, their own practice operates, particularly in terms of sustainability and collaboration. These technologies undeniably represent a paradigm shift in how the fields of industrial design and manufacturing work, as well as how they interact with each other. Although, these technologies currently seem to have a limited adoption as seen in the book Digital Handmade [7], industrial designers appear to be ready and enthusiastic for their further implementation. Many different ideas, aligning with Industry 4.0, were mentioned by the respondents in the survey. Amongst them were concepts such as circular economy, Cradle2Cradle and mass customisation. These terms revolve around the idea of Industry 4.0, as well as relating to different aspects of sustainability in new product development and manufacturing.




5. Discussion


The findings showed that the most prominent change industrial designers demanded was for better attention given to issues of sustainability, especially in manufacturing. This was more pronounced for the processes involved in designing for manufacturing, as well as the actual purpose of the products being developed. Industrial designers are aware of the negative impact their designs can have on the environment and indirectly on the people producing and using the products they have designed. Non-recyclable products using unsustainable materials and processes were emphasised, especially in the context of manufacturing.



Current industrial design practice (especially junior designers) does not regard sustainability as important as other aspects of the discipline such as usability and safety. This is more pronounced from respondents from North America and Asia. Data show a clear disconnect between issues of environmental and social responsibility between industrial designers and their opinion of manufacturers. Whereas industrial designers considered their impact on these issues, manufacturers—in the eyes of the industrial design respondents—were mainly profit and efficiency driven, taking on an introspective approach, compared to the holistic stance of the industrial designers. This may be the reason why sustainability was ranked lower than other aspects of industrial design as practicing industrial designers feel challenged to influence manufacturing. With the emergence of Industry 4.0 we see a trend for industrial designers to work much more closely with their manufacturing counterparts for mutually beneficial, and importantly, sustainable product outcomes. Since industrial designers possess the insight and are critics of the current manufacturing paradigm, they should therefore push manufacturers to adopt more sustainable processes and practices. This would not only benefit the industrial designers in their agendas to incorporate more sustainability in manufacturing processes but could also enable manufacturers to future-proof their businesses and operations in a world where access to resources, labour, and a stable climate, as well as a stable economy is not guaranteed.



Industrial designers felt bad about being indirectly responsible for the design and advancements of mass production of low-quality products—often with a short shelf life. The findings indicate that most surveyed industrial designers disagreed with the current market/manufacturing paradigm and the inherent consequences of mass-consumerism on people and the environment. There was a desire among industrial designers to create longer-lasting, higher quality products that benefit society, humanity, and the environment. The profession which emerged from the advent of mass manufacture, now has the chance to become more than what its name suggests. This trend shows the changes manufacturing has undergone and the opportunity for more personalised sustainable products as we enter an Industry 4.0 manufacturing paradigm.



Industry 4.0 is being hailed as the new paradigm in the manufacture of products and has areas of development which overlap with the changes demanded by industrial designers. The findings suggest that industrial designers, in their desires to create longer lasting and sustainable products, are ahead of the current manufacturers. However, the data only considered the view of industrial designers and future research must be performed to better understand the view of manufacturers. Changes such as sustainability and longer lasting products, as demanded from industrial designers, are dependent on the willingness of manufacturers to incorporate such changes. Implementing such radical changes depends on a multitude of factors, such as the inclination of the market to adopt certain practices and on policy makers to implement laws and frameworks to incentivise a circular economy, slowly stepping away from the mass-consumption paradigm of the 20th century.



Guidelines for Industry 4.0 implementation, in general, are driven by government programs with the core idea of Industry 4.0 using emerging technologies in a way that business processes are deeply integrated, making production operate in a flexible, efficient and sustainable way [35]. From a design perspective, we have seen a shift to more complex systems bought on by an increased need on human centred design [36]. Thus, the shift in design needs to align with the shift in manufacturing. Knowledge from design practitioners is critical to ascertain greater understanding of design and its connection to Industry 4.0 and how this will change the way industrial designers approach the complexity of sustainability. From an academic point of view to our knowledge, this is the first time practicing industrial designers have been surveyed to understand the present state of industrial design practice globally, its connection to Industry 4.0, and the priority given to sustainability in this new manufacturing paradigm. We have found that junior industrial designers do not currently see sustainability as a priority, establishing a foundation for future research to understand why this is the case. It is the position of the authors that as Industry 4.0 begins to become the dominant manufacturing paradigm, education and engagement with ethical and sustainable practices need to be expanded. This ensures that the tacit knowledge of materiality and manufacture is maintained, despite the potential disconnect between computer-aided design and the highly automated production process.




6. Conclusions


The research indicated several problematic and/or distinctive aspects of the industrial design profession. Industrial designers immerse themselves in the responsibilities of both production stakeholders and end-users when working on projects. Moreover, industrial designers think they have a clear commitment to people and the world regarding social equality and sustainability. This displays a true vision as well as a profound comprehension of the interactions between humans and the environment. Meaningful and creative pursuits appear to be immensely satisfying in both the respondents’ professional and personal lives.



Reference [6] predicted the post-industrial design field to be more inclusive and flexible, allowing for the dissolution of hierarchical structures within product development. The data from the survey, conversely, suggest that the post-industrial design paradigm has not yet been reached. Nonetheless, the incorporation of digital technologies allows for increased collaboration between industrial designers and production-based stakeholders which might lead to this prediction becoming a reality. An additional point confirming [6] was the demand for an increased social and ecological environmental consciousness by practitioners and a greater sense of responsibility. The data from the survey supported a strong need to reform sustainable practices and products and questioned the values of the existing mass-manufacturing paradigm. Many of the points raised by [6] align with the novel manufacturing paradigm, especially the one about short-run and customised production. Whether the mass-manufacture paradigm will completely change remains uncertain, based on the data gathered.



The industrial design and manufacturing fields co-evolved since the first industrial revolution and are dependent on each other. The statement by [5] about designers not being able to adapt would lead to new abilities, remains valid but given that Industry 4.0 is still in its early stages it is unclear what those gaps are.



There has been limited fundamental reinvention of design practice in order to play an active role in the culture of sustainability, highlighting no clear paths to new forms of practice [13]. Although a paper by [37]—along with others [38]—are improving this, considerable work is still required. Younger designers need to feel empowered to prioritise sustainability. With the emergence of Industry 4.0 industrial designers have an increased ability to work with modern manufacturing in a manner that is sustainable, efficient and importantly, profitable. These drivers for both industrial designers and manufacturers need to co-create to allow innovation to mature in a manufacturing environment that is radically different to that of the dirty factory in which industrial design got its name.



Refs [39,40,41], amongst others, are exposing students to a deeper understanding of sustainable design principles, by considering products and systems that promote community cohesiveness, enable user participation, help overcome barriers to sustainable behaviours and reduce lifecycle impacts [39]. To future-proof industrial design, increased educational awareness about the ethical and sustainable impacts of Industry 4.0 within the discipline is required which is evident in this study. We have found that sustainable priorities seem to come through experience in practice, rather than experience at university. Therefore, the design curriculums in universities need to be adjusted, taking into consideration the ever-changing techno-cultural environment of industry, manufacturing, and design. Although the core values of industrial designers remain largely unchanged, their sustainability literacy needs to be improved upon. This is also important for technological literacy with new digital technologies entering the manufacturing field as projected with Industry 4.0.



To be an industrial designer is empowering. Industrial designers drive innovation capabilities within organisations and have a unique capacity to push manufacturing boundaries and challenge current and established paradigms. This paper confirms the importance of the industrial design discipline and the significant value it offers for manufacturing. It shows the moral and social responsibility an industrial designer has for sustainability but greater awareness of this needs to be passed on to junior designers. Manufacturers need skilled industrial designers to drive innovation. Industrial designers need advanced manufacturers to turn their good ideas into tangible outcomes. Without an established strong connection between both, they would struggle to innovate and compete on a global platform.
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Figure 1. Age in %. 
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Figure 2. Years of experience in %. 
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Figure 3. Expert level (in %). 
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Figure 4. Continent coded by country of origin (in %). Darker colour = higher distribution. 
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Figure 5. Boxplot: Where do you rank the importance of the following in regard to your design practice? (in %). 
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Figure 6. Means plot: sustainability ranked by country of residence or work (by continent). 
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Figure 7. The Gravity Sketch software retrieved from [31]. 
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Figure 8. Form-finding process through topology optimization by [33]. 
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Figure 9. LimeLite® 3D printed light fittings by [34]. 
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Table 1. Chi-square test: manufacturing or engineering experience by age.
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What Is Your Age?




	
18–24

	
25–34

	
35–44

	
45–54

	
55–64






	
Have you worked in the manufacturing or engineering field before becoming an industrial/product designer?

	
Yes

	
5

	
19

	
5

	
6

	
5




	
No

	
20

	
90

	
28

	
8

	
4




	
Total

	
25

	
109

	
33

	
14

	
9
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