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ABSTRACT 

The advances in 3D printing technology have an enormous potential to impact how 

designers learn and develop practical knowledge during the design process. The purpose 

of this research study was to investigate the potential of 3D printing as a tool for meaningful 

making. Through investigation of handmade objects and their qualities, this study set out 

to determine how designers can invent 3D printed objects that make sense to stand 

alongside handmade objects. Data for the study was obtained using both ethnographic and 

design research methods, including: an observation, experimental studies and a survey. 

Results showed that 3D printing has a potential not only to develop meaningful outcomes, 

but also to drive design processes that make sense to designers. Through engagement and 

understanding of 3D printing machine, designers can develop not only practical 

knowledge, but also an understanding of the meaning of their making. 

 

Keywords: 3D Printing, Meaningful Making, Hybrid Craft, Innovation, Practical 

Knowledge 
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PREFACE 

I was a very creative child. I can recall many instances where I was making things with my 

own hands. Since throughout my childhood I found a passion for furniture design, I decided 

that I would study Industrial design at the Faculty of Mechanical Engineering in Skopje. 

During my studies, I realized that most of my work was virtual. It was not what I expected. 

I felt that I needed to find my own way to express my creativity in the material world. 

While I was spending countless hours in CAD (computer-aided design) modelling, 

rendering and designing perfect posters for my coursework, at home, I was trying to 

understand who I am as an artist, designer and maker. I vividly remember when I created 

my first tie, made of an old aluminium sheet. The end of the tie was so sharp, that I was 

afraid that it would stab me in my stomach if I sat down with the tie around my neck. In 

my eyes it was more than a tie, it was the thrill of experimentation, combining things, or 

as Krippendorff (1989) would say “making sense of things”. I was not designing for a user, 

I was designing for understanding, knowledge and skill.  

When I decided to apply for the Master of Design program at Carleton University, I was 

already aware of the program. I was mentally prepared that this will not be a program where 

we design and make, but a program where we conduct research of theoretical design issues. 

Given my prior interest in 3D printing technology and furniture design, I decided that I 

would conduct a research study on 3D printed chairs. At that time, I was just impressed by 

the grandiosity of the forms. That summer, I collected detailed information about 60 chairs 

made by 3D printing technology. During the data analysis, one unanticipated finding was 

revealed. The word ‘craftsmanship’ was constantly reappearing in designers’ explanation 

of their work. While I thought that these chairs were made exclusively by machines, the 
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data showed me that these chairs are a result of an intensive and collaborative experimental 

process between designers, IT professionals and experienced craftsmen.  

               
Figure 1: 3D printed chairs by John Briscella (https://johnbriscellastudio.com/) 

After several consultations with shop technicians from different departments, I realized 

that it is impossible to print an object of that proportion at Carleton University. Although I 

gave up on the idea of 3D printing chairs, I did not give up on understanding the correlation 

between 3D printing and craftsmanship. At that time, I thought that it is a very awkward 

combination. I wanted to know more. My supervisors advised me to start reading literature 

related to craft in order to understand the essence of craftsmanship. Although I understood 

the authors’ theories, given that I am a designer/maker, I felt that I needed to experience 

the theory to truly understand. I bought a 3D printer and I started experimenting. Given 

that I’ve never had any previous experience with this technology, I spent months in 

printing, re-printing, failing and repairing. I was trying to understand the power of the 

machine. After understanding how this tool makes sense in my practice, my mind was 

blown away with ideas. I started experimenting with techniques that I’ve never tried before. 

The tool was pushing me to go further and further. The tool was testing my capability as a 

maker and how I understand making.  

In the end, I created something that was a representation of how I understand hybrid craft, 

a combination of 3D printing and traditional craftsmanship. When I showed my 

https://johnbriscellastudio.com/
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experiments to my supervisors, I never thought that these experiments would become part 

of my thesis. While in my eyes the experimental outcomes were just understanding of the 

potential of 3D printing in craft production, in my supervisors’ eyes the objects were a 

representation of meaningful making. Their experience allowed them to immediately 

recognize the meaning of my experiments. Throughout our conversations, I felt that I 

discovered a new world, a world in which the only way to understand objects and their 

meaning is by experiencing and living through them. By taking a step back and analyzing 

my experience, I started understanding what they saw in the first place. I realized that 3D 

printing was not just a tool for making, but a tool for thinking, through which I was making 

sense of the design process, the outcomes and myself, as a designer.  
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1. INTRODUCTION 

1.1. Background  

In the past decade, we have witnessed that 3D printing technology - introduced in the late 

1980s as a prototyping technology - is now rapidly transforming into a mainstream 

manufacturing technology (Bosqué, 2015). Over the years, the promises of 3D printing 

have been successfully realized and presented in an enormous number of applications, from 

customized car and aircraft parts to complex medical applications such as implants and 

dental crowns (Bosqué, 2015). While most of the companies and research institutions were 

pushing the boundaries of this technology and its potential, several companies were 

working on the development of affordable and accessible 3D printing machines for home 

use. In less than 30 years, the technology known as high-end industrial prototyping 

technology has become an entry-level desktop technology (Bosqué, 2015) and allowed a 

wide range of people to call themselves makers.  

Since 3D printing has a great potential for personalization, many of these makers used the 

opportunity of personal digital fabrication and entered the market of customized and 

handmade goods. The demand for handmade objects is a new revolution in which 

consumers are purposefully buying handcrafted objects to reinforce their self-identity and 

connection with the real world (Beverland & Farrelly, 2010). Today, in a market where 

there is a lack of product differentiation, consumers are hunting for unique and individual 

products, as well as things designed to last (Murray 2017). Looking from the outside it 

seems that we are witnessing а reincarnation of the Arts and Crafts movement. However, 

a detailed look into the real practice reveals that we are not still there. In most cases, the 

objects developed by 3D printing machines are the result of pure amateurism, while the 
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process of making is fetishized. Instead of understanding the 3D printing machine as a tool 

for action, as a catalyst that can lead to innovation, designers and makers are 

underestimating it as a machine for automatic fabrication. Since design students train to 

become design experts that will drive design innovations, they need to understand what is 

meaningful making and what will make them different from all other amateur makers.  

 

1.2. Rationale 

Most research on 3D printing has focused exclusively on the opportunities afforded by the 

technology in the medical, automotive and aerospace industries (Bosqué, 2015). While in 

these sectors the interest in 3D printing is increasing, as a result of proven numerous 

innovations, it seems that there is not much interest in investigating 3D printing at the 

consumer’s entry level. While there are many studies about the importance of the ‘maker 

movement’ and the opportunities of 3D printing technology in design education, it is 

surprising that there is very limited literature about what makers and design students print. 

There are only a few authors (Bosqué, 2015; Blikstein, 2013) in academia who have 

reported on the quality and amateurism of these objects. Given that the same 3D-printed 

objects are slowly entering the market of handmade goods, in which there is a dominant 

traditional production, no study has been found that investigates how 3D printing fits into 

this market. If you visit a Maker Faire today, you will see 3D printed objects next to 

ceramic pottery. If you type ‘3D printing’ in the Etsy (an online marketplace for handmade 

and vintage goods) search bar, there are more than 62 000 results of 3D printed objects, 

declared as handmade. The question is: Are we going to accept that 3D printed objects are 

handmade? It is important to note that the intent of this study is not to prove that 3D printed 
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objects are handmade but investigate the capacity of 3D printing technology for making 

objects that make sense to stand next to handmade objects.  

Given that Bosqué (2015) reported that students today value attractive, low-quality 3D-

printed outcomes, instead of the process of experimentation and production, the aim of 

conducting this study is to provide design practitioners (students and makers) with an 

opportunity to learn about meaningful making. This is a process of making in which not 

only the outcomes, but also the process of making evoke new meaning for the practitioner. 

Through understanding the handmade objects and their process of making, this study will 

present how design practitioners can invent 3D printed objects that make sense to stand 

alongside handmade objects. Given that handmade objects are known as one-of-a-kind 

objects, the researcher will present how design practitioners through the implementation of 

traditional techniques can provide uniqueness, even if the object is 3D printed. The 

experimental studies will demonstrate how design practitioners can develop unexpected 

innovations by understanding the essence of traditional making, the importance of tools 

and their agency. Since Holmquist, Magnusson, & Livholts (2018) reported that there is a 

need for research investigating innovation through tradition at the designer’s level, this is 

a great opportunity for exploration of the interplay between tradition and digital fabrication 

in the creation of innovation. In addition, given that innovation can be driven by the 

creation of new meaning (Norman & Verganti, 2014), this study will explore how the 

outcomes of the experimental studies can evoke interpretations other than their own literal 

meaning.  
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1.3. Research questions  

Through a mix of qualitative and quantitative methods, this study seeks empirical evidence 

to answer the following question: 

How can the implementation of craft-based design into digital fabrication help 

designers explore meaningful making? 

In support of this question, the research seeks to answer the following: 

 1. How can designers investigate the creation of meaningful objects through 

 engagement with a 3D Printing machine? 

 2. Is 3D printing capable of driving a design process that is meaningful to the 

 designer? 

 3. How can the reinvention of traditional techniques help designers make sense of 

 3D printing as a tool for craft production? 

 

1.4. Approach 

The research begins with a literature review divided into five sections. The literature review 

explores different aspects of the study, seeking to find gaps and connections between the 

subject matter. Since the scholarly literature provides information about objects made by 

traditional production and 3D printing amateurism, the researcher felt that he needed to 

observe these objects in their own natural surroundings. The first primary research method 

employed in this study is an ethnographic observation. The analysis of the literature in 

combination with the results of the ethnographic observation defined the framework of 

research problems presented above. The research methods employed to address the 

research questions are practice based experiments and an online survey. By analyzing the 
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handmade object and its process of making, the researcher tried to implement his 

understanding into a combination of digital fabrication and traditional production and 

through his own hands explore 3D printing as a tool for meaningful making. While both 

experimental studies resulted in insights regarding the importance of the tool and the 

process of making, further investigation was needed regarding the meaning of the 

experimental outcomes. An online survey was designed and employed as a research 

method to investigate peoples’ interpretation of the experimental outcomes and understand 

how the objects make sense to the participants. The insights from the survey in combination 

with the insights from the experimental studies are summarized in a discussion section that 

provides answers to the research problems.  

 

 
Figure 2: Map of the research approach 
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1.5. Contribution  

The division between the digital and material world does not only impact what we consider 

as design, but also how we learn design. Since many design students are born in the digital 

age, it seems that digital tools increasingly dominate the nature of the work done by 

designers. According to Renda and Kuys (2014), the best solution for avoiding digital 

fabrication to become the only method of fabrication is by an exploration of the 

combination of traditional craft-based techniques and advanced technologies. Since 

many authors are focused on the digital side of this hybrid process, this study makes a 

contribution to the design field by providing designers with an opportunity to explore the 

material side of the hybrid craft process.  This research presents how designers, through 

engagement with the material world, can understand the importance of the tool and its 

capacity to drive design decisions. The explorative nature of the study provides designers 

with an understanding of the 3D printing machine beyond the ‘Print’ or ‘Start’ button; as a 

tool for meaningful making if treated as a tool for action. By understanding the potential 

of the tool, designers can propose innovations that will redefine customers’ understanding 

and meaning of the objects.   
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2. LITERATURE REVIEW 

2.1. Innovation 

From the first definition in the late 1920s to the present day, many different definitions 

related to innovation have appeared (Crossan & Apaydin, 2010). Since each definition 

emphasizes a different aspect of the term, for the purpose of this study, the focus will be 

on product innovation, defined by De Massis et al. (2016) as a representation of 

“knowledge search and recombination process” (p.5).  

In recent studies, one of the most common criticisms regarding product innovation is the 

emphasis on value and novelty (Crossan & Apaydin, 2010) and its unbreakable relationship 

with technology (Holmquist, Magnusson, & Livholts, 2018). It is a fact that technology is 

a foundation of many new innovations, but the prevailing focus on it overshadows its other 

potentials (Holmquist, Magnusson, & Livholts, 2018). For example, the novelty in design 

innovation for decades has been demonstrated in different materials, forms and 

productions. De Massis et al., (2016) conducted a research study on Italian family-owned 

businesses and found out that the role of tradition is not actually an obstacle, but a new key 

driver for innovation. In addition, recent practices have revealed that design-driven 

innovation is directly related to the meaning of the object (Norman & Verganti, 2014).  

 

2.1.1. Innovation and tradition 

The concept of tradition in this study is defined as a “stock of knowledge, competencies, 

materials, manufacturing processes, signs, values and beliefs pertaining to the past” (De 

Massis et al., 2016, p.8). Given that the concept of tradition in any form is always 

associated with the past, it is not surprising that there is a general perception that innovation 
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and tradition are each other’s opposites (Holmquist, Magnusson, & Livholts, 2018). 

Innovative design companies are very often reluctant to look back in the past because they 

believe that the only way to meet the customer’s needs and expectations is by opening the 

doors to the newest technologies (De Massis et al., 2016). Such attention on the 

advancement in technology expressly or implicitly may lead designers, executives and 

industry to fail to recognize important innovation opportunities (Holmquist, Magnusson, 

& Livholts, 2018). 

One of the most prominent recent research studies in this area is by De Massis and his 

colleagues (2016) in which they do not only explore the potential value of introducing 

tradition into innovation, but they also develop a product innovation strategy entitled 

“Innovation Through Tradition” (ITT).  According to their strategy, one of the key 

elements for successful implementation of tradition is the concept of reinterpretation in 

which traditional knowledge is mixed with current technologies (De Massis et al., 2016). 

Given that many innovations already exist as a result of a process of recombination of well-

understood components and new structures, the concept of reinterpretation is not new to 

the field of innovation (De Massis et al., 2016). This is especially evident in design-driven 

innovation, where a mixture of old and new materials, forms and manufacturing processes 

are at the heart of the design practise (Holmquist, Magnusson, & Livholts, 2018).  

In terms of novelty, craftsman’s tacit knowledge and expertise of materials, production 

techniques and symbols, can offer design companies unexpected opportunities in the 

development of innovative products (De Massis et al., 2016). Regarding value creation, the 

implementation of tradition can also help companies to develop a stronger relationship with 
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their consumers because their identities are based in part on the past and nostalgia (De 

Massis et al., 2016).  

The current studies about innovation and tradition provide information about the 

importance of tradition, but there is very limited knowledge regarding the process of 

implementation. In addition, the ITT study is based on the organizational level and 

according to the authors, future research should/needs to explore practice-based innovation 

at designer’s level (Holmquist, Magnusson, & Livholts, 2018). 

 

2.1.2. Innovation and new meaning 

Verganti (2008) proposed a new theory about design-driven innovation in which 

innovation is driven by the creation of a new meaning. According to him, worldwide 

leaders such as Alessi and Apple are not successful because they have user-centred 

innovation, but because they have “developed superior capability to propose innovations 

that radically redefine what a product means for a customer” (Verganti, 2008, p.4). For 

example, Alessi developed radical innovation of products’ meaning by translating the 

kitchenware from a functional object into a symbolic object that reflects owners’ 

personalities. According to Verganti and Norman (2014), Human-Centred Design (HCD) 

is suitable only to incremental innovation which leads to improvements on already existing 

products and innovations. In HCD practice, insights are created “by asking users about 

their needs or, more effectively, by observing them as they use existing products and by 

tracking their behaviour in consumption processes” (Verganti, 2008, p.4). It would be 

inappropriate to say that users and their behaviour are not insightful in leading designers 

to innovation, but what is more important for designers today is to focus on understanding 
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the patterns of meanings (Norman & Verganti, 2014). This understanding can be developed 

by analyzing the socio-cultural changes in the past and observing how changes are 

developing the society in which we are living (Verganti, 2008).  

Verganti's work about design-driven innovation through the creation of new meaning does 

not emphasize the importance of the tradition in the process. Given that the meaning is 

driven by tradition, it is necessary to analyze the role played by traditional elements such 

as hand-powered machinery, craft techniques and raw materials in the development of new 

meaning (Holmquist, Magnusson, & Livholts, 2018). In addition, Verganti and Norman 

investigated the creation of new meaning by analyzing innovations developed by large 

corporations that are changing the world. It is important to note that in this study, the 

product innovation driven by the creation of new meaning is investigated on a personal and 

designer’s level.  

 

2.1.3. Innovation and craft-based design                                                                     

According to Rossi (2013), craft-based design is characterized as a “multidisciplinary 

production-led approach” (p.72) to industrial design in which the designers are 

appropriating the handmade by using craft‐based strategies. This approach is very 

applicable to the ITT strategy because nowadays many designers have become aware of 

the importance of craft and traditional techniques as a source of inspiration (Holmquist, 

Magnusson, & Livholts, 2018). Through experimentation with old manufacturing 

techniques and materials with rich histories, designers have been known to make 

unexpected innovations (De Massis et al., 2016).  
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Figure 3: Bone Armchair by Joris Laarman. Downloaded by 

https://www.jorislaarman.com/work/arm-chair/ 

 

An example that can demonstrate this is the Bone Armchair designed by Joris Laarman. 

Through investigating the traditional mould making and experimenting with casting 

resigns, he found a way to use 3D printing for production of complex shapes. As De Massis 

et al. (2016) pointed out, using tradition as an investigative tool during the design process 

can improve the validity, uniqueness, and the authenticity of the innovation. Given that 

craft is part of the tradition, it is evident that craft-based design remains a “distinct niche 

within meaning‐creating innovation in need of further exploration” (Holmquist, 

Magnusson, & Livholts, 2018, p.2). 

 

2.2. Digital fabrication 

The division between the digital and material world has been very clear, until the moment 

when digital fabrication tools started transforming binary digits into atoms (Lau, Mitani, 

& Igarashi, 2012). Since Gershenfeld (2012) declared a new revolution with his words “A 

new digital revolution is coming, this time in fabrication” (p.43), we have been witnessing 

the advent of digital fabrication, a movement that changes the means of design and making. 
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These two terms have historically been considered as two different stages in the design 

process. In general, the term digital fabrication is relevant to every process that is using 

computer-controlled tools in which the tool represents the digital side of the process, while 

the material symbolizes the analog side of the process (Gershenfeld, 2012). This study will 

adopt the definition of digital fabrication provided by Zoran and Buechley (2013) as a 

“process whereby an object design is created on a computer, and the object is then 

automatically produced by a machine” (p.6).  

 

2.2.1. Categorization of digital fabrication 

The categorization of these computer-controlled machines is in two basic categories: 

subtractive and additive. The former date back to 1952 when the first numerical controlled 

machine tool was created at MIT University and was commonly used in different types of 

factories until the late 80s (Gershenfeld, 2012).  In this group are all CNC (computationally 

numerically controlled) machines that are shaping and reshaping the three-dimensional 

object by cutting extra material from a block of material, until the final shape is created 

(Mota, 2011). The additive category includes machines that, during the process of 

production, deposit and bind layers of material rather than removing matter (Mota, 2011). 

Additive manufacturing technologies, known as 3D printing, have evolved into seven 

different manufacturing processes since the mid-1980s. The most popular is Fused 

Filament Fabrication (FFF), previously known as Fused Deposition Modelling (FDM) 

(Redwood, Schoffer & Garet, 2017). This popularity is due to the process inherent 

simplicity and open source approach. 
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While at the beginning of the 21st century the price of the 3D printing machines was at 

$45000 (Mota, 2011), today personal 3D FFF printers can cost less than $500. For example, 

the researcher of this study bought his first 3D printing machine for only $280. The 

inexpensive cost of these machines is making them accessible not only to professionals but 

also to average people who want to explore their creative skills. Right now, this type of 

machine is present in universities, research centres, small businesses and local community 

production shops. While many people believe that 3D printing will replace established 

subtractive manufacturing technologies, Gershenfeld (2012) believes that “the revolution 

is not additive versus subtractive manufacturing; it is the ability to turn data into things and 

things into data” (p.44).  

 

 
Figure 4: Researcher’s first entry-level FFF 3D printer. 
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2.2.2. 3D printing amateurism  

Bearing in mind that scientists and technologists are nowadays 3D printing food, medical 

implants, prosthetics and aircraft parts, 3D printing is defined by many authors as a world-

changing innovation (Bosqué, 2015). While in these sectors the interest in 3D printing is 

increasing due to the improved quality, for the wider audience there is a general confusion 

about the quality of 3D printing technology (Bosqué, 2015). This confusion comes from 

the public’s limited access to Fablabs and Maker’s events, where there is a dominant 

representation of toys, phone covers and fashion accessories made with entry-level 3D 

printers. As Bosqué (2015) pointed out, we are still in a stage where the public is fascinated 

and impressed by the seemingly magical functionality of 3D printing, but not by the 3D-

printed object itself. Makers are still in the learning process in which they are printing 

downloaded ready-to-make samples from the Internet, demonstrating a lack of inspiration 

(Bosqué, 2015). Unskilled designers are printing objects in very poor surface resolution 

and without any individualistic or artistic touch. In the literature, these useless and 

disposable samples are called by many different names, such as ‘phatic objects’ (Bosqué, 

2015) and ‘crapjects’. The term ‘crapjects’ is defined by Scott Smith (2012) as a 

contraction of ‘crappy’ and ‘objects’. 

 
Figure 5: Example of crapjects (Maker Faire, September 30, 2018) 
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2.2.3. 3D printing in Industrial Design education  

Thanks to the dramatic increase in affordable low-cost digital technologies, since 2011 

there is a widespread building of digital fabrication facilities in schools, libraries and 

community centres (Blikstein, 2013). The advances in digital fabrication and the 

implementation of 3D printing in industrial design education has enormous potential to 

impact the design process and create a disorder in the discipline (Loy, Canning & Little, 

2015).  

From a positive educational perspective, access to 3D printing machines offers students a 

chance to re-engage with making. Accessibility to machines such as Makerbot, RepRap 

and Cube provide design students with the opportunity to transform a digital model into 

an accurate physical prototype (Hallgrimsson, Dewar & Laliberte, 2014). From a 

prototyping perspective, one-off objects with complex shapes are easier and more cost-

effective for students to make with these new digital technologies compared to traditional 

making techniques (Lindley, 2016). As Blikstein (2013) emphasized, building functional 

and aesthetically appealing prototypes as contrasted with cardboard and foam low-quality 

prototypes can have a strong impact on students’ dignity. Lastly, the school offers a safe, 

clean and controlled environment in which students can manufacture without waiting for a 

tool to be created and extend their literacy about manufacturing (Hallgrimsson, Dewar & 

Laliberte, 2014).  

Many authors fear that the maker spaces at schools are slowly becoming fabrication 

facilities, instead of spaces for developing invention (Blikstein, 2013). Design education is 

a platform where, through open-ended experimentation and prototyping, students should 

liberate their creativity and “discover opportunities that can be exploited and transformed 
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for unpredictable design solutions” (Vermillion, Anderson & Rowe, 2014, p. 3). Printing 

simple beautiful objects with little effort during teaching sessions is just proof of concept 

(Blikstein, 2013). As Blikstein pointed out, “educators should shy away from quick 

demonstration projects and push students towards more complex endeavors” (p.18). 

Students should take the risk and explore happy accidents through engagement and 

combining 3D printing with other tools and materials (Vermillion, Anderson & Rowe, 

2014). Instead of valuing the process of experimentation and production, students are 

valuing attractive 3D-printed low-quality outcomes, which are without any value or 

importance (Bosqué, 2015). Hallgrimsson, Dewar & Laliberte (2014) believe that without 

a scientific understanding of the 3D printing process, students will not be able to 

manipulate the process in order to achieve valuable outcomes. The designer should have 

manufacturing knowledge and understanding of the machines in order to be distinguished 

between all makers as a design expert (Hallgrimsson, Dewar & Laliberte, 2014). Instead 

of being passive viewers, students should strive for involvement with machines.  

In addition, this new practice creates a disconnect between the designer and the physical 

model. With a fully automated process, students will never touch and understand the 

material tactile attributes and responses, which is one of the basics in industrial design 

practise (Renda & Kuys, 2014). The industrial design process consists of many iterations 

and craft-based activities (Renda & Kuys, 2014). The final outcome can be produced by 

an automated machine, but “the design itself must appreciate the craft-‐based approach to 

ensure the final product is what the designer intends, and not what a machine is capable 

of” (Renda & Kuys, 2014, p.6). According to Renda and Kuys, the best solution for 

avoiding digital fabrication becoming the only method of fabrication in school is by 
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teaching students a combination of traditional craft-based techniques and advanced 

technologies.  

 

2.3. Craftsmanship  

Nowadays, there is a widespread view that craftsmanship is an approach to meaningful 

making, instead of an approach to a specific type of manual practice. Recently, this view 

gained a wider audience in academia and is especially evident in the book The Craftsman 

by sociologist Richard Sennett, which investigates craftsmanship from a phenomenological 

point of view. According to Sennett (2008), craftsmanship is the “enduring, basic human 

impulse, the desire to do a job well for its own sake” (p.9). Sennett (2008) attributed the 

same impulse of skilled manual labour to all makers of tangible and intangible objects, 

such as artists, doctors and programmers. In all these people there is an internal interplay 

between hand and head in which thinking, and practising evolve into a habit (Sennett, 

2008). Back in 1975, John Harvey held a very similar view when in Medieval Craftsmen 

he defined craftsmanship as: 

“Craftsmanship is the basis of society. From shaping the most primitive tool 

to the assembly of the latest computer, human activity has depended upon 

skill: the coordination of the brain and hands. This process takes many forms, 

but these do not differ in kind. Each output of skill represents exactly the same 

faculty, an ability to learn an existing method of doing something. Although 

it is nowadays fashionable to talk of technology, this is nothing more than the 

discussion of crafts.” (as cited in Roskill, 1977, p. 138-139) 
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Later, Mark Roskill (1977) criticized John Harvey for not distinguishing between 

craftsmanship and technology and not emphasizing the essential importance between 

making a single piece by hand and making a collection of pieces by a machine. Mark 

Roskill’s criticism is inspired by David Pye’s work, who was the first author to replace the 

word craftsmanship with workmanship. Provoked by the factory-made objects present 

everywhere in the middle of the twentieth century, David Pye decided to fight for the 

invaluable variability associated with the human hand by contrasting the craftsmanship as 

an opposite trend of manufacturing (Marble, 2010). According to Pye (1968), we need to 

distinguish two types of workmanship: workmanship of risk and workmanship of certainty. 

While the workmanship of certainty is identified as an industrial and repeatable process in 

which the risk of the creation of the artifact is minimal, as a result of the implementation 

of high-end manufacturing technologies (Pye, 1968), the workmanship of risk is 

characterized as:  

“workmanship using any kind of technique or apparatus, in which the 

quality of the result is not predetermined, but depends on the judgment, 

dexterity and care which the maker exercises as he works. The essential 

idea is that the quality of the result is continually at risk during the 

process of making” (p.4). 

According to Loh, Burry and Wagenfeld (2016), who analyzed Pye’s work, “through risk 

in the material, tools and techniques, the workmanship is pushed to its limit and new 

knowledge can be generated” (p.189). The knowledge of the material, technique and tools, 

developed within the process of making is where the craftsmanship underlines. The 

knowledge that is gained through many years of action and experience, celebrated as 
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something special, in the literature is known as tacit knowledge (Loh, Burry, & Wagenfeld, 

2016). Michael Polanyi introduced this term in 1966 with his statement “we can know more 

than we can tell” (p.4). According to him, it is the knowledge that gives craftsmen expert 

judgment to act instinctively, without even thinking about it. As Richard Sennett (2008) 

points out, “in the higher stages of skill, there is a constant interplay between tacit 

knowledge and self-conscious awareness, the tacit knowledge serving as an anchor, the 

explicit awareness serving as critique and corrective” (p.50). 

 

2.3.1. Traditional craft production 

Traditional craft production is often associated with a production process in which objects 

are made exclusively by hand (Campbell, 2005). According to Pye (1986), this type of 

production has never been seen in its pure form, “considering the ancient use of templates, 

jigs, machines and other shape-determining systems” (p.6). In addition, the wheel of the 

potter, the furnace of the blacksmith and the loom of the weavers are just more proof that 

we cannot associate traditional handcraft production as divorced from machines (Tsoumas, 

2013). Campbell (2005) believes that control over the machine is what differentiates 

traditional craft production from modern production. In hand production, the machine is 

controlled and powered by craftsman’s hand, while in the production system the machines 

are in control over the worker. 

David Pye differentiates modern from traditional craft production on the basis of the extent 

of predetermined results (Kettley, 2007). Pye believes that the variation associated with the 

risk during the process of making is what we instinctively read into the object as authentic 

(Marble, 2010). As Pye explains in his work (1968), while in industrial manufacturing the 
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problem with error and risk can be solved with another prototype, in traditional production 

the slip of the hand, the unwanted mark of the tool or the lapse of the judgment cannot be 

undone. The beauty and quality of the artifact can be ruined at any moment because the 

process of making is constantly at risk, and thus requires a close relationship between the 

mind and the hand to control each movement of the tool (Pye, 1968). 

In order to understand the difference between craft production and mass production, Loh, 

Burry and Wagenfeld (2016) made a comparative study based on Pye’s writings in which 

they evaluated the level of risk in different stages of making. By comparing the 

manufacturing process of the Thonet Chair No 14 and the craft process of custom-made 

furniture by Australian woodworker Damien Wright, the authors created a visual diagram 

that allows researchers to visually differentiate the process, given that is very difficult to 

determine the precise amount of risk in each stage.  

 
 

Figure 6: Visual presentation of the amount of risk in each stage of making. 

Diagram adapted from Loh, Burry, & Wagenfeld (2016). 
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According to the authors, in the mass production of the Thonet Chair, the highest level of 

risk is in the preparatory stage, because although Michael Thonet knew the technique, he 

did not know how to prepare the tooling. After many years of design and development of 

his tooling, he finally developed an iron moulding frame that led to a controllable level of 

risk and successful mass-production of the chair (Loh, Burry, & Wagenfeld, 2016). In 

contrast, Damien began his making process with the selection of Australian hardwood 

timber, which influenced his decisions about technique and tooling (Loh, Burry, & 

Wagenfeld, 2016). By preparing his scale models and prototypes for the client, he redefined 

his tooling and the level of risk was decreased (Loh, Burry, & Wagenfeld, 2016). The risk 

that remained high all the time during his process was the selection of the material (Loh, 

Burry, & Wagenfeld, 2016). As the authors point out, Australian hardwood is extremely 

unpredictable and difficult to work with in comparison with artificially modified 

hardwoods.  

The authors’ diagram illustrates that: 1) the relationship between material and tool is 

directly related to the control of the craft person; 2) the relationship between material and 

technique is related to the dexterity and judgment of the craft person; and, 3) the 

relationship between tools and techniques is directly related to appropriateness (Loh, 

Burry, & Wagenfeld, 2016). Furthermore, they conclude that the relationship between all 

three elements - material, techniques and tools - is hard to define, because the process of 

making is not a closed loop. If the practitioners run into a risk, they find their own way to 

deal with it. They invent, develop and modify their own tools that will allow them to control 

the risk.  
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The process of making is individual and can be understood only by the individual makers. 

The unbreakable and complex relationship between the maker and his materials, techniques 

and tools is what underlines the authenticity of craft production (Loh, Burry, & Wagenfeld, 

2016). The authenticity of traditional production is concealed inside the deep-seated 

construction of the practice where the process of making is a product of the maker’s 

knowledge and his wide-ranging use of techniques and tools (Loh, Burry, & Wagenfeld, 

2016). Carroll and Wheaton (2009) also find craft authenticity in the appropriate use of 

techniques and skills during craft production. They believe that these authentic skills 

should be beyond the common reach and represent a degree of professional autonomy and 

high-quality mastery (Carroll & Wheaton, 2009). For the purpose of this study, it can be 

concluded that the authenticity of craft production does not lie in the object, but in the 

process of making.  

 

2.3.2. Contemporary craft production 

The developments in advanced computational software and increased accessibility of 

technologies that can achieve complicated cutting operations in a precise and repetitive 

manner has led to a new craft practice, defined in literature with terms such as ‘digital craft’ 

(McCullough, 1998), ‘hybrid craft’ (Zoran, 2015), ‘digital making’ (Kolarevic, 2008) and 

‘digital handmade’ (Johnston, 2015). All these terms imply an intimate relationship 

between handcrafting skills and technologies like 2D and 3D digital modelling, 3D 

scanning and 3D printing (additive manufacturing), CNC machining and laser cutting. 
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Figure 7: Contemporary craft production by Gareth Neal (http://garethneal.co.uk/) 

According to Kolarevic (2008), the best explanation of the technological and cultural 

origins of the term digital craft can be found in the book Abstracting Craft by Malcolm 

McCullough. McCullough (1998) argues that digital craft is a practice based on a 

continually workable digital medium, such as a computer, that encourages hand-eye 

coordination, albeit in an indirect way. The artifact shaped by software operations does not 

need to have a material substance or to be touched by the craftsmen anymore, it has its own 

individual appearance, history, properties and authorship (McCullough, 1998). Although 

it is abstract and without physical substance, in a digital realm it shows the manipulation 

by the software tool and the skills of the craftsman (McCullough, 1998). McCullough’s 

(1998) main argument is that digital craft is a collaboration between human agency and the 

digital world in which the computer is a digital medium through which the action of the 

hands and eyes are mediated, same as working with any other raw material. 

While the current technologies are decreasing the amount of risk and are increasing the 

amount of certainty, there is still a risk associated with interpreting and imagining 

alternative digital outcomes and variations (Marble, 2010). In Kolarevic’s (2008) words, 

http://garethneal.co.uk/
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“this notion of risk, stemming from the inherent lack of predetermined design outcomes, is 

how we could interpret Pye's seminal work in a contemporary context” (p.121). According 

to Kolarevic (2008), in parametric modelling software such as CAD, interdependencies are 

structured and reconfigured in shape and form as a result of the abilities of the craftsman. 

Given that during the whole process the craftsman is interacting with external forces, 

actions and manipulations, the risk lies in the unpredictable and unexpected transformative 

process (Kolarevic, 2008). The emergence of the form or the design opportunity is not 

automatic, it is a result of the craftsman’s experience and dexterity, “knowing intuitively 

which small quantitative change could potentially produce a qualitatively different 

outcome” (Kolarevic, 2008, p. 122). While many authors focus on providing evidence that 

Pye’s risk is present in the digital side of the process, there are authors such as Foote (2017) 

who believe that there is still a degree of uncertainty in the other stages of the process. For 

example, in the fabrication stage, there is still a risk which is associated with the material 

behaviours, that is beyond the reach of predictive capacities (Foote, 2017).  

Given the attention paid to the digital side of this practice, where practitioners are 

interacting with digital tools and abstract artifacts (Kolarevic, 2008), it is surprising that 

the role played by tradition in contemporary craft production has not been examined in 

more detail. Besides computers and modelling software, today new digital practitioners, 

known as ‘digital artisans’ (Johnston, 2015), use all kinds of traditional tools and materials 

in combination with machines that were previously seen only as belonging in the 

automotive industry and mass production. Johnston (2015) believes that these new digital 

artisans will transform the mass production into individual expression on a mass scale and 

will challenge individuals to see once again the vision and the skills of the craftsman. 
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According to her, these new digital and industrial technologies “are applied in 

unconventional ways to enhance and assist it crafting of extraordinary artistic forms that 

would previously have been all but impossible” (p.7). 

While traditional artisans are questioning the authenticity of the work that new digital 

artisans are creating, many contemporary practitioners look at the new automated tools, as 

just another tool of the craft practice, not dissimilar to a hammer or a throwing wheel (Loh, 

Burry, & Wagenfeld, 2016). The ability of the craftsman to hand-create a series of pieces 

that look the same, but are at the same time not identical, is easily achievable today through 

algorithmic coding (Loh, Burry, & Wagenfeld, 2016). As McCullough (1998) argues, 

today with CNC technology and algorithmic coding, many practitioners are creating 

artifacts that cannot stand as originals, but at the same time, they are not identical either. 

CNC technology and carefully integrated creative process can produce unique and 

individual artifacts to the extent where an object’s authenticity is no longer in question 

(Loh, Burry, & Wagenfeld, 2016). As Marble (2010) states, Pye’s slip of the hand today 

becomes an automated variation in form of mass customization.  

 

2.4. New Consumer Culture 

2.4.1. A quest for handmade 

Although we are living in an era of development of innovative and automated advanced 

manufacturing that is producing smart products, we are witnessing a movement in which 

products are promoted as handmade (Fuchs, Schreier, & van Osselaer, 2015). Researchers 

have a different opinion about the reason for the occurrence of this phenomenon. Carroll 

(2015) looks at the demand for handmade products as the most powerful and influential 
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revolution, because it is changing the social and political views, but more importantly 

consumer behaviour. According to Beverland and Farrelly (2010), the reason for 

encouraging customers to buy a handcrafted product lies in the dehumanizing effect, the 

loss of the traditional meaning and self-identity, which are directly connected to the 

globalization and hyperreality. According to Lewis and Bridger’s work, “living in 

economies where their basic needs are quickly and easily satisfied, New Consumers are far 

more concerned with satisfying their wants, which frequently focus on original, innovative 

and distinctive products and services. As a result, they tend to reject mass-produced and 

mass-marketed commodities in favour of products and services that can claim to be in some 

way authentic” (as cited in Kettley, 2007, p.22). A very similar view can be seen in 

Luckman’s work (2015) who claims that digital media did not only change the cultural 

meaning of the object, but also the consumer’s desire for handmade objects. According to 

Luckman (2015), this desire is an indication of the consumer’s requirement for 

individuality in a market where there is a lack of product differentiation. In comparison 

with industrialized products, handmade products offer consumers an authentic experience 

or connection in an inauthentic world (Luckman, 2015). Fiona Hackney looks at the new 

quest for handmade as a part of a new commercial culture that can be seen “as a means of 

addressing the problems and anxieties surrounding the acceleration of modern life 

(unemployment, the strain of new work processes and their effects on physical and mental 

life)” (as cited in Luckman, 2015, p.69). 

Considering the significant shifts in consumer demands, McIntyre (2010) performed an 

online survey of 7000 adults in the UK to find out what are the driving forces behind this 

movement. The result of their research shows that the three key trends that influence 
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consumer demand and drive the evolution of craft market are: personalization, authenticity 

and ethical consumption (McIntyre, 2010). According to their report, authenticity is the 

most important long-term identified consumer trend, because it’s closely associated with 

the terms ‘handmade’, ‘workmanship’ and ‘genuine’ (McIntyre, 2010). In addition, 22% 

of the participants were motivated to consume a craft only because it reflects their own 

identity or image of themselves (McIntyre, 2010). 

Many authors believe that consumers are purposefully linking the object and the meaning 

of the object to their life stories (Beverland & Farrelly, 2010). Consumers today are self-

conscious manipulators who are purchasing crafts with the specific intention to build their 

identity or lifestyle by controlling the soul and the symbolic meaning of the product 

(Campbell, 2005). According to Beverland and Farrelly (2010) who investigated the 

motivation behind the consumption of handmade object, control, connection and virtue are 

the three benefits that consumers are extracting from the craft purchase in order to reinforce 

their desired identity. Given that consumer’s engagement through handmade purchase 

provide essential insights about human identity, it can be concluded that “if this trend is set 

to continue into the near future, then the prospect exists of a postmodern society in which 

craft consumption is not merely the dominant form of consumption, but also the principal 

mode of individual self-expression” (Campbell, 2005, p. 40). 

 

2.4.2. Mass customization 

Before industrialization, only groups of people with the highest levels of wealth had access 

to one-of-a-kind, made-to-order, high-quality handcrafted products (Harzer, 2013). With 

the advent of powered machinery and factories, a new generation of mass consumers grew 

https://www.powerthesaurus.org/essential/synonyms
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up with “aesthetically uninspiring standardized products, many of which they did not 

actually need and few of which were capable of bringing any real or lasting satisfaction” 

(Campbell, 2005, p.26). In the last few decades, we have witnessed a new type of hybrid 

manufacturing, known as mass customization, which in principle is a combination of one-

of-a-kind craft production and mass production (Blecker & Friedrich, 2006). The key 

driver for the appearance of this type of production is the customer itself. Given that the 

level of competence and standardization in mass production has become enormous, it was 

logical for the customers to raise their voice and ask for individualization (Blecker & 

Friedrich, 2006). According to Babiarz et al. (2007), mass customization can be identified 

as a “complex business strategy, which goal is to produce goods and provide services on a 

large scale, customized to the individual needs of every customer with the efficiency of 

mass production” (p.1). 

The question is, is it really customized to the individual needs of every customer? Crawford 

(2009) describes this practice as an “experience of remote control” (p.68). According to 

him, this is a passive consumption among predetermined alternatives in which the 

consumer is disburdened from its own individualism and agency.  In addition, according 

to Norman (2004), “things do not become personal because we have selected some 

alternatives from a catalogue of choices. To make something personal means expressing 

some sense of ownership, of pride. It means to have some individualistic touch” (p.220). 

Products such as original goods, vintage or handcrafted items are especially valued in this 

context, because they offer individualistic touch and a sense of difference (Harzer, 2013). 

One of the best places for this type of product is the online marketplace Etsy, which will 

be discussed in the next section.  
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2.4.3. Etsy 

The commercial opportunities offered by the Internet have made it possible for companies 

to directly reach thousands of customers on a daily basis (Church & Richelle, 2018). The 

Internet has become a key driver for small businesses to provide a level of diversification 

and uniqueness that is impossible in the world of retail (Aryafar, Lynch, & Attenberg, 

2014). The appearance of this cyberspace gave an opportunity to the audience to become 

aware of the concept of consolidation between design, craft, technology and digital 

fabrication (Aitchison, 2014). One of the greatest enterprises that represent this concept in 

relation to handcrafted goods is the online marketplace Etsy, which was founded in 2005 

(Aitchison, 2014). 

Etsy is a marketplace where more than 2.1 million microenterprises set up a shop, and 

market their own handcrafted goods to an unlimited group of customers in over 180 

countries (Aryafar, Lynch, & Attenberg, 2014). In the last decade, Etsy together with other 

marketplaces of this kind, changed customer desires and brought about an explosion of 

interest in customized, handmade and made-to-order products (Church & Richelle, 2018). 

The growth in Etsy’s annual revenue clearly shows that the customers’ interest in their 

market philosophy is growing from year to year. 

 
Figure 8: Etsy’s annual revenue. Downloaded from 

https://www.statista.com/statistics/409371/etsy-annual-revenue/ 
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2.4.4. Etsy and 3D printing 

Considering that cutting-edge technologies have become more available and affordable to 

the public, many practitioners started imitating hobby-level handcrafts (Aitchison, 2014). 

The appearance of machine-made products on Etsy has resulted in tensions between the 

modern form of computer-mediated craftsmanship and old-fashioned handcrafted practices 

(Aitchison, 2014). Since these tensions became very noticeable and caused intense debates 

on Etsy’s forum, the CEO Chad Dickerson decided in 2013 to change the policy on 

‘handmade’. 3D printed parts are now considered handmade in spirit (Aitchison, 2014). 

Since 2013, no study has examined how this new policy affected the Etsy market and what 

consumers consider as handmade as a result of this change. Today, if you type ‘3D printing’ 

or ‘3D printed’ in the Etsy search bar, there are more than 62 000 results worldwide. While 

in 2013 only eight Etsy stores in Canada offered 3D printed items and services, today there 

are more than 96 that provide 3D printed handmade items. Given that 19 new stores opened 

only in the first quarter of 2019 it can be freely stated that this trend will grow in the 

following years.  

 
Figure 9: Example of 3D printed objects available on Etsy 
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2.5. Meaning of the objects 

2.5.1. Product semantics 

Objects communicate through visual signs. These signs are clear, understandable and 

meaningful only when they are in opposition to other signs within a system (Parsons, 

2009). The field that investigates the concept of these signs, what they resemble and the 

relationships within the systems is called semiotics (Parsons, 2009). The field that 

investigates the message of these signs and their meaning is called semantics.  

Inspired by semantics, Butter and Krippendorff in the 1980s presented a new theory in the 

field of industrial design, entitled product semantics. According to their first definition, 

“product semantics is the study of the symbolic qualities of man-made forms in the context 

of their use and the application of this knowledge to industrial design” (Krippendorff & 

Butter, 1984, p.4). Product semantics is not a design style or movement, but a “reaction to 

the missing sense modern industrial products make” (Krippendorff, 1989, p.10). According 

to Krippendorff, designers should avoid the modernist design rule “form follows function” 

because users did not interact with a product only physically, but cognitively and 

behaviourally (Parsons, 2009). Instead of focusing on function, designers should focus on 

form, because the form is “the designer’s way of objectifying and, hence, disowning their 

own meaning in the process of making sense for others” (Krippendorff, 1989, p.14). 

In 1989, Krippendorff updated his definition of product semantics to include “a concern 

for the sense artifacts make to users” (p.10). In his view, people live and surround 

themselves with objects that make sense to them. In other words, people surround 

themselves with objects that can be identified when, where, and how they can be used. 

Importantly, an object is perceived and interpreted differently by each viewer. The viewer 
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formulates an idea about the object, based on previous context or experience that allows 

him to formulate an understanding of it (Krippendorff, 1989). For instance, if the viewer 

sees a chair in a store, he/she might consider how a chair could look in his/her living room 

or office or might think about previous experience with an uncomfortable chair. Based on 

an imaginary context, the viewer constructs the meaning of the object, the chair. According 

to Krippendorff (1989):  

“Making sense is a circular cognitive process that may start with some 

initially incomprehensible sensation, which then proceeds to imagining 

hypothetical contexts for it and goes around a hermeneutic circle during 

which features are distinguished - in both contexts and what is to be made 

sense of - and meanings are constructed until this process has converged to 

a sufficiently coherent understanding” (p.13). 

 
 

Figure 10: The process of sense-making (Retrieved from Krippendorff, 1989) 

 
As mentioned before, when a group of people look at the same object, none of them has 

the same interpretation of the object. While some people take less time to make a clear 

understanding of the fuzzy image, the fact that the fuzzy image may cause different 

responses presents the significance of individual cognitive contributions (Krippendorff, 
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1989). The context in which the meaning is created is based on the observer's personality 

and memories of previous individual experiences. 

 

2.5.2. Interpretation and memory 

Interpretation of the world as a system of signs is an intelligent activity (Semetsky, 2006). 

In semantic view, the term intelligence “is determined by three functions: the transmission 

of textual information, the creation of new information, and memory as a capacity to 

preserve and reproduce information” (Semetsky, 2006, p.25). Regarding the interpretation 

of signs and construction of meaning, memory serves the most important function, because 

it is a social process based on individual and collective interpretations of the past (Cipolla, 

2008). As Cipolla (2008) emphasized in his research, these interpretations are constantly 

changing during the course of peoples’ lives, because people are introduced to new people 

and environments and begin to forget as time goes by. In addition, people are not the only 

actors in the creation of memory. We create memories together with our material 

surroundings. Objects are present all around us, impacting our everyday lifestyle. While at 

the beginning we absorb and relate to their shape and colour, with time we realize that they 

capture moments and share memories with us (Norman, 2004). Objects are signs of the 

past. As Jones (2007) point out, objects assist us to remember by acting as “physical traces 

of past events which are amenable to the process of reading” (p.19).  

 

2.5.3. Agency 

As mentioned before, objects index past events. If we take the handmade object as an 

example, we can say handmade objects are physical traces of the maker’s past actions. 

https://columbia.academia.edu/InnaSemetsky
https://columbia.academia.edu/InnaSemetsky
https://columbia.academia.edu/InnaSemetsky
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Once they are made, they physically embody memory as a reference to previous objects 

made by the same maker (Jones, 2007). In other words, they become signs that evoke 

meanings related to the myth of their creation. However, albeit important, production is 

not the only process through which memory is embodied into the object. Consumption and 

usage over time enrich the object’s memories to the point of overshadowing the initial 

memory imbued in the production stage. When the objects are in the hands of the consumer 

they communicate meaning through memories from both the consumer and their original 

maker (Kouhia, 2012).  

If we analyze handmade objects through Alfred Gell’s concept of art objects, we can see 

that objects are “positioned in time as a series of events embodied in material form” (Jones, 

2007, p.20). In addition, by materializing the object in physical form, the maker projects 

his or her intentions in advance in the form of a physical record (Jones, 2007). By looking 

at the object’s physical form, the meaning of the material object is manifested through 

every single trace that reminds the maker of past actions. Each mark, or what Pye called 

‘slip on the hand’, is a record of an interplay between the maker and the material in the 

studio. Each mark is a consequence of the maker’s decision, creative action or intention. 

Each mark on its surface acts as a separate sign. The power of these signs to subsequently 

affect the maker’s action or response illuminates the role of agency.  

According to Ahern (2001) agency is “the socioculturally mediated capacity to act” 

(p.112), and this is not restricted to humans but includes non-humans such as machines, 

technologies, spirits and signs. If objects did not have the agentive capacity to take action 

upon the world and affect social change, they would never be created in the first place 

(Ahern, 2001). Gell’s most famous study Art and Agency (1998) proposed a theory about 

https://www.researchgate.net/profile/Anna_Kouhia?_sg=F-U7jHSg7MhCeeE7kFZNn1AWz4tHzgnuAMVqa6IoAxMn6b6-LQ_n3HH3y4QqbdC6_7JMtxw.Ic-pqecviS0nnrK74LCdxmNh-eLb2yHWPGcxXMtaqJePyHkpG7Lom3sWCIXR0DNtidQ8Ws_NDvJykrI1Xq7p-g
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the agentive capacity of the art object to cause an action or emotional response, and many 

authors now accept this as a theory about all material objects (Hoskins, 2005). According 

to Gell (1998), “agency is attributable to those persons (and things) who/which are seen as 

initiating causal sequences of a particular type, that is, events caused by acts of mind or 

wil1 or intention, rather than the mere concatenation of physical events” (p.16). Things 

exert agency because they act on viewer perception as living beings that affect the viewer’s 

behaviour, emotions and beliefs (Gell, 1998).  

 

2.5.4. Object Agency 

The terms ‘object’ and ‘agency’ are very familiar in the field of social science. According 

to Russel (2017): 

“the phrase ‘object agency’ attempts to unite what is a constructed 

separation between the role of humans as agents and objects as instruments 

wielded in the pursuit of a human-defined ‘end’. At the core of this union of 

terms is the assertion that material culture is not simply a tabla rasa 

constructed to reflect human ideas or to complete human tasks. The objects 

of material culture are active agents in the negotiation of spatial, 

environmental, social and cultural contexts, structuring and affecting 

proceedings of events through the gestalt of their changing materialities” 

(p.72). 

The concept of ‘object agency’ investigates the relationship between humans and non-

humans (objects) (Russel, 2017). Regarding this relation, Gell in his study (1989) provided 

a concept of dispersed agency in which he located the primary agency in the human act, 
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while the secondary agency is owned by objects, as an index of human agency. While this 

balanced relationship between human and non-humans is well accepted in the fields of 

archaeology and anthropology, according to Russel it “does not move beyond the 

fundamental issue of human existential exceptionalism” (Russel, 2017, p.75). Generally, 

in human society, the objects and their agentive capacity will always be perceived as 

unimportant, because they are the result of the first and the most important one, the human 

agency (Russel, 2017).  

This egotism in humans as a primary agent is evident even in Gell’s observation about 

mechanics, in which he concluded that objects are fetishized and taken for granted (Russel, 

2017). Martin Heidegger expressed the same view back in 1927 in his work Being and 

Time. According to him, humans rely on objects as taken for granted until the moment 

when they stop functioning (Russel, 2017). Based on his most famous example, we cannot 

know a hammer just by looking at it as an object without context. A hammer is a tool for 

action, that requires holding and using. In his words, “the less we just stare at the hammer-

thing, and the more we seize hold of it and use it, the more primordial does our relationship 

to it become, and the more unveiledly is it encountered as that which it is—as equipment” 

(Heidegger, 1962, p. 98).  In phenomenological tradition, the only way to understand 

objects and their meaning to us is by experiencing and living through them (Smith, 2013). 

As a conclusion, humans will stop making blind assumptions about the world “only when 

human consciousness has been made aware and deems it necessary to take action in relation 

to an object or phenomenon that the object or phenomenon is given status as a part of a 

lifeworld” (Russel, 2017, p.75).  
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2.6. Literature Summary 

The literature review demonstrated that besides the unbreakable relationship between 

product innovation and technology, there are authors who believe that product innovation 

can be driven by other elements, such as tradition (De Massis et al., 2016) and creation of 

new meaning (Verganti, 2008). Given that the creation of new meaning is driven by 

tradition, Verganti has been criticized by Holmquist, Magnusson, & Livholts (2018) that 

he did not explain the importance of tradition in the creation of new meaning. In addition, 

his work and De Massis’s work are based on an organizational level, which opens a 

question: How we can investigate product innovation driven by tradition and new meaning 

at a designer’s level? 

Regarding technology and product innovation, the literature review presented that the 

digital revolution created a disorder in the design discipline. Through the example of 3D 

printing technology, we witness that besides providing a quick, precise and accurate 

process for testing innovations, this technology is capable of negatively impacting design 

students’ creativity and understanding of the process of making. According to Renda & 

Kuys (2014), the only way to avoid this negative impact is by implementing a hybrid 

approach in the process of making, and teaching students a combination of traditional 

craft-based techniques and advanced technologies. To understand what students can 

learn from traditional craft-based techniques, the next section of the literature provided 

information about craftsmanship and traditional craft production. Traditional craft 

production showed that the machine was always part of the process and that the only 

difference from mass production is the control over the machine and the risk during the 

process of making. The literature about hybrid craft production showed that even in a 
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digital world there is still a risk of making. The emergence of the form is not automatic, it 

is a result of the craftsman’s experience and dexterity (Kolarevic, 2008). While some 

people have doubts about this type of production, the literature showed that both types of 

productions are based on practical knowledge that is gained through many years of 

experience. The practical knowledge is celebrated again, but in a different form. Given that 

this hybrid practice was suggested by Renda & Kuys as most applicable to students, the 

literature demonstrated that most of the authors are focused on the digital stage of the 

process. This gap in literature opens a great opportunity for this study to investigate the 

material stage of this practice and answer how students can create practical knowledge 

through engagement with digital fabrication tools and other craft-based techniques.  

In addition, it was mentioned that digital craftsmen are trying to imitate handmade qualities 

such as uniqueness through algorithmic coding of the machines. This new trend of 

designing unique objects is a result of new consumer culture, driven by a customer and its 

need for individuality. This movement is so powerful that it even affected amateur makers, 

leading them to advertise 3D printed objects as handmade. Given that there is a gap in the 

literature regarding the presence of 3D printed objects on Etsy, the researcher performed 

market research to obtain information related to the literature. The relationship between 3D 

printing and handmade opens an opportunity for the researcher through a handmade object 

to investigate the material stage of the process in hybrid production. Through engagement 

and understanding of the material phase of the hybrid craft production, the researcher will 

explore in which other stages of the production there is still a risk of making. 

Lastly, given that innovation is not related only to the implementation of the tradition, but 

also to the meaning of the object, the last section on the literature presented that the 
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meaning of the object is what makes sense to the designer as the original user, and to the 

intended users. In Krippendorff’s view, making sense is a cognitive process through which 

an individual travels through his own past and experience to develop an understanding and 

meaning of the object. In other words, we interpret meaning based on memories of past 

actions that can occur only through engagement with the world. As Smith (2013) states the 

only way to understand objects and their meaning to us is by experiencing and living 

through them. Since the researcher will investigate how 3D printing can be considered a 

meaningful tool, this is a great opportunity for the researcher to explore the meaning of the 

outcomes of the process. By analyzing the interpretations of the objects, the researcher can 

test this theory and provide information about how the objects make sense to the 

participants.   
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3. METHODS 

Since the literature has raised questions regarding the creation of new meaning and the 

capacity of 3D printing as a tool for meaningful making, the researcher determined that a 

mixed research approach with both quantitative and qualitative research methods will be 

the most suitable for this type of research. Ethnographic observation was implemented as 

a formative primary research, through which the researcher became more familiar with the 

actors in the marketplace and their practice. This method helped the researcher to have a 

better understanding of the literature and in combination with the literature’s findings to 

create a framework of research questions that need to be addressed. The main research 

question “How can implementation of craft-based design into digital fabrication help 

designers explore meaningful making?” was addressed by two other methods, experiments 

and an online survey. The exploratory studies provided an opportunity to the researcher to 

test the potential of 3D printing in meaningful making, while the survey offered an 

opportunity to investigate peoples’ interpretation of the experimental outcomes and 

understand how they create meaning.  

 

3.1. Philosophical approach  

A researcher’s worldview combined with knowledge and expertise influence the choice of 

research methods and the direction of the research study (Creswell, 2014). In this study, 

the philosophical approaches that can be easily identified are pragmatism and 

constructivism. In broad terms, pragmatism intends to reveal the creation of practical 

knowledge evaluated and verified by its capability to solve a problem related to everyday 

activities (Coghlan & Brydon-Miller, 2014). Verification through experience is the main 
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reason why pragmatism is perceived by many authors as an interpretation of truth and 

meaning. As Creswell (2014) pointed out, pragmatists are free to use all kind of methods 

and techniques that provide the best understanding of what and how the situation can be 

improved. Since this is a study that needs to reveal a creation of practical knowledge, 

verified through experience, the practice-based nature of this approach is the main rationale 

for using it. In addition, the researcher needed the freedom to use a mix of research methods 

that will enable him to solve a problem and create practical knowledge. 

According to Creswell (2014), constructivism is a worldview that emphasizes the role of 

the individual and its ability to develop “meanings directed toward certain objects or 

things” (p.37). Although each person perceives and interprets his/her experiences and 

beliefs differently, on a large scale “there is substantial overlap in individual meaning-

making, which is the essence of socially constructed knowledge” (Mathison, 2015, p.81). 

The researcher’s objective is to rely on the participants’ view of a given situation, to 

understand the complexity of different perceptions and based on participants’ interpretation 

to create a pattern of meanings (Creswell, 2014). For the following research, a 

constructivist approach will be used to understand participants’ interpretations of the 

experimental outcomes. Through open-ended questions in the last research method 

(survey) the researcher will provide participants with an opportunity to express their 

opinions and believes regarding the appearance of the objects. Based on the responses, the 

researcher will analyze the data and try to understand where the overlap of individual 

interpretation is, and if this overlap can lead to a new meaning.  
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3.2. Research through Design 

Research through Design (RtD) was introduced by Frayling (1993) when he established 

three different forms of interactions between design and research (research for design, 

research into design and research through design). Given that since 1993, many authors 

investigated the legitimacy of the RtD approach or compared it with similar approaches, 

RtD can also be found in the literature by names such as: constructive design research, 

project-grounded research or practice-led research (Pieter & Giaccardi, 2016). While the 

authors have different points of view, all of them share the same goal: establishing research 

through design process in which designed artifacts should provide insights for a better 

understanding of a complex design issue (Pieter & Giaccardi, 2016). In comparison with 

research for design, where the artifact is the end result, in RtD the artifact is a key 

component for data collection. In this study, we have artifacts derived from two different 

study experiments that were used as instruments for collecting information in the last 

research method, survey.  

 

3.3. Research methods 

The study takes an exploratory mixed methods approach, which according to Creswell 

(2014) is an approach in which the researcher first investigates the qualitative research 

methods, whose findings and insights should inform about the structure of a new 

quantitative method. In general, qualitative research is an approach that attempts to explore 

and understand the meaning of the data, while the quantitative research attempt to test the 

data through manipulation of variables (Creswell, 2014). The combination of both 

methods, known as “mixed methods”, has emerged in response to the theory that all 
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methods have their own weaknesses (Creswell, 2014). The frequent occurrence of this mix 

of research methods is as a result of the common understanding that when they are together, 

they neutralize their weaknesses and provide a complete picture of the research problem 

than either approach alone (Creswell, 2014). The researcher used this as an opportunity to 

apply different research methods and tools to obtain the data, including: ethnographic 

observation, experimental studies and an online survey.  

 

3.3.1. Ethnographic observation 

3.3.1.1. Objective 

Observation as a research method provides the researcher with a window of opportunity 

through which the researcher observes situations, behaviours and objects in their own 

natural surroundings (Given, 2008). Since the scholarly literature provided information 

about objects made by traditional production and 3D printing amateurism, the researcher’s 

reason for using this approach was to observe these objects in their own natural 

surroundings. Since most of these objects are available in online marketplaces, the 

researcher felt that he needed to become more familiar with the real material manifestation 

of these objects and investigate the opportunities for further research and innovation. By 

understanding the materiality of the digital objects, and the practice in general, the 

researcher believed that he will be able to gain more precise insights of the literature, that 

will guide the next steps of the research study.  

In addition, in order to answer the question of how 3D printing as a medium makes sense 

in craft production, the researcher decided to visit two different events, one related to 

traditional production (Etsy: Made in Canada) and one related to digital fabrication (Maker 
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Faire). Although the literature presented that there is a presence of 3D printed objects on 

the Etsy marketplace, in general, Etsy events are recognizable as events where there is a 

dominant traditional production. Given that there is a distinction between the techniques 

and technologies presented online and in real life, this observation will help the researcher 

to understand why this is happening. In addition, by visiting an event related to traditional 

craft production, the researcher felt that he could develop a better understanding of Pye’s 

workmanship of risk and what makes handmade so valuable. By understanding the process 

of meaningful making, the researcher hoped to implement this knowledge through 

experimental studies in which the main tool will be a 3D printing machine.  

 

3.3.1.2. Data Collection and Data Analysis 

The ethnographic observation was conducted during two events that took place in Ottawa 

in September 2018. The first event “Maker Faire” was held in the Canada Science and 

Technology Museum from September 29, 2018, to September 30, 2018, while the second 

event “Etsy Made in Canada” took place in the Fieldhouse of Carleton University from 

September 28, 2018, to September 30, 2018. 

Observations of both events were performed in the same way: walking from vendor stand 

to vendor stand, listening, looking, and occasionally feeling objects on display. The 

primary method of data collection was taking pictures from a personal cell phone. In some 

cases, some of the objects were supposed to be touched in order to provide sensorial 

information about their texture and quality. As a second method, field notes with careful 

descriptions were used in situations in which information was not able to be captured 

visually. Regarding the data analysis, affinity diagrams were used to visually present the 
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data and quantify which types of craft techniques or technologies were presented more 

frequently during the event. This frequency was based on general contextual image 

groupings. The images established a framework of artifacts made by the same craft 

technique or technology and identified insights about their visual appearance and message. 

The field notes with descriptions were implemented into an excel document and were 

analyzed and categorized by topics.  

 

3.3.2. Experimental studies  

The analysis of scholarly literature in combination with the analysis of ethnographic 

observation, provided insights about traditional production and handmade qualities. By 

observing and comparing the objects from both events, the researcher developed an 

understanding of how handmade objects make sense to consumers. Since objects did not 

make sense only to consumers, but also to their creators, the overarching objective of the 

experimental studies was exploring from a designer’s perspective the potential of 3D 

printing in meaningful making. Given that the designer, through interactive engagement 

with the machine, can understand the importance of the tool and its capacity to drive design 

decisions, this was a great opportunity for the researcher to understand the potential of 3D 

printing in craft production. By analyzing the handmade object and its process of making, 

the researcher tried to implement the insights into a combination of digital fabrication and 

traditional production and through his hands to understand how 3D printing makes sense 

as a tool for meaningful making. While in the first experimental study the explorative 

approach was more decorative, in the second experimental study the explorative approach 

was reconstructive, in a material sense.  
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Regarding the first experimental study, as presented in the observation results, uniqueness 

in colours and patterns was one of the main characteristics that made handmade objects so 

different in comparison with 3D printed objects. Handmade objects reflected what Pye 

meant by ‘the slip of the hand’ or ‘unwanted mark of the tool’. Taking into account that 

the same 3D printed object can be reprinted again and again, the main objective in the first 

experimental study was to investigate how craft-based techniques can help designers to 

create one-of-a-kind 3D printed object. By exploring a combination of traditional and 

digital fabrication, this experiment was not only testing Pye’s risk of making and criteria 

for uniqueness, but also a designer’s understanding of developing innovation through the 

creation of new meaning. By exploring the vase as a rich cultural object associated with 

numerous traditions, from materiality to methods of production, the researcher provided a 

new innovation, a new tradition, but this time made by a 3D printing machine.  

Regarding the second experimental study, the main objective was to investigate how 

through a reproduction of broken objects designers can understand the process of making 

as a sense-making. Through understanding the materiality of broken objects and their 

capacity to act, the researcher’s main objective was to investigate the capacity of 3D 

printing as a tool for driving meaningful decisions.  

Lastly, as presented in the literature review, a handmade object is generally perceived as a 

meaningful object that embodies memories of past actions. From a semantic perspective, 

besides their obvious meaning, these objects evoke meanings related to the myth of the 

creation. The question that remains is: can the outcomes of these experimental studies 

evoke new interpretation other than their own literal meaning? Can these objects make 

sense to the users?   
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3.3.2.1. Experimental study 1  

Before diving into experimentation, the researcher performed an investigation into the 

current portfolio of works available on the internet. An exploration into the 3D printing 

market and the online universe of 3D printed things, brought the researcher to Thingiverse. 

Thingiverse (https://thingiverse.com) is an online website created by Makerbot, a 

manufacturer of 3D printers, that allows users to share and provide royalty-free 3D models 

that can be downloaded and printed for free. Filtering through Thingiverse’s database of 

available ready-to-print vases, the results showed that the most downloaded vases are those 

with a design inspired by nature. By observing the shapes of the vases, it was evident that 

the designers behind these models are not using just CAD modelling software, but a 

combination of CAD and algorithms. 

 
Figure 11: Vases available for download on https://thingiverse.com 

Considering that in design education parametric and generative design software are still in 

their early stage of adoption, it was necessary for the researcher to find another way in 

which these forms would be achieved. “Julia” one of the most downloaded vases on 

Thingiverse (the middle vase in figure 11) was downloaded as a subject for further analysis. 

Julia is developed by software for fractals, called ChaosPro (http://www.chaospro.de/). 

This is software that creates computer-generated art, based on mathematical formulas. 

https://thingiverse.com/
http://www.chaospro.de/
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Compared to the traditional 3D CAD modelling software, where the designer can see the 

desired shape immediately in 3D, in ChaosPro the designer only creates cross-sections by 

providing parameters in a mathematical formula. The designer’s input is limited to 

providing a number of main cross-sections, while the overall form of the sections is derived 

by automation.  

The output of the process are images of unique 2D sections, that should be implemented in 

software for 3D view. The software used for this study was Fiji (https://fiji.sc/), one of the 

most popular software used by life scientists for visualizing a 2D data obtained 

through microscopy. The same method was implemented here. Fiji was used for 

visualizing the 3D model through the data od intersections. Given that the quality of the 

3D model (the mesh file) was still not appropriate for 3D printing, it was necessary for the 

model to be implemented in software for additional processing. Fusion 360 was used for 

improving the quality of the smoothness and defining the details of the form. Lastly, the 

model was implemented in 3D printing slicer software where were defined all variables 

and parameters related to the printing process and the quality of the model. All models 

were 3D printed in PLA material on a small desktop 3D printer with a bed dimension of 

12 x 12 x 12 cm. Most of the 3D printed vases were not subject of any additional post-

processing such as sanding, given that the quality of the model was not the main focus of 

the experiment. The process of the experiment can be visually seen in figure 12. 

 

https://fiji.sc/
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Figure 12: Visualization of the experimental process of experimental case study 1 

The first 3D printed vase, which can be seen in figure 12, showed the preliminary results 

of the experiment. The shape of the first 3D printed vase was unique in the sense that it 

was one-of-a-kind at that moment. It was impossible to be copied by someone else, just 

like it was impossible to copy Julia. Given that by having the STL file, the model can be 

printed again, the question that remained was: how to make each vase one-of-a-kind? 

Although this could be accomplished through coding the machine and an algorithm that 

will produce a new vase each time, a more manual and hands-on post-process approach 

was used. The researcher tested the approach of marbling also known as hydro-dipping; an 

old Japanese craft technique that is also used in DIY projects.   

 
Figure 13: Visualization of the marbling process in experimental study 1 
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What makes this technique stand out is the richness of the colour and the inimitable flow 

of patterns. While the paint is laying on the water, the designer has all the freedom to create 

patterns that it will be impossible to be repeated. By dipping the 3D printed model in the 

paint, the flow of the paint with the disturbances in the water created a visual one-of-a-kind 

object. The first model that was tested in this process was Julia itself. The result of before 

and after the implementation of the marbling technique can be seen in figure 14. The more 

detailed examination of the results is explained below in the results section.  

 
Figure 14: Julia before and after marbling technique 

 

3.3.2.2. Experimental study 2  

Unlike the first experiment, where the artifact was created at the very end of the design 

process, in the second experiment the procedure began with the artifacts themselves. This 

practice is also known as reverse engineering. The first step of this experimental study was 

a selection of objects, objects that look handmade and have their own history, objects that 

represent traditional making. Тhis type of objects was the easiest to find in second-hand 

stores like Value Village. After careful selection of the objects, the objects become the 

researcher’s subject of interpretations. Who made them? How they were used? Why there 
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are in the second-hand shop? As the questions were arising, the researcher realized that 

objects and their memories are evoking different interpretations in his head. Instead of 

analyzing the memories, he decided that he would create his own memory by breaking the 

object. The researcher spent a week breaking objects in order to understand how they broke 

and what could be done with the broken pieces. Each object broke in its own unique way, 

depending on the force input. Viewed from a design perspective, this is a very important 

part of the process, because each broken piece informed about object’s materiality. 

Through analyzing the broken objects, the researcher did not understand only the quality 

of the material, but most importantly, that each broken piece speaks both to the past and to 

the lived present and that is still a material thing from which he can be made something. 

While at the beginning the objects broke into many irregular pieces (figure 15), the 

researcher, through interaction with the hammer, found the appropriate force needed, so 

that the objects would break into a few pieces. 

 
Figure 15: Breaking an object with a hammer 

The next phase of the procedure was 3D scanning. Given that the researcher did not have 

any previous experience with 3D scanning and did not possess a professional 3D scanner, 

he decided to experiment with his own mobile phone, through a method called 
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photogrammetry. For this purpose, he used a software called Colmap, in which the 

researcher’s input were photos from different angles of the object, while the software 

output was a 3D model.   

 
Figure 16: Process of photogrammetry with Colmap 

As can be seen from figure 16, the result of the 3D model (the last photo) did not provide 

satisfactory results. As a result of the number of photos and their quality, the software had 

difficulties in identification of patterns through which create a visual presentation of the 

model. Given that photogrammetry as a method worked, the researcher decided to try the 

same procedure with new software from Autodesk, called ReCap Photo.  

 
Figure 17: Real object (left side) vs scanned object via ReCap Photo (right side) 

As illustrated in figure 17, the new software provided a more realistic visual presentation 

of the 3D object. Although the 3D model had imperfections as a result of the reflections 

and the shininess of the object, it was still good enough to undergo further analysis and 3D 

printing. The results of the 3D printing, as demonstrated in figure 18, showed that the 

researcher would never find the perfect fit. One thing that he did not consider during this 
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whole process was that through photos he would never be able to find all dimensions of 

the object.  

 
Figure 18: Results of unsuccessful fitting of a broken object with 3D printed object 

After many trials and errors, the researcher decided to 3D scan the objects at Carleton 

University with a professional 3D scanner, called Go!Scan scanner. Given that this scanner 

is scanning in real dimension, the digital files created with such precision were ready to 

use immediately. Digital files from the scanned pieces were transferred to the Fusion 360 

software, where the researcher started the process of restoration. Given that the idea of the 

experiment was to create a new interpretation, the researcher decided that during the 

restoration he would not restore the same shape, but would try to translate his own vision 

of how the fusion of past and future could look. Upon completion of the design, each piece 

was 3D printed in the studio of the researcher and each piece was subject to additional final 

post-processing modifications. In the end, the pieces were glued all together and the 3D 

printed parts were not painted in any colour.  
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3.3.3. Survey 

3.3.3.1. Objective 

The main objective of the survey method was to investigate peoples’ interpretation of the 

experimental outcomes and understand how the objects make sense to the participants. 

Given that the study investigates 3D printing as a tool for meaningful making, it is 

important to be validated if the outcomes of the process are meaningful or not. By applying 

the constructivist approach, the researcher’s objective was to rely on the participants’ 

interpretation and based on participants’ interpretation to create a pattern of meanings. In 

addition, given that the literature presented information about the new consumer culture 

and the appearance of machine-made objects on Etsy, the researcher needed to test these 

theories in order to understand if there is any potential for 3D printed objects to be 

considered as part of the craft market.  

 

3.3.3.2. Survey design 

The survey was comprised of sixteen (16) questions in total (Appendix E). As presented in 

table 1, the first two questions were related to participants background. In Q3 the researcher 

asked participants to define handmade with only one word. The researcher wanted to 

understand the first association that comes to the participants’ mind when they think about 

a handmade object. Given that the literature about consumer culture provided information 

that participants are purchasing handmade to build their self-identity, questions Q4 and Q5 

were related to participants’ emotional connection to handmade objects. The next two 

questions, Q6 and Q7, asked participants about the reason for purchasing handmade objects 

and which objects’ features are most important to them while buying. Given that the 
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questions were in multiple-choice format, the keywords used for provided answers were 

based on McIntyre’s report (2010), which investigated the driving forces behind the 

evolution of the craft consumption today. Since the literature presented that the appearance 

of machine-made objects on Etsy resulted in tensions between the makers, the next 

questions were designed to provide insights about participants’ perception about machine-

made objects. In addition, the literature presented that there is an appearance on 3D printed 

objects on Etsy, so participants were additionally asked about their familiarity with 3D 

printing technology and if they believed that a 3D printed object could embody handmade 

qualities. The next five questions were related directly to the outcomes of the experimental 

studies. In Q12, the researcher took a constructivist approach and through an open-ended 

question asked participants to explain the objects from the second experimental study. 

Given that the Semantic Differential Scale is known as a technique for measuring the 

meaning of product or concept (Salkind, 2007), Q14 was designed based on this technique. 

Participants rated the object’s attributes using a 5-point bipolar rating scale. The choice of 

attributes such as handmade, innovative, high quality, unique etc. was designed based on 

keywords, provided in the literature about traditional production. The last two questions 

were created in Side by Side format. The participants were provided with two pictures 

(regular 3D printed vase and 3D printed marbled vase) in which they were asked to provide 

a description for each of them. Lastly, the participants were provided with the same 

adjectives from Q14 and were asked to indicate which adjective better describe the vases 

on the pictures.  
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Q1 to Q2 Participant’s background 

Q3 to Q5 Definition of handmade and emotional connection with handmade 

objects 

Q6 to Q7 Reasons for purchasing handmade and most important features 

Q8 to Q11 Understanding of 3D printing technology and beliefs about 3D printed 

objects 

Q12 to Q14 Participants’ interpretation of the outcomes from experimental study 2  

Q15 to Q16 Participants’ interpretation of the outcomes from experimental study 1 

Table 1: Categorization of survey questions by topic 

 

3.3.3.3. Data Collection and Data Analysis 

For the development of the survey, a licence for the software Qualtrics Survey was 

requested and obtained through ITS Service Desk at Carleton University. The survey was 

launched on May 22, 2019, and closed on June 3, 2019. The survey was distributed online 

in two ways. The first method of distribution was by sending a letter of invitation 

(Appendix C) via email, which contained an introduction that briefly explained the purpose 

of the survey and a clickable link to the online survey. The second method was performed 

through social media, by posting a written invitation (Appendix D) to Master of Design 

Facebook group and other Facebook groups related to craft such as: Handmade in Canada 

and Etsy Sellers and Buyers. In addition, participants were encouraged to forward the 

invitation to acquaintances whom they believe might also be willing to contribute to this 

study.  

A total of eighty-one (81) participants submitted responses to the anonymous online 

survey. The eligibility criteria for participants was based on their background and personal 

interest. The survey was open to people who are design students/professionals, craftsmen 

(makers, artisans) and people interested in purchasing handmade/custom-made items. All 

participants were adults (over the age of 18) and comfortable with reading and answering 
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English. Before accessing the survey, participants required access to the Internet. By 

accessing the survey, prior to the beginning of the questions, participants were asked to 

download and read the Implied Consent, regarding ethical implications (Appendix B). 

During the data collection, there were no records of any personal information or contact 

association with the participants. Incomplete survey responses were deleted and not 

included in the results.  

The collected data was firstly analyzed through the Qualtrics’ tools for filtering. While the 

statistic results were exported in a form of graphs and charts, the text responses were 

exported in a list format. The long text responses in which the participants provided an 

interpretation of the objects were analyzed with content analysis. This type of analysis 

established a coding frame designed to generate meanings from participants text 

interpretations. In addition, the text responses with only one word were generated by World 

Cloud Generator, integrated into the software, for a visual representation of the text in 

different sizes and a better understanding of the frequency of most used words.  
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4. RESULTS 

4.1. Ethnographic observation results 

Affinity diagrams were used to visually present which types of craft techniques and 

technologies were presented more frequently during both events. According to the first 

affinity diagram, it can be clearly seen that during the Maker Faire event there was a 

distinction in the presented types of workmanship. A dominant number of objects were 

made exclusively by machines such as 3D printers and CNC cutters, while a small number 

of craft objects were made by hand. During the second event, Etsy: Made in Canada, almost 

all objects were made exclusively by hand.  

        

Figure 19: Affinity diagrams of photos taken during both events 

 

According to the field notes, the audience that was present during the first event-Maker 

Faire, was much younger than the audience at the second event. While the first event was 

dominated by the younger male population, the second event was dominated by the older 

female population. A distinction was evident even in the visual representation of the vendor 
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stands. While in the first event the tables were preoccupied with working 3D printing 

machines, in the second event there was no representation of tools and techniques at the 

vendor stands, except for some weaving needles. Given that Etsy people are known as craft 

makers who invest a lot in their branding and image representation, they proved that even 

in real events they think about every detail about their representation. The objects were 

carefully placed on the tables, waking up the imagination of the customers about the story 

behind the object.  

 
Figure 20: Visual representation of Etsy's vendor stand 

While the researcher was visiting the vendor stands, he used the opportunity to listen to the 

conversation between the makers and the consumers. He was interested to know how the 

makers are presenting the objects, their story and the process of making. During the first 

event, the researcher realized that most of the makers, especially the people behind 3D 

printing machines, were interested in discussing about the capabilities of the machines and 

their process of working. Instead of presenting themselves as creative individuals, they 

presented themselves as scientists of unprecedented technology. In the second event, the 

craft makers were focused on consumers and building a relationship with the consumers. 
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By discussing their story and the process of making they were helping consumers to 

understand how the object came into life and what make the object so valuable. In addition, 

they were using every chance of the dialogue to point out that their objects are exclusively 

made by hand and with high-quality materials.  

Regarding the quality of the objects, the 3D printed objects that were presented during the 

first event, from spare parts to decorations and toys, were made in very low quality. While 

most of them were printed with high precision in details, the surface quality was still rough.  

The finish of the models clearly showed that these makers are still in the experimental stage 

where they are playing with their machines and software settings. Given that the researcher 

has experience in 3D printing and is very familiar with the website Thingiverse, it was easy 

to recognize that most of the presented designs were not designed by the makers but 

downloaded from open-source data. Only one vendor promoted a design that was never 

seen before and that was a functional violin, 3D printed in real size. In addition, most of 

the presented models, including the violin, were printed exclusively in one colour (mainly 

white). There was only one vendor, where the models were in multicolour, painted with 

acrylic colour.  

In the second event, judging by the visual appearance, it was clear that almost all objects 

were made by hand and high-quality craftsmanship. Smoothness and uniqueness in colours 

and patterns were the characteristics that made these objects so different in comparison 

with the craft objects from the first event. As can be seen from figure 21, although all mugs 

look the same, each mug stands on its own. In some of the mugs, it can be clearly seen that 

there are marks that were not supposed to be there. Instead of removing them, the craft 



 61 

maker behind these objects left them with purpose, presenting Pye’s ‘slip of the hand’ or 

‘unwanted mark of the tool’.   

 
Figure 21: Handmade mugs that illustrate Pye's slip of the hand 

 

The questions that arose during the second observation were: How can we use traditional 

techniques to create one-of-a-kind 3D printed object? How can 3D printing practitioners 

create unique 3D printed objects that can stand next to handmade objects? How can 3D 

printing as a tool make sense in craft production? 

 

4.2. Experimental study 1 - results  

During the first experimental procedure, more than 50 different virtual prototypes were 

created. Since the 3D objects were created by automation, only those that met the 

researcher’s appearance criteria were additionally 3D printed. Although the software 

provided abstract shapes that were never seen before in vase production, the researcher had 

the last word about which shapes make sense to him and consumers. The researcher was 

looking for forms that represent movement. Forms that were inviting the viewer to move 

into a space of speculation regarding the meaning of the object.  
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Figure 22: Results from the first experimental study 

One of the vases from figure 22 was selected for additional analysis. Given that this 

experiment was supposed to provide uniqueness, the selected vase was reprinted five times. 

The purpose of this re-printing step was to find out how different these five models are 

after applying the marbling technique. All five models were dipped one after another in the 

same coloured water and, as seen in figure 23, all five vases are slightly different and each 

of them can stand as a one-of-a-kind.  

 
Figure 23: Five vases before and after marbling technique 
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Since there is no software that could calculate the uniqueness of the vases or how different 

they are between each other, software for image comparison was used. In order to obtain 

correct and relevant results, there was a need for two series of identical photos of all five 

models. For that purpose, the models were placed in an identical position, while the camera 

was statically set on a tripod in one position. In the first series were taking photos from the 

first half of the model (front), while in the second series pictures were taken from the same 

model, rotated for 180 degrees and placed on the same identical position. Given that the 

software captures all pixels (including those in the background), the background was 

additionally removed in Photoshop. During the software analysis, one vase was chosen to 

be main, and all other vases were compared to that one.  According to the results shown in 

figure 25, the five models differentiate between them by an average of 8%. 

 
Figure 24: Visual presentation of the process of taking photos 
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Figure 25: Visual diagram for the results from the software for image comparison 
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4.3. Experimental study 2 - results 

During the second experimental study, while many objects remained unfinished and 

broken, a few objects went through the entire design process and provided satisfactory 

results.  

 
Figure 26: Artifacts from experimental study 2 

For the purpose of the study, the researcher decided that only the collection of three cups 

would be subject for further analysis.  He believed that this was the best example of 

providing understanding how a simple object such as cup, can be designed and interpreted 

differently.   

 
Figure 27: A collection of three cups from experimental study 2 
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As can be clearly seen from the figure 27, the three cups together created a composition of 

visual elements representing the tradition and the future. The breaking of the mugs created 

a unique appearance that cannot be repeated by any manufacturing process. If they are 

observed separately, each cup can stand as its own and tell its own story. The clear 

separation between the old and the new is made with a purpose. Inspired by Kintsugi, 

Japanese craft technique for repairing broken pottery with gold lacquer, the author wanted 

to emphasize and celebrate the moment of breaking as a new beginning. While the Japanese 

pottery vessels are still functional after their restoration, the unusual design of these cups 

made them non-functional.  

Given that Krippendorff recommended that designers should avoid the design rule “form 

follows function” and that the meaning is related only to the form of the object, the 

researcher decided to focus exclusively on the form and what makes sense to him. If the 

researcher had decided to print the 3D printed part without holes and post-finish with a 

protective coat, the mugs would still be functional to some extent. The reason why the 

researcher opted not to give the cups their functionality, or force the viewer to focus on it, 

was to understand what people see and how they interpret the object without the socially 

constructed meaning normally associated with that object. The results from their 

interpretation are presented in the next section.  
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4.4. Survey results 

Findings from the survey results reflected a difference in the attitudes, beliefs, and values 

that are held by participants with regards to handmade objects. While a detailed list of the 

survey findings can be seen in Appendix F, here in this section will be elaborated only the 

most important findings.  

From 81 participants, 73 participants (90%) identified themselves as female, while 8 

participants (10%) identified themselves as male. While in Q2, participants were asked to 

identify themselves in one of seven proposed categories, for better understanding of the 

findings, these seven categories of participants were filtered into four main groups: 

G1_Craft, G2_Design, G3_Customer and G4_Other. According to the results, 21% of 

participants identified themselves as part of G1_Design group, 66% as part of G2_Craft, 

7% as part of G3_Customer and 6% as part of G4_Other group.  

G1_DESIGN Design students + Design professionals 

G2_CRAFT Maker/Craftsman/Artisan + Etsy Seller  

G3_CUSTOMER Potential buyers + Etsy buyer 

G4_OTHER Other 

Table 2: Categorization of participants based on their background 

The findings from question Q3 (How would you define HANDMADE with only one word?) 

showed that most of the participants define handmade as ‘Unique’. While at first glance it 

looks like participants are relating uniqueness of the object to the authenticity of the object, 

the findings from questions Q4 and Q6 clearly showed that participants relate the 

uniqueness to self-identity. More than a half of the participants (57%) responded ‘yes’ to 

the question “Do you believe that the desire to buy a handmade reflects your identity/self-

expression?”, while 30% answered ‘maybe’. In addition, “Unique objects reflect my 

identity” is the second most dominant reason (from eight provided reasons) that affect the 
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participant’s decision to buy or consider buying a handmade object. Furthermore, the 

finding from Q7 reveals that the second most important feature to participants after “quality 

of the object” is “to be one-of-a-kind”. 

In question Q8 (How much do you agree that an object made by machine can be considered 

as handmade?), on average scale designers were more agreeable than craft makers. On a 

scale of 1 to 5 (1=Strongly disagree / 5=Strongly agree), designers’ average score was 3.12, 

while craft makers’ score was 2.75. On the other side, in question Q11 (How much do you 

agree that 3D printed object can own handmade qualities?), the average agreement of 

designers is 2.94, which is lower than the average agreement score of craft makers (3.49). 

It is important to note that in the previous question (How familiar are you with 3D Printing 

technology?), designers identified themselves as the most familiar group with 3D printing. 

The fact that designers were the group that is most familiar with 3D printing technology 

(with an average score of 3.82) and is the group that did not believe that 3D-printed objects 

can have handmade qualities opens a discussion about designers’ understanding of 

handmade and 3D printing as a tool for making. 

 
Table 3: Results from questions Q8, Q9, Q10 and Q11 
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Regarding the meaning of the object, in question Q12, participants were asked to describe 

what they see in the picture with broken mugs (Figure 27). According to the content 

analysis, ten different categories of interpretations emerged from the data. The top three 

categories of interpretations were related to: the function of the object (44%), the process 

of making (14%) and the form of the object (12%).  

In relation to the functional meanings, there were participants that gave a new function to 

the object. For example:  

P.2: “Unique oil burners” 

P.8: “Handcrafted vases” 

P.18: “Ornament. We can place them as part of the living room furniture” 

P.33: “Candleholders made by broken pieces” 

P.81: “In my opinion, these objects look like clay candlesticks in the form of cups or 

mugs” 

In addition, there were participants who were trying to make sense of the object through a 

functional perspective. For example:  

P10: “They first appear as drinking mugs but with the 3D printed cut-outs, they appear 

more as a display piece” 

P12: “Piece of decor since the design is not functional.” 

P46: “They look like drinking mugs but obviously not for drinking, I'm not sure what they 

would be used for other than a vase” 

P76: “Wabi-sabi inspired artifacts. The function is clearly not intended for liquids. Perhaps 

decorative.” 
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In the next two questions, participants were asked to describe the objects again. While in 

Q13 they were supposed to describe the objects with only one word, in Q14 they were 

supposed to rank the object’s attributes in semantic differential scale format. Survey 

analysis showed that in both questions, the most dominant response was ‘Unique’. 

  
Table 4: Results from questions Q13 and Q14 

In addition, filtered by groups, the analysis of Q14 showed that there is a slight difference 

in the participant’s responses. The division of the results pointed out that the craft 

community (G2_Craft) believe more than the design community (G1_Design) that the 

objects on the picture are ‘handmade’ and ‘innovative’.  

 

Figure 28: Visual representation of Q14 results, divided by groups 
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Regarding the uniqueness of the objects, a very similar situation can be observed also in 

the results of the last question Q16, in which participants were comparing a 3D-printed 

white vase versus 3D-printed marble vase. Although both vases have the same shape, the 

results showed that the 3D-printed vase finished by marbling is described by 70 participants 

as Unique, while the other 3D-printed vase was described by 67 participants as Simple. 

These results just demonstrated that the objects in both studies awaken interpretation as 

something that stands as unique. 

 
Figure 29: Visual representation of Q16 results 

Lastly, in the previous question (Q15), participants were provided with two text fields 

where they were supposed to describe the vases in the pictures. Regarding the size of the 

answers, there was no limitation about the text entry, but the results showed that half of the 

participants chose to describe the vases with only one word. While the vase on the left side 

was described with words such as: White, Modern, Pure, Simple, Minimalistic and 

Unfinished, the vase on the right side was described with words such as: Abstract, Artistic, 

Chaotic, Unique, Colorful and Painted.   
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5. DISCUSSION 

5.1. Insights  

The insights from the observation are based on a correlation between the researcher’s 

perception and the findings from the literature review.  Regarding the experimental studies, 

given that both studies were performed by the researcher himself, the insights are 

documented as a reflection on his experimental knowledge gained through the process of 

making. According to Schön (1991), this interpretation of knowledge is known as 

reflection-on-action: the researcher reflects on actions, limitations and feelings during the 

process of making and their impact on its practice and design thinking. In addition, the 

insights from the online survey are based on detailed analysis and comparison of different 

findings related to the same topic.   

 

5.1.1. Ethnographic observation insights 

The ethnographic observation of Etsy and Maker Faire demonstrated that these two events 

did not only present different kinds of production, but also different cultures. While Etsy 

was mostly visited by people interested in purchasing handmade objects, the Maker Faire 

was dominated by young nerds interested in the advances of digital fabrication. Although 

the literature presented that that there is a presence of 3D printed objects on the Etsy 

marketplace, the observation of the Etsy event showed that it is still a marketplace with a 

dominant traditional production. In contrast, the observation of the Maker Faire event only 

confirmed the literature’s findings that Maker Faire is dominated by amateur makers who 

fetishize machines as taken for granted. Instead of presenting new ideas or experiments, 

they still present simple outcomes as evidence of the functionality of 3D printing machines. 
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As Bosqué (2015) pointed out, amateur makers are still in a stage where they are printing 

downloaded ready-to-make samples from the Internet, demonstrating a lack of inspiration. 

The lack of inspiration was not recognized only in their samples, but also in the colours of 

the samples. Most of the models presented were in their natural filament colour. It is true 

that machines with two extruders are more expensive than regular 3D printing machines, 

but the researcher, by exploring the marbling technique, found his own way to present 

diversity in colours. Since the Maker Faire has lost its momentum, the experiments of this 

study provide a great opportunity for amateur makers to investigate the potential of the 

combination between tradition and digital fabrication and present a new understanding of 

3D printing technology. In addition, regarding amateur makers who started entering the 

Etsy market, by engagement with the real material world and presentation of more 

appealing products, they have the opportunity to start embracing 3D printing as a more 

sophisticated tool that can lead to innovation. By understanding the importance of the tool 

and the experience that can be gained through engagement, they can learn about 

meaningful making, through which they can create objects that make sense to consumers.  

 

5.1.2. Experimental studies insights  

By analyzing the experimental processes, the researcher found that the true insights are not 

in the experimental outcomes, but in the process of their making. By taking a step back and 

investigating the meaning of the experimental processes in relation to the literature review, 

the researcher found that both experiments presented meaningful making. Both 

experiments demonstrated that: 

1) 3D printing has a potential not only to develop meaningful outcomes, but also to drive 
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design processes that make sense to designers 

2) Designers can develop practical know-how knowledge through engagement and 

understanding of 3D printing machine 

3)  3D printing can be implemented in a process that meets Pye’s workmanship of risk  

Regarding the first insight, by investigating the visual presentation of Krippendorff’s graph 

for sense-making (figure 10 in section 2.5.1), the researcher demonstrated that both 

experimental processes met Krippendorff’s criteria for sense-making.  

 
Figure 30: The experimental processes as sense-making processes 
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As can be clearly seen from figure 30, in both experimental studies the researcher started 

at the very beginning with unknown and confusing design situations. Instead of escaping 

from the unknown, by thinking through the notion of handmade, the researcher imagined 

hypothetical contexts that defined the features of the objects. Through experimentation 

with computer software and 3D printing he developed his imagination into reality, he 

developed an object with its own meaning: an object based on individual discretion and 

judgment. Given that the objects were supposed to provide meanings other than their own 

literal meaning, the researcher explored other contexts through which he created objects 

with complex meaning. For example, in the second experiment, the researcher, instead of 

stopping with the restoration of the cup, decided to take a step further and investigate the 

context of generative design. By exploring the forms of generative design, he implemented 

shapes that not only changed the object, but also its own meaning. The restored cup was 

no longer just restored cup, but a representation of past and future, a representation of 

hybrid craft, a representation of new production and something that made sense for the 

designer.  

Regarding the second insight - the potential of 3D printing as a tool for developing practical 

knowledge - the researcher showed what Heidegger meant by “equipment for action”. 

Instead of staring at the machine and using it as a fabrication machine, the researcher used 

the machine as a tool that can inspire a new process. By printing and re-printing again and 

again, he was trying to understand the opportunities and obstacles of the tool. Instead of 

being a passive viewer, the researcher was trying to understand the agentive capacity of the 

3D printing machine and how it affects his decisions about his next design. As Crawford 

(2009) pointed out, “bodily involvement with the machines we use entails a kind of 
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agency” (p.63). Without active engagement and human agency, 3D-printers will stay just 

devices that invite consumerism, but never things that “convey meaning through their own 

inherent qualities” (Crawford, 2009, p.65). By understanding the power of 3D printing 

machine and engagement with other techniques the researcher discovered opportunities 

that led him to unpredictable design solutions. This practical experience cannot be 

downloaded on thingiverse.com, it can only be lived. From a phenomenological point of 

view, this is the experience that leads to skill and tacit knowledge.  

This practical knowledge was especially evident while the researcher was trying to break 

the objects with a hammer. While from the outside it looks very easy to break an object, 

the experience showed that this is extremely difficult when you have a design vision in 

your head. Depending on the force used, the object exerted his own agency that constrained 

the researcher’s ideas and changed his design thinking. Through demonstration of their 

agency, the objects showed that working with them involves a negotiation of sorts between 

the human and non-human. The researcher was supposed to negotiate between himself and 

the power of the hammer in order to understand the response of the object. After many 

breakings, he developed the required knowledge to control the process of breaking. While 

he learned which force is needed to break the object in two or three pieces, one thing 

remained uncontrollable. He will never know how exactly the object will break and act at 

that particular moment.  

This example leads to the third insight, which is that 3D printing can be implemented in a 

hybrid process that meets Pye’s workmanship of risk. By taking a step back and analyzing 

the visual diagram by Loh, Burry and Wagenfeld (2016) in which they evaluated the level 

of risk in different stages of making, the researcher realized that both experiments 
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evidenced workmanship of risk. If both experiments are tried a hundred more times or the 

processes become automated, each time there will be a different outcome. While during 

the prototyping stage the risk of tools and techniques will be reduced to a minimum, in the 

production stage the risk of the material will still remain high. The breakage of the object 

will always be unpredictable, and thus similar to the Australian hardwood with which 

Wright deals on a daily basis in his craft production. 

 
Figure 31: Analysis of the experimental processes according to the visual diagram for 

workmanship of risk by Loh, Burry and Wagenfeld (2016) 
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In addition, as presented in the first experimental study, during the process of dipping, the 

paint in combination with water exerted agency that affected the design of the object. While 

the researcher was trying to achieve a particular pattern (where the dominant colour would 

be white) he realized that he would be never able to control how the pattern will hang on 

the object. As presented in the literature, this is the risk associated with the material 

behaviours, that is beyond the reach of predictive capacities (Foote, 2017).  

 

5.1.3. Survey Insights 

While in the literature review the word handmade is very often associated and defined with 

terms such as ‘workmanship’ and ‘genuine’ (McIntyre, 2010), the findings from question 

Q3 showed that most of the participants define handmade as ‘Unique’. As the findings 

from questions Q4 and Q6 clearly showed, participants relate the uniqueness to self-

identity. While in McIntyre’s survey (2010), 22% of the participants were motivated to 

consume handmade only because it reflects their own identity or the image of themselves, 

in this study 57% of the participants believe that the desire to buy a handmade reflects their 

own identity. These results just confirmed the findings from the literature review that 

consumers’ desire for handmade objects is based on their requirement for individuality. In 

addition, these results confirmed why it is important today for designers today to focus on 

creating objects that make sense for consumers.  As Campbell (2005) points out, consumers 

today are self-conscious manipulators who are purchasing crafts with the specific intention 

to build their identity or lifestyle by controlling the soul and the symbolic meaning of the 

product. We are living in a society where people are purchasing handmade objects to prove 

to themselves that they are unique, that they are different than others. 
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Another unanticipated finding that was revealed from the survey results was participants’ 

familiarity with 3D printing technology and their belief that 3D printed objects can embody 

handmade qualities. Given that more than half of the craftsmen identified themselves as 

familiar with 3D printing technology, this result can be looked from two perspectives. From 

the first perspective, the familiarity can be based on their understanding of the essence of 

the making and 3D printing as a tool for making, while from the second perspective this 

familiarity can be understood as a result of the increased presence of 3D printed objects on 

the handmade market. Regardless, the fact that craftsmen believe that 3D printed objects 

can possess handmade qualities more than designers, who are the most familiar group with 

3D printing technology, talks about the designers’ insufficient understanding of 3D 

printing as a tool for making. As indicated in the literature review, designers look at a 3D 

printer as an automatic fabrication machine in which their only responsibility is to press 

the button PRINT. As Blikstein (2013) stated, printing simple beautiful objects with little 

effort is just proof of concept. With this behaviour and not understanding that the 3D 

printing machine is just another tool of the making process, designers will never explore 

innovation through 3D printing.   

Regarding the meaning of the object, the researcher’s objective was to rely on the 

participants’ view of a given picture and based on participants’ interpretation to create a 

pattern of meanings. A detailed look in the associative interpretations of respondents 

showed that there is a pattern of functional meanings. Most of the participants interpreted 

the objects based on function. They looked at the object and compared it to a vase, oil 

burner, plant holder and candle holder. During the analysis, while the researcher was 

reading the responses he was surprised by the respondents’ imagination. For example, he 
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never thought that the object can function as a plant holder or oil burner. In addition, the 

most striking result related to the function of the object emerged from the data of question 

Q7. “Function of the object” is the least important feature (2%) to participants when they 

are considering buying a handmade object. According to these findings, participants are 

not concerned with the function of the object, but they are interpreting the meaning of the 

object based on functional context. Тhis is directly related to the theory of Krippendorff 

about sense-making. As he said, people formulate an idea about the object based on 

previous context or experience that allows them an understanding of the object. In his work 

Product Semantics: A Triangulation and Four Design Theories (1989), he stated that the 

meaning of an object “emerges in use, with practice, the practice of living with our 

environment and in particular contexts whenever we cognitive1y connect our actions and 

perceptions in an experiential circ1e of use” (p.4). 

As indicated in the literature review, the objects of the picture act as physical traces of past 

events. The shape of the object reminded participants of experience in which they used a 

similar object. The shape of the objects reminded participants of practical knowledge. As 

Heidegger stated in his work Being and Time, “the nearest kind of association is not mere 

perceptual cognition, but, rather, handling, using and taking care of things which has its 

own kind of knowledge” (p.63). If the participants who defined the object in the picture as 

an oil burner, never used or interacted with oil burner before, they would never have 

developed knowledge or memory that would then act on their interpretation.  

Regarding the questions related to 3D printed vases, the results showed that although both 

vases have the same shape, they evoke different interpretations.  While the regular 3D 

printed vase was described by most participants as ‘simple’, the 3D printed vase with 
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marbling was described by most participants as ‘unique’. Given that in Q3, participants 

defined handmade as unique, it can be concluded that the researcher’s intention to translate 

handmade quality into 3D printed object provided satisfactory results. By investigating a 

simple traditional technique, such as marbling, the researcher provided an example of how 

a 3D printed object can stand on its own with its uniqueness.  

 

5.1.4. Insights summary 

By interpreting the experimental outcomes as ‘handmade’ and ‘innovative’ and believing 

that 3D printed objects can embody handmade qualities, craftsmen signaled that the 3D 

printing machine as a tool is mature enough to enter the craft market. While the doors 

remain open, during the observation, the amateur makers showed that they still rely on the 

machine as taken for granted. In addition, by identifying themselves as familiar with 3D 

printing technology, by not believing that 3D printed objects can reflect handmade 

qualities, they showed their inability to recognize 3D printing machine as a tool for making 

meaningful objects. As shown through the researcher’s experimental studies, a 3D printing 

machine can become a tool for meaningful making when there is an interplay between the 

maker and the machine. Without engagement and understanding the material world, 3D 

printing practitioners will most likely remain stuck making ‘crapjects’.    

Participants’ responses clearly demonstrated that the uniqueness of handmade object is a 

very important feature when buying handmade objects, because it reflects participants’ 

identity and self-expression. Given that the objects in both studies by most of the 

participants were defined or rated as unique, it can be concluded that the researcher, 

through experimentation and implementation of traditional techniques, successfully 
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translated the uniqueness of handmade object into 3D printed objects. In addition, 

participants’ interpretations of the broken objects showed that when 3D printing is 

carefully implemented in the process of making, even if the objects are not functional they 

still have potential to evoke meanings that make sense to consumers. As handmade objects, 

the experimental outcomes acted as physical traces of past events that awaken participants’ 

imaginations and memories.  

Regarding the process of making, both experimental studies showed that the processes of 

making met the criteria for meaningful making. By interactive engagement with the 

machine, the researcher understood the importance of the tool and its capacity to drive 

design decisions. By learning how to control the tool, he developed practical knowledge 

and skills that lead him to unpredictable design solutions, such as uniqueness and new 

meaning. Through experimentation, the researcher did not change only the meaning of the 

objects, but also the meaning of the tool. While 3D printing is recognized as a tool for 

making, the researcher showed how can be used as a tool for thinking. The researcher used 

the tool to think through design conceptually and literally and create a design process that 

makes sense to him.  

 

5.2. Limitations  

Although a mixed research approach with both quantitative and qualitative research 

methods was utilized in this study, there are a couple of limitations in this study that needs 

to be clarified. The first limitation that needs to be addressed is the ethnographic 

observation. The researcher believes that if he had in-depth interviews with the 

participants, he would have had a better understanding of the process of making and the 
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meaning of the objects. The fact that observation was performed through his own 

perception may affect the adequacy and legitimacy of data collection.  

The second limitation is the researcher’s interpretation of his experimental studies. Given 

that insights are documented as a reflection on his experimental knowledge and memories, 

some details may be omitted during the reflective interpretation.  

The third limitation is the choice of the survey as a research method. The researcher 

believes that a workshop in combination with a questionnaire would provide more accurate 

and insightful results. Interacting with design students and observing their process of 

making will provide more insightful results regarding the student’s understanding of 3D 

printing. Introducing 3D printing in workshops has its own limitation, primarily due to time 

constraints and the depth of knowledge which students need to develop to complete the 

design process. Another disadvantage of the survey as a method is tactility. Given that 

tactility is a very important factor in materiality and that can evoke memories, the 

researcher believes that participants may have different interpretations of the objects if the 

objects were allowed to be touched. In addition, the researcher believes he would gather 

different data of interpretations if Julia vases in questions 15 and 16 were presented without 

flowers. The participants would be focused on the form of the vases and would provide 

meaning based on their understanding of the form. Regarding the survey data, it is 

important to mention that the researcher’s main motivation behind using a survey as a 

research method was not to obtain scientific data, but to seek feedback on his experiments. 

Although during the creation of the experiments the researcher understood that he changed 

the meaning of the objects he felt that he needed an external validation of what other people 

see and how they interpret the new objects. Due to time constraints, the researcher was not 
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able to perform in-depth interviews and decided to use a survey as a faster and easier way 

for collecting a large sample of qualitative data over a short period of time. While the 

researcher tried to implement more open-ended questions through which he would collect 

more qualitative data, during the creation of the survey, the Qualtrics software warned him 

that people prefer not having to provide long responses in a survey. This warning proved 

to be true. In one of the questions where the participants were asked to describe the vases 

with long text entry, most of the participants chose to use only one word.  

 

5.3. Future research  

Considering the results, analyses and findings from the mixed research approach, the 

research questions in this study have been addressed and answered. However, this study 

has thrown up new questions in need of further investigation. Firstly, there is a need for a 

detailed study that would investigate the reason behind 3D printing practitioners’ inability 

to recognize a 3D printing machine as a tool for meaningful making. Further study should 

examine how this group of people perceive the tool and whether their lack of knowledge 

and inspiration is related to their educational background.  

Secondly, the performed experimental studies in this research are just one example of how 

the implementation of tradition into digital fabrication can lead designers to unexpected 

discoveries. Design educators should reconsider the purpose of maker space at school and 

push students to take a risk and explore more happy accidents through engagement and 

combining 3D printing with other techniques. If the studio course outline constrains 

implementation of this type of investigation, design workshops are a great opportunity for 

design educators to test the potential of this method and its capacity to act on students’ 
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design thinking and developing practical knowledge.  

Lastly, the results from the survey method reveal a question that is not a concern in the 

design field but may open a discussion for future research in the field of material studies 

and consumer culture. In question Q3, where participants were supposed to define 

handmade with only one word, 32 out of 81 participants defined it as ‘Unique’. Instead of 

using words that are associative with handmade such as craft, workmanship, love, quality, 

authenticity and genuine, the most dominant participant response was unique. Since in the 

preceding two questions there was no indication that would lead to this response, the 

question that opens is: What is handmade today? In addition, there is a need for future 

research that would investigate the presence of 3D printed objects on the handmade market 

and explore its impact on the definition of handmade. 
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6. CONCLUSION 

The purpose of this research study was to investigate the potential of 3D printing for 

meaningful making. Through investigation of handmade objects and their process of 

making, this study set out to determine how design practitioners can invent 3D printed 

objects that make sense to stand alongside handmade objects. Since most of the current 

studies are focused exclusively on the opportunities in the medical, automotive and 

aerospace industries (Bosqué, 2015), this study provides an understanding of the 

opportunities of 3D printing in the craft industry.  

The study was driven by one main research question: how can the implementation of craft-

based design into digital fabrication help designers explore meaningful making? To 

provide an answer to this question, the study firstly presented a large and growing body of 

literature regarding the subject matter. By revealing insights about the new consumer 

culture, the importance of the meaningful objects and the new phenomenon in which 

amateur makers are advertising 3D printed objects as handmade, the literature 

demonstrated why this study should be investigated. Since handmade objects are associated 

with traditional craft production, the literature additionally revealed insights about 

traditional making and digital fabrication. Since hybrid craft, a combination of both 

methods, was proposed by Renda & Kuys (2014), as a most suitable type of fabrication for 

new designers, the literature demonstrated that most of the authors are focused on the 

digital stage of the process. This gap in literature opened a great opportunity for this study 

not only to investigate the material stage of this practice, but also to demonstrate how 

traditional craft production can help designers understand meaningful making. In order to 

understand how traditional making can be implemented into digital fabrication, the 
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researcher decided to perform an ethnographic observation and visit two different events. 

The ethnographic observation helped the researcher to familiarize himself with both 

methods of production and to gain insights about handmade objects and their qualities by 

observing them.   

The researcher believed that the best way to answer the research question was through a 

conceptual and material exploration. Through two experimental studies, the researcher 

implemented and translated his insights about handmade qualities into a new combination 

of digital fabrication and traditional production. By experimenting with different 

techniques and understanding the importance of engagement with the tool, the researcher 

provided insights that went beyond the material outcomes. The two explorative studies 

demonstrated what Verganti and Norman (2014) meant by innovation driven by the 

creation of a new meaning. In both studies, the imagination of hypothetical contexts 

allowed the researcher to explore new forms and redefine what an object may mean for a 

customer. The two experimental studies presented that the researcher created not only 

objects with new meaning, but also a process of making that has a new meaning to him. 

By taking a step back and reflecting on his practice he realized that he was not using the 

tool for making, but for thinking. By understanding the potential of the tool and its capacity 

to act and drive design decisions, the researcher revealed a new practice, unknown to him. 

He revealed an innovation in which the deconstruction of the materials of the objects and 

recombination of techniques, made sense both to him and the surveyed participants. The 

survey results showed that both experimental outcomes were interpreted differently from 

their literal meaning and that 3D printed objects can be considered as other than ‘crapjects’.  

In addition, both experiments demonstrated Foote’s argument that even in hybrid craft 
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there is still a risk associated with the material behaviors, that is beyond the reach of 

predictive capacities. If both experiments were repeated a hundred more times, each 

repetition would yield a different outcome. From here it can be concluded that the 

researcher’s intention to translate handmade uniqueness into a 3D printed object provided 

satisfactory results. In other words, through careful implementation of 3D printing into 

combination with traditional techniques the researcher demonstrated De Massis’s concept 

of Innovation Through Tradition. Since Holmquist, Magnusson, & Livholts (2018) argued 

that there is a need for research investigating ITT at the designer’s level, this study not only 

fulfilled that need, but also demonstrated how ITT can affect the designer’s understanding 

of meaningful making. 

 

6.1. Contribution to the field  

Innovation is one of the main foundations on which the design field is built. Designers, by 

implementing the newest technologies for improving the speed and accuracy of the process 

and testing low-quality outcomes, are slowly breaking the traditional bond between a 

designer and a maker. Besides the fact that technologies can negatively affect the design 

process and outcomes, additionally, there are implications for designers in terms of how 

they learn and develop practical knowledge.  

While many researchers state that designers are still developing practical knowledge 

through digital modelling, this study demonstrates how designers can develop practical 

knowledge of these technologies through material experimentation. This study provides an 

opportunity for designers to understand that a 3D printing machine is not just a machine, 

but a medium such as clay and foam, through which they can experiment and develop 

innovation. By understanding the importance of the medium and the experience that can 
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be learned through engagement, designers can rebuild the traditional bond between the 

maker and the designer. They can understand what makes them experts and what is the 

meaning of their making.  
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APPENDIX B: Consent form 

 

 

 

 



 103 

 

 

 

 

 



 104 
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APPENDIX D: Online Invitation (Social media) 
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Appendix E: Survey Questions  

 



 108 



 109 



 110 



 111 



 112 



 113 

 



 114 

APPENDIX F: Survey findings  

 

The following part is the analysis of participants’ responses to all sixteen (16) questions of 

the survey.  

Q1: What gender do you identify with? 

• 90% (n=73) of participants identified themselves as female, while 10% (n=8) 

identified themselves as male. 

 

Q2: Which of the following options best describes you?  

 
 

• 21% (n=17) of participants identified themselves as part of G1_Design 

• 66% (n=53) of participants identified themselves as part of G2_Craft 

• 7% (n=6) of participants identified themselves as part of G3_Customer 

• 6% (n=5) of participants identified themselves as part of G4_Other 
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Q3: How would you define HANDMADE with only ONE word? 

• According to the analysis, the words that are most repeating in participants’ responses 

are: Unique (n=32), Craft (n=7), Creative (n=5), Special (n=4) and Original (n=4).  

• The 30 most used words according to the Word Cloud generator integrated into 

Qualtrics software, are presented in the figure below.  

 
 

 

 

Q4: Do you believe that the desire to buy a handmade reflects your identity/self-

expression? 
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Q5: Do you believe that you can develop a stronger emotional connection with a 

handmade object, rather than with a mass-produced object? 

                 

 

Divided by groups, the results showed that there is a significant difference in “Yes” 

responses. In comparison with G2_Craft (58%), the majority of respondents (94%) in 

G1_Design believed that they can develop a stronger emotional connection with a 

handmade object, rather than with a mass-produced object. 
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Q6: Which of the following reasons affect your decision to buy or consider buying a 

handmade object? 

 
 

 

According to the general results, the top two reasons for purchasing handmade objects 

are:  

• 28% (n=23) – “To support craft people/makers” 

• 22% (n=18) - “Unique objects reflect my identity”  

 
 

Divided by groups, the results showed that: 

• In G1_DESIGN (n=17) the most dominant reason for purchasing handmade is 

“Unique objects reflect my identity” with 47% (n=8), while in G2_Craft (n=53) the 

most dominant reason is “To support craft people” with 32% (n=17) 

• In G3_Buyer (n=6) the most dominant reason is “To support craft people” with 32% 

(n=2) 
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Q7: When buying a handmade object, which of the following features are important to 

you? 

 
 

 

• According to the general results, the top two features that are most important to the 

participants are “The quality of the object” with 33% (n=27) and “To be one-of-a-

kind” with 28% (n=23), while the feature that is the least important to participants is 

“The function of the object” with 2% (n=2).  

 
 

Divided by groups, the results showed that: 

• In G1_DESIGN (n=17) the most important features to participants are: “To be one-of-

a-kind” with 35% (n=6), followed by “The quality of the object” with 23% (n=4), 

while in G2_CRAFT (n=53) the most important feature is “The quality of the object” 

with 40% (n=21), followed by “To be one-of-a-kind” with 26% (n=14).  
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Q8: How much do you agree that an object made by machine can be considered as 

handmade? 

According to the general results from all participants (n=81): 

• 19% (n=15) strongly disagree, while 27% (n=22) somewhat disagree that an object 

made by a machine can be considered as handmade 

• 20% (n=16) neither agree or disagree that an object made by machine is handmade 

• 25% (n=20) somewhat agree and 10% (n=8) strongly agree that an object made by a 

machine can be considered as handmade 

 
 

 

 

• On a scale of 1 to 5 (1=Strongly disagree / 5=Strongly agree), the average agreement 

per group is:  
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Q9: How much do you agree that an object made by machine and finished by hand can be 

considered as handmade? 

According to the general results from all participants (n=81): 

• 5% (n=6) strongly disagree, while 15% (n=12) somewhat disagree that an object 

made by machine and finished by hand can be considered as handmade 

• 16% (n=13) neither agree or disagree that an object made by machine and 

finished by hand can be considered as handmade 

• 41% (n=33) somewhat agree and 22% (n=18) strongly agree that an object made 

by machine and finished by hand can be considered as handmade 

 
 

 

• On a scale of 1 to 5 (1=Strongly disagree / 5=Strongly agree), the average agreement 

per group is:  
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Q10: How familiar are you with 3D Printing technology? 

According to the general results from all participants (n=81):  

• 14% (n=11) of participants were not familiar at all, 21% (n=17) of participants were 

slightly familiar, 35% (n=28) of participants were moderately familiar, 20% (n=16) of 

participants were very familiar and 11% (n=9) of participants were extremely familiar 

 
 

 

 

• On a scale of 1 to 5 (1=Not familiar / 5=Extremely familiar), the average familiarity 

per group is:  
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Q11: How much do you agree that 3D printed object can own handmade qualities? 

• 12% (n=10) strongly disagree that 3D printed object can be considered as handmade 

• 14% (n=11) somewhat disagree that 3D printed object can be considered as handmade 

• 22% (n=18) neither agree or disagree that 3D printed object can be considered as 

handmade 

• 38% (n=31) somewhat agree that 3D printed object can be considered as handmade 

• 14% (n=11) strongly agree that 3D printed object can be considered as handmade 

 
 

 

 

• On a scale of 1 to 5 (1=Strongly disagree / 5=Strongly agree), the average agreement 

per group is:  
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12: What do you see in this picture? How you will describe the objects? Please explain. 

The text responses were analyzed with content analysis. 
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According to the content analysis, ten different categories of interpretations emerged from 

the data. The top three categories of interpretations were related to: the function of the 

object (44%), the process of making (14%) and the form of the object (12%).  

 

In relation to the functional meanings, there were participants that gave new function to the 

object. For example:  

P.2: “Unique oil burners” 

P.8: “Hand crafted vases” 

P.18: “Ornament. We can place them as part of the living room furniture” 

P.33: “Candle holders made by broken pieces” 

P.81: “In my opinion, these objects look like clay candlesticks in the form of cups or 

mugs” 

In addition, there were participants who were trying to make sense of the object through 

functional perspective. For example:  

P10: “They first appear as drinking mugs but with the 3D printed cut-outs, they appear 

more as a display piece” 

P46: “They look like drinking mugs but obviously not for drinking, I'm not sure what they 

would be used for other than a vase” 
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Q13: How would you describe the objects from the picture with only ONE word? 

• According to the analysis, the words that were most repeating in the description of the 

objects were: Unique (n=15), Décor/Decorative (n=6), Art (n=5) and Interesting (n=4) 

• The 30 most used words according to the Word Cloud generator integrated into 

Qualtrics software, are presented in the picture below.  
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Q14: For each pair of adjectives, please indicate the extent to which you believe the 

adjective on the left side or the right side describes the objects on the picture. 

 
 

Respondents were rating object’s attributes, using a 5-point bipolar rating scale. According 

to the results, eight out of nine attributes finished on the positive side of the scale, leading 

by “Unique” with an average of 1.53, while on the other side “Impractical” finished with 

an average of -0.35. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Filtered by groups, the analysis showed that there is a very similar pattern in the 

participant’s responses.  The division of the results pointed out that the craft community 

(G2_CRAFT) believe more than the design community (G1_DESIGN) that the objects on 

the picture are “handmade” and “innovative”. On the other side, G1_DESIGN gave a better 

score to “beautiful” and “customized” in comparison with G2_CRAFT.  
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Q15:  Please describe the vases on the picture in the text fields below. 

Participants were provided with two text fields where they were supposed to describe the 

vases on the pictures. Regarding the size of the answers, there was no limitation about the 

text entry, but the results showed that half of the participants chose to describe the vases 

with only one word. For example: 

• The vase on the left side was described with words such as: White, Modern, Pure, 

Simple, Minimalistic and Unfinished. 

• The vase on the right side was described with words such as: Abstract, Artistic, 

Chaotic, Unique, Colorful and Painted.   
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16: For each adjective, please indicate which adjective better describe the vase on the left 

side or the vase on the right side. 

 
 

 

• According to participants’ responses, five out of eight adjectives better describe the right 

vase in comparison with the left one.  

• The adjectives that describe the right vase are the following:  Unique (n=70), Handmade 

(n=63), Customized (n=62), Innovative (n=60) and Emotional (n=56).  

• On the other side, the adjectives that fit better the left vase are: Simple (n=67), Practical 

(n=55) and Beautiful (n=51).  
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