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Abstract 

Additive manufacturing (AM), or 3D-printing, allows for rapid prototyping and complex de-

sign and gives an insight into how customers may use recent technology to co-create value. 

Metal additive manufacturing reaching market maturity broadens the playing field for the 

ability to create personalized products. The idea of value co-creation places customers in the 

center. However, there is a lack of knowledge about how customers engage in collaborative 

processes where aesthetics and embodied experiences manifest with the development of new 

products. By empirically researching the phenomenon in the field of technology and under-

standing the roles of aesthetics, customer-centered approaches to innovation may become 

more fruitful. This research applies technology entrepreneurship studies with aesthetics, more 

specifically the embodied processes that occur during the value co-creation of complex tech-

nology. A 4-month micro-ethnography of an AM firm was conducted to explore the aesthetics 

of value co-creation. Expanding on the work of Elias et al. (2018) and Aarikka-Stenroos and 

Jaakkola (2012), value co-creation in a complex technology field was explored. The key in-

sight in this thesis is that customers may come with valuable contributions during the com-

mercialization of technology, not only when trying to make sense of the technology, but also 

insights into where the technology may be applied.   
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Populärvetenskaplig 

sammanfattning 
Additiv tillverkning (AM), eller 3D-printing, är en teknologi som lyckas bygga prototyper och 

modeller additivt från en datormodell. Tillverkningsprocessen för en AM produkt kan ske 

med en mängd olika metoder som utmärks av att material adderas, lager för lager. Subtraktiva 

tillverkningsmetoder, så som svarvning tar i stället bort material från ytan. AM har många för-

delar, där fördelarna appliceras olika utbrett beroende på användningsområde och mål. Exem-

pelvis gör möjligheten att producera modeller med komplexa geometrier det möjligt att an-

vända sig av mindre material och minska vikten för en given komponent. Möjligheten med 

komplexa geometrier har öppnat upp för flera designmöjligheter för både forskning och ut-

veckling, men även möjligheten att producera individualiserade och anpassade produkter. 

Därför finns det en möjlighet för dem verksamma inom AM att nå ut till konsumenter.  

AM kan använda sig av en mängd olika sorters material, så som plast och pulver. Med pulver-

metoder appliceras pulverpartiklar som kontrollerat och selektivt smälts med en laser. Lasers-

trålen kontrolleras genom att ange parametrar inför smältningen, och kan kontrollera bland 

annat laserstyrkan och i vilket mönsterpulvret smälts. För smältning av metallpulver via kon-

trollerad laser används ”selective laser melting” (SLM). Att smälta metallpulver är en kompli-

cerad process eftersom pulvret genomgår snabb smältning och stelning vilket påverkar många 

olika egenskaper i materialet, bland annat mikrostruktur och geometriska fel i slutprodukten 

med avseende på materialets krympande. Teknologin möjliggör användandet av pulver med 

goda materialegenskaper. Ett exempel på sådant pulver är Ti-6Al-4V, en titankomposit med 

hög styrka, lättvikt, och skydd mot korrosion. Materialet har därför många appliceringsområ-

den, såväl inom avancerad teknologi som rymdteknik, men även konsumentvaror, exempelvis 

cyklar. Därför är SLM ett område där design (både funktionen och estetiken) av avancerad 

teknologi kan undersökas, och hur värde kan skapas tillsammans med konsumenter. SLM tek-

niker har nyligen nått en mognadspunkt och med hjälp av kompletterande framsteg, exempel-

vis ytbehandlingsmetoder, går det att skapa funktionella produkter, men även produkter som 

väcker värde i det estetiska.  

I detta arbete utforskas estetiken av värdeskapande mellan företag. Att titta på värdeskapande 

är inte något nytt. Vargo och Lusch (2011) synliggör service genom att utveckla en logik för 

och av marknadsföring med ett bredare perspektiv, och påstår ”It’s all B2B” (Vargo och 

Lusch, 2011, p.1). Med denna logik följer inte ”producent” och ”konsument” samma linjära 

förhållande när värde utbytes. I stället ses alla aktörer som ett dynamiskt system som tillsam-

mans utbyter tjänster i form av materiella och immateriella resurser. Flera koncept kring värde 

och värdeskapande har utvecklats i akademin, men det är få som utforskar det empiriskt. 

Estetik kan definieras, väldigt brett, som kännedomen av våra känslor. Estetiska fenomen kan 

innefatta en doft som kan få oss att känna lycka eller avsky, eller en miljö som kan framkalla 

särskilda upplevelser genom våra sinnen (Schummer, 2003). Estetiskt värde har ursprung i 

våra känslomässiga upplevelser med material och produkter. En annan typ av värde är ekono-

miskt eller funktionellt värde. För att överhuvudtaget kunna skapa värde menar C. K. 
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Prahalad och Ramaswamy (2004) att företag bör skifta från ett företag-centrerat förhållnings-

sätt till att även inkludera kunder och deras upplevelser för att skapa distinkt värde. Den trad-

itionella synen på marknaden där företag agerar i sin produkt och processutveckling utan att 

blanda in konsumenter utmanas av såväl marknadsföring- som tekniklitteratur där många me-

nar på att värde skapas i en dynamisk interaktion mellan produktion och konsument, och 

skapas endast när det inte finns någon separation mellan produktion och konsumtion. 

Detta arbete försöker svara på frågor såsom: Hur skapas värde? Hur ser processen ut och vad 

är det som sker i denna process? Många menar på att en produkt ska skapas tillsammans med 

kunden, men vad innebär det egentligen? Genom att utforska ett företag verksamt inom AM 

och deras värdeskapandeprocess med entreprenörer som söker sig använda teknologin kan 

dessa frågor svaras, och kan även ge en insikt över vilka svårigheter som uppkommer under 

denna process. Arbetet utforskar insikter från Elias et al. (2018) och deras studie om hur ent-

reprenöriella konstnärer skapar värde tillsammans med sina kunder i en komplex process som 

inkluderar fantasin, interaktioner med miljön, och det komplicerade fenomenet som uppkom-

mer mellan individer. Detta arbete uppföljer slutsatserna och får tillgång till att undersöka 

processen i ett område där ny teknik verkar ha möjlighet till att skapa värde.  

Detta arbete svarar mot uppmaningar till att empiriskt undersöka och teoretisk utveckla det vi 

vet om estetik och applicera det till teknikbaserat entreprenörskap. Det finns lite att säga om 

hur medvärdeskapande och estetik uppenbarar sig hos teknik och innovation. (Aarikka-Sten-

roos och Jaakkola (2012) undersöker svårigheterna med att kommersialisera avancerade 

material och processer och hittar hur osäkerheter kring teknologin och marknaden kan göra 

värdeskapandeprocessen svårare. Detta arbete utforskar även hur estetik kan användas i med-

värdeskapandeprocessen för att lättare styra värdeskapandeprocessen. Arbetet bidrar till en 

förståelse för hur denna process utspelar sig och forskningsfrågan bli därmed: 

Hur skapas värde mellan kund och företag? 

En fyra-månaders mikro-etnografi utfördes i ett högteknologiskt företag. Etnografiska studier 

drar analys och slutsatser från mänskliga upplevelser och processer för en förståelse för hur 

dessa upplevelser utspelar sig (Yanow, 2015). Arbetet utforskar fenomenet för värdeskapande 

och hur det estetiska påverkar processen mellan kund och företag. Genom att se kunder som 

aktiva och informerade i stället för isolerade och passiva kan företag skapa värde tillsammans 

med kunden i en interaktiv process för att skapa och utveckla en delad mening, och på så sätt 

komma förbi utmaningarna i kommersialiseringsprocessen. 
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The aesthetics of value co-creation 
in an additive manufacturing firm 

1.  Introduction 

Additive manufacturing (AM) technology, or 3D printing, can be used to additively build 

models and prototypes based on a computer-aided design file (CAD data). The manufacturing 

processes for AM are characterized by adding material, layer by layer. Subtractive methods, 

such as milling, instead work to remove material from the surface to achieve the desired 

model. The advantages of AM cover a broad variety of areas, such as sustainability, design, 

and mechanical properties. One aspect is less material waste which is sustainable and cost 

beneficial. Another aspect are the design advantages. The ability to produce complex geome-

tries enables new design possibilities for research and development, industry, and consumer 

goods. AM technology allows designers to create unique and customized designs for an appli-

cation or an individual’s needs. With these design possibilities, AM firms can branch out from 

highly technical use cases to practical consumer goods. 

AM technologies can use a variety of different materials, such as plastics and powders. With 

powder technologies, powder particles are melted selectively with a laser beam by controlling 

various parameters. The process is controlled by several parameters before melting, such as 

laser power and the pattern in which the powder is melted. For the melt of metal powders with 

a controlled laser, selective laser melting (SLM) is used. The melting process of AM is a com-

plex process due to the repeated thermal cycles of the powder which affects the microstruc-

ture and the geometry of the finished product concerning shrinkage. The technology enables 

the use of metal powders with excellent properties. One widely used metal powder is Ti-6Al-

4V, a titanium composite with properties such as high strength, lightweight, and resistance to 

corrosion. Therefore, the material has many application areas. It is widely used for industrial 

applications, such as aerospace, but has recently found its way to consumer goods, such as bi-

cycles. These emerging technologies allow us to explore design, technological entrepreneur-

ship, and value co-creation. SLM technologies have only recently started to mature, and with 

the help of enabling technologies such as post-processing, there is a possibility to create 

highly functional and customized aesthetic products. 

In this thesis, the aesthetics of value co-creation between an AM firm and its customers are 

explored. The concept of value co-creation is not new. Vargo and Lusch (2004) explore as-

pects of service and have developed a theoretical framework known as service-dominant 

logic. The role of the “producer” and “consumer” no longer follow a linear progression within 

value exchange, but instead, value is jointly co-created in a collaborative process where ser-

vices are exchanged in the form of tangible and intangible resources. The literature on value 

co-creation, however, lacks empirical insight into how the process unfolds. 

Aesthetics can be broadly defined as the knowledge of sensations. Aesthetic phenomena in-

clude sensations of an odor that causes happiness or disgust, or experiences with environ-

ments that bring certain moods (Schummer, 2013). Aesthetic value is rooted in our sensory 
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experiences with materials and products. Another type of value is economic or functional 

value, which is outside the scope of this thesis. The aesthetic dimension of materials and prod-

ucts refers here to artifacts with aspects such as shape, color, and texture while also evoking 

certain feelings and experiences (Bazin and Korica, 2021).  

This thesis aims to explore questions such as: How is value co-created? What does the process 

look like, and how does it unfold? The literature on value co-creation urges organizations to 

co-create together with consumers, but what does this mean? The answers draw on the litera-

ture on arts entrepreneurship (Elias et al., 2018), organizational aesthetics (Taylor and Han-

sen, 2005), value co-creation, and marketing (Vargo and Lusch, 2011; Prahalad and 

Ramaswamy, 2004; Grönroos, 2011; Aarikka-Stenroos and Lehtimäki, 2014). By exploring 

an organization active withing the metal AM industry and their value co-creation process with 

entrepreneurs who wish to utilize the technology for consumer goods, the answers to such 

questions may be generated and can give an insight into the difficulties of the value co-crea-

tion process in highly complex environments. 

Elias et al. (2018) explore the role of the consumer in aesthetic value co-creation and the com-

plex interactions involving the imagination, interactions with the environment, and the com-

plex and dynamic phenomenon that occurs between individuals. Specifically, the authors em-

pirically advanced the understanding of how aesthetic value is co-created in the space be-

tween arts entrepreneur and customer. This thesis continues in the same vein within a technol-

ogy firm. Specifically, this thesis explores how aesthetic value is co-created in a technology 

setting and the roles aesthetics play when looking at the stakeholders, organization, and or-

ganizational environment.  

1.1. Background and problematization 

AM technologies have been used for over two decades, but only recently began maturing and 

emerging as an important commercial manufacturing technology (Frazier, 2014). For metal 

AM, there are a limited number of commercial alloys, and there is a need to develop new ones 

to fully exploit the advantages of AM. Developing a business case requires considering the 

cost aspects of the manufacturing process. AM has a higher cost, especially with regards to 

raw materials than conventional manufacturing processes which makes conventional methods 

more competitive for large productions. AM is however favored in small productions because 

of the additional value placed on the speed, versatility, and adaptability of AM. Further value 

is the design aspect of AM. The manufacturing process may reduce carbon footprint by opti-

mizing designs and reducing material waste. Optimizing the design aspects of a prototype re-

duced the weight and material for a given component and can reduce the weight of an aircraft 

by 100 kg (Frazier, 2014). While cost and functionality are of importance, especially for in-

dustrial applications, the aesthetic dimension of AM design may allow firms dealing with AM 

to commercialize the technology by producing customized consumer goods. Due to the ability 

to create complex geometries and designs, firms recognize the potential of AM for the con-

sumer goods sector. 

As the cost is generally higher for AM processing compared to conventional ones, firms may 

need a value proposition that goes beyond economic and functional value to potential con-

sumers. Until the technology fully matures, for example with other enabling technologies or 
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developments in the manufacturing processes that drive down costs, firms need to create 

other, distinct values to reach out to consumer goods. This aspect points towards the literature 

on value co-creation. Traditional views of the market are that firms can act autonomously in 

their product and process developments with little interaction with consumers. This view is 

being challenged by consumers and literature on value co-creation (Prahalad and 

Ramaswamy, 2004; Tynan, McKechnie, and Chhuon, 2010). Consider the luxury brand where 

value is perceived as experiential. This type of value is only created when there is no separa-

tion between production and consumption (Tynan, McKechnie, and Chhuon, 2010) and in-

volves a dynamic interaction between production and consumer, and only creates value when 

the firm and its consumers engage with each other. 

In their paper on value co-creation in knowledge-intensive businesses, Aarikka-Stenroos and 

Jaakkola (2012) contribute to the literature on value empirically. They find that despite the 

importance of consumer participation, firms tend to remain supplier oriented in their approach 

by stressing value-for-consumer rather than collaborative value creation with the consumer. In 

co-creating value, the emphasis lies on both parties. Service suppliers contribute with speciali-

zation and professional integrity, whereas consumers may contribute with their needs, which 

gives an overview of what the market may look like. The authors find that the role of the con-

sumer in value co-creation goes beyond the exchanged resource, instead, by consumer partici-

pation, the value proposition may be further formulated. While the importance of value co-

creation is clearly stated in the literature, the process and exchange of information are not 

fully investigated.  

Diving further into the processual view of value co-creation, and how it unfolds, we must con-

sider aesthetics. To illustrate aesthetics, consider the role of materials. The subjective aes-

thetic appeal of the wooden interior is a matter of taste, nevertheless, some materials, such as 

wood, can be considered warm and others, such as metals, can be described as cold (Mio-

downik, 2007). Pigments and colors have played a pivotal role throughout history, whether it 

be for paintings or cosmetics. Consider gold and its value – it might be said that the value of 

gold was established as a currency based on the aesthetic preference of its color and shine 

(Schummer, 2003). Elias et al. (2018, p.13) and their exploration of arts entrepreneurs and 

value co-creation highlighted the role of materials in the process. By interacting with raw ma-

terials, arts entrepreneurs could imagine their future products by engaging in “conversations” 

with the materials.  

1.1.1. Case study 

This thesis initially set out to investigate the possibility of creating consumer goods with 

metal AM by doing market research for a Swedish firm. The consumer goods were to target 

high-end consumers and products, which led to the investigation of value, co-creation, aes-

thetics, and commercialization. As the technology is still expensive, this work focused on 

high-end goods which ultimately led to the investigation of aesthetic values, contrary to utili-

tarian values. Thus, questions arose regarding how to create value for those seeking to utilize 

the technology. What quickly became apparent was that the firm, in meeting with its custom-

ers, experienced technological and market difficulties. The value co-creation process is de-

pendent on knowledge sharing, and thus, the work set out to explore alternative ways of shar-

ing knowledge namely embodied knowledge. 
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The work is a continuation of Elias et al. (2018) and takes the work to explore aesthetic value 

co-creation and technology. Aarikka-Stenroos and Lehtimäki (2014) presents the difficulties 

of commercializing advanced materials, and thus, this work also explores how aesthetic ob-

jects and co-creation may resolve uncertainties and establish a mutual understanding in the 

creative process. In particular, the focus will be on the roles of aesthetics in different aspects 

of the product development phase. Aarikka-Stenroos and Jaakkola (2012) calls for more ef-

forts in investigating the characteristics of value creation processes in knowledge-intensive 

business services. Consequently, the findings contribute to practitioners whose work is ori-

ented around product development and consumer goods within the field of AM and could im-

prove the depth and uniqueness of the value co-creation process.  

1.2. Research question 

The research question that drives this thesis is: 

How is value co-created between technology firms and customers? 

This thesis responds to calls to empirically explore and theoretically develop what we know 

about aesthetics in technology-based entrepreneurship. Aesthetics may also have practical im-

portance, since it “may prove particularly fruitful in the light of the widespread adoption of 

participatory design, lean entrepreneurship, and other customer-centered approaches to inno-

vation” (Elias et al., 2018, p. 23). Despite insights into value co-creation and aesthetics, there 

is little to say about how the phenomena of value co-creation within technology and innova-

tion unfold. This thesis will study practical knowledge, similar to Elias et al. (2018), and ap-

ply it to the field of technology and B2B by exploring the customers of an AM firm. The cus-

tomers consist of entrepreneurs who wish to utilize the technology for their ventures within 

high-end consumer goods. Thus, the contribution of this thesis lies in empirically exploring 

aesthetic value co-creation together with technology and innovation, seen in a dynamic pro-

cess between customers seeking to use AM technology, and technology firms seeking new 

ventures.  
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2.  Theoretical background 

2.1. Value co-creation 

Value co-creation has been studied within academia and has been especially in-

teresting within the field of marketing and organization. This section deals with 

the concept as seen in marketing and organizational literature and tries to link it 

with entrepreneurial and aesthetic studies. By examining value co-creation 

deeper, the concept is linked with meaning-making and aesthetics. 

2.1.1. Co-creation 

Co-creation is developing as a new concept with roots in management literature and organiza-

tional opportunity (Prahalad and Ramaswamy, 2004). The importance of co-creation comes 

from the way value is determined before an exchange of a product or service between firm 

and consumer. With the arrival of the “connected, informed, empowered, and active cus-

tomer”, new attitudes toward marketing are adopted (Prahalad and Ramaswamy, 2004, p.1; 

Vargo and Lusch, 2004). Co-creation challenges the traditional view of firms acting autono-

mously without involving and interacting with consumers. To escape the firm-centric view, 

firms are encouraged to co-create value by employing personalized interactions between con-

sumers and the company to focus on the experiences that consumers seek (Prahalad and 

Ramaswamy, 2004). The risks of co-creation, especially how instrumental the approach is in 

management literature, are that it can create consumer backlash. This is countered by engag-

ing stakeholders in a mutually useful way (Ind and Coates, 2013). The process then allows for 

collaboration between the firm and consumer, which is needed for a firm to compete in a mar-

ket where globalization and outsourcing level out the competitive market (Ramaswamy, 

2008). The separation from the consumer does not allow an organization to perceive value 

through the eyes of any individual consumer.  

2.1.2. Service-dominant logic 

Vargo and Lusch (2011) bring to light the often-overlooked aspects of exchange and service, 

even showing how ancient ideas of exchange apply to today's market. In their research, they 

develop a logic of and for the market and marketing with a broader perspective that may 

break free from academic silos and suggest “It’s all B2B” (Vargo and Lusch, 2011, p.1). This 

statement is of importance for their theoretical framework of what has become known as ser-

vice-dominant logic. In service-dominant logic, the role of the “producer” and “consumer” no 

longer follow a linear progression within value exchange. Instead, it engages all parties within 

an exchange, such as businesses, individuals, and households. When the divide between con-

sumer and firm is cleared, and thus all actors are seen as a dynamic system, actors are collabo-

ratively co-creating value. Thus, with service-dominant logic, value is always co-created. 

While the term “service-dominant logic” might be confusing, it is ultimately a logic of service 

as supporting or assisting customer’s practices (Grönroos, 2011). This perspective changes the 

roles of the actors from what we have previously known as consumer and producer by adding 

the context of the exchange to the system of the service provider (firms) and beneficiary (cus-

tomer). With this view, all actors are seen as service-providing and sources of resources. 
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Resources here include natural resources, but also human skills and knowledge. The resources 

added to the network of dynamic systems provide value creation and context. 

With this service-minded approach, the consumer has evolved into a crucial operant for a firm 

and decides what value is, while also offering value for the firm as a source of creative, 

knowledgeable, and motivated resources (Luonila and Jyrämä, 2020). This broadened per-

spective includes services as indistinguishable from goods (Vargo and Lusch, 2011) and con-

siders how value is perceived. With service-dominant logic in mind, value is seen as being de-

fined by and co-created by the active consumer in interactive, relational, and collaborative 

processes between the firm and consumer (Elias et al., 2018). Service-dominant logic brings 

several perspectives, on how and where value is created. Concepts such as value-in-exchange, 

value-in-use, and value-in-context offer contextual perspectives of where value emerges 

(Luonila and Jyrämä, 2020).  

It has been established that value co-creation is only possible with direct interactions (Grön-

roos, 2011). The value co-creation process is not guaranteed, however, and the process may 

be both positive (value creation) or negative (value destruction) depending on how firms and 

customers communicate. The bridge thus depends on the quality of the interactions and the 

ability to understand each other’s needs and wants. It must be established that each party is 

offering their resource, whether tangible or intangible, to mutually progress.  

2.1.3. Value 

Value is hard to define and often implies putting benefits against sacrifices. One perspective is 

that value increases the user’s well-being. The definition is broad, as when value occurs for a 

customer is highly contextual and individual. For example, someone might find value in driv-

ing a certain car, whereas someone else might find value in considering buying a special car 

(Grönroos, 2011). How and when value is created, and the concept of value creation, is hard 

to describe. Value is created by consumers who make meaning through social interactions and 

processes. This is important, as co-creation is not only the creation of things but also about 

co-creating interpretations and meaning (Ind and Coates, 2013). This provides a particular 

perspective of togetherness in creative processes and value-creating activities. Viewing value 

from this perspective indicates that potential value is created by the producer, and real value is 

created in the act of usage (Grönroos, 2011). The value of luxury goods has been researched 

(Tynan, McKechnie, and Chhuon, 2010) and is of interest due to the importance of how the 

consumer perceives the experiential nature of the luxury brand, product, or service. With ser-

vice-dominant logic in mind, it is the role of the dynamic system previously mentioned to ac-

tualize the value by using the resource that is offered.  

Distinguishing value-in-exchange and value-in-use gives new perspectives on value-proposi-

tion. Value-in-exchange falls in line with the traditional, linear progression of exchanging 

goods, where the value emerges during the exchange. However, with value-in-use, value 

emerges as the outcome of the value co-creation process. Value is seen as emerging through 

the use of the offering. By bringing in contexts, it can be researched how the contexts, such as 

personal interactions and collaborations, influence the consumer’s value process (Aarikka-

Stenroos and Jaakkola, 2012). 
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2.1.4. Some examples of value co-creation 

Value co-creation refers to the joint and collaborative process of producing new value. The 

value is both material and symbological (Galvagno and Dalli, 2014). To illustrate value co-

creation Ramaswamy (2008) presents the Nike case. Nike provides a glimpse of value co-cre-

ation with customers through engagement platforms. The Nike case explains how the firm 

partnered with Google in 2006 and invited individuals, communities, and networks to partici-

pate and share experiences. The initiatives by Nike included inviting designers to compete for 

best design, street soccer competitions, internet marketing programs, and software tools for 

co-designing and customizing soccer shoes together with consumers. The process allowed 

Nike to learn about their communities and the experienced value of being a part of the product 

or service offering.  

In a study on co-creating value for luxury brands, Tynan, McKechnie, and Chhuon (2010, 

p.10) further develop the understanding of customer value. By taking the consumer perspec-

tive into account they found that “the symbolic/expressive, experiential/hedonic and relational 

types of value are the ones which enable differentiation between various luxury brands.” The 

process of co-creation moves away from the traditional marketing focus by involving the ex-

change of knowledge and skills with customers and partners by studying the markets as social 

constructions to explore the experiences and meanings of customers (Tynan, McKechnie, and 

Chhuon, 2010). The process involves complex interactions between all parties involved. 

When no separation between firm/production and consumer/consumption occurs value can be 

co-created. The literature stresses the importance of value co-creation within various fields in-

cluding technology and innovation. Some research points to the ability to generate value by 

evoking aesthetic, affective responses before, during, and after consumption (Elias et al., 

2018). 

Elias et al. (2018) highlighted the aesthetic value co-creation process between arts entrepre-

neurs and their customers. The research aimed to explore how entrepreneurs and their custom-

ers entered a process of aesthetic value co-creation and how it manifested in the final prod-

ucts. The process is described as an experience unfolding between phenomena, rather than 

solely within human beings (Gagliardi, 2012). The aesthetics of entrepreneurship involves the 

interactions and interpretations that arise during embodied experiences. The article sheds light 

on the role of the consumer in aesthetic value co-creation. The raw materials that the arts en-

trepreneurs used to craft their unique designs were central to the process. 

2.1.5. Value co-creation and high technological complexity 

Technology-based entrepreneurship literature points towards the current socio-economic envi-

ronment, characterized by growing knowledge of consumers, turbulence, and uncertainty 

(Passiante and Romano, 2016). Thurik (2008) describes the entrepreneurial economy as re-

volving around flexibility, turbulence, diversity, novelty, innovation, and economic growth. 

Furthermore, the entrepreneurial economy is focused on radical technology (Passiante and 

Romano, 2016; Aarikka-Stenroos and Lehtimäki, 2014; Maine and Garnsey, 2006), enabling 

process, goods, and service innovation and tend to be multidisciplinary.  

Radical technology within the advanced materials sector, such as additive manufacturing, is 

defined as dramatically improving product performance, lowering production cost, or both 
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(Maine and Garnsey, 2006). Commercialization of radical technology is difficult despite its 

potential for value creation. The technologies have been shown to rely on complementary in-

novations to eventually become viable in market niches. The nature of radical technologies 

makes it hard for market pull strategies due to the difficulty of articulating value for consum-

ers. In their attempt to categorize the challenges of commercializing advanced materials ven-

tures, (Maine and Garnsey, 2006) identified technological uncertainty and market uncertainty 

impacting the ability to capture value. Technological uncertainties revolve around the up-

stream position of advanced material ventures, which means that the creation of a product 

may depend on the downstream design and complementary innovations. Marketing challenges 

include the difficulty in demonstrating value in a specific application and the multiple markets 

that the innovation can be applied. Understanding and gaining the consumers’ perspectives 

are gained through consumer interaction, openness, and adaption (Teece, 1996). 

Due to the complex nature of advanced material ventures, it becomes challenging to enter a 

stage of value co-creation. Consumers may lack knowledge and skills which makes the articu-

lation of value more difficult for the firm and consumer (Aarikka-Stenroos and Jaakkola, 

2012). While firms may find it difficult in communicating a value proposition, consumers will 

find it difficult to understand and evaluate the value potential. Further studies on the commer-

cialization process of radical technology focus on the apparent discontinuities (Aarikka-Sten-

roos and Lehtimäki, 2014). The challenges of the commercialization process include under-

standing the consumer’s perspective. A relatively shallow understanding of the market or con-

sumer needs and ecosystem leads to failure. Most firms work as intermediaries and do not 

deal directly with consumers. This becomes a challenge in perceiving the value of consumers. 

In their review of technology commercialization, Maine and Garnsey (2006) found that sev-

eral authors argue that small firms are better at commercializing radical technology than large 

firms. 

Creativity plays a role in staying competitive in the knowledge economy. Arts and craft op-

portunities foster creativity and innovation, driving the formation of new commodities and 

services (LaMore et al., 2013). This approach is a response to the increasing complexity of 

modern technology (Kolko, 2015). It becomes a matter of sensemaking and building empathy 

with consumers through adding emotional value propositions to the traditional one, adding ex-

periential language (Kolko, 2015) to aid consumers and organizations to cut through innova-

tion complexity and imagination. Visualization plays an important role in making sense of 

complex technology and science (Séquin, 2005; Samsel, 2013) Design and technology are 

used to create clearer visualizations that may communicate on an emotional as well as intel-

lectual level, opening for collaborations between the arts and science. Arts introduces layers 

of visual connections, analogies, and metaphors and raises questions, while visualization pro-

vides answers (Samsel, 2013). 

2.2. Aesthetics  

This section aims to introduce the reader to aesthetics. What is aesthetics and 

how is it conceptualized? How is it relevant for entrepreneurship studies and or-

ganizational theory? A link between materials and aesthetics is made, and later 

the processes unfolding during aesthetic value co-creation of arts entrepreneurs 

and their customers are explored. 
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A broad definition of aesthetics is knowledge created from sensory experiences also known as 

embodied experiences (Taylor and Hansen, 2005). Embodiment deals with our thoughts and 

feelings of being in the world. Aesthetics concerns itself with feelings and senses, a path that 

diverges from the traditional focus on rational thought to explore new ideas (Elias et al., 

2018). The original meaning is broad and describes the knowledge of our sensations and how 

sensory knowledge induces emotions, attitudes, and judgments (Schummer, 2013). Aesthetics 

can give insight and knowledge into subjects where words are not sufficient and enable us to 

see in a new way. The review of Taylor and Hansen (2005) on organizational aesthetics re-

veals why we should care about aesthetics and alternative methods of building knowledge. 

The embodied information stemming from aesthetics is contrasted with intellectual knowing, 

specifically, knowing driven by clarity, objective truth, and instrumental goals. Aesthetic 

knowledge is driven by a desire for subjective and personal truth, for the sake of aesthetics. 

The aesthetic inquiry becomes a desire to live in a world that evokes an experience. Note, 

however, that aesthetic experiences are not exclusive to “beauty” but may include experiences 

that evoke disgust as well. Focusing on aesthetics does not involve efficiency or effectiveness, 

but rather, focusing on aesthetics for the sake of living in a more beautiful, or grotesque world 

(Taylor and Hansen, 2005). 

2.2.1. Aesthetic value co-creation 

The iterative process of aesthetic value co-creation was researched by Elias et al. (2018) and 

their art entrepreneur participants. In their answer, they found three major relational and em-

bodied processes: imagining, contemplating, and consensus building. Imagining allowed arts 

entrepreneurs and customers to “form a sensory image of a product before it even exists” and 

focused on the importance of materials for embodied imagination (Elias et al. 2018, p.8). By 

engaging with raw materials, artists could combine and recombine the materials as finished 

products in their minds. Artists could also engage customers in imaginative sensing by invit-

ing them to hold pieces of raw material and encouraging them to envision the future product. 

This led to a collaborative interaction using the customers’ imagination to understand the art-

ist’s description of their options. Contemplating is like imagining but instead focuses on the 

past and the present, helping the value co-creation process through embodied reflection. Con-

sensus building is the process in which ideas are ideas and compared to construct a shared un-

derstanding between the artist and customer. These processes shed light on how the value co-

creation process unfolds. While the research of Elias et al. (2018) focused on arts entrepre-

neurs, it is interesting to examine how these processes arise during value co-creation between 

technology-based firms and their customers.  

Differentiation based on technological and functional factors alone is not sufficient to ensure 

the competitive advantage of new products and services. Designers’ approach to usability has 

changed from emphasizing look and feel to a broader concern for cognitive and emotional as-

pects (Candi and Saemundsson, 2011). Three advantages of aesthetic design can be character-

ized; extended functional benefits through improved usability; association with a brand; and 

symbolic value through associated services. Candi and Saemundsson (2011) found a positive 

relationship between aesthetic design and competitive advantage, resistance to imitation, and 

profitability.  
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2.2.2. The aesthetics of an organization 

Organizational theory mostly concerns itself with instrumental questions regarding the effi-

ciency and effectiveness of a business. However, in the last decade of the twentieth century, 

aesthetic inquiries have found their way into the organizational sphere (Taylor and Hansen, 

2005). As aesthetics offers an alternative way of building knowledge, a step away from logic-

based thinking may prove fruitful. In their review of aesthetics in organizational theory, Tay-

lor and Hansen (2005) made clear the distinction between intellectual knowledge and embod-

ied, non-rational aesthetic knowledge as separate ways of knowing. If intellectual knowing 

concerns itself with objective truth and instrumental goals, aesthetic knowledge is driven by 

subjective and personal truth. In other words, aesthetics concerns itself with non-instrumental 

inquiries. Aesthetic aspects are important for the co-construction of meaning-making and are 

important in the long run, irrespective of instrumental goals (Dissanayake, 1988). Categoriz-

ing aesthetics as instrumental or non-instrumental allows for a more accessible way of talking 

about aesthetic inquiry. Taylor and Hansen (2005, p.13) illustrates the products at a fine din-

ing restaurant as food not to keep us alive, but to offer an experience that appeals to our 

senses, and thus gives an example of a non-instrumental industry that is defined by its aes-

thetic value rather than the utilitarian, instrumental value. Exploring an organization through 

the aesthetic lens by capturing and generating data on the felt experiences and tacit knowledge 

may provide a way to research the experience of an organization. Researching aesthetics in all 

its forms (instrumental and non-instrumental) allows for an exploration of the experience 

when commercializing the technology. The importance when applying such a constructionist 

view of aesthetics is the method in which the data is generated.  

2.2.3. Materials science and aesthetics 

Materials and aesthetics go hand in hand. Historically, the chemistry of aesthetic materials can 

be traced to prehistoric caves, clay-based bleaching agents in ancient Rome, and pigments 

such as Maya Blue or Prussian Blue (Faustini et al., 2018). Pigments, such as rust powder, 

give materials an orange-brownish shade while other pigments using aluminosilicate clays al-

low finger painting (Faustini et al., 2018). Coloring materials by utilizing material properties, 

surface treatments or alloying has been used widely, gold is an example of value for its aes-

thetic properties of shine and color (Schummer, 2003). Viewing the works of art made with 

chemistry leads to using terms like “beautiful” to praise the result. However, there is more to 

the aesthetic dimension of materials. Experiential feelings of harmony, connectedness, and at-

titudes towards oneself (Schummer, 2013) also deal with aesthetics. The role of materials in 

aesthetics relates to the phenomena of sensation, e.g., colors, tastes, and moods. Bazin and 

Korica (2021, p.5) refer to aesthetic objects as “temporary, material settlements, which remain 

under continued aesthetic inquiry throughout crafting”. The aesthetic dimension involves 

shape and color.  

Materials science has been utilized in product design, urban design, fashion, dentistry, and 

arts. However, there is a split in arts and science, where the development of new materials 

largely moves separated from artists and media. Progress in materials science allows for im-

proving properties of materials in industrial areas such as aerospace and medical areas such as 

dentistry. The sensual and aesthetic properties of materials are not based solely on the physi-

cal parameters, but rather, on human experiences. These include buildings, clothes, and urban 
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spaces. However, there are not many systematic developments of materials with these proper-

ties (Miodownik, 2007). Examining the phenomena of aesthetic values comes from experi-

ence (Schummer, 2003). Experimental sciences like material science allow for the exploration 

of materials by experimenting, printing (AM), and playing with materials to discover new ef-

fects or phenomena. Aesthetics may therefore be used instrumentally for value co-creation by 

experimenting with materials together with consumers, to find new effects that generate 

value. Science can compose new materials which provoke aesthetic phenomena (Schummer, 

2003).  
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3. Technological background 

Experimenting with the technology allows for the researcher to explore value co-crea-

tion with AM. Aesthetic experiments can be used to reconsider dominant norms, lead-

ing to innovation and creating new products.  

3.1. Metal additive manufacturing 

Prototyping processes using 3D-printed models, or rather; additively manufactured models 

have become a tool for product development. Additive manufacturing (AM) is a process 

where materials are joined together layer by layer, based on 3D data (Frazier, 2014). AM has 

evolved from using resins to complicated systems that may produce advanced materials 

(Manfredi et al., 2014). Key possibilities of AM include design freedom, process modeling, 

biomedical applications, energy, and sustainability applications. Furthermore, the ability to 

have parts on demand “when and where they are needed” (Frazier, 2014, p.1) has been a vi-

sion to enhance operational readiness, and reduce energy consumption and cost of naval air-

craft. At the same time, the process poses challenges due to the complex manufacturing con-

trols and physics. Knowledge of materials is needed due to the nature of melting and re-melt-

ing millions of localized particles on the order of 20-50μm (Gorelik, 2017). Therefore, there is 

a need to understand the complex nature of AM processes and the resulting link between mi-

crostructure, processing parameters, and properties of fabricated parts. 

3.1.1 Powder bed and selective laser melting technologies 

Powder bed AM is a powder-based technique where parts are built layer-by-layer based on 

sliced CAD data. The process begins with spreading powder with a set size distribution on a 

powder bed. The thickness of each layer is predetermined. The first slice of the powder layer 

is then melted according to CAD data. Finally, the cycle ends by lowering the table corre-

sponding to the determined layer thickness on which the powder bed lies, and the sequence is 

repeated (Balachandramurthi et al., 2018) until the model is fully built, see Figure 1. There 

are several powder bed techniques, however, this work will focus on selective laser melting 

(SLM). SLM is an AM technique that can fabricate a wide variety of weldable materials, in-

cluding Ti-based alloys (Prashanth, 2020). The technology uses a high-power laser as the heat 

source to selectively melt the layers of powder into the desired shape. The advantages of this 

method include high-resolution features, internal passages, and dimensional control (Frazier, 

2014). SLM processes have the advantages of design freedom, efficient use of materials, short 

lead time, and cost reductions (Xu et al., 2015). Furthermore, the environmental impact of 

SLM has been found to have great potential to reduce environmental impact and cost (Mor-

row et al., 2007). Electron beam melting (EBM) is an alternative, faster method that uses an 

electron beam as the energy source. They are faster, but the surface finish becomes rougher 

than SLM. Attaining a low surface roughness is possible with SLM, however, it still falls be-

hind CNC machined parts (Manfredi et al., 2014) due to the nature of requiring thermal cycles 

for SLM processes, while CNC methods remove materials from a block, hence subtractive 

manufacturing. 
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Figure 1. Schematic of the SLM system. Key components include the laser system and the mechanical system 

used for controlling the build platform.  

3.1.2. Microstructure of SLM processed parts 

As AM processes involve repeated thermal processing cycles, the fabricated parts experience 

repeated solid state and liquid-solid phase transformations. The profile of the finished part is 

dependent on various parameters. A common feature of the microstructure of materials pro-

cessed by SLM is small grains and non-equilibrium phases (Manfredi et al., 2014). The mi-

crostructure is heavily influenced by the processing cycles, as it causes rapid solidification, 

directional cooling, and phase transformations during melting and re-melting. Melting and 

quickly cooling aluminum alloys tend to produce microstructures with ultra-fine grains which 

enhance mechanical properties (Manfredi et al., 2014).  

The manufacturing begins with support structures which are necessary for heat dissipation 

and fixation of the part on the powder bed (Herzog et al., 2016). The nature of Ti is interest-

ing for studying AM processes. This is due to its allotropic nature (Herzog et al., 2016) which 

allows it to exist in two or more physical states. The mechanical properties of SLM-fabricated 

Ti-6Al-4V depend on the phases and their morphologies. The morphology depends on the 

size and orientation of the phases, which depends on the energy density of the laser and layer 

thickness (Xu et al., 2015). The result is temperature gradients in the material, which causes 

anisotropy in the microstructure. (Niendorf et al., 2013) has shown that larger melt pools 

cause coarse microstructure while small melt pools lead to fine-grained microstructures. This 

is due to the cooling rates. Larger melts have slower cooling rates which promote enhanced 

recrystallization. Microstructures have also been shown to depend on scan speed. It has been 

shown that the width of the resulting grains is approximately the same as the scan width. Hav-

ing a larger width of the scan will lead to coarser grains (Thijs et al., 2010). 

These factors are not as crucial in conventional manufacturing processes (Frazier, 2014). The 

mechanical properties of SLM-fabricated Ti-6Al-4V are affected by the constituent phases 

and their morphology, as well as the size and orientation of the grains (Xu et al., 2015). In 

their study, Xu et al. (2015) summarized the microstructures present in the layers of SLM-

Powder is melted 

Powder layer is applied Platform is lowered 

Powder recoater 

Build platform 

Build specimen 

Laser system 
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fabricated Ti-6Al-4V with layer thicknesses of 30, 60, and 90μm. Using 30μm resulted in the 

finest grains and showed that layer thickness plays a role in microstructure properties. Fur-

thermore, the rapid cooling during manufacturing causes tensile residual stresses and is a key 

factor in the distortion of the end products. Surface engineering technology is utilized to re-

duce stress within the material and improve material properties. 

Producing the metal powders also affects the printed material because of different powder 

characteristics such as morphology, size, and chemical composition of the powder. This af-

fects the packing characteristics of the powder layer which impacts bulk material properties 

such as density and porosity (Herzog et al., 2016). Water atomization is possible but not suita-

ble for Ti as it is a reactive material. For this study, the powder was produced through elec-

trode induction melting gas atomization (EIGA). It is suitable for Ti because of the inert gas 

which reduces oxidation. The type of gas used influences the powder composition. EIGA pro-

duces spherical powder particles. This is due to cooling in an inert gas atmosphere. This 

causes heat conduction between metal and the surrounding atmosphere (Herzog et al., 2016).  

3.2. Surface engineering metal AM 

The surface properties of the metal components are an important aspect of metal AM. Due to 

the poorer surface quality of as-built samples caused by defects such as porosity and tensile 

residual stresses, many application areas become limited (Lesyk et al., 2020). There are many 

post-processing techniques aiming to minimize the defects in the components. Modifying the 

surface layers allows for surface microrelief which improves mechanical properties. Post-pro-

cessing steps may also produce shine, roughness, and various shades of the material.   

3.2.1. Laser and scanning strategies 

Laser- and scanning parameters influence the product. Scanning speed has been found to 

greatly influence surface roughness (Manfredi et al., 2014). Scan strategies take into consider-

ation the differences in the contour material (outer layer) and the bulk. Scan strategies are im-

portant for controlling the melting process and affecting the bulk and outer surface of the ma-

terial. During melting, the irradiated zone is larger than the laser diameter due to heat conduc-

tion to adjacent layers. This causes dimensional errors in the product. To compensate for vari-

ous difficulties, scan strategies are utilized. Scanning parameters include hatching distance 

and melting patterns, see Figure 2. Hatching distance defines how far apart the following melt 

will be while scanning patterns controls the movement of the laser along the x- and y-axes. 

This is to take account of the contour, “in-skin”, “up-skin” and “down-skin” materials. The 

contour is the outer layer of the product. Up-skin refers to the final, upper layer in the z-axis 

where no further melting will occur. Similarly, the down-skin refers to the bottom layer. The 

bulk is referred to as “in-skin” (Manfredi et al., 2014). 
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Geometric errors are the discrepancies between the CAD model and the intended, manufac-

tured product. This may be due to errors in the STL file or processing parameters. One error 

in geometry is the staircase effect (Leary, 2017), see Figure 2. Due to the quick cooling of 

melted material, distortions and stresses may cause shrinkage in some areas. This results in 

poor surface quality. The staircase effect is highly dependent on manufacturing parameters, 

layer thickness, and part orientation. The effect originates from shrinkage, thermal history, 

and other factors. The staircase effect is most common on curved and angled AM prototypes 

and is present in almost all AM processes (Nasr, Al-Ahmari, and Moiduddin, 2014). Layer 

thickness plays a large role in the staircase effect. Larger layer thicknesses will experience 

more of the staircase effect, as the thickness defines how large each series of steps will be 

(Yasa et al., 2016), see Figure 2. There is research on this effect and counteracted using man-

ufacturing steps that anticipate and correct it to an extent, however, it cannot be completely 

removed. 

Figure 2. Illustration of the staircase effect. 

Layer thickness plays another important role. If the layer thickness is too high, it may become 

harder for optimal adhesion between each layer. This is due to the melting depth. (Wang et 

al., 2019) examined the processing parameters of SLM to optimize the surface roughness. 

Surfaces were examined to evaluate the quality of the SLM surface after varying scanning 

speed and laser powers. They showed that surface roughness is linked to laser power and 

scanning speed. With low laser powers, the surface will consist of semi-melted powder parti-

cles due to insufficient laser heat input, depending on the layer thickness. With a higher laser 

power, the melting effect improves. Increasing the scan speed reduced the laser’s energy input 

per unit area, resulting in increased roughness.  

3.2.2. Surface roughness 

Surface roughness parameters are used for analyzing 3D surfaces. Parameters are extracted 

and calculated through various software by either targeting an area of the surface or using sin-

gle lines over a surface. Ra is the most extensively used (Manfredi et al., 2014). The 

Ra value is the arithmetic average height parameter. It is defined as the “average ab-

solute deviation of the roughness irregularities from the mean line over one sam-

pling” and is easy to measure, gives a good general description of height variations, but is not 

sensitive to small changes in profile (Gadelmawla et al., 2002, p1), see eq. 1. 

Eq.1 
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Laser output 
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3.2.3. Post-processing 

Post-processing of AM parts is time-consuming and reduces productivity. This is due to some 

post-processing techniques requiring manual labor. However, they are a good tool for reduc-

ing surface roughness (Pérez et al., 2021). Lesyk et al. (2020) examined a nickel-based alloy 

and the effect of surface engineering using post-processing methods like barrel finishing, shot 

peening, ultrasonic shot peening, and multi-pin ultrasonic impact treatment to examine the 

surface topography and other parameters. After examining the surface topography, typical 

manufacturing defects such as partially melted powder particles, open pores, and signs of la-

ser tracks on the as-built specimen were identified.  

3.2.4. Tumbling and blasting 

Tumbling is a process that adjusts the surface to become smoother. Further refinements in-

clude strengthening the surface layer, rounding edges, and changing geometric dimensions 

(Lichovník et al., 2020). The smoothing mechanism for tumbling is plastic deformation, 

where the media deforms the work material. The size order of tumbling media is usually in 

the millimeter to centimeter range. Blasting is a post-processing technique in which abrasive 

particles are used to mechanically alter a surface. Abrasive particles are transported through a 

compressed air jet, generating an abrasive effect at contact with the surface (Asachi et al., 

2011). At the impact, dirt and oxide particles are removed from the surface. This can also 

cause the particles to embed on the surface of the medium is harder than the work material. 

The result is a change in surface roughness. The parameters are affected by the shape and me-

chanical properties of the abrasive particles and the surface material, the direction of the abra-

sive jet, the distance of the jet, the pressure, and the speed of the abrasive particles (Asachi et 

al., 2011). 
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4.  Methodology 

This section presents the methodology. Section 4 presents the methodology for a major 

part of this thesis which aims to answer the presented research question. Section 5 is a 

technological evaluation that aims to deepen the understanding of AM and immerse 

the researcher. 

How is a process unfolding between phenomena researched? Epistemology and ontol-

ogy must be carefully considered to gain an understanding of how data is interpreted 

and generated.  

4.1. Research context 

Examining social interactions during the product development of a maturing technology is in-

teresting for several reasons. It allows for an exploration of the aesthetics of value co-creation 

between engineers, designers, product developers, and entrepreneurs/customers. During meet-

ings with customers, gaps in knowledge – whether technological or marketing uncertainties – 

seem to inhibit the value co-creation and meaning-making process.  

To further contextualize the research context, one must consider meaning-making and phe-

nomenology. The research and consequent analysis will explore how a social world is weaved 

and experienced between humans. Thus, it requires the researcher to interpret social situations 

and what they mean to those who create them. As we know it, humans create, communicate, 

and contest meaning with intention. The social world is woven through the interpretation of 

others’ actions and their attempt to make sense of the world (Yanow, 2015). Researching this 

process is an iterative one as prior experience generates new understanding and knowledge. 

The methods attempt to understand from the perspective of the actor(s) within a situation. It 

does not focus on the individual self but rather on social encounters and, in this research will 

be applied to organizational settings where shared meanings are public. Settings matter as hu-

man meanings are not direct but can be expressed by interpreting artifacts, such as designs 

and sculptures. The methods will be further detailed in the following sections. 

4.1.1. Firm 

This research is addressing a high-technology firm in Sweden active with additive manufac-

turing of metal goods. Most research and development of metal AM have been applied for in-

dustrial applications, where the technology is very much suited. However, as the technology 

is maturing, the management seeks to find new business areas, particularly within high-end 

consumer goods. Participants include engineers from different backgrounds, designers, and 

operators as well as customers seeking to utilize the technology. Two particularly interesting 

research participants were customers involved in an early stage of product development. The 

snowballing method led to research participants within the firm involved in marketing and 

business development. Snowballing refers to initial participants helping the recruitment of fu-

ture participants (Bell, Bryman, and Harley, 2019). 

Furthermore, a market analysis was conducted where research participants from potential cus-

tomers were interviewed and asked about their attitudes towards metal AM. Usually, a 
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customer is in contact with a business developer within the firm who presents the possibilities 

and limitations of the outcome. The greatest expressed limitation by the customer is the cost 

of prototyping and production, as the technology is still in an expensive phase. It is therefore 

interesting to explore how AM can compensate for a higher cost, how the advantages and pos-

sibilities of AM are communicated, and how the customer perceives this knowledge. By ex-

ploring meetings with customers and the firm, the value co-creation process can be explored 

through phenomenological methods. Nonverbal communication between humans while also 

considering the value that an organization tries to infer will matter. An organization can hold 

beliefs or values conveyed through their nonverbal communication which will become im-

portant in understanding value co-creation. 

4.2. Research Approach 

The knowledge in this research emerges from attempting to understand human processes. As-

sessing the knowledge with criteria such as reliability and validity cannot be considered in the 

same way as quantitative methods. For example, it cannot rest on regularity and authority 

within the human world, because that would mean that the human world can be predicted and 

controlled (Yanow, 2015). An interpretive research method will instead face doubt in other 

ways, such as the generalizability of the research. The research approach is heavily iterative. 

The initial understanding is not possible from being detached, but rather, each encounter will 

bring new prior knowledge to the sense-making process. “Understanding” is a case of under-

standing from within. This process goes on in the attempt to interpretively understand peo-

ple’s subjective intentions and experiences to understand that which is taken for granted. 

4.2.1. Epistemology and ontology 

A research question rooted in knowing “how” something means requires us to look at episte-

mology and ontology. Epistemology concerns the knowability of the subject and the capacity 

of generating or constructing knowledge. Ontology then concerns the objectivity of the world 

and if it would be possible to “discover”, or whether it is constructed through interpretation 

(Yanow, 2015). This work will view the social world as epistemologically interpretive and 

ontologically constructivist where data is generated rather than discovered. The data is gener-

ated from intersubjective meaning-making (Yanow, 2015), i.e., understanding that develops 

between two or more individuals with their respective subjectivities. 

4.2.2. Micro-ethnography 

Micro-ethnography is a phenomenological approach that attempts to research the common-

sense and taken-for-granted “rules” within a social setting. The researcher must free them-

selves from common sense and make it something uncommon to reflect on and make sense of 

(Yanow, 2015). The method focuses on lived experience and generating data circularly, due 

to the nature of prior knowledge. Ethnography focuses on conversations, acts, and nonverbal 

communication. Nonverbal communication appears with physical objects and the meaning 

participants place on objects and environments. 
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4.2.3. Semi-structured interviewing 

Semi-structured interviewing strengthens the ethnography. As the interpretations of ethnogra-

phy are open for refutation, further interviewing can be used to clarify, or change, the re-

searcher’s initial interpretation. Semi-structured interviews refer to an interview with a formu-

lated interview guide that can be followed loosely. New points may lead to new questions to 

ask by conversing more freely, allowing the conversation to drift. This method runs the risk of 

producing a lot of text to be transcribed. 

4.3. Research design 

The author has a technical background in materials chemistry which allows for an immersive 

understanding when conducting the micro-ethnography, allowing observations of how pro-

cesses unfold from an insider point of view (Bell, Bryman, and Harley, 2019). Ethnographic 

analyses draw on human experiences and processes of understanding and focus on lived expe-

riences (Yanow, 2015). Through immersion and laboratory work, an understanding of the set-

ting allowed for a more productive interpretation of the research. This method and view of 

aesthetics can provide the research with new ways to look at old problems (Taylor and Han-

sen, 2005), particularly within the commercialization of maturing technologies.  

The research focuses on humans who, unlike objects, have intentions behind their actions. 

Approaching the micro-ethnography as a lived experience allows the researcher to interpret 

and make meanings out of a social situation. Following this approach, the analysis too should 

be about engaging in the world. Looking at aesthetic experiences is about our feelings of what 

it is to be a part of more than ourselves (Taylor and Hansen, 2005). By analyzing the gener-

ated data through three relational and embodied processes; imagining, contemplating, and 

consensus building (Elias et al., 2018), the generated data could be contextualized. The use of 

these three embodied processes allows for an interpretative analysis of intersubjective under-

standings – that is, meaning which is developed between two or more subjectivities (Yanow, 

2015). This involves verbal communication and nonverbal behavior such as gestures and 

physical objects. The participants were selected using a snowballing method, starting with 

business developers and customers and gaining access to new informants at later stages. 

Meetings with customers were attended and observed while taking extensive field notes. To 

explore aesthetic knowledge, several printed prototypes were used to artistically look at aes-

thetic issues and to work as a medium that generates experiences and affects. Sensory-based 

knowledge through aesthetic experiences requires the engagement of the senses (Taylor and 

Hansen, 2005), and using these aesthetic objects may have implications for how the data is 

generated. As opposed to participant observation, Taylor and Hansen (2005) coined the term 

“participant construction”, where researchers may participate in artistic interactions to make 

connections and elaborate meaning. Using printed models is a tool for aesthetic data genera-

tion. Furthermore, semi-structured interviews with the customers and research participants 

were conducted to enable data generation on the participant’s experiences (Bell, Bryman, and 

Harley, 2019). Recording and reflecting on the acquired data allowed for planning the next 

step. The interactions when visiting the site allowed for interaction analysis which included 

the study of social interactions with customers, technology, and the environment.  
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4.4. Data generation and analysis 

As data is generated by “being in the world”, the analysis too will be about engaging with the 

world (Yanow, 2015). Making sense, or interpreting the data, of the social events happens in 

retrospect by reflecting on an experience informed by prior knowledge. The reflective process 

of meaning-making can be described as circular and iterative, where initial interpretations 

evolve with one’s understanding when further engaging with the world. Each new understand-

ing adds a layer that revises previous insights. The process is thus indefinite and provisional. 

4.4.1. Analysis 

Following the interpretive approach, the data was generated (Yanow, 2015) through field-

work, interviews, and dialogue. Weekly meetings with a business developer were had which 

collected data and planned for future action and possibilities by snowballing. A market analy-

sis gathered information about the implementation of AM within consumer markets, to ana-

lyze how aesthetics may influence the attitude towards AM. The site of production was visited 

several times for the micro-ethnography. Social interactions with business developers, a de-

signer, a technical expert, and customers generated insight and understanding of working 

methods and co-creational opportunities. During meetings with customers, aesthetic objects 

were used by the firm to generate data on aesthetic experiences. The research gave insight 

into experiences within the general culture and created an immersive experience (Yanow, 

2015). Field notes of prompt interviews and observations were made, and interviews were 

recorded and transcribed. After generating data through micro-ethnography, the field notes 

were used for further reflection. Co-creational processes with customers were observed, with 

extensive field notes and audio recordings. The data was summarized in comprehensive 

themes relating to aesthetics, value co-creation, and commercialization. The interactions were 

analyzed to confirm key themes based on recurrence, repetition, and forcefulness (Owen, 

1984) based on the identified embodied processes (Elias et al., 2018). Each theme gave fur-

ther insight before further interviewing. Engaging in research on the technology allowed for 

immersion and played a key role in reflexive thinking (Koning and Ooi, 2013). The data was 

generated and analyzed simultaneously, following a process like Elias et al. (2018). This pro-

cess entailed writing and processing information from field notes, performing preliminary 

data analysis, and developing themes, to further return to fieldwork and generate more data 

circularly. Lastly, it helped determine whether fieldwork is generating new insights on the 

themes (see Elias et al. (2018)).  
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5.  Technological evaluation 

5.1. Evaluating surface roughness parameters of selective 
laser melting printed samples 

5.1.1. SLM process 

For this experiment, spherical Ti6Al4V particles were used as a powder. The particles were 

made using electrode inert gas atomization (EIGA) with a size distribution of 15-45 µm. The 

SLM process was carried out in a Renishaw AM500Q in a closed chamber with inert argon 

gas. This is to protect the melting area from interacting with its environment and to remove 

weld fume and spatter from the work area. In total, 8 cubic samples with dimensions of 

10x10x10 mm3 were fabricated, see Table 1. The samples were built in the z-direction with 

support structures which are necessary for heat dissipation and anchorage, see Figure 2.  

Table 1. Produced samples and the steps in blasting and measurement. The first batch was blasted initially and 

measured. The second batch used the same laser power and scanning strategies as the first. The second batch un-

derwent initial blasting with Al2O3 and tumbled in step 2. The samples were measured after tumbling and blasted 

again masked to expose one side for Al2O3 blasting. The mask was taken off, and another side was masked to 

blast with SiO2. The mask was taken off, the samples were then measured. 

Layer thick-

ness (µm) 

Step 1 Step 2 Step 3 Step 4 Step 6 Step 7 

Batch 1       
30 Initial blasting 

with Al2O3 

Measured     

45 Initial blasting 

with Al2O3 

Measured     

60 Initial blasting 

with Al2O3 

Measured     

90 Initial blasting 

with Al2O3 

Measured     

Batch 2       

30 Initial blasting 

with Al2O3 

Tumbled Measured Second blasting 

with Al2O3 

Third 

blasting 

with SiO2 

Measured 

45 Initial blasting 

with Al2O3 

Tumbled Measured Second blasting 

with Al2O3 

Third 

blasting 

with SiO2 

Measured 

60 Initial blasting 

with Al2O3 

Tumbled Measured Second blasting 

with Al2O3 

Third 

blasting 

with SiO2 

Measured 

90 Initial blasting 

with Al2O3 

Tumbled Measured Second blasting 

with Al2O3 

Third 

blasting 

with SiO2 

Measured 
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Figure 2. Illustration of manufactured cubes. Build direction is bottom-up, on the z-axis, with spike shapes as 

anchorage at the bottom. The red lines indicate each consecutive powder layer. 

The samples used different laser energies and scanning parameters for samples with 30, 45, 

60, and 90 respectively. The parameters include power, point distance, exposure time, line en-

ergy, and volume energy. The scanning strategy employed different parameters for the vol-

ume hatch, border, and an additional outer border. The scanning strategy for sample layer 

thickness 30 and 60µm had previously been optimized, whereas 45 and 90µm were recently 

developed.  

5.1.2. Post-processing 

Following the SLM process, all batches were blasted with Al2O3 to remove the resulting ox-

ides from the manufacturing process. The as-built surfaces are therefore blasted once initially 

and will be referred to as batch 1. The samples from the batch were measured. The second 

batch continued post-processing and was tumbled. The surface roughness of the tumbled sam-

ples was measured. The next step was blasting. Batch 2 was masked using tape to expose only 

one side in the x-y plane. The side underwent blasting with Al2O3. The tape was removed and 

applied to expose another side. The samples were blasted with SiO2. The mask was taken off 

and the batch was taken off for measurement. The blasting process was done in a Normfinish 

DI cabinet, and the samples were blasted using the pressure of 3 Bar for 15 seconds.  

5.1.1. Roughness measurements 

The measurements were on the sides parallel to the build direction, the x-y planes. The sur-

face roughness of each sample was investigated using an Alicona Infinite Focus G5 micro-

scope. The device is used to analyze topography and can capture 2D parameters (Ra). A 10X 

objective was used for each measurement on an area of 1,6x1,6mm. The cube sides had an 

z 

y 

x 
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area of 10x10mm. After tumbling, one of the four sides was chosen and measured. The blast-

ing was made on two separate sides exposed to Al2O3 and SiO2 on separate sides. Therefore, 

no measurement was done on the same side. The Ra (average roughness of profile) value was 

measured by evaluating 3 sample lengths at different sections of the sample. All measure-

ments were done in the middle-most point horizontally at the x-axis, with one section at the 

top, middle, and bottom of the y-axis. Each section was measured 3 times (bottom, middle, 

top respectively) for a total of 9 measurements for one sample which was averaged. For 3D-

topography images, 3 pictures from each section were taken.  

6.  Analysis 

The efforts to understand the aesthetics of value co-creation in a technology firm led to an ex-

ploration of the social processes that unfold during B2B collaboration. Based on the relational 

and embodied processes identified by Elias et al. (2018), the aesthetics of value co-creation 

were further explored. The uncertainties regarding technology and the market obstructing 

value co-creation from taking place became more apparent when exploring the process. Two 

customer cases, one physical and one virtual, are presented following micro-ethnographic re-

search. The behaviors and experiences exhibited from the process are analyzed following the 

micro-ethnography. 

6.1. Micro-ethnography 

For this research, the site of the AM firm was visited approximately once per two weeks for 4 

months. A typical day was decided through the needed research; the initial visits were based 

on customer meetings and interviews, while the latter was focused on technological work. 

Nonetheless, every visit contributed to the ethnographic work of immersion, engagement, and 

phenomenologically processing the embodiment of what the firm “felt” like during meetings 

with customers. Furthermore, with the iterative methodology, each trip gave new insights and 

reflections.  

During the initial research visitations, 1-hour trips were taken to the site. From the outside, the 

site had a modest entrance, with only a large placard indicating the relatively new section of 

AM. From inside, the first glance falls on the cupboard, filled with additively manufactured 

models and prototypes, mostly for industrial use. However, there were some printed models 

without functionality, such as an apple with a complicated lattice structure design within it. At 

several points, the models were taken out for showcasing and feeling. Immersion and engage-

ment are key for micro-ethnographic work.  

6.1.1. Physical customer case 

One of the initial visitations included a meeting together with a business developer who spe-

cialized in titanium alloys, a technical expert within AM processes, and a customer who was 

pursuing a product for their leisure business. The customer, very early in the development 

phase, visited the site for a meeting and to check in on their product being manufactured. Ser-

vice-dominant logic reminds us that for value co-creation to occur, the interaction between 

supplier and customer is of utmost importance (Vargo and Lusch, 2011). The visit turned out 
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to be an excellent opportunity to practice (and research) the aesthetics of value co-creation. 

During arrival, the first thing the customer experienced was the cupboard containing the 

printed models. Once sat down and discussed AM technology, the business developer was ea-

ger to showcase several miniature models. Showcasing the models from the cupboard led to 

new discussions each time a new model was shown. Information that would be otherwise dif-

ficult to articulate, and comprehend, was communicated through various points made about 

the physical object. For value co-creation to occur and at the same time generate value-in-use 

for the customer (Aarikka-Stenroos and Jaakkola, 2012), aesthetic knowledge/embodiment is 

a strong tool. 

They were also allowed into the machinery workshop where they saw their product being 

manufactured in real-time. All impressions contributed to generating embodied knowledge 

(Elias et al., 2018) and the world into which the customer now had entered. The customer was 

no longer an observant, viewing their product from outside, but was rather becoming a part of 

the dynamic and collaborative system. From the researcher’s perspective, the manufacturing 

parameters are extremely complex. To apply service-dominant logic to the manufacturing per-

spective means that manufacturing is seen as a service. For value co-creation to occur, the 

customer needs to influence each process. However, the complex information about manufac-

turing parameters is very specialized. Therefore, in some cases, the possibility for value co-

creation of certain aspects becomes very difficult. However, in the next customer case, a simi-

lar situation emerged.  

There are several examples of how embodied knowledge was generated. Firstly, the models 

served as aesthetic objects. The aesthetic objects allowed the customer to play with the objects 

and generated strong feelings of awe and surprise at how the technology can be used. Sec-

ondly, the firm contributed with technical expertise, humor, and eagerness to collaborate. This 

approach falls in line with value-in-use, where the value is generated during knowledge trans-

fer (Aarikka-Stenroos and, Jaakkola, 2012). The customer became a resource in a dynamic 

process between customer and firm, where the exchange of information and knowledge was 

mutually beneficial. These aspects contribute to the shared meaning-making and feeling of be-

longing, creating a stronger sense of being a part of the world. 

During the value co-creation with the customer, it became apparent what the “connected, in-

formed, and active” consumer meant. The role of the customer became a human resource. 

While discussing design elements, such as the position of weight distribution, the customer 

shared their experience with design. The customer had a clear understanding of functional re-

quirements and could share their knowledge. When the product was finished printing, the cus-

tomer examined the product, and the technical expert asked several questions relating to the 

feel of the product in a consensus-building process (Elias et al., 2018). This process allowed 

the technical expert to share their expertise, while the customer simultaneously shared how 

they felt about their evolving product. To articulate their needs and co-create meaning, the 

customer brought several products from other companies to compare, while talking about re-

quirements and various techniques for producing them. The sharing of this information, hap-

pening phenomenologically, progressed how the customer felt about their product and could 

be explained by how the value was being generated.  

The visitation to the site from the perspective of the customer proved fruitful in engaging and 

collaborating with the firm. The customer was asked about their experience and stated:  
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“It has been a very positive experience to see how serious and grand the site is. 

It feels reassuring for me to do something great. There are a lot of companies 

with 3D printers, here it feels like there is a lot of knowledge and muscle, which 

is great for me. It has been very positive to see the machinery and get a tour of 

the various techniques.” 

The importance of allowing the customer to experience the firm cannot be overstated. For an-

other customer who did not have the opportunity to visit the site yet, all meetings were done 

virtually, thus removing several immersive aspects of generating embodied knowledge. 

6.1.2. Virtual customer case 

Another customer was researched during an alignment meeting, where they had received and 

tested some printed models. The main talking points revolved around manufacturing and pro-

cessing parameters. During these discussions, value co-creation from a service-minded logic 

became apparent. The customer had received and experimented with their work-in-progress 

and knew through direct contact with the product what they needed. Due to prior knowledge 

of the manufacturing process, the customer could interact with the technical expert with ease. 

The prior knowledge consisted of sensing through experimentation some difficulties of AM 

processes. For example, when the customer received their product, they made experimental 

adjustments, which exposed some characteristics of additively manufactured products. This 

allowed them to influence the manufacturing process, as the technical expert began working 

on new developments regarding post-treatments of AM-built models. It becomes apparent 

how value-in-use is generated collaboratively when both firm and customer are seen as giving 

each other service in the form of manufacturing (firm) and information (customer).  

6.2. Value co-creation in a technology firm 

6.2.1. Value-in-use 

In considering value-in-use, the creation of value means the value emerging from the cus-

tomer’s experiential perception of value from using or possessing resources. According to 

value-in-use, value is created during usage by the user and not during production by the pro-

ducer. When considering the role of the firm, aspects such as design, development, and manu-

facturing of resources are not encompassed by value creation. Instead, the service process en-

ables the value-in-use for the customers, and thus the firm only produces potential value, un-

less they also act as a co-creator by actively interacting and influencing the customer. In re-

turn for providing service, the firm receives service in the form of information used for prod-

uct development or other aspects. Thus, the process is reciprocal, with benefits for both busi-

nesses.  

Engaging with customers during service and involving them in direct interactions offers more 

than just resources. Thus, we look at what the firm provides that makes them a value co-crea-

tor, and not simply a provider of resources. Grönroos (2011) definition of value co-creation 

categorizes development, design, and manufacturing as processes required to make it possible 

for customers to create value. Only when customers are engaged in the design or product de-

velopment processes in direct interactions, joint value creation is possible. Otherwise, the firm 

is only facilitating the customers’ future value creation.  
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6.2.2. Value co-creation 

The micro-ethnography provided a glimpse of how the mutual benefit is achieved through 

value co-creation. As the process needs to be reciprocal for it to count as value co-creation for 

the firm and the customers, both parties must engage in interactions. Both parties were en-

gaged. From the firm side, they supply the customer with means of potential value; they have 

a designer who develops the product, a technical expert who provides means of manufactur-

ing and a business developer who negotiates the process by presenting potential solutions and 

options. Interacting with customers means that the parties engage and have the opportunity to 

influence one another as a coordinated interactive process (Grönroos, 2011). Only then, do 

firms get the opportunity to become co-creators as well. As identified in previous literature, 

how this process unfolds, and how potential value emerges has not been fully explored. To 

understand the process in which the interaction takes place, the interactions are analyzed 

through the embodied reactions explored by Elias et al. (2018). 

6.2.3. Aesthetic and embodied knowledge 

Customers and product developers co-create value through consensus building by sharing and 

comparing ideas and understandings (Elias et al., 2018). Aesthetic value emerges intersubjec-

tively when individuals compromise to reach a consensus on an evolving product. The aes-

thetic value of a product is not only physical and tangible but also experiential and intangible 

(Luonila and Jyrämä, 2020). In this case, the customer contributed to collaborative value crea-

tion, rather than the firm-centric value-for-customer approach (Aarikka-Stenroos and Jaak-

kola, 2012).  

The customer who brought sample products for comparison invited technical experts and 

business developers to engage with the products to get a better “feel”. Unlike imagining, con-

templating processes focus on the past and present by observing and reflecting on the experi-

ence (Elias et al., 2018). The customer introduced new ideas and indicated the importance of 

weight. By playing with competitor products, the concept and requirement of weight are com-

municated through the material. The technical expert expressed verbal reactions while listen-

ing intently to the customer’s needs, resulting in several new ideas. This example falls in line 

with the arts entrepreneurs’ co-creating aesthetic value in which a material object promotes 

co-creation and is accompanied by embodied and affective reactions, dramatically affecting 

individuals’ relationships, and creating aesthetic value from these interactions (Elias et al., 

2018). What had been a visit to the site to oversee their product in development, the custom-

ers found themselves seeking improvements for their products and co-creating value. This de-

velopment was boosted by introducing aesthetic objects into the meetings and the customers 

realized the possibilities of the technology. Where initially ideas focused on aspects of design 

and functionality, later ideas revolved around customized products and aesthetic properties 

like color and shade. Customers play a vital role in the co-creational process by contributing 

to embodied experiences with an evolving product (Elias et al., 2018). The aesthetics of value 

co-creation became a rhythmic experience where customers and the firm came together to ex-

press a shared meaning-making (Taylor and Hansen, 2005).  
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6.2.1. Processing the complex value proposition 

Asking the question “how is value co-created” requires thorough participation in social prac-

tices to establish an understanding of embodied knowledge in a particular context (Thompson 

and Byrne, 2022). The initial step of product development was communicating what value 

AM technology will bring to the product. The results indicated varying knowledge of the 

technology among the customers and very often they find themselves entering a conversation 

to decide whether to start the project using AM technology or if the customer is better off us-

ing conventional methods. In the context of complex technology and offerings, firms may find 

it difficult to create effective dialogue due to the customers’ lack of knowledge to articulate 

their sought value (Aarikka-Stenroos and Jaakkola, 2012).  

Showcasing these parts allowed the customer to engage with the materials on a sensory level. 

This aesthetic approach focuses on sensory experience to explore new ideas emerging from 

the unconscious and the imagination (Elias et al., 2018). Handling the prototypes generated 

embodied reactions in the first customer. As the customer engaged in imaginative thinking, 

they exhibited excitement for post-processing options and color. In a sense, the future value 

was communicated through an aesthetic object while it became easier for the customer to ar-

ticulate the imagined future of their product. During discussions about aesthetics, there was no 

clear objective. Imagining became the focus, where customers and developers interacted to 

form sensory images of a product before it exists. Discussions were had about possible colors, 

logotypes, and textures. By handling and experiencing materials, the actors imagined what the 

materials might become. Value was emerging when the customer interacted on a sensory level 

with materials and an evolving product over time resulting in imaginative thinking (Elias et 

al., 2018).  

The commercialization of metal AM is still in an early phase, as the research and develop-

ment of the technology are enabling new ventures as seen by post-processing developments. 

Metal AM is one of the areas where advanced materials and complex manufacturing pro-

cesses make it hard to communicate the value proposition. Inviting customers to engage in 

value co-creation allows the firm to experiment with production processes and incorporate 

further developments into its value offering. By communicating developments through aes-

thetic objects, customers can get a sense of value and reduce their lacking knowledge of the 

technology. What is more, the firm can understand the benefits from the customers’ perspec-

tive to get insight into the marketing discontinuities (Aarikka-Stenroos and Lehtimäki, 2014). 

Market uncertainties revolve around the difficulty of demonstrating value in a specific appli-

cation (Maine and Garnsey, 2006).  

During interviews with firm employees about how AM is perceived, it became clear that some 

customers focus on functionality and design over aesthetics. This raises the question of 

whether the customer is better off using subtractive methods and what benefits AM brings to 

their product. Due to the complex nature of the technology, communicating the additional 

value that AM offers is a challenge. For example, AM processes have less material waste and 

can reduce the number of components in a part. The designing process has some uncertainties 

with customers who are reluctant to change their designs. One designer said: 

“For example, if you have two components made to be screwed together, and 

the only reason for them to be screwed together is that they were manufactured 
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as two different parts, there is no reason for a customer to only want to print 

one of the parts. Then we find out what the purpose of this is, and its use, and 

see that we really should be removing one manufacturing step and printing the 

whole component as one. That is the real value because removing one manufac-

turing step and printing the whole component cannot be done with traditional 

machining.” 

This illustrates how the designer may utilize the advantages of AM processes. This becomes a 

matter of consensus building and persuasion and entails an interplay among emotional, cogni-

tive, and sensory responses (Elias et al., 2018). This process requires compromise in a collab-

orative activity where customers and experts are equal partners rather than followers 

(Aarikka-Stenroos and Jaakkola, 2012). As customers are set on their designs, it becomes 

hard to show the value of re-designing their products. As the commercializing process is diffi-

cult for new technology, organizations may investigate the roles of aesthetics. Uncertainties 

around technology and the market may be hard to communicate. Approaching product devel-

opment together with customers by employing a method similar to arts entrepreneurs may 

therefore rid of some uncertainties by letting the materials speak. 

6.2.3. The aesthetics of the firm 

Aesthetic connection focuses on spaces between people rather than the experiences that arise 

within individuals (Taylor and Hansen, 2005). Looking at aesthetics from this point of view, 

aesthetic experiences resonate with what links the mind and nature (Bateson, 1979). The con-

nection and expressions that arise during the value co-creation process may be linked to how 

humans are both part of a group and individuals, and what results from this process is how hu-

mans express the feelings of being part of a social group (Sandelands, 1998). Aesthetic in-

quiry in organizations asks how we can view organizations through a lens that gives a view of 

how the organization is “felt”. The co-creational process happens between individuals and 

thus, the aesthetics of the external environment plays a role.  

The environmental aesthetics of the organization offers a look into interactions, behaviors, 

and understandings (Taylor and Hansen, 2005). The micro-ethnography thus allows for re-

search into the action and interaction that the environment has. Having a cabinet with printed 

models allowed customers to use their bodies to interact with the environment. As seen ear-

lier, seeing, touching, and engaging with materials play a fundamental role in value co-crea-

tion. The aesthetics of an organization may boost the embodied reactions of co-workers and 

visiting customers.  

There were two key factors that the organization played in the co-creational process: (1) the 

environment played a role in establishing meaning and belonging and (2) meaning-making 

through using prototypes as aesthetic objects and showcasing products in the process of being 

printed. The first point about the environment was shown during the meetings. The customers 

expressed gratitude and amazement over the technical expertise and machinery, generating a 

stronger bond between the firm and the customer. The second point was critical for the impli-

cations on aesthetic objects and product development. Dealing with aesthetic objects and be-

ing a part of the actual manufacturing process (on one customer’s behalf) created not only a 

sense of belonging but also created a shared meaning. It became easier and more lighthearted 

to talk about the products once the customer had seen the process. In this context, the 
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aesthetic experiences were self-driven and natural. The customer who had attended the manu-

facturing site had the intentions of examining their product but found themselves in a situation 

where sensory knowledge was being apprehended, and where the purpose of the visit had 

transformed into a non-instrumental value co-creational process inside the firm rather than 

outside of the firm.  

By considering the service-dominant logic perspective, value co-creation through the ex-

change of knowledge and skills aids in co-constructing unique experiences and offers a deeper 

insight into the nature of the marketplace (Tynan, McKechnie, and Chhuon, 2010). To escape 

the firm-centric view, managers must escape their product-centered thinking and focus on 

customer experiences (Prahalad and Ramaswamy, 2004). This was shown to influence the 

commercialization of metal AM. Advanced materials innovations are not autonomous but re-

quire complementary innovation to be brought to the market (Maine and Garnsey, 2006). By 

allowing customer and consumer insight, new processes that were previously overlooked can 

enable the technology for new applications. For this thesis, a scientific examination of the sur-

face properties of various post-processing technologies was made in conjunction with social 

research. This owes to the fact that new research and developments are needed and required 

by customers, which indicates how customers can be a part of the complexity of a technologi-

cal firm and co-create value.  
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7. Discussion  

This thesis has followed Elias et al. (2018) in a similar vein to empirically and theoretically 

advanced knowledge of value co-creation and applied the knowledge to the technology field. 

While the study on arts entrepreneurs proved fruitful in an artistic setting, this thesis aims to 

apply their findings to the knowledge-intensive nature of advanced material ventures and the 

complexity of the offered value by the technology firm. The key insight in linking aesthetics 

to value co-creation and materials technology is that there exists mutual benefit from inviting 

customers to co-create value and shared meanings, and this process can only emerge when 

both parties engage in interactions. The interactions and their quality are of importance as 

they affect whether the value is created or destroyed. Interactions can be of better quality if 

there is a mutual need to learn about each other’s needs and wants to mutually progress. This 

thesis thus explores how aesthetics affect interactions and how embodied knowledge leads to 

a better understanding of needs and wants. By exploring embodied processes when the pro-

cess seems to appear, aesthetic knowledge contributed to shared meaning-making and allowed 

customers to gain a better understanding of the uncertainties revolving around the technology 

and market. Using materials and aesthetic objects served as tools for evoking aesthetic reac-

tions and boosted the embodied processes and reactions in an otherwise complex process of 

knowledge-sharing. This thesis further shows the importance of inviting customers to co-cre-

ate value and the role of customers in creating unique products. The lived experience was 

achieved once customers visited the site, and what’s more – the lived experience was en-

hanced by the organization which had produced samples for showcasing.  

The uncertainties which inhibit the value co-creation process can be minimized with a value 

co-creation process. Looking at the discussion of service-dominant logic and value-in-use, it 

is established that value emerges during usage and that value is accumulated or destroyed in 

the process (Vargo and Lusch, 2004; Grönroos, 2011). The value is generated through the ser-

vice process, and thus, for the value to emerge for the customer, they need to incorporate the 

firm into their progression. How well this incorporation goes thus depends on the quality of 

interactions. The quality of interaction can become more fluent when aesthetics is incorpo-

rated. Embodied knowledge does not need words, rather, it is the sensory experiences that 

communicate information. We know little about how the process unfolds when it starts and 

when it ends. However, taking an interpretive approach has been a fruitful way to examine the 

process.  

How does value emerge during co-creation? While experiencing parts of the product develop-

ment, there were several occasions where the research participants seemed to have shifted in 

what they imagined the future product to be. When viewing aesthetic objects of the firm, dis-

cussions could shift back and forth from functional designs to aesthetic possibilities. When 

the customer was presented with colored prototypes, they could, together with their prior 

knowledge, envision products and communicate about them in a way that was not possible 

earlier. Similarly, the firm employees were invited to try several products brought from the 

customer. The mutual collaboration was generating ideas with no end goal. This value, seen 

from a service-dominant logic perspective, was confirmed by one client after an interview 

where they stated the “grandness” and valuable knowledge that the firm provided. Uncertain-

ties of the technology and the market inhibit the effect of value co-creation. Using models and 

prototypes and inviting customers to the site allowed for deeper embodiment and discussions 
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about new ideas. The curiosity exhibited by customers, and the eagerness to offer the best so-

lutions by the development team becomes much more accentuated by lived experiences. For 

example, being able to physically handle materials and using sensory knowledge gave a 

broader view of the next steps for the future of their products. Like the research of Elias et al. 

(2018), the intersubjective value – value that is neither objective nor subjective – that arises 

from the relationship in a social context and its interactive and immersive nature has been ex-

plored.  

It was shown that the co-creational process can benefit from aesthetic aspects. Specifically, 

participants showed great interest in creating aesthetic value by handling prototypes and mate-

rials and contemplated several future iterations of their design. Using aesthetic objects helped 

the organization in developing new techniques. Specifically, demands on certain aesthetic 

properties allowed for insight into customer value and created new research and developments 

to make metal AM feasible for consumer goods. Making sense of technological developments 

can be aided by utilizing aesthetic objects. Customer participants were not aware of recent 

technological developments in surface engineering AM parts. When showing models, de-

signed with aesthetic features, new possibilities arose for the customers. When words cannot 

describe a certain feeling, aesthetic objects can be used to evoke embodied reactions, which 

communicate and manifests an imagined future product.  

The point Taylor and Hansen (2005) make about aesthetics for the sake of aesthetics being 

important in the long run is applied to the research situation. In an example of an inherently 

aesthetic organization, Taylor and Hansen (2005) illustrated a fine dining restaurant where the 

aesthetic experience was more important than its functionality (to feed us). This approach is 

non-instrumental as the experience is not created to respond to a particular problem, but rather 

to apply to our senses. How can this focus on aesthetics be applied to industries and their na-

ture of work? The use of the aesthetic models offered a medium that showcased the techno-

logical developments, not in words, but rather by communicating an experience that led to the 

process of value co-creation. In other words, we fall back into the embodied process that Elias 

et al. (2018) write about. How can an organization keep its non-instrumental approach to aes-

thetics? Taylor and Hansen (2005, p.6) puts it nicely: “Aesthetic  inquiry  asks,  how  can  we  

make  organizations  more  beautiful, more sublime, more comic, or more grotesque – not be-

cause we think that might lead to greater efficiency or effectiveness, not because that is the 

right thing to do, but because we desire to live in a world that is more beautiful, more  sub-

lime, more comic, or more grotesque.” The aesthetics of value co-creation can be seen in 

other technological firms. The case of Apple and the visionary Steve Jobs illustrates how Jobs 

fidgeted over every single detail of their products (Cornelissen, 2013), an aspect that is now 

completely integrated into Apple branding. As Cornelissen (2013, p.9) highlights, “Apple 

may come to miss the rhetoric of Steve Jobs and his ability to draw you into his ‘reality dis-

tortion field’, rather than following the hype that is built up around competing products”. 

Commercializing new technologies requires complex interactions between firms and custom-

ers. Furthermore, viewing consumers as connected, informed and active rather than isolated, 

unaware, and passive, requires an invitation to the consumers and allowing them to co-create 

while also being a part of their progression (Prahalad and Ramaswamy, 2004). To actively co-

create meaning and value firms need to foster an interactive environment to access new ideas 

and expertise. Technological innovations and scientific progress are not straightforward. Dis-

ruptive technology, such as AM, has been developed in a closed space within the industry and 



38 

 

has only recently begun to test the waters in commercialization. Commercialization means 

marketing innovation to create profit (Aarikka-Stenroos and Lehtimäki, 2014) and to find cus-

tomers/consumers who want to engage with the technology. Several businesses are develop-

ing products and ideas based on what is possible with AM – or rather, what they perceive is 

possible with AM. Organizations dealing with advanced technologies, such as the one studied, 

must realize their role in this commercialization process. The case firm has extensive 

knowledge of materials science and has a great ability to continue developing the technology. 

The customer’s perspective on benefit and value potential, and their preferences (Aarikka-

Stenroos and Lehtimäki, 2014) are of utmost importance when dealing with co-creation and 

commercialization. Therefore, firms need to realize their role as well as the customer’s in the 

commercialization process, and the possibilities of gathering knowledge about the market and 

gaining an overview of the difficulties that customers may have with the technology. During 

this research, it became apparent how both parties engaged in mutual service in form of intan-

gible and tangible resources. Value co-creation is important for the progression of technology 

and to find new, important enabling technologies that meet the customer’s wants and needs. 

Using aesthetic knowledge allowed the customer to communicate their wants and needs, 

which influenced the development team into researching new recipes and manufacturing pa-

rameters.Dealing with physical materials and models plays a fundamental role in co-creation 

(Elias et al., 2018).  
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8.  Conclusions and implications 

The research question for this thesis was: how is value co-created between technology firms 

and customers? The answer to this question involves complex interactions between humans, 

environments, and the aesthetics of the phenomenon. To conclude and answer the research 

question:  

• Value co-creation occurs when both parties engage in interactions with no separation 

between production and consumption. Therefore, the potential value may emerge 

when services are exchanged. From the firm (supplier) perspective, they are enabling 

their customer with resources, both tangible and intangible, while receiving the ser-

vices of their customer. During value co-creation, all parties must interact and collabo-

rate as one with mutual benefits. The resources provided by the customer can be 

knowledge and experiences. By sharing their knowledge, they may influence the de-

sign and manufacturing processes for further development.  

However, the co-creation of value for complex technology ventures needs to overcome certain 

technological and market uncertainties. Due to the complexity, it may become harder for cus-

tomers to apprehend the value proposition of a firm, which makes it harder for them to influ-

ence and actively engage in the process. In this research, it became apparent that customers 

who visited the site engaged in a fruitful process and interaction with aesthetic objects and the 

organizational environment. 

• Aesthetics can influence how the customer goes about making meanings, overcoming 

uncertainties, and co-creating value. For the customers, uncertainties regarding tech-

nology and the market were reduced by using aesthetic objects to communicate value 

instead of using words. The value was created through embodied knowledge transfer. 

Aesthetic/embodied knowledge contributed to a shared meaning-making process 

which allowed customers to gain a better understanding of uncertainties revolving 

around market and technology. Handling materials and imagining their evolving prod-

ucts led to several ideas and potential value in product development.  

This non-instrumental way of viewing aesthetics, which in this case was showcasing certain 

experimental prototypes, gave the customer new insights which in turn led to new ideas 

within the firm for new research and development opportunities, and insights on where and 

what markets the technology can be applied to. The non-instrumental approach is character-

ized by not responding to a particular problem, rather, it was available just for showcasing and 

led to a boost in embodied knowledge when customers attended the site. Since the commer-

cialization process is faced with difficulties, inviting customers to be a part of the production 

process becomes vital, and as the AM processes allow for rapid prototyping, this new technol-

ogy can be used to play with materials and prototypes with ease.  

Literature on aesthetic value co-creational processes, technology, and entrepreneurship have 

been interwoven to understand the role of aesthetics and differentiation within the technology 

field. Using environmental design to showcase art or showcasing products may impact visit-

ing customers and creativity. The role of aesthetics in an organization is thus important for 

embodied experiences. Future studies may look at how fields within aesthetics, such as fine 

arts or fashion, may contribute to a scientific understanding, and what effect this has on 
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commercialization and value co-creation within scientific or technological fields. This study 

has implications for the theory of marketing and commercializing innovations, further build-

ing on the work of Aarikka-Stenroos and Lehtimäki (2014) and (Grönroos (2011). Value co-

creation, as we have defined, requires an invitation to active consumers/customers. Building 

on these articles and their calls for firms to embrace value co-creation, this thesis shows how 

aesthetics can aid the value co-creation process. Involving aesthetics allows for embodied 

knowledge transfer where verbal communication is not sufficient. As complex technologies 

require more technical expertise, this thesis explored a case of non-instrumental aesthetics and 

found that it influenced the value co-creation process. Even more so, embodied knowledge 

and embodied processes, explored by Elias et al. (2018), were very much present once a cus-

tomer had visited the site. 

The work of (Elias et al. (2018) and aesthetic value co-creation has been extended to technol-

ogy. Working with embodied processes is as relevant for arts entrepreneurs as it is for tech-

nology firms and their customers. Embodied processes, such as imagining, allow the partici-

pants to go over details and iterate by interacting with each other, materials, and with the en-

vironment. And with complex technologies, it can be crucial to think about these processes to 

create and foster new opportunities. Seeing and touching models evokes embodied imagina-

tion in the customers, springing up new ideas and developments. The co-creational process is 

beneficial for both parties; organizations may start to differentiate through new developments 

and offerings, while customers may increase the price or differentiate further through aes-

thetic values. While art does not communicate straightforwardly, it may appeal to the intellect 

(Ede, 2002) while also evoking affective emotions and conversations between employees and 

visiting customers. Using environmental design to showcase art or showcasing products may 

impact visiting customers and creativity. The role of aesthetics in an organization is thus im-

portant for embodied experiences. Future studies may look at how fields within aesthetics, 

such as fine arts or fashion, may contribute to a scientific understanding, and what effect this 

has on commercialization and value co-creation within scientific or technological fields. 

Further explorations on the phenomenology of value co-creation and entrepreneurship utiliz-

ing methods rooted in phenomenology, such as ethnography could reveal interesting ideas. 

This research has hoped to assist a new, merged, and interdisciplinary field that incorporates 

technology entrepreneurship with arts and aesthetics. Taking an interpretive approach has 

been a fruitful way to examine the process. However, future studies may want to explore fur-

ther and with a longer period to explore how value co-creation mutually progresses firm and 

customer. Value emerges in the representation of inner experiences and emerges as value-in-

use. How will this value translate to the end user?  
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Appendix.  

A1. Results 

A.1.1. SLM process 

3D-topographies of batch 1 were examined, see Figure A1. The nature of adding new powder 

and melting it in a repeated process gives SLM materials a thermal history that affects the sur-

face topography.  

 

Figure A1. Topography of the first batch, the measurement for a surface area of 1.6x1.6mm. The arrows indicate 

the highest and lowest point in the z-plane, illustrating the highest peak and lowest valley. A) 30μm B) 45μm C) 

60μm D) 90μm. Note that the peaks and valleys for samples with layer thicknesses 45 and 90μm are in the mm 

range. 

Samples with layer thicknesses 30 and 60µm had lower surface roughness and were measured 

in the mm range. There is no distinctive pattern in the topographies 

A.1.2. Surface roughness 

The surface roughness parameter Ra increases significantly for sample layer thickness 45 and 

90μm, see Figure A2.  

A) 30 µm  B) 45 µm  

C) 60 µm  D) 90 µm  

z 

y 

x 
≈ 60 µm  

≈ 50 µm  

≈ 110 µm  

≈ 90 µm  

≈ 30 µm  

≈ -30 µm  

≈ 30 µm  

≈ -20 µm  

≈ 19,72 mm  

≈ 19,61 mm  

≈ 19,68 mm  

≈ 19,59 mm  
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Figure A2. Surface roughness parameter (Ra) of all samples. 

The effect of post-processing generally reduced the surface roughness. All samples had been 

blasted initially. Tumbling and blasting with Al2O3 gave a similar value to the initial batch for 

the optimized samples. The unoptimized samples had high surface roughness before tumbling. 

After tumbling, blasting with Al2O3 seems to match the values for all samples. The same phe-

nomenon was shown for SiO2 sides, see Figure A3. The seems to be no significant change in 

increasing layer thickness.  

 

Figure A3. Surface roughness for post-processed samples.  
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For topographies of post-processes samples, sample layer thicknesses of 30μm and 90μm 

were chosen to examine the effects of tumbling and blasting on the surface topography, see 

Figure A4. 30μm had the lowest surface parameter value and had optimized scanning parame-

ters, whereas 90μm had the highest and was not fully developed. Blasting with Al2O3 and 

SiO2 on the tumbled surface increased the surface roughness due to abrasive particles causing 

material removal from blasting. Tumbled samples show a flattened surface with few irregular-

ities. 

Figure A4. Topography of 30 and 90μm with post-processing. 
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A.1.3. Aesthetic properties 

The aesthetic properties of the samples were evaluated through sensory characteristics such as 

color, shade, and touch. Cubes with different post-processing in Figure A5. Layer thickness 

did not cause a significant change to visuals. The batch 1 surface is grainy to the touch with a 

matte, grey surface. Tumbling resulted in a smooth texture with a shiny, brighter surface. 

Blasting with aluminum resulted in a grainier texture compared to the tumbled specimen. 

Blasting with SiO2 resulted in a similar texture as the aluminum blasted specimen, but a bit 

smoother. It had a lighter shade. 

Figure A5. Aesthetic evaluation of the samples. A) Batch 1 B) Tumbled C) Tumbled + blasted with SiO2 D) 

Tumbled + blasted with Al2O3.  

A2. Discussion 

A.2.1. Surface roughness 

For samples with a layer thickness of 30μm and 60µm the surface roughness parameters were 

quite low, approximately 50µm and 60µm at most for the samples respectively. The powder 

particles had a size distribution of 15-45µm which means that the sample layer thickness of 

30µm roughly corresponds to the powder particle size. The topography for the layer thickness 

of 30μm has a more uniform area, with longer track marks. A sample layer thickness of 90μm 

exhibits a topography with more peaks and valleys, due to the undeveloped optimized laser 

and scanning strategies for the sample layer thickness of 90μm. A larger powder layer re-

quires more energy to melt properly without leaving residual particles. An unoptimized strat-

egy causes the surface roughness to increase. The irregularities can be attributed to the geo-

metric errors that occur during melting. A larger layer thickness causes the staircase effect to 

be greater, due to each step corresponding to the layer thickness. Thus, it can be expected that 

90μm will have the largest steps and therefore also the largest peaks and valleys. It could be 

valuable to examine the effect of powder size distribution to counteract the staircase effect. A 

layer thickness of 90µm fits more powder particles based on the size of the particles, and the 

packing of the particles may affect the melting properties. The effect of heat conduction and 

temperature gradients also causes the samples to have peaks and valleys. This effect is mainly 

affected in the build direction, the z-axis, where the heat conduction is higher (Xu et al., 

2015).  

Optimizing requires forming a strategy based on the layer thickness and scanning pattern. La-

ser power must be optimized to properly melt the powder. Scan strategies include scan speed, 

A) B) C) D) 
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hatch distance, and setting parameters to take account of skin- and stair effects by printing the 

contour before the inner, bulk material. Scan speed decides the speed of the laser, and thus af-

fects the melting and cooling cycle. Hatch distance is a parameter in the scan strategy which 

determines the distance between two successive meltings which is important because of heat 

conduction to adjacent layers.  

The parts were built on the z-axis and exposed to the laser beam in the x-y plane. The laser 

melts the applied material (powder). Previous articles have found that finer layer thicknesses 

greatly reduce the surface roughness due to the nature of melting the powder (Zhang et al., 

2016). During solidification, the melted part leaves a track as a valley, where the layer below 

is fused with the solidifying layer. This explains why laser power impacts the topology of the 

surfaces with varying layer thicknesses. The topology is also affected by scan strategies.  

A.2.2. Post-processing 

Tumbling is used to adjust the surface by mechanical means. Further refinements include 

strengthening the surface layer, rounding edges, and a change in geometric dimensions (Li-

chovník et al., 2020). Tumbling the samples resulted in similar values for all samples, with a 

baseline value. The high surface roughness values for the samples with undeveloped laser and 

scanning strategies are evened out by the plastic deformation carried out in the tumbling ma-

chine. As the tumbling media is in the millimeter-centimeter range and the sides are flat, most 

irregularities are flattened. It could prove more difficult to achieve a complete flattening with 

smaller and more complex geometries, as a tumbling medium would have difficulty reaching. 

After tumbling, measurements of blasting with Al2O3 and SiO2 sides give a similar value for 

all sample layer thicknesses. In this study, Al2O3 and SiO2 were used as abrasive media. 

Blasting with Al2O3 gives a higher roughness value than SiO2. Al2O3 is harder than SiO2 and 

causes more material removal. Blasting the samples increases the surface roughness compared 

to only tumbling. While blasting removes dirt and oxide particles, the particles cause material 

removal from the flattened surfaces. This increases the roughness parameters.  

A.2.3. Aesthetics 

Several studies seek to optimize AM processes. Optimizing and experimenting with AM pro-

cesses allows for an examination of the effect on surface properties. Post-processing technolo-

gies, such as tumbling and blasting parameters give the material new properties due to altering 

the surface or microstructure. As this research aims for aesthetic properties, it can be noted 

that aesthetic influences may advance research and development. Aiming to find a “beautiful” 

or aesthetic material can be attained through utilizing new research and development while 

optimizing AM and material parameters to find what a customer may need. 

A3. Conclusion 

The surface roughness parameters of post-processed samples including tumbling and blasting 

were examined. The surface roughness parameters of the x-y plane were measured and thus, 

the stair-step effect is at play. For greater layer thicknesses, each step will become larger. For 

a sample layer thickness of 30µm, each sample layer roughly corresponds to the powder parti-

cle size. It may be interesting to research how different metal powders and their production 
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techniques may affect these results. Producing the metal powders also affects the printed ma-

terial because of different powder characteristics such as morphology, size, and chemical 

composition of the powder. This affects the packing characteristics of the powder layer which 

impacts bulk material properties such as density and porosity (Herzog et al., 2016). The post-

processing technologies used in this work were tumbling and blasting with Al2O3 and SiO2. 

Tumbling resulted in a similar roughness for all samples, as it is used to mechanically press 

down irregularities. Blasting with abrasive media causes an increase in roughness as the mate-

rial is removed.   
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