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Abstract  

This article applies the theory of attractive quality and the life cycle of quality 

attributes on additive manufacturing. The purpose of the article is to explore how 

attributes of additive manufacturing, depending on the Kano methodology attribute’s 

classification, do affect the customer satisfaction. In order to conduct this analysis, 

the basic concepts are explained firstly. After that the analysis is realized and 

therefore four attributes has been chosen to be examined. These attributes are the 

production costs, production speed, quality of the end product and environmental 

benefits of AM. The results show, that if a company uses the AM technology for a 

suitable application, it will lead to a high degree of customer satisfaction. 

Keywords: Kano model, Kano methodology, attractive quality, life cycle, quality 

attributes, additive manufacturing 

Introduction  

According to Ersson, C.& Sagström, E. 

(2014), there are six global trends, which 

have a significant impact on 

manufacturing industries. These trends 

are sustainability and efficient use of 

resources, new types of production, raw 

material shortages and development of 

new advanced and exotic materials, 

information and communication 

technology (ICT), demographic 

development, and components with 

micro- and nano-structures. Hence, 

companies are forced to look for new 
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technologies to provide the need of 

increased flexibility and effectiveness. 

Furthermore, the competitiveness of 

producing companies in Europe is a 

major question when it comes to the 

future development of global 

competition. The shift of traditional mass 

production to developing countries has 

forced European companies to adjust 

their production systems. The 

manufacturing of more innovative, 

customized and sustainable products 

with high added value is the dominant 

approach to competing in this 

environment (Mellor et al. 2014). The 

competition, however, is steadily 

increasing. Countries like the US, Brazil, 

India, China, South Korea, and Germany 

are investing heavily in the development 

of the manufacturing sector. To stay 

competitive in this dynamic and global 

environment, constant improvement of 

manufacturing is required. A technology 

that can help the companies to follow the 

trends of manufacturing and to stay 

competitive in this environment is 

additive manufacturing (AM) (Ersson, 

C.& Sagström, E., 2014).  

Moreover, in the end of the 20th 

century, when business activities got 

more global and competitive, the 

importance of understanding the 

customers is a key factor for success. 

Tontini et. al. (2013) describe it with 

“The fulfillment of customers’ needs is 

important to the survival of any 

company in a competitive market due 

the fact that satisfied customers tend to 

repeat consumption and are less 

sensitive to prices. This fulfillment 

depends on the performance of 

services/products attributes.” In order 

to understand the customer needs, 

companies started to use Kano´s 

methodology. Because identifying the 

relation between attributes 

performance and customer satisfaction 

develop into a key challenge to 

achieve market success (Tontini et. al., 

2013) and this method helps to 

understand the implications of different 

quality attributes on the customer 

satisfaction. (Löfgren et al., 2013). 

Due to that and the fast changing 

environment, this article aims to 

analyze how attributes of the additive 

manufacturing technology, depending 

on the Kano Model attribute’s 

classification, do affect the customer 

satisfaction.  Today’s customers, who 

invested in the additive manufacturing 

technology are companies and also 

private people. In this case, the focus 

is on the companies, because they are 

the majority of customers. 
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Methodology  

This article focuses on the impact of 

attractive quality theory, life cycle of 

quality attributes and the Kano 

methodology on the additive 

manufacturing technology. It applies 

the just mentioned concepts on the 

technology of additive manufacturing to 

see how attributes of additive 

manufacturing do affect the customer 

satisfaction. 

Firstly, it will explain the different 

concepts of attractive quality theory, 

life cycle of quality attributes and the 

Kano methodology. Afterwards, a brief 

description of additive manufacturing is 

following. The base for the definitions 

of the different concepts is the present 

literature. Therefore we examine 

previous literature related to the topic 

of the article because Cooper (1998) 

claimed, that all scientific research 

starts with analysing the existing 

literature to get a broad picture of the 

world (Cooper, 1998).  

Then, an analysis is conducted, which 

shows how attributes of additive 

manufacturing, depending on the Kano 

Model attribute’s classification, do 

affect the customer satisfaction. 

Theoretical framework 

As already mentioned, this article deals 

with the concepts of Kano’s theory of 

attractive quality, the life cycle of 

quality attributes, the Kano 

methodology, customer satisfaction 

and additive manufacturing. Hence, 

these concepts will be explained more 

in detail in the following paragraphs. 

Customer satisfaction 

For the reason that all other concepts 

in this article refer to customer 

satisfaction the authors decided to start 

with this definition. Customer 

satisfaction is defined as "the number 

of customers, or percentage of total 

customers, whose reported experience 

with a firm, its products, or its services 

(ratings) exceeds specified satisfaction 

goals." (Farris et. al., 2010). It is one of 

the most important constructs of 

marketing research (De Ruyter & 

Bloemer, 1999). Furthermore, due to 

its postulated behavior, it functions as 

a key variable and a strategic 

imperative for the economic success of 

a company (Anderson & Mittal, 2000). 

Several studies provide empirical 

evidence for the positive effects of 

customer satisfaction on success-

relevant variables such as customer 
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retention, customer loyalty, or 

increased consumerism (Huber et. al., 

2002). These findings lead to the 

maximization of customer satisfaction 

being a highly advanced strategy 

among a variety of companies (Musa 

et. al., 2005). 

Theory of attractive quality 

After the definition of the customer 

satisfaction, Kano’s theory of attractive 

quality together with the Kano 

methodology and life cycle of quality 

attributes are following up. In 1984 the 

Kano et al. (1984) introduced their 

theory of "attractive quality and must-

be quality" in the Western world, which 

builds on Herzberg et. al.’s (1959) 

motivation theory. Since the 

introduction of this paper of "Attractive 

Quality and Must-Be Quality" the 

theory of attractive quality and the use 

of the Kano methodology has received 

increasing interest. The theory of 

attractive quality helps to explicate the 

disparate features of quality attributes 

for customers. A main part of the 

theory of attractive quality is a 

methodology, which allows companies 

to classify and realize the effects of 

diverse quality attributes. The just 

mentioned Kano methodology enables 

companies to put the theory into 

practice easily. Moreover, it has a tight 

connection to the theory of attractive 

quality and it makes indispensable for 

companies to understand quality on an 

attribute level from the customer’s 

perspective (Kano et. al., 1984). 

The following figure shows an example 

of the Kano model. 

 

 

 

 

 



   

 

 
  - 5 - 
 

Figure 1: Kano Model of attractive quality (Hölzing, 2008, p. 81). 

Figure 1 shows the graphical 

representation of the two dimensional 

quality concept. On this graph the 

horizontal axis illustrates in the so-

called Kano model, the physical 

degree of completion (State of physical 

fulfillment) of a specific quality attribute 

and the vertical axis the corresponding 

affective or emotional response of the 

customer (customer perception) 

(Fundin & Nilsson, 2003). The authors 

assume that the connection between 

these two dimensions, the degree of 

fulfillment of a quality attribute and the 

satisfaction for this can be either linear, 

asymmetrical, or non-existent (Nilsson-

Witell & Fundin, 2005). On the basis of 

these different contexts, the authors 

deduce the existence of the following 

five quality attributes (Kano et. al., 

1984; Kano, 2001; Löfgren & Witell, 

2005) 

Must-be quality elements:  

Quality attributes of this category are 

expected and provided by the 

customer. A non-fulfillment of these 

attributes leads to great dissatisfaction 

with the customer. On the other hand, 

a high degree of physical fulfillment of 

the quality attributes does not result in 

satisfaction, but can only avoid 

dissatisfaction. "Must-be quality" 

elements are not explicitly articulated 

by the customers, but implicitly 

assumed as a must-criterion of the 

provider. 
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One-dimensional quality elements:  

The relationship between the degree of 

fulfillment and the satisfaction of these 

attributes corresponds to the one-

dimensional view and thus to a 

proportional relationship. The higher 

the physical fulfillment of a product, the 

higher the customer's satisfaction and 

vice versa. "One-dimensional quality" 

elements are usually explicitly 

requested by the customer.   

Attractive quality elements:  

This category includes quality 

attributes that trigger satisfaction or 

enthusiasm on the part of the customer 

with a high level of fulfillment, but their 

non-fulfillment is not caused by 

dissatisfaction. Attractive quality 

elements are neither explicitly 

expected nor articulated by the 

customers. They represent latent, 

unconscious needs, which is why the 

fulfillment of these requirements leads 

to disproportionate customer 

satisfaction.  

Indifferent quality elements:  

Such quality attributes do not cause 

satisfaction or dissatisfaction 

regardless of their level of 

performance. Therefore they have no 

significance for the customers. Their 

mapping in the Kano model 

corresponds to the horizontal axis.  

Reverse quality elements:  

This category subsumes quality 

attributes, which have an inversely 

proportional relationship between the 

degree of technical fulfillment and 

satisfaction. This means an insufficient 

degree of filling results in customer 

satisfaction, while a high degree of 

fulfillment causes dissatisfaction. An 

image of the "reverse quality" elements 

would correspond to the curve of the 

"one-dimensional quality" elements but 

90° turned to the right in the Kano 

model. 

On the basis of this distinction, the 

theory of attractive quality can be used 

to explain linearly proportional as well 

as asymmetrical relationships between 

the degree of technical fulfillment of a 

product and customer satisfaction. 

In addition to the distinction between 

different categories of quality 

attributes, the theory of attractive 

quality also postulates a dynamic view 

of quality attributes. This means that 

the attribute categories change in the 

course of time and go through a 

specific life cycle ("indifferent quality" 
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 "attractive quality"  "one-

dimensional quality"  "must-be 

quality"). This assumption is supported 

by a study on the perception of a TV 

remote control whose classification 

changes over a period of 15 years from 

an "attractive" to a "one-dimensional" 

to a "must-be" attribute (Kano, 2001). 

Additive manufacturing 

Finally, a brief explanation of the additive 

manufacturing (AM) technology will 

follow. In the recent years, AM received 

more and more attention because 

additive manufacturing or colloquially 

known as 3D-printing is a fast emerging 

technology. It has a big impact on 

manufacturing processes in low volume 

and high variety contexts because it is 

faster and cheaper. Most of the common 

manufacturing techniques (e.g. milling or 

drilling) are subtractive, which means 

material has been removed to produce 

the desired product, whereas AM 

involves an additive process. This 

means, the base is a digital 3D model 

and the 3D-printer adds layer-by-layer 

until the desired product is realized 

(Berman, 2012; Sandström, 2016; 

Connor et. al., 2014). After more than 

20 years of confusing terminology, the 

ASTM International F42 committee on 

Additive Manufacturing Technologies 

defined additive manufacturing as “the 

process of joining materials to make 

objects from 3D model data, usually 

layer upon layer, as opposed to 

subtractive manufacturing 

methodologies.” (ASTM International 

2012). 

Analysis - Applying the 

Kano model on attributes 

of AM 

Before the analysis can start, different 

attributes of the additive manufacturing 

technology have to be chosen, in order 

to be examined about the effects on 

the customer satisfaction. Therefore 

the following four criteria’s are chosen 

to be further examined:  

 Production costs 

 Production speed 

 Quality of the end product 

 Environmental benefits of AM 

Production costs 

The production costs are a central 

factor for a company to invest in AM. 

Compared to other technologies, such 

as injection molding, AM is really cost 

effective and has low fixed costs, since 

it requires no expensive molds, tooling, 

forms, punches or changes in some 

tools (Berman, 2012; Campbell et. al., 

2011). According to Campbell et. al. 
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(2011), is AM “a “single tool” process - 

no matter the desired geometry, there 

is no need to change” (Campbell et. 

al., 2011). Furthermore, with the 

application of AM, many products even 

the assembly lines and supply chains 

are unnecessary because AM 

manufactures a product in one process 

and therefore no assembly parts from 

other factories and no assembly at all 

is needed. The just mentioned aspect 

brings another benefit with it. It also 

reduces the need for labor and 

consequently a lot of labor costs can 

be saved. That also means, the 

manufacturing of products can be 

moved much closer to the designated 

target market and doesn’t have to be in 

countries with low labor costs 

anymore. Hence, it considerably 

reduces the distribution costs for the 

companies and it also reduces the 

inventory risk, since the products can 

be produced on demand. Moreover, it 

reduces waste by the reason that 

material is joined layer by layer 

(Campbell et. al., 2011).  

After considering all these savings, the 

authors see the production costs as an 

attractive quality attribute, since there 

are so many different possibilities to 

save costs and even if not all of them 

are fulfilled, AM still offers a lot of 

advantages and therefore triggers 

satisfaction. Since the introduction of 

AM, the production costs were 

positioned as an attractive quality 

attribute within the Kano model but 

with the fast development of the 

technology it probably becomes to a 

one-dimensional quality attribute one 

day. 

Production speed 

For a company, who is investing in AM, 

the processing speed is also a crucial 

factor. Especially for certain 

applications. AM received a lot 

attention in the last years and it is 

shifting from the application of 

prototyping to mass production, which 

is a result of the increasing production 

speed of the technology. Furthermore 

AM is able to produce initial products a 

lot faster than other technologies (such 

as injection molding) because there is 

no set-up time needed and you can 

start to print the products as soon as 

you have the 3D model. Additionally, 

changes in the design are a lot easier 

and faster (Berman, 2012). Moreover, 

as already mentioned in the production 

costs subchapter, less personal is 

needed to produce some products and 

it is also less human interaction 

needed. This means, the 
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manufacturing process of a product 

can be conducted unmonitored and 

overnight manufacturing. This 

decreases the production speed 

enormously (Campbell et. al., 2011). 

The authors consider the processing 

speed of nowadays AM technology as 

a one-dimensional quality attribute 

because an appropriate processing 

speed is expected by the customers. 

Depending on the application of AM in 

a company and the state of physical 

fulfillment of the processing speed, it 

leads to a proportional degree of 

satisfaction. So the higher the 

processing speed, the higher is the 

satisfaction. But a few years back in 

time, when the technology was pretty 

new, the processing speed wasn’t that 

important to its customers and it 

started as an indifferent quality 

element. So, the attribute processing 

speed shifted from an indifferent to a 

one-dimensional quality attribute. 

Quality of the end product 

Another very important factor for 

companies to invest in AM is the 

quality of the end product. According to 

the article “Print me a Stradivarius: 

How a new manufacturing technology 

will change the world” in “The 

Economist”, nowadays AM technology 

produces with a precision of about 

one-tenth of a millimeter and it can 

print with plastics, resins and metals 

(‘‘Print Me,’’ 2011). But Rudd (2011) 

claims, that the robot arm of a 3D 

printer requires a 10 times better 

precision to be able to compete with 

industrial engineering processes 

(Rudd, 2011). Nevertheless, with AM 

each product can be customized 

(Mawale, 2016) and it facilitates to 

produce complicated designs, which 

are also lightweight (Campbell et. al., 

2011). In addition, regarding the 

available printing materials for AM, 

there is a need for better materials in 

order to improve the quality of the end 

product as well (Campbell et. al., 

2011). 

The authors regard the quality of the 

end product as a must-be quality 

element. So, the AM technology is 

already pretty developed but there is 

still room for further improvements. 

Hence, if a product fulfills the expected 

requirements, it doesn’t lead to 

satisfaction but if a printed product 

doesn’t fulfill the requirements, it leads 

to dissatisfaction. Therefore, the 

application of AM is at the moment 

only for certain products, which doesn’t 

have to be printed on the micrometer 

precise, suitable. Moreover, the quality 
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of an end product was directly after the 

launch of the technology not that 

important, as it was mainly focused on 

the pure functionality of the technology. 

After a while it got more and more 

important to produce good quality 

products. Consequently, the quality of 

the end product shifted from an 

attractive quality element to a one-

dimensional quality attribute and finally 

to a must-be quality attribute. 

Environmental benefits of AM 

The AM technology supports the 

reduction of the ecological footprint of 

manufacturing facilities and their 

transportation channels due to some 

mentioned benefits in the production 

costs subchapter. It is also possible to 

recycle materials of 3D printed 

products, which also contributes to the 

decrease of the carbon emissions 

(Campbell et. al., 2011). 

This benefit is considered by the 

authors as attractive quality attribute at 

the moment because the awareness 

about the environment is increasing a 

lot in the last few years. A couple years 

back in time, this was not the case and 

therefore it shifted from an indifferent 

quality attribute to an attractive quality 

element. 

Discussion 

As it can be seen above, AM has 

advantages compared to other 

manufacturing processes and it can 

lead to a high degree of customer 

satisfaction but there are also some 

limitations of the technology. The 

current state of the technology is 

definitely usable for prototyping but 

when it comes to mass production the 

AM processes are limited. However, 

there are currently a lot of research 

and development activities within the 

field of AM. So, the AM processes will 

be improved in terms of the production 

speed a lot but it is still improbable that 

they will be faster than injection 

molding. Thus, this limitation is only 

valid for the production of several 

thousands of the same part. In case of 

low production runs and customized 

parts, AM is the first choice because 

for AM is no tooling required. 

Furthermore, AM has some limitations 

regarding the precision compared to 

other technologies but this will be also 

improved in the following years and 

there are already many suitable 

applications for the AM technology. 

Another limitation of AM are the 

available printing materials, which are 

also continuously improved but for the 
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moment they are weaker than their 

traditionally manufactured 

counterparts. 

However, if a company considers all 

these limitations before it invests in AM 

and thinks thoroughly about a suitable 

application for AM, it definitely will lead 

to a high degree of customer 

satisfaction. This is also underlined by 

the conducted analysis of some 

attributes of AM with the Kano 

methodology. 

Conclusion 

The application of the Kano 

methodology on AM shows, that the 

technology of AM is still in a 

development phase. But it also 

illustrates the big potential of the AM 

technology. The current state of the art 

of AM already offers a lot of 

advantages but in the next couple of 

years there will be another huge 

technological progress. This will lead to 

another shift of some attributes 

concerning the life cycle of quality 

attributes, as it is described in the 

analysis part for some attributes from 

the past until now. In addition, the 

different attributes of AM, such as 

production costs or production speed, 

can have a large influence regarding 

the customer satisfaction of 

companies. The companies just have 

to use it for the right applications and it 

will automatically lead to customer 

satisfaction. One attribute, which will 

become more and more important in 

the future, are the environmental 

benefits of AM as the environmental 

awareness constantly increases during 

the years. Therefore, AM will have an 

big huge impact on the customer 

satisfaction. Future research could 

conduct an examination of the 

customer satisfaction of private users, 

as the investment costs for a 3D printer 

are decreasing and therefore the 

number of private users is increasing. 
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