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ABSTRACT 

ROSA, M. Characterizing design thinking towards integration with product-
service system development process. 2017. Dissertação (mestrado) – Escola de 

Engenharia de São Carlos, São Carlos, 2017. 

Many companies have been trying to shift their business core from offering products 

to offer product-service systems (PSS), what requires not only a shift in the business 

model, but also in the culture and mindset. Using user-centered methods to support 

the PSS development process is a way to support this shift and to enhance perceived 

value of PSS offerings. One possible approach to support PSS development on 

becoming more user-centered is design thinking (DT). It is a user-centric approach 

used by many leader enterprises to support innovation and described by several 

methodologies with practical focus. However, it is not clear in literature how to 

integrate DT and development process models already used by companies, leading 

to cases where practitioners may replace complete phases, or even the whole 

development process, by DT. This replacement does not seem appropriate, since DT 

may lack aspects that are considered by PSS development processes. The main 

objective of this work is to identify how the DT approach can be applied in PSS 

development processes. The methodology of this research combines the following 

methods: case research, corpus linguistics, frame semantics and matrix-based 

methods. One of the results of this work is the characterization of DT based on the 

linguistic analysis, which was derived from content extracted from more than 1500 

pages of 8 DT methodologies. This analysis resulted in 46 recurrent activities, 

associated with 458 specific guidelines, and the identification of 182 relevant 

activities that synthetize the DT methodologies. Those activities were compared to 14 

PSS development process models from literature, concluding, among other findings, 

that DT cannot replace the PSS design process models, and that the compatibility for 

integration of DT into PSS development process models is greater on the front-end of 

innovation (FEI). FEI activities from 14 PSS and 7 product development process 

models were compared with DT recurrent and relevant activities to provide 

understanding on how DT can be integrated into PSS development process models. 

Finally, the findings of this last comparison led to the creation of a 4-step method for 

integrating DT into PSS development process models based on activities similarity. 

Keywords: design thinking, design process, Product-Service System, PSS, Front-

End of Innovation, FEI. 





 

RESUMO 

ROSA, M. Caracterização do design thinking visando sua integração com o 
processo de desenvolvimento de sistemas produto-serviço. 2017. Dissertação 

(mestrado) – Escola de Engenharia de São Carlos, São Carlos, 2017. 

Diversas empresas têm tentado migrar da oferta de produtos para a oferta de 

sistemas produto-serviço (PSS), o que requer uma mudança não só do modelo de 

negócios, como também da cultura e da mentalidade. Utilizar métodos centrados no 

usuário é uma forma de auxiliar nessa mudança cultural e no aumento de valor 

percebido do PSS ofertado. Uma abordagem capaz de apoiar o processo de 

desenvolvimento (PD) de PSS em se tornar mais centrado no usuário é o design 

thinking (DT). Trata-se de uma abordagem centrada no usuário utilizada por diversas 

empresas de sucesso para apoiar a inovação e descrita por várias metodologias de 

foco prático. No entanto, não está claro na literatura como DT pode ser integrado a 

modelos de PD já utilizados pelas empresas, levando a casos onde fases, ou 

mesmo todo o PD, são substituídos por completo pelo DT. Essa substituição não 

parece apropriada, dado que DT pode não conter aspectos considerados pelos PDs 

de PSS. O principal objetivo deste trabalho é identificar como a abordagem do DT 

pode ser aplicada nos PDs de PSS. A metodologia desta pesquisa combina os 

seguintes métodos: estudo de caso, linguística de corpus, semântica de frames, e 

métodos baseados em matrizes. Um dos resultados deste trabalho é a 

caracterização do DT baseada em análise linguística, a qual foi derivada do 

conteúdo de mais de 1500 páginas de 8 metodologias de DT. Essa análise resultou 

em 46 atividades recorrentes, associadas com 458 diretrizes específicas, e a 

identificação de 182 atividades relevantes que sintetizam as metodologias de DT. 

Essas atividades foram comparadas a 14 modelos de PD de PSS da literatura, 

concluindo, entre outros achados, que o DT não é capaz de substituir o PD de PSS, 

e que a compatibilidade para integração do DT ao PD de PSS é maior no front-end 

da inovação (FEI). Atividades do FEI de 14 modelos de PD de PSS e 7 de produto 

foram comparadas com as atividades relevantes e recorrentes do DT para prover o 

entendimento em como o DT pode ser integrado aos modelos de PD de PSS. 

Finalmente, as conclusões dessa última comparação levaram à criação de um 

método de quatro passos para integração do DT aos modelos de PD de PSS, 

baseado na similaridade das atividades. 

Palavras-chave: design thinking, processo de desenvolvimento, sistemas produto-

serviço, PSS, Front-End da inovação, FEI. 
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1 

1. Introduction 

This chapter is divided in three sections. The first section (1.1 Context and 

Justification) aims to contextualize the reader about the main themes covered in this 

work and to justify this work in the literature context. The second section (section 1.2) 

of this chapter points out the primary and secondary goals of this work. Finally, the 

third section (section 1.3) supports the reader on overviewing the content of this work 

by presenting how it is structured. 

1.1 Context and Justification 

Literature has been providing evidence that perceived value increment is 

reached when products and services are associated (BAINES et al., 2007, p. 1; 

MANZINI; VEZZOLI, 2003, p. 851; MONT, 2002, p. 237; MOSER et al., 2015, p. 18; 

VIJAYKUMAR et al., 2015, p. 429), what may be achieved by offering product-

service systems (PSS). PSS is “a mix of tangible products and intangible services 

designed and combined so that they jointly are capable of fulfilling final customer 

needs” (TUKKER; TISCHNER, 2006, p. 1552). The core idea of a PSS is to offer 

value in use, expanding the value brought exclusively by the products to value 

proposed by associated services (VIJAYKUMAR et al., 2015, p. 429). 

Xing, Wang and Qian (2013, p. 5912-5913) propose that the total value 

brought by PSS offerings to the stakeholders may be divided in four value 

dimensions: functional, “determined by how effectively they can satisfy the required 

performance specifications translated from the Voice-of-Customer”; physical, related 

to its reliability; economic, related to investments, costs and revenue; and, finally, 

environmental, related to the sustainability aspects of the solution. 

Focusing the scope on improving the first value dimension (functional), the 

development process needs to become more creative and customer-centered, 

considering intense involvement of stakeholders and shifting the product-centered 

core that the companies have been used to in the last decades in order to provide 

successful solutions (VASANTHA et al., 2012, p. 24-25). One way that enterprises 
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have been changing their development process is by applying user-centered 

methods.  

Indeed, many publications in literature present single methods and evaluation 

tools to support the PSS development process, including several user-centered ones 

(KIMITA; SHIMOMURA, 2014, p. 348). For requirements elucidation, for example, 

there is recent work proposing from new isolated methods (OTA et al., 2013, p. 64) 

up to completely new approaches composed by associations of existing methods 

(PERUZZINI; MARILUNGO; GERMANI, 2015, p. 191). Some authors in literature 

also suggest that design thinking (DT) may be a proper user-centered approach to 

support PSS development (DE LILLE; ROSCAM ABBING; KLEINSMANN, 2012, p. 

462; HENZE; MULDER; STAPPERS, 2011, p. 8; WEST; DI NARDO, 2016, p. 97). 

 Design thinking is a term used in three different ways in literature. The 

first one is “design thinking as cognitive style” (KIMBELL, 2011a, p. 297), usually 

called as designerly thinking, which approaches the logic patterns of designing and 

derives from the work of Simon (1969). The second one is “design thinking as a 

general theory of design” (KIMBELL, 2011a, p. 297), derived from the work of 

Buchanan (1992), approaching design as a way to deal with wicked problems. The 

third one is “design thinking as an organizational resource” (KIMBELL, 2011a, p. 

297), which is the way it is dealt with in this work. 

The generic term “design thinking”, approached here as an organizational 

resource, has been labeling fashionable toolboxes filled with creative user-centered 

methods. It has become a popular, flexible and creative approach used by many 

leader enterprises to support innovation. The DT procedure basically employs design 

methods and reasoning patterns towards problem solving. It is a user-centered 

approach that aims to generate innovation by means of the so-called integrative 

thinking
1
 (BROWN, 2008, p. 3), emphasizing, according to Lockwood (2009, p. 32), 

“observation, collaboration, fast learning, visualization of ideas, rapid concept 

prototyping, and concurrent business analysis”. 

                                                
1
 Integrative thinking is the informal term that refers to the thinking process that employs abductive thinking to 

creatively solve problems (DUNNE; MARTIN, 2006, p. 513). More about this issue will be discussed in subsection 

2.5.1. 
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The DT process conducts a team through divergent and convergent stages to 

guarantee observation-based knowledge about users and empathy creation, good 

problem definition, idea generation maximization and iteration towards the best 

solution. Due to its characteristics, DT is a potential approach to support the PSS 

development process phases that require creativity and provide innovation 

opportunities, such as the front-end of innovation
2
 (FEI) (GERICKE; MAIER, 2011, p. 

5; KIMBELL; JULIER, 2012, p. 16). 

DT as an organizational resource has been extremely popularized, however, it 

is not yet well characterized by literature. According to Dorst (2011, p. 521), literature 

on DT has been oversimplified and lacks of a “clear and definite knowledge about 

design thinking”. The amount of new work covering DT for practitioners, such as 

models and methodologies
3
, has increased, while little has been done to improve 

knowledge on DT as a problem-solving approach (LIEDTKA, 2014a, p. 1). 

Much criticism is also done in literature about DT. Some authors claim that DT 

is nothing new, but a better articulation of other design approaches, such as 

participatory design (BJÖGVINSSON; EHN; HILLGREN, 2012, p. 101). Norman 

(2010), in a direct criticism, even says that “what is being labeled as ‘design thinking’ 

is what creative people in all disciplines have always done”. However, literature lacks 

a systematic study on what characterizes DT. This fact brings the first research 

question for this work: 

RQ1: What are the commonalities among DT methodologies that 
characterize the DT approach? 

Additionally, some practitioners have been thinking of DT as a replacement for 

the development process, while DT should be seen as a complement to support it. 

The coupling of DT and product development process has been analyzed in literature 

by Gericke and Maier (2011, p. 2-3) based on consultants interviews, noticing that DT 

greatest contribution would be on early phases of project development, leaving 

                                                
2
 The Front-end of innovation (FEI), also know and Fuzzy front-end (FFE) or front-end in literature, is the set of 

the initial phases that precede the technical development, i.e., all phases that precede specification and design 

(KHURANA; ROSENTHAL, 1997, p. 105), covering up to the point where concept is defined and architecture will 

start to be developed. 
3
 Methodology is a set of associated methods and tools. Method is “a resource that is deployed and enacted in a 

local situation, where a number of participants produce, or attempt to produce, social order” (JENSEN; 

ANDREASEN, 2010, p. 23). Tools are tangible components used to support an activity. 
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concept refinement and detailed design out of scope. In the service perspective, 

Kimbell and Julier (2012, p. 16) also suggest that DT is an approach compatible with 

early cycles of research in the front-end of innovation. In a PSS perspective, some 

authors approach in literature the application of DT to develop PSS concepts. West 

and Di Nardo (2016, p. 100) propose a combination of DT tools in the shape of a 

process to support PSS discovery. Henze, Mulder and Stappers (2011, p. 7–8) 

propose an initial “framework of methods, techniques and tools” for conceptualizing 

PSS. On a different approach, more focused on the business model of a company, 

De Lille, Roscam Abbing and Kleinsmann (2012, p. 468–469) provide suggestions on 

how to use a DT approach to shift product-centered companies towards PSS 

offerings. However, there is no systematic research on how could DT complement 

PSS development process models. DT may not be able to replace a whole 

development phase. If this hypothesis is true, other activities of the development 

process model would have to keep on being performed.  

By comparing DT elements with PSS development models, it is possible to 

identify what DT elements are already existent in PSS development processes and 

what are not. The similar elements may represent integration opportunities, showing 

where the greatest compatibility of DT and PSS development process is. The non-

similar elements may represent complementation opportunities, providing new 

information for the PSS development process. 

All factors provided so far lead to the last research question: 

RQ2: How to integrate Design Thinking and PSS Development so that it 
becomes more user-centered? 

1.2 Research Objectives 

The primary objective of this work is to identify how the design thinking 

approach can be applied in PSS development processes. Based on the research 

questions provided in section 1.1, the specific goals are the following: 

• (G1) Characterize the DT approach based on the recurrent elements, aiming 

at comparing them with PSS development process models; 
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• (G2) Compare the DT approach with FEI models and PSS development 

process models; 

•  (G3) Identify for what phases or activities of the PSS development process 

the application of DT is appropriate as a complementary approach. 

1.3 Document Structure 

This work is structured in nine chapters, as illustrated in Figure 1. 

Chapter 1 introduces the content of this document, providing the context and 

justification of this work, besides the research objectives and an overview of the 

content of this work. 

Chapter 2 is the literature review of the most important themes that must be 

approached by this work, including the following sections: PSS; PSS Development 

Process; Front-End of Innovation; Embodiment Design; Design Thinking; Design 

Thinking Methodologies; and Foundations of development process models. 

Chapter 3 presents the methodology by which this research was structured. 

Chapters 4, 5, 6, and 7 are results of the Descriptive Study I stage (for more 

information, please see chapter 4). Chapter 4 describes the empirical studies 

performed to better understand the research theme, including two case studies. 

Chapter 5 describes the most recurrent activities that characterize DT, as well as 

their division in clusters, and generic and specific guidelines. It also provides the 

relevant activities from DT. Chapter 6 provides the comparison of DT activities and 

PSS development process activities, establishing its similarity with the PSS 

development phases in order to identify how much of the PSS development process 

is similar to DT activities. 

Chapter 7 goes deeper in the analysis, comparing DT activities with product 

and PSS and product development FEI models in order to better understand how 

those approaches can be integrated. 
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Chapter 8 provides the results of the Prescriptive Study stage (for more 

information, please see chapter 4), retrieving the necessary information and 

proposing a method for integrating DT into PSS development process models. 

This document ends with Chapter 9, which concludes this work with an 

overview of the results obtained, besides providing limitations and future research 

opportunities. 

Figure 1 - Document structure 

 
Source: Elaborated by the author 
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2. Literature Review  

The content of this chapter is structured as illustrated in Figure 2. 

Figure 2 - Structure of the content in chapter 2. Literature Review 

 
Source: Elaborated by the author 

2.1 Product-Service System 

This section presents definitions, typologies, benefits and barriers of product-

service systems (PSS), introducing concepts and principles used in this research. 

2.1.1 Definitions Related to Product-Service Systems 

In a very simple perspective, product is anything that an enterprise can sell to 

its customers (ULRICH; EPPINGER, 2012, p. 2), what may characterize a product as 

a physical good (tangible product) or a service (intangible product). In the new 

product development (NPD) literature, the term product is commonly interchangeable 

between those two meanings (JOHNE; STOREY, 1998, p. 184). 

However, some authors differentiate tangible and intangible products in 

literature. The first one keeps the label of “product”, being defined as a “tangible 

commodity manufactured to be sold” (GOEDKOOP et al., 1999, p. 17). The second 

one is referred to as service, being defined as “an activity (work) done for others with 

an economic value and often done on a commercial basis” (GOEDKOOP et al., 1999, 

p. 17). This taxonomy, which is also reinforced by other authors (BOEHM; THOMAS, 
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2013, p. 245; SHIMOMURA; AKASAKA, 2013, p. 27), will be used in this work, 

discriminating products and services by different labels. 

This differentiation is coherent with the considerable distinct characteristics 

between products and services. The main differences between them are clarified in 

Table 1 based on the work of Alonso-Rasgado and Thompson (2006, p. 514-515); 

De Brentani (1991, p. 35-58); Johne and Storey (1998, p. 187-188); and Jong and 

Vermeulen (2003, p. 845)). In fact, dealing with such contrasting components with the 

same approach and mindset may mislead development.  

Table 1 - Differences between product and service  
Characteristics Product Service 

Tangibility Tangible (things) Intangible (processes) 

Heterogeneity Homogeneous – Quality is 

not variable 

Heterogeneous – Quality 

varies every time 

Simultaneity Non-simultaneous – First, it is 

produced, then is consumed 

Simultaneous – Is produced 

and consumed at the same 

time 

Perishability It can be produced previously 

and be stored 

It cannot be produced 

previously and be stored 

Separability Separable in parts (modules) Inseparable 

Patentability Passible of patent Impassible of patent 

Source: Elaborated by the author 

Literature has noticed that combining products and services into a system
4
 as 

an unique offer could lead to perceived value increment and could fulfill unsolved 

customers’ demands (BAINES et al., 2007, p. 6; MANZINI; VEZZOLI, 2003, p. 851; 

MONT, 2002, p. 237; TUKKER; TISCHNER, 2006, p. 1552). This combination is 

treated in literature as PSS, term proposed by Goedkoop et al. (1999, p. 17) and 

strongly diffused among the sustainability journals, such as Journal of Cleaner 

Production (BAINES et al., 2007). Mont (2002, p. 239) defines PSS as “a system of 

products, services, supporting networks and infrastructure that is designed to be: 

competitive, satisfy customer needs and have a lower environmental impact than 

traditional business models”. Reim, Parida and Örtqvist (2015, p. 61) also propose 

PSS as a business model towards “economic prosperity and sustainable resource 

                                                
4
 System is defined as “a collection of elements including their relations” (GOEDKOOP et al., 1999, p. 17). 
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management”. However, Manzini and Vezzoli (2002, p. 4) contest the statement that 

PSS is always interrelated with lower environmental impact, proposing a more 

generic definition that characterizes PSS as the following: 

 “The result of an innovation strategy, shifting the business 
focus from designing and selling physical products only, to 
selling a system of products and services which are jointly 
capable of fulfilling specific client demands” (MANZINI; 
VEZZOLI, 2002, p. 4). 

Many other labels in literature also refer to PSS, usually differentiating its 

scenarios. Integrated Product and Service Offering (IPSO) is the PSS concept 

conceived based on the lifecycle and development process theory (CAVALIERI; 

PEZZOTTA, 2012, p. 281). Functional product, or total care product, is a term used 

to refer to the combination of hardware, software, service and management of the 

operation, what delivers performance instead of a product (ALONSO-RASGADO; 

THOMPSON; ELFSTRÖM, 2004, p. 515-516; LINDSTRÖM; SAS; LIDESKOG, 2015, 

p. 6; MARKESET; KUMAR, 2005, p. 54-55). Industrial Product-Service System (IPS
2
) 

is used for offers with a customer-enterprise relationship of the business-to-business 

(B2B) type, aiming to deliver value in the entire product lifecycle (MEIER; ROY; 

SELIGER, 2010, p. 607; MEIER; VÖLKER; FUNKE, 2011, p. 1176). Within the IPS
2
, 

a PSS may yet be characterized under the label Technical Product-Service Systems 

(t-PSS), which is mainly used when the product and service represent high 

investments, emphasizing the physical core of the system with a product of high 

monetary value, also with a B2B relationship (AURICH; FUCHS; WAGENKNECHT, 

2006 p. 1481; AZARENKO et al., 2009, p. 701). There are still many other terms 

used in literature to refer to PSS or to the process of developing a PSS, such as 

functional sales, servitization, servicising, service engineering, full service, system 

selling, integrated solutions, installed base service and extended products 

(LINDSTRÖM; SAS; LIDESKOG, 2015). 

On the servitization terminology, which is also used in this work due to the 

context of one of the empirical applications described on section 4.2, it is important to 

highlight one strong difference from PSS. Even though PSS and servitization are 

commonly used as synonyms in literature, they may not be considered this way 

(BEUREN; FERREIRA; MIGUEL, 2013, p. 224). Baines et al. (2009, p. 547) defines 

servitization as “the process of creating value by adding services to products”, i.e., 
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while PSS is the development object, servitization is “the innovation of an 

organization’s capabilities and processes to shift from setting products to selling 

integrated products and services that deliver value in use” (BAINES et al., 2009, p. 

563). However, Baines et al. (2009, p. 547) highlight that servitization and PSS have 

a “striking ovelap” of concepts. 

2.1.2 Product-Service System Typology 

By considering the outspread of the PSS nomenclature due to its peculiarities, 

it is clear that PSS may be divided in many different typologies depending on many 

factors.  

One typology that considers a wide range of dimensions of PSS is the one 

proposed by Rese et al. (2013, p. 193), taking into consideration value, organization, 

risk distribution, revenue streams and property rights. There are still other more 

restrict classifications in literature (ADRODEGARI et al., 2015; BREZET et al., 2001; 

VAN OSTAEYEN et al., 2013). 

However, according to Beuren, Ferreira and Miguel (2013, p. 225), certain 

authors in literature have chosen the typology proposed by Tukker (2004) as the 

current most appropriate one. Thus, it was used in this work just for classification 

purposes. Tukker (2004, p. 248-249) classifies PSS in the following categories: 

• Product-oriented services: In this macro-category, the sales object is the 

product. Thus, the ownership belongs to the customer. It is discretized in two 

categories: Product-related service, and advice and consultancy. 

- Product-related service: The business model covers mainly the product 

sales, offering also extra necessary services for the use phase of the 

product lifecycle. 

- Advice and consultancy: Usually used in the software industry, this PSS 

is focused on product sales and offers advice and consultancy to 

improve the product use by the consumer. 

• Use-oriented services: This macro-category is applicable whenever what is 

being sold is the use of a given product. Thus, ownership is not necessarily 
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transferred. However, the customers are able to use the product according to 

their needs. 

- Product lease: The product provider keeps the product ownership and 

is responsible to keep it generating value to the customer with essential 

services, such as maintenance and repair. The customer pays a 

predefined fee in order to have access to the product and the services 

and she/he keeps unlimited and individual access to the product. 

- Product renting and sharing: It is similar to the product lease. However, 

in this PSS the product is sequentially rented to other customers and 

the rent is not unlimited. 

- Product pooling: Similar to product renting. However, instead of a 

sequential use of the product by different customers, the use is 

simultaneous. 

• Result-oriented services: This macro-category involves offering a complete 

result, transforming a product as a simple vehicle that offers a much more 

complete solution that matches the customers’ needs. 

- Activity management/outsourcing: This PSS is related to the 

outsourcing of one enterprise’s activity to a second enterprise by 

making use of a given product. 

- Pay per service unit: Paying per service unit completely shifts the core 

from the product to the outcomes. A customer does not pay for the 

product, but for each unit of value that it generates. 

- Functional result: Instead of offering a product, this PSS offers a 

functional result that solves one or more needs of the customer, such 

as offering clean water rather than offering a water purifier. 

2.1.3 Benefits and Barriers 

Depending on the PSS type that shall be implemented, many stakeholders 

may be impacted, such as market, environment, society and government, among 
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others. Many benefits can be generated from a good PSS implementation. According 

to Mont (2002, p. 239), a “paramount goal of product-service systems should be to 

minimize the environmental impact of consumption”, since the product returns to the 

provider enterprise or remains in the enterprise possession, avoiding the 

unconscious discard. As already stated before, it should be pointed out that this 

perspective is not shared by Manzini and Vezzoli (2003, p. 851), who highlight that 

without a proper strategic approach PSS may not necessarily become a sustainable 

offer, possibly even generating unwanted rebound effects that increase the PSS 

environmental impact. 

For industry, the consequent benefits of PSS are many. PSS enlarges the 

company’s field of vision on market opportunities, leading to innovation in a greater 

level than just the usual incremental one and increasing the likelihood of economic 

benefits, what is beneficial in the financial point of view (MEIER; ROY; SELIGER, 

2010, p. 614; MONT, 2002, p. 239-240). The financial uncertainty is also reduced 

due to recurrent incomes instead of punctual sales (ALONSO-RASGADO; 

THOMPSON; ELFSTRÖM, 2004, p. 518). However, it is necessary to pay careful 

attention to this benefit, since statistical data show a tendency in PSS implementation 

of increasing revenues, but reducing net profit (NEELY, 2008, p. 110). Yet, in the 

company’s perspective, customers may keep related to the enterprise for a longer 

period than just a punctual sale, improving the chances to build customer loyalty 

(VANDERMERWE; RADA, 1988 apud NEELY, 2008, p. 104). 

Specifically for manufacturing companies, PSS directly adds value to the 

product, both by increasing the perceived value by the customer  and by improving 

the lifecycle time and characteristics of the product, since it will become an 

enterprise’s good and should last as long as possible (MONT, 2002, p. 240; XING; 

WANG; QIAN, 2013, p. 5908–5909). This increase of lifecycle time also reduces the 

impact of environmental legislation on the enterprise (MONT, 2002, p. 240; REIM; 

PARIDA; ÖRTQVIST, 2015, p. 61). The need of contact with the customers is 

intensified, bringing the enterprise to a closer attitude towards the customer (MONT, 

2002, p. 240; XING; WANG; QIAN, 2013, p. 5908–5909).  

For society, PSS dissemination may shift the consumerism culture to more 

“sustainable patterns of consumption” (MEIER; ROY; SELIGER, 2010, p. 623; 
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MONT, 2002, p. 240). Globally, PSS could be seen as a path to technology access 

equality, since the price would be lower and low-resource customers could start 

affording those offers (MEIER; ROY; SELIGER, 2010, p. 623). However, Manzini and 

Vezzoli (2003, p. 851) state that this benefit is not brought by every PSS, being 

restricted to PSS developments that are carefully performed with sustainable goals. 

The environment also benefits from a new sustainable consumption pattern, 

which may decrease the waste generation due to product replacement by the 

customer (MEIER; ROY; SELIGER, 2010, p. 623; MONT, 2002, p. 240). Besides, 

remanufacturing and reuse will make product and materials last longer (MEIER; 

ROY; SELIGER, 2010, p. 623; MONT, 2002, p. 240). Additionally, the trend is that 

enterprises dematerialize their products, reducing resources use since the customer 

does not pay for materials anymore, but for value (MEIER; ROY; SELIGER, 2010, p. 

623; MONT, 2002, p. 240). 

In the government perspective, new jobs can be created in order to perform 

the services that compose each PSS offer, since new skills and more workload may 

be required (MEIER; ROY; SELIGER, 2010, p. 623; MONT, 2002, p. 240). However, 

it should be considered that jobs that perform repetitive processes may be automated 

in long term (MONT, 2002, p. 240).  

Finally, the benefits for consumers due to PSS offerings are directly related to 

a wider range of options in market and to benefits that the associated services bring, 

such as ease of maintenance and repair, payment and suitability (MONT, 2002, p. 

240). Additionally, PSS offers increase perceived value to the customer in stable or 

changing needs, since the services associated to a product are flexible to be 

changed (MONT, 2002, p. 240). Furthermore, the customer responsibility over the 

product is shared with the provider, who keeps the product ownership and 

guarantees the product’s good functioning (MEIER; ROY; SELIGER, 2010, p. 623; 

MONT, 2002, p. 240). 

Whenever something changes a paradigm, barriers come aside. PSS is not 

yet a well-established concept and its value is abstract until PSS is effectively 

concretized, since it stays between the production and consumption baselines and 

involves many stakeholders. Those factors complicate the development of a new 
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product or a new business model (MONT, 2002, p. 243). PSS may also require 

infrastructure completely different from what is already settled in a company, making 

the implementation costly and risky (MONT, 2002, p. 243).  

Even one of the main goals of PSS, reducing the environment impact, may be 

compromised if the development is not adequately performed. If PSS is not built with 

the right mindset, environmental impact may not just linger, but also grow due to 

careless consumption (MONT, 2002, p. 243; TUKKER, 2004, p. 255-256). The 

company may be impacted also in the cultural aspect. PSS requests many cultural 

changes. In PSS, profit should be seen as a long-term income, differently from 

punctual sales (MONT, 2002, p. 243). The cooperation with stakeholders must be 

closer and more intense, and a shift in culture and marketing concepts must be 

overcome (MONT, 2002, p. 243).  

Customers also may need time to get used to the PSS approach, although 

Neely (2008, p. 104) makes reference to the intense growth on new demands not on 

physical product, but on the value generated by it, such as the new services provided 

by Rolls Royce
5
. However, ownerless consumption is a strong barrier, since people 

may still be more pleased by owning something than having access to its benefits 

(MONT, 2002, p. 244). 

There are still procedural barriers. It may be hard to trace the benefits of PSS, 

since it is a completely different paradigm, and the time to market may be delayed to 

consider environmental impacts (MONT, 2002, p. 244). Finally, long-term PSS’s may 

be faced as a hard challenge, involving a long-term relationship with specific 

customers and high risks (NEELY, 2008, p. 114). 

2.2 Product-Service System Development Process 

2.2.1 Overview 

The PSS development process is derived from the already well-established 

product development process (PDP) field and the service development process 

(SDP) field (ERICSON; LARSSON, 2009, p. 231-232). However, the final results of 

                                                
5
 Rolls Royce has shifted its core from selling aeronautic turbines and engines to selling flight hours, assuming the 

responsibility about risks and maintenance (NEELY, 2008, p. 104). 
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PSS development process is more complex than a single product or service, 

composing a complex system (see Section 2.1). Thus, it is necessary to change the 

development strategy in order to develop PSS offerings. When a PSS is to be 

developed, the company must integrate business models, products and services, 

which must generate value in the economic, environmental and social aspects to 

stakeholders (VIJAYKUMAR et al., 2015, p. 434).  

It becomes clear that the PSS development is a deeply human-centric 

process. Indeed, according to Ericson and Larsson (2009, p. 232), innovation on 

PSS development must arise based on an intense investigation of the customers’ 

needs and desires, avoiding the typical technology push development approach. Yet, 

according to the authors, involving the customers in the early phases of the 

development and establishing creative project activities that promote communication 

and collaboration are good practices to be applied in the PSS development process 

(ERICSON; LARSSON, 2009, p. 233). 

Vasantha et al. (2012, p. 26) conclude by means of a literature review that the 

PSS development field is yet to be developed, finding itself in an initial stage. 

Barczak (2012, p. 355) also proposes that further research needs to be done yet in 

order to answer what practices effectively support identifying, creating and 

developing PSS innovation. 

The PSS development process is commonly represented by process models, 

which contain more detail and information about how to develop a PSS. The PSS 

development process models are further discussed on subsection 2.2.2. 

2.2.2 Product-Service System Development Process Models 

There are many PSS development process models in literature. However, they 

usually don’t reach the detail level of most product development process (PDP) 

models. This difference is mainly because usually the PSS development process 

models are presented through articles, what limit the available space and, 

consequently, the amount of information; while the PDP models are commonly 

presented in books, what allows the author to include every important piece of 

information, sometimes including even unimportant details. 
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An analysis of the typical PSS development models in literature was made by 

Clayton, Backhouse and Dani (2012, p. 277), who conclude that the PSS design 

process models are usually divided in seven phases: Project initiation, analysis, idea 

generation and selection, detailed design, prototype the service, implementation, 

evaluation. However, parts of the work that must be performed in the design process 

seem to be missing or not sufficiently discretized. Since PSS development process 

models are commonly based on the PDP models, as already stated in section 2.2 

(ERICSON; LARSSON, 2009, p. 231-232), it is possible to see a correlation among 

the PSS development process models phases and the PDP models phases. Costa et 

al. (2015, p. 4) identify the generic phases that are commonly present in PDP 

models. They are the following: product planning; requirement definition; conceptual 

design; embodiment design; detailed design; production preparation; 

commercialization; use; and end-of-life (COSTA et al., 2015, p. 4). Both generic sets 

of phases seem to propose the same development scope, i.e., there is an 

equivalence of the phases’ scope as shown in Table 2.  

Table 2 - Phases scope equivalence 

Phases Clayton, Backhouse and 
Dani (2012, p. 277) Costa et al. (2015, p. 4) 

Front-End of Innovation 
[process] 

Project initiation 
Product Planning 

Analysis 

- Requirement definition 

Idea generation and selection Conceptual design 

Embodiment Design Detailed design + Prototype 

the service 

Embodiment design 

Detailed Design Detailed design 

Implementation Implementation Production preparation 

Use Evaluation Use 

End-of-life - End-of-life 

Source: Elaborated by the author 

The generic phases proposed by Costa et al. (2015, p. 4) were used as a 

reference to this work. They were adapted according to Table 2. The upstream 

phases were combined into a process called by many authors as Front-end of 

innovation (FEI) (KHURANA; ROSENTHAL, 1998, p. 59; KOEN et al., 2001, p. 46). 

More about this process is explained in section 2.3. The production preparation 
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phase was also modified to implementation, since it deals with product production 

and service implementation. 

Aiming to provide an overview of the PSS development process models, 

fourteen PSS process models were selected (ALONSO-RASGADO; THOMPSON, 

2006; AURICH; FUCHS; WAGENKNECHT, 2006; BREZET et al., 2001; KAR, 2010; 

KIM et al., 2015; LUITEN; KNOT; VAN DER HORST, 2001; MARQUES et al., 2013; 

MORELLI, 2003; MOSER et al., 2015; NGUYEN et al., 2014; SAKAO; SHIMOMURA, 

2007; SUTANTO et al., 2015; TRAN; PARK, 2014; VAN HALEN; MANZINI; 

WIMMER, 2005). They were extracted from a systematic bibliographic review on 

PSS process models performed by one of the researchers of the Integrated 

Engineering Group
6
, Caio Nunes

7
. 

 First of all, those models have different characteristics, such as how they call 

PSS, how they describe their models in level of detail based on what is the 

information provided, and if it provided methods and tools for supporting the process. 

In order to provide an overview of this information about the PSS development 

process models, Table 3 is presented. 

Some models present interesting particularities. Luiten, Knot and Van der 

Horst (2001, p. 192) bring a different approach. Besides dividing the process in 

phases, they also divide them in tracks, i.e., in parallel, during all stages of the 

process, there are five areas to be considered: The development of the PSS per se, 

sustainability, partners and organization, the user, and economical feasibility.  

Aurich, Fuchs and Wagenknecht (2006, p. 1481) deal with technical PSS (t-

PSS), where product and service represent high investments, emphasizing the 

physical core of the system with a product of high monetary value, also with a B2B 

relationship. Thus, differently from other models, it deals with the development of 

products and services aligned, but not completely integrated. For integrating them, 

Aurich, Fuchs and Wagenknecht (2006, p. 1487) propose a whole approach involving 

                                                
6
 The author of this dissertation is a researcher of the Integrated Engineering Group. To know more 

about this research group, please access: http://www2.eesc.usp.br/grupoei 
7
 The identification of DT recurrent activities executed in this work was performed in parallel and in 

collaboration with the research under progress of the PhD candidate Caio Nunes, where the PSS 

development activities were extracted from process models of literature.  
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design information, process modularization, modular design, process libraries, and 

process compilation.  

Table 3 - Characteristics of PSS development process models in literature 

PSS 
development 

process models 
How do they name or 

specify the PSS? 

Information Provided 
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Alonso-Rasgado 

and Thompson 

(2006) 

Total Care Products; 

Functional Products 
x x               x   

Nguyen et al. 

(2014) 

Industrial Product Service 

Systems (IPS2) 
x x   x             x 

Brezet et al. 

(2001) 
Eco-Efficient Services (ES) x x   x       x   x x 

Aurich et al. 

(2006) 

Technical Product-Service 

System (tPSS) 
x x                 x 

Luiten et al. 

(2001) 

Sustainable Product-

Service-Systems (SPSS) 
x x                 x 

Morelli (2003) 
Product-Service System 

(PSS) 
x x                 x 

Kar (2010) Service System x     x x     x   x   

Sakao and 

Shimomura (2007) 

Service (here, product is 

also considered as a 

service) 

x     x x   x x   x x 

Van Halen et al. 

(2005) 

Product-Service System 

(PSS) 
x x x x x x x x x x   

Marques et al. 

(2013) 

Product-Service System 

(PSS) 
x x   x             x 

Moser et al. 

(2015) 

Product-Service System 

(PSS) 
x x           x     x 

Tran and Park 

(2014) 

Product-Service System 

(PSS) 
x   x x         x     

Kim et al. (2015) 
Service-oriented Product-

Service System (PSS) 
x x   x         x x x 

Sutanto et al. 

(2015) 

Product-Service System 

(PSS) 
x x   x             x 

Source: Elaborated by the author 

Sakao and Shimomura (2007, p. 592) use a different definition for service. 

They consider service as “an activity that a provider causes, usually with 

consideration, a receiver to change from an existing state to a new state that the 
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receiver desires, where both a content and a channel are means to realize the 

service”. The authors consider the sales of physical products also as a service, since 

the product may be the content or the channel of the desired service. This fact gives 

evidence that their development model would also be applicable to product 

development. 

Finally, one particularity of the model proposed by Tran and Park (2014, p. 41) 

is the explicit statement of on which activities stakeholders should be involved, such 

as idea generation and evaluation, test and feedback, among others. Stakeholders’ 

involvement is not so explicit in other models. Also, it considers the whole life-cycle, 

and not just the beginning of life. 

Those models, in general, derive from existing product and service 

development process models. Thus, since they have similar origins, the phases with 

which they are commonly divided have similar scopes. This equivalence of phases is 

also illustrated in  Table 4. Those models provide an overview of the PSS 

development process models composition and they shall be used for the future steps 

of this work for the comparison of the recurrent elements and for the prescriptive 

proposition of DT integration with PSS development processes. 

Due to the scope of this work, not all PSS development phases are going to 

be approached in detail in this work. As already established before, the primary 

objective of this work is to identify how the DT approach can be applied in the PSS 

development process. Thus, it is important to better understand the development 

process phases with greatest opportunities for innovation, i.e., the front-end of 

innovation and the embodiment design. They are explained in the following sections. 
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Table 4 - Phases from PSS development process models and their equivalence with generic phases 

  
Source: Elaborated by the author 



 

 

21 

2.3 Front-End of Innovation 

This section discusses the Front-end of innovation and it is divided into three 

parts. The first one (2.3.1) provides an introduction to the front-end of innovation, 

highlighting its main characteristics. The second one (2.3.2) describes a generic 

model for the front-end of innovation, as well as a more detailed description of the 

usual parts that compose it and of the models on which it was based. Finally, the 

third one (2.3.3) explores the customer involvement in the front-end of innovation and 

its consequences. 

2.3.1 Introduction to the Front-End of Innovation 

The Front-end of innovation (FEI), also know and Fuzzy front-end (FFE) or 

front-end in literature, is the set of the initial phases that precede the technical 

development, i.e., all phases that precede specification and design (KHURANA; 

ROSENTHAL, 1997, p. 105), covering up to the point where concept is defined and 

architecture will start to be developed. 

There is a great discussion about this terminology in literature. Koen et al. 

(2001, p. 46), for example, criticizes the use of the term “Fuzzy front-end”, which is 

commonly used due to the experimental nature of this stage, possibly becoming even 

chaotic. The criticism done by Koen et al. (2001, p. 46) is justified by the statement 

that the term “Fuzzy” may lead people to understand that the FEI is unmanageable 

and unpredictable. Thus, henceforth this work will use the terminology “Front-end of 

innovation” (FEI). 

The FEI terminology is commonly used in the new product development (NPD) 

research line, which is composed mainly by business related researchers. The typical 

product development process (PDP) researchers compose their process with the 

upstream phases, but seldom refer to them as front-end. There is a difference in 

those research lines also in the way they propose a development project to begin. 

NPD authors believe that the project effectively begins only after the front-end 

phases (KHURANA; ROSENTHAL, 1998, p. 59; KOEN et al., 2001, p. 51). PDP 

authors, instead, propose that the project may begin before concept definition, 

defining the concept after its start (PAHL; BEITZ, 1988, p. 19; ULRICH; EPPINGER, 
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2012, p. 14). In this work, although we call the upstream phases under the label of 

FEI, we believe that the project must begin according to the company strategy. 

Based on the generic phases proposed by Costa et al. (2015, p. 4) in section 2.2.2, 

the FEI would cover the phases of product planning, requirement definition and 

conceptual design. 

The FEI is seen as an opportunity for the improvement of the innovation 

process8 (KOEN et al., 2001, p. 46) and as a root for success whenever the product 

innovation follows a discontinuous strategy (REID; DE BRENTANI, 2004, p. 170).  

In the FEI phases, many important and complex decisions about the product 

are taken, such as who is the target market, the cost, and functionalities of the 

product. According to Markham (2013, p. 89), FEI success is “the strongest 

independent predictor for all of the new product development performance variables”, 

being strongly related to the development success. being responsible for a great 

impact in the development success. Thus, it is risky not to perform the FEI 

accordingly. Even with this risk, methods are frequently replaced by a guess on the 

FEI (JETTER, 2003, p. 261). 

Many aspects and challenges characterize the front-end of innovation (FEI). 

Some of the challenges that must be overcome in the FEI are uncertainty about the 

market, technology, environment and resource allocation; and the interdependencies 

among the front-end activities (JETTER, 2003, p. 262-264). 

The FEI has very unique characteristics that differ this specific set of phases 

from the development process as a whole. These characteristics are highlighted in 

Table 5. 

 Due to its specific characteristics, the FEI is a complex and uncertain process. 

Also, the FEI management is an arduous challenge, since it is unstructured, dynamic 

and hard to formalize (KIM; WILEMON, 2002, p. 269). In fact, literature offers FEI 

frameworks usually based in high-level activities and many works have been trying to 

structure the FEI. 
  

                                                
8 The innovation process is understood in this work as a sequence of “all scientific, technological, organizational, 
financial and commercial steps which actually, or are intended to, lead to the implementation of innovations” 
(OECD, 2005, p. 47). 
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Table 5 - Differences between FEI and other phases of product development process  
 Front-end of Innovation (FEI) Development process 

Nature of Work 
Experimental, often chaotic. 
Difficult to plan Eureka 
moments. 

Structured, disciplined and goal-
oriented with a project plan. 

Commercialization 
date Unpredictable. Definable. 

Funding 

Variable. In the beginning 
phases, many projects may be 
“bootlegged”, while other will 
need funding to proceed. 

Budgeted. 

Revenue 
expectations 

Often uncertain. Sometimes 
done with great deal of 
speculation. 

Believable and with increasing 
certainty, analysis and 
documentation as the product 
release date gets closer. 

Activity 
Both individual and team in 
areas to minimize risk and 
optimize potential. 

Multi-functional product and/or 
process development team. 

Source: Koen et al. (2001, p. 47) 

2.3.2 Generic Model for the Front-End of Innovation 

In order to provide an overview of a generic framework of the FEI, this 

subsection will use the work of Oliveira et al. (2011). Oliveira et al. (2011, p. 316) 

identifies FEI models in literature by means of a systematic review and selects the 7 

of them due to their characteristics. They are the engineering design pre-

development model (PAHL; BEITZ, 1988), the development process framework front-

end (WHEELWRIGHT; CLARK, 1992), the front-end model (KHURANA; 

ROSENTHAL, 1998), the new concept development model (KOEN et al., 2001a), the 

Stage-Gate® pre-development (COOPER, 2001), the new products management 

pre-development (CRAWFORD; DI BENEDETTO, 2011), and the integrative front-

end process model (SANDMEIER et al., 2004). Based on those selected models, he 

reaches three generic phases for the FEI. Those phases, as well as their main 

deliverables and a small description, are illustrated in Figure 3. 
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Figure 3 – Generic phases for the front-end of innovation 

 
Source: adapted from Cunha (2011, p. 38) and Oliveira et al. (2011, p. 318) 

Although the process refers directly to product and technology, the description 

of each one of the phases in this process is generic enough to cover PSS 

development. In fact, Oliveira et al. (2011, p. 318) state in their work that the generic 

FEI synthesis proposed by them may generate new businesses, new products, new 

services, and new technologies. If products and services can be generated, the 

composition of them should also be possible. This variety of possible outcomes was 

also cited by Koen et al. (2001, p. 50), who propose in their model that the 

opportunity identification may lead to product improvement or a complete business 

approach, such as “a new product platform, a new manufacturing process, a new 

service offering, or a new marketing or sales approach”. Thus, the generic phases 

represented synthesized in Figure 3 are shown to represent the front-end of 

innovation for any of the following outcomes: Business, product, service, technology 

and, most importantly in this work, PSS. 

Figure 3 is self-explanatory, giving a short overview of what each phase 

comprises. However, there is much more to understand about each phase and about 

the FEI as a whole. Oliveira et al. (2011, p. 316) characterize the FEI as providing 

three outcomes: opportunity, product concept and business case. Oliveira et al. 

(2011, p. 316) describe those outcomes as the following: 

• Opportunity: “marketing or technology gap capable of providing 

competitiveness and improving business performance” (OLIVEIRA et al., 

2011, p. 316); 
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• Product concept: the “written or visual description” of the concept, composed 

by “its primary technical features, customer benefits and required technology” 

(OLIVEIRA et al., 2011, p. 316); 

• Business case: it covers the financial analyses that are used in to support 

decision-making (OLIVEIRA et al., 2011, p. 316). 

As illustrated in Figure 3, the first phase covers identifying opportunities and 

generating ideas. According to Murphy and Kumar (1997, p. 8-10), idea generation 

may be done by three main means: direct contact with customers and users, 

marketplace analysis, and internal ideas provided by employees. More about making 

direct contact with customers and users in analyzed in more detail in the next 

subsection (2.3.3).  

The second phase covers defining the concept. As explained before, although 

Oliveira et al. (2011, p. 316) refer to a tangible product concept, the outcome 

proposed by FEI models may not be a product. Authors from the FEI models used, 

such as Koen et al. (2001, p. 50), propose that the model may lead from product 

improvement to complete business approach, such as “a new product platform, a 

new manufacturing process, a new service offering, or a new marketing or sales 

approach”. Those models may be compatible, thus, with PSS and service 

development too. It is important to establish what are the differences among the 

concept of a product, a service and a PSS, since they are composed by different 

components. The definition of each concept is given in Table 6. 

The specific concepts of each development object have their own peculiarities. 

Thus, the concept definition used in this work will be the generic one provided by 

Andreasen, Hansen and Cash (2015, p. 26), who define concept as “a design 

proposal that is detailed enough to justify if it is a good answer to the task or 

intention, and show a high probability of realization and success”. 

In the second phase of the FEI process, the ideas and opportunities that were 

identified in the first phase are analyzed and selected, and the concepts are created. 

Then, the best concepts are selected by means of a preliminary commercial and 

technical evaluation (CUNHA, 2011, p. 38). 
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Table 6 - Definition of product, service and PSS concept 

Concept Source Definition 

Product 

Andreasen, 
Hansen and 

Cash (2015, p. 
31) 

“A concept is a proposal for a product’s composition and issues 
that is detailed enough to justify it as a good answer to the task 
and intention. Further, the task and intention are justified with 
respect to the conceptual need satisfaction and the knowledge 
required, i.e. the probability of successful realization, need 
satisfaction, and success in the widest sense.” 

Service 

Clark, 
Johnston and 
Shulver (2000, 

p. 73). 

The concept of a service is composed by four smaller 
subcomponents: value, form and function, experience, and 
outcomes (or provided benefits). 

PSS 
Komoto and 
Tomiyama 

(2009) 

The concept of a PSS must include information about the 
products and services that compose it, i.e., the concept of each 
product and service that compose the offer, as well as support 
and interface information, in a detail level that is enough to 
justify a decision whether it is a good solution to the goals of the 
development process. 

Source: Elaborated by the author 

The concept definition phase impacts on the greatest part of a product, 

service, or PSS costs, mainly if the development object brings innovation or novelty 

(WANG et al., 2002, p. 981). Due to its importance and high complexity, many 

methods in literature support the concept definition. For software development, the 

most common methods and tools used in concept definition are problem solving 

strategies, genetic algorithms, case-based reasoning, agent technology, functional 

analysis systematic technique (FAST), functional flow-charts, and functional logic 

diagrams (WANG et al., 2002, p. 983). Rozenfeld et al. (2006, p. 247-251) also 

recommend the use of the methods of functional modeling, brainstorming, the 635 

method, lateral thinking, synetics, gallery, morphological matrix, systematical 

analogy, value analysis, checklists and surveys, and the theory of inventive problem 

solving (TRIZ). Finally, Morelli (2003, p. 86) suggests the use of blueprints to 

describe the services and the PSS, storyboards, and other graphical representation 

methods in literature. We believe that the concept definition should be performed for 

the whole PSS offer. Thus, all proper tools and methods to develop the concept of a 

product or a service may be useful in the concept definition for a PSS.  

Finally, the third phase is where the business case is developed. Although the 

best concepts were already selected in the second stage, the third stage is 
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responsible by defining which concepts will become a development project based on 

the analysis of risks, resources, finance, among others, that shall provide information 

for the business plan (CUNHA, 2011, p. 39). 

It is important to point out that the front-end of innovation seems to strongly 

require creativity, mainly in the first phase, where ideas are effectively created, and in 

the second phase, where the concepts are composed. The FEI synthesis that was 

used as a basis for this work (OLIVEIRA et al., 2011, p. 322) also describes user 

involvement as a longitudinal practice that may be considered in FEI. It shows an 

opportunity for using user-centered approaches, such as DT. 

The models used in the generic synthesis proposed by Oliveira et al. (2011, p. 

316) are used in this work for comparison purposes in chapter 7. For a better 

understanding on how those models are structured, see Table 7. 

Table 7 - Phases for front-end of innovation models used in this work 
Model Opportunity Product Concept Business Case 

Wheelwright and 
Clark (1992) 

Technology 
assessment and 

forecasting + market 
assessment and 

forecasting 

Development goals 
and objectives 

Aggregated project 
plan 

Khurana and 
Rosenthal (1997) 

Preliminary 
opportunity 

identification 

Product concept and 
definition 

Product definition and 
project planning 

Cooper (2001) Discovery + Idea 
screen 

Scoping + Second 
screen 

Build business case + 
go to development 

gate 

Koen et al. (2001)  
Opportunity 

identification + 
Opportunity analysis 

Idea genesis + Idea 
selection 

Concept and 
technology 

development 

Sandmeier et al. 
(2004) 

Market and 
technology 

opportunities 

Product and business 
ideas 

Draft concept of 
product and business 

plan 

Crawford and 
Benedetto (2006) 

Opportunity 
identification and 

selection 
Concept generation 

Concept/ project 
evaluation + full 

screen 

Pahl and Beitz 
(2007) 

Analyze the situation 
+ Formulate search 

strategies 
Find product ideas Select product ideas + 

define products 

Source: Oliveira et al. (2011, p. 316) 
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2.3.3 User Involvement in the Front-End of Innovation 

There are many methods in literature that have been used to integrate users in 

the FEI process, such as market orientation, voice of the customer, virtual customer, 

customer-driven innovation and consumers as co-developers (SANDMEIER, 2009, p. 

3). 

Research made involving users and customers to generate innovation on the 

FEI show that, in general, their involvement is benefic (LÜTHJE; HERSTATT, 2004, 

p. 565-566; WADELL et al., 2013, p. 305). Lüthje and Herstatt (2004, p. 556) 

highlight the involvement of lead users, who, according to the authors, are capable to 

foresee new needs earlier than ordinary users and state that those specific users are 

more motivated to work on new solutions. Extreme users, i.e., users that use a 

specific offer more intensely or in an unusual way, were also studied, stressing out 

problems more effectively and in a wider range than normal users (LÜTHJE; 

HERSTATT, 2004, p. 556). Wadell et al. (2013, p. 295) empirically study ordinary 

users. They emphasize that the incorporated user acts as a change agent and 

encourage the change of mindset in the development team. They also refer to the 

user as a representative member, bringing the user needs and perspectives, as well 

as the user experience. According to Wadell et al. (2013, p. 296), the incorporated 

users also collaborate with ideas in an active way, being called by them as 

“innovation champions”. Finally, one main role of the users who are incorporated to 

the process is a communication channel. They are the network that connects 

company to other target users. 

Many cases of user involvement in literature show successful results in 

diverse areas, such as sports (LÜTHJE; HERSTATT; VON HIPPEL, 2005, p.954-

955), medicine (LÜTHJE et al., 2003, p. 565-566), hardware systems (HERSTATT; 

VON HIPPEL, 1992, p. 215-220), software systems (MORRISON; ROBERTS; VON 

HIPPEL, 2000, p. 1514), among others. However, it is important to highlight that 

there are also negative side effects. Gassmann, Kausch and Enkel (2010, p. 57-58) 

investigate the possible side effects presented in literature. Through practical 

investigation, they find out some of them to be true. 
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First of all, the participation of few customers with similar profiles or of 

customers with specific interests may bias the development, possibly leading to a 

solution that misses other points of view and that may require rework (GASSMANN; 

KAUSCH; ENKEL, 2010, p. 53). Focusing on customers’ individual wishes may also 

lead to a very limited market niche (GASSMANN; KAUSCH; ENKEL, 2010, p. 54). 

Another problem is related to the customers’ behaviors and mindset. If the customer 

is involved in co-creation and does not behave properly, she/he might lead to a 

product increment rather than a radical new solution (GASSMANN; KAUSCH; 

ENKEL, 2010, p. 55). There is also the possibility of an exclusivity requirement from 

the customer. Exclusivity only makes sense when few customers are expected and 

the customer involved in the process has a great potential of buying. Otherwise, it 

may limit severely the sales range solution (GASSMANN; KAUSCH; ENKEL, 2010, 

p. 55). The personality of the involved customers may also bring negative side 

effects. It is not interesting to involve only conservative customers, nor only 

visionaries. Those extremes might lead to solutions that are distant to a radical 

innovation. It may be too conservative or too innovative, ignoring details that are 

important to the solution solution (GASSMANN; KAUSCH; ENKEL, 2010, p. 55). 

Finally, the confidentiality problems must also be considered. When a customer is 

involved, he will acquire important information about a company. It may be strategic 

depending on the project that she/he is involved. Information may leak if the proper 

measures are not taken (GASSMANN; KAUSCH; ENKEL, 2010, p. 56). 

Magnusson (2003, p. 78), in a contrary position to a general excitement about 

involving users in the FEI, identifies that simply involving the user without providing 

adequate information about the technology being applied leads to a lack of feasible 

ideas, generating what the author calls “suggestions”. However, those suggestions 

may inspire for more feasible ideas generated by the team. 

Gassmann, Kausch and Enkel (2010, p. 59-60) explain that making the proper 

arrangements can prevent all the side effects. Thus, when the customer is involved in 

the front-end of innovation, it is probable that the results shall be better than if they 

are not, if every care is taken. 
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Finally, it is important that the involved customers have some qualities. Wadell 

et al. (2013, p. 305) propose that they must show “flexibility, self-awareness, and 

ability to appreciate others’ perspectives in order to function well”. 

The guidelines of user-involvement in FEI literature could improve user-

involvement in other phases of the development process as well. It seems to reduce 

the failure risk of innovation, and we believe that this involvement could be extended 

to other phases of the development process. However, the proper measures should 

be taken to avoid the common risks that user-involvement may bring. 

2.4 Embodiment Design 

Pahl and Beitz (1988, p. 227) define the embodiment design phase as “a part 

of the design process in which, starting from the principle solution or concept of a 

technical product, the design is developed in accordance with technical and 

economical criteria and in the light of further information, to the point where 

subsequent detail design can lead directly to production”.  

Basically, the embodiment design is a concretization of the initial concept, 

reaching a final architecture (ULRICH; EPPINGER, 2012, p. 9). Ulrich and Eppinger 

(2012, p. 185) define the product architecture as the scheme that establishes what 

are the components that compose the products, what are the physical arrangements 

and how each arrangement interacts with the others. In the service area, this 

definition is still true. However, services are intangible. Thus, the architecture is the 

scheme representing the subfunctions of a service and their interactions. Finally, for 

a PSS, the architecture may be established as the composition of the products and 

services architectures and the relationship among the specific architectures (VOSS; 

HSUAN, 2009, p. 543). 

In some development process models, the embodiment design is not 

separated as a single phase, being embodied by other phases. For example, in the 

product development model proposed by Rozenfeld et al. (2006, p. 44), the authors 

name the second phase as “conceptual design”. However, its scope covers from 

concept definition until architecture definition, i.e., the conceptual design phase and 

the embodiment design phase. 
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The sequence of activities proposed by Pahl and Beitz (1988, p. 229) to 

perform the embodiment design is illustrated in Figure 4. It is important to notice that 

the activities prescribed in the process model of Pahl and Beitz (1988, p. 229) are 

specifically applied for the product development process. The activities used in the 

service or PSS development process must be adapted to the reality of those 

instances. 

Figure 4 - Embodiment design phase in product development process 

 
Source: Adapted from Pahl and Beitz (1988, p. 229) 

It is possible to notice that the embodiment design phase requires creativity 

and problem solution, since it is where main and auxiliary functions are established. It 

allows space for innovation, although in a lower level than the phases of the front-end 

of innovation (FEI). 
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2.5 Design Thinking 

Design thinking as referred in this work is a user-centric methodology with the 

objective of achieving innovation. Meinel and Leifer (2011, p. xiv) define it as the 

following: 

“[Design thinking] integrates expertise from design, social 
sciences, engineering, and business. It blends an end-user 
focus with multidisciplinary collaboration and iterative 
improvement to produce innovative products, systems, and 
services. Design thinking creates a vibrant interactive 
environment that promotes learning through rapid conceptual 
prototyping.” - (MEINEL; LEIFER, 2011, p. xiv) 

The core concept of DT is its reasoning pattern, firstly referred to in literature 

by Simon (1969) in his well-known book “The Science of the Artificial”, long before 

the term “design thinking” even was born. Simon (1969, p. 111) approaches the 

design process reasoning pattern, which, he says, is the core reasoning for 

professions in fields that deal with problem solving, such as engineering, architecture, 

business, and medicine, not being limited to designers. This reasoning pattern that 

aims to reach “how things ought to be” is what differs those problem-dealing 

professions from natural sciences, which lead towards “what things are” (SIMON, 

1969, p. 114).  The theme continued to be discussed by many authors, such as 

Cross (1982) and Schön (1983).  A few years later, Rowe (1987) names this 

reasoning pattern under the label “design thinking” in his book entitled after it. 

The evolution of DT research led it to three different research lines (KIMBELL, 

2011a, p. 297), which are explained below: The first research line kept the concept of 

DT as a cognitive process, performed by individual designers and focused on 

problems resolution. The second research line is the “design thinking as a general 

theory of design”, bringing a macro perspective of design as a field that deals with 

“wicked problems”. Finally, the third research line is the “design thinking as an 

organizational resource”, which is covered by the definition provided so far for DT as 

approached in this work. The key concepts of the three research lines referred until 

now and the nature of their design problems, as well as some key texts, are provided 

in Table 8, adapted from the work of Kimbell (2011a, p. 297). 
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Table 8 - Characteristics of the three DT research lines 

 Design thinking as a 
cognitive process 

Design thinking 
as a general 

theory of design 

Design thinking as an 
organizational resource 

Key texts 

Simon (1969); Cross (1982); 
Schön (1983); Rowe (1987); 

Lawson (2005); Cross 
(2006); Dorst (2006) 

Buchanan (1992) 

Dunne and Martin (2006); 
Bauer and Eagen (2008); 

Brown (2008); Brown 
(2009); Martin (2009) 

Key 
concepts 

Design ability as a form of 
intelligence; reflection-in-
action; abductive thinking 

Design has no 
special subject 

matter of its own 

Visualization, prototyping, 
empathy, integrative 
thinking, abductive 

thinking 

Nature of 
design 

problems 

Design problems are ill-
structured, problem and 

solution co-evolve 

Design problems 
are wicked 
problems 

Organizational problems 
are design problems 

Source: Adapted from Kimbell (2011a, p. 297). 

The concept of DT as an organizational resource was popularized after Brown 

(2008), CEO of the American design company IDEO, first published an article about 

DT in the Harvard Business Review. Brown (2008, p. 2) refers to DT as an approach 

to balance users’ needs with technical and business feasibility, generating customer 

value and market opportunity. His perspective at that time was strongly related to the 

product innovation, matching customers’ needs and desires. However, DT now 

permeates all levels of organizational innovation: operational, product/service, 

strategic and management (LEAVY, 2010, p. 6).  In fact, DT objectives evolved from 

products to user experience, then to corporate strategy, reaching even intangible 

complex systems and business models (BROWN; MARTIN, 2015, p. 2). 

Some conflict has been generated among those research lines. Some authors 

criticize the emerging of the last two research lines and coin the term “designerly 

thinking” to differ the first line of research. Some authors, though, believe that there is 

not a differentiation in those research lines, but a strong connection. Johansson-

Sköldberg, Woodilla and Çetinkaya (2013, p. 132) and Dorst (2011, p. 522), for 

example, believe that DT as an organizational resource is actually a translation of the 

cognitive style (which they call “designerly thinking”) to a more popularized version. In 

fact, all those research lines are intertwined, even if researchers of the first one 

usually try to avoid the connection. DT as an organizational resource is a more 

comprehensive way of design reasoning, associating methods and tools to support 
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the process for people who are not yet used to this procedure in order to solve 

design, wicked and organizational problems. In short, DT can be seen as a human-

centered design approach connected to the design reasoning patterns. 

2.5.1 Reasoning Patterns of Design Thinking 

One important aspect of the DT approach are the reasoning patterns that 

permeates the design process (DORST, 2011, p. 522).  Dorst (2011, p. 525) explains 

that human reasoning in problem solving uses four basic reasoning patterns, which 

are explained below: 

• Deductive thinking: Deduction is the reasoning pattern equivalent to the AND 

function in Boolean logic (DORST, 2011, p. 523). It happens whenever an 

artifact is provided and a working principle is related to it, allowing a 

consequence of this combination to be deducted. This reasoning pattern is 

grounded in natural sciences, such as mechanical physics, in areas with 

already established laws and principles. For example, if there is an object in 

continuous movement and a force with given amplitude is applied to it; it is 

possible to deduct how the object displacement will be due to the force.  

Figure 5 – Deductive thinking 

 
Source: Adapted from Dorst (2011, p. 523) 

• Inductive thinking: Induction is the “discovery” and “hypotheses”-reasoning 

pattern (DORST, 2011, p. 523). It is the logic that infers a working principle 

based on a given phenomenon that is observed and a given artifact. It is the 

logic pattern in Isaac Newton’s gravity discovery. There is an apple and it falls. 

Thus, there is a working principle, which is gravity. 

Figure 6 – Inductive thinking 

 
Source: Adapted from Dorst (2011, p. 523) 
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• Abductive thinking – I: Abduction-I is the first logic pattern that guides the 

creation process. In this logic pattern, the person knows what value should be 

created and knows the working principles. Then, with those two elements, the 

person creates the artifact (DORST, 2011, p. 523). This is the typical 

reasoning pattern of engineers and designers. 

Figure 7 – Abductive thinking-I 

 
Source: Adapted from Dorst (2011, p. 523) 

• Abductive thinking – II: Abduction-II is very similar to abduction-I, however this 

time the person does know neither the artifact nor the working principle 

(DORST, 2011, p. 524). 

Figure 8 – Abductive thinking-II 

 
Source: Adapted from Dorst (2011, p. 524) 

According to Dorst (2011, p. 525), all those reasoning patterns are involved in 

the DT process. In order to achieve a final value, they are combined in thinking 

processes. 

2.5.2 Design Thinking Generic Characteristics 

The DT process may be compared to the traditional double-diamond 

approach, described by the British Design Council (STICKDORN; SCHNEIDER, 

2011, p. 118). The double-diamond is illustrated in Figure 9. 
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Figure 9 - Double-diamond approach  

 
Source: Stickdorn and Schneider (2011, p. 119) 

This approach deals with a process that goes through divergent and 

convergent moments. The discovery part is divergent and explores the design space, 

identifying opportunities. Then, there is a convergence, defining a problem to be 

solved and worked on. For this problem, many solutions are developed, leading the 

process to a new divergence. Finally, there is a convergence towards the best 

solution, delivering the final result.  Although nor DT neither the double-diamond 

process is linear, they are illustrated this way to ease understanding. A schematic 

form of the DT process is provided by many methodologies provided in literature. 

Those methodologies will be discussed in more detail in subsection 2.6.  

Meinel and Leifer (2011, p. xiv) propose that the process illustrated in Figure 

10 is a good representation for a generic DT process. It is being shown for didactic 

purposes and will not be further used, since it does not represent all possible stages 

of a DT process. There are stages in certain methodologies that are not forecasted in 

this model. However, it allows a clear comprehension of the main stages. 

Figure 10 - Generic DT process 

 
Source: Adapted from Meinel and Leifer (2011, p. xiv) 
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The methodologies usually lead the process through five stages: Define 

problem, Understand users and design space, Ideate, Prototype, and Test (MEINEL; 

LEIFER, 2011, p. xiv). Figure 10 shows that those stages are cyclical. It happens 

because design should not end after the test. The artifact can always be improved 

and other problems will be waiting to be solved.  Also, the stages are not necessarily 

sequential. While DT is being performed, people involved in the process may go back 

to the problem definition stage if the problem was weakly defined or more information 

about users may be required. Thus, the process may seem fuzzy or chaotic and 

leads to each stage whenever it is necessary. A short explanation of the purposes of 

each stage is written below: 

• Define Problem: This stage covers the challenge definition: What is the macro-

problem that must be solved? This is the starting point where a team will be 

composed in order to find the solution. 

• Understand users and design space: In his stage, empathy is generated with 

users by observing them, engaging with them and immersing in their lives 

(PLATTNER, 2010, p. 1). After users are understood, it is easier to define 

what specific needs relate to the challenge, identifying a more specific 

challenge to solve. 

• Ideate: In this stage, the team members generate ideas to solve the more 

specific challenge and the most promising ideas are selected. 

• Prototype: DT proposes that everything must be communicated in a tangible 

way. Thus, the selected ideas are built in low-resolution9 prototypes with the 

goal of testing specific variables. Prototypes in DT are not the typical 

engineering prototypes. They may be done with raw materials, such as paper 

and paint; with storyboards; sketches; or in any other way that may represent 

the ideas hypotheses that need to be tested. 

• Test: In this stage, the users test the prototypes in order to validate, refuse or 

improve the specific variables being tested. 

                                                
9 The design thinking approach suggests that the best way to develop a new concept is by materializing it. Thus, 
methods are proposed to obtain low-resolution prototypes, also known as rapid prototypes. Those prototypes do 
not depict the whole concept in a realistic way. They aim to materialize few aspects to test specific variables in 
order to identify if the concept meets specific requirements of the users.  
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It is important to highlight that this process results in a concept, and not in a 

detailed specification of the product nor in a set of information and resources that 

allow the value chain of the company to produce the final result, such as the 

product development process.  

Some guidelines are essential to the DT process and, thus, must be followed 

in order to achieve proper results. Meinel and Leifer (2011, p. xv) point out the 

following four rules as the most important guidelines to perform DT. More specific 

guidelines are provided in the description of the most important methodologies in 

subsection 2.6. 

1. Human-centric approach10: Everything in every stage during the DT process 

must be focused on the human being. 

2. Ambiguity must be preserved: This guideline recommends not selecting one 

concept to work on, but to make a comprehensive range of choices to be 

excluded by the users through the process. 

3. Re-design: Even after finding the ideal concept to a problem solution, it is not 

perfect yet. Other problems may need solution too and future needs should be 

foreseen. Thus, the process should never end. 

4. Visual thinking and communication: Authors usually highlight the importance of 

prototyping in order to think. When ideas, concepts, ideals and thoughts are 

made tangible, the team communication is enhanced. It is easier to 

understand what another person wants to communicate by visual means. 

2.5.3 Design Thinking Application 

Literature brings a comprehensive amount of case studies and applications 

relative to DT in various fields, besides being “a way to improve the process of 

designing tangible products”, which was first proposed for DT (BROWN; MARTIN, 

2015, p. 14). 

                                                
10 DT has some limitations on scope applications. Since it is a human-centric approach, it is able to 
support development of solutions that provide an experience to the final user or stakeholders. For 
example, the need for new materials may be derived from a solution created by DT, however this 
approach will not lead to the creation of a new material as the focus. DT is an approach focused on 
solving people’s problems and improving their experience. 
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One vast application is in social design, mainly due to IDEO efforts into 

making what they call “social innovation” with IDEO.org, a non-profit organization that 

uses design to improve life of people in “poor and vulnerable communities” (IDEO, 

2011), and their publication of the “Human-Centered Design Toolkit” in 2009, which 

evolved to “The Field Guide to Human-Centered Design” (IDEO, 2015). Work 

associating social and environmental sustainability has been done by Erzurumlu and 

Erzurumlu (2015, p. 6), applying DT to support sustainable mining development in 

Central America. 

One important publication that brought DT to the business perspective is the 

work of Dunne and Martin (2006), further detailed and discussed in Martin’s book 

“The Design of Business” (MARTIN, 2009). Many authors discuss the applicability of 

DT in this field. Liedtka (2010, p. 9-11) shows how DT was applicable to business 

strategy problems due to their compatible characteristics. It is important to point out 

the PSS development may also be seen as a business strategy problem, showing 

compatibility of DT and PSS development process. Liedtka (2014b, p. 42-43) also 

provides examples of companies that have been melding DT to their traditional 

approaches to strategy. Yet, according to Liedtka (2014b, p. 42-43), DT has been 

used by many enterprises to improve customer-contact centers, align corporate 

strategy, improve internal processes, create collaborative experiences, improve 

social networks use, and enhance corporate creativity. 

Clune and Lockrey (2014, p. 67) apply DT to support the development of 

“context-specific environmental sustainability strategies” associated to Life Cycle 

Assessment. Young (2010, p. 24) also emphasizes the capacity of DT to assist 

sustainability, complementing the possibility of use of DT to create or adjust new 

business models, including PSS. 

DT also impacted the education field. Noweski et al. (2012) believe that “DT as 

a constructivist methodology offers teachers the needed support towards a new way 

of teaching” so students could learn the so-called “Twenty-First Century Skills” 

(critical thinking, problem solving, collaboration, agility, adaptability, initiative, 

entrepreneurialism, effective oral and written communication, accessing and 

analyzing information, curiosity, and imagination). 
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Kirkland, Parham and Pastores (2009, p. 291-292) use the DT approach for 

hospital administration purposes in order to joint support from staff and 

administration, more specifically for buying and managing cooling technology. 

Norman et al. (2010, p. 1016) deal with a wider problem, applying DT as part of the 

strategy to handle with complex problems in health care and public health system, 

developing what they call the “Complex Network Electronic Knowledge Translation 

Research model” (CoNEKTR). More specifically working with medical devices, 

Shluzas, Steinert and Riita (2014, p. 135) study the application of DT in the 

development of intramuscular drug delivery devices, which also are complex 

mechanical systems.  

Lindberg et al. (2012, p. 238) identify that DT is seen in five different ways in 

the IT field: as a foregoing project, as a service, as a reminding to developers to 

change their way of working, as a process phase, and as an adaptive tool. However, 

DT has been strongly applied, even if in different perspectives. The SAP, an 

enterprise that develops software for data processing in various business fields, was 

co-founded by Hasso Plattner, a great enthusiast of DT and who openly states and 

encourages the use of DT in the SAP’s development, having published papers 

collections and toolkits about DT (PLATTNER, 2010; PLATTNER; MEINEL; LEIFER, 

2012, 2014, 2015; PLATTNER; MIENEL; LEIFER, 2012). The DT application is not 

limited to business software, being also applied for games development (HAYES; 

GAMES, 2008, p. 2) and in software logic, besides other applications (STEINERT; 

HIRSCHFELD, 2012). 

DT is not necessarily constrained to the fields described in this section, since 

only the recurrent themes were approached. The application of DT is not limited to 

one development case either. For example, Brown and Martin (2015, p. 7) describe a 

case of DT application in the whole corporate strategy of a Peruvian bank, calling the 

strategy as “Intervention design”. DT was used iteratively and continuously for all 

smaller and bigger challenges, reaching solutions to keep corporate strategy aligned 

to the market reality and leading to social transformations in Peru. Thus, the 

application of DT is very wide and adaptable, leading to a great innovation potential 

when the stakeholders’ experience is being taken in consideration. 
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2.5.4 Criticism Around Design Thinking  

Although DT has showed itself as a promising approach to generate 

innovation, criticism has emerged with its popularization. One strong criticism to DT 

was its weak relationship with new technology in order to provide innovation. 

Traditional DT authors explicitly say that innovation is not generated with technology, 

but with value, and criticize the techno-centric perspective of innovation (BROWN, 

2009, p. 22).  Thus, some authors may become afraid that new technology may be 

neglected towards user-needs focus. Woudhuysen (2011, p. 5) claims that DT is a 

force broadly hostile to technological innovation. Even some enthusiasts of DT have 

been changing their minds, suggesting that technology should come first, and 

invention last11 (MCCULLAGH, 2010, p. 39). Perhaps both views were drastic, since, 

as highlighted in section 1.1, an invention can only become innovation if it provides 

value. Woudhuysen (2011, p. 10) also points out that DT is a complement and not a 

substitute for the development process, criticizing enterprises that cut their budget on 

R&D in order to implement DT. 

Other authors, who are more related to user-centered design and participatory 

design, criticize the constant affirmation that DT is a new revolution, claiming that DT 

is nothing new. Bjögvinsson, Ehn and Hillgren (2012, p. 101) say that DT is nothing 

but “good old participatory design”: an approach that abandons the mere 

development of “things” in order to develop socio-material assemblies, but better 

articulated. The similarities, Bjögvinsson, Ehn and Hillgren (2012, p. 106) say, are 

strongly highlighted by the focus on prototyping and role-playing as creative tools. 

There is also a strong criticism on the prescription level of DT. Helen Walters 

(2010) apud Mcculagh (2010, p. 37) says the following about the DT process:  

“Those looking for a prescribed way to implement design 
thinking are destined to be disappointed. It’s a messy, opaque 
process that depends as much on group dynamics as intellect 
or insight.” (HELEN WALTERS, 2010 apud MCCULLAGH, 
2010, p. 37) 

                                                
11 The proposition of McCullagh (2010, p. 39) is based on a technology push or market pull approach. 
Usually, the greatest inventions in history were achieved by means of a technology push strategy, 
where technology is developed first and products are derived later. 
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However, this is not effectively a problem. Describing a process in too much 

detail may stiffen a process that should be creative. Authors, such as Brown (2008, p. 

4), state that “the design process is best described metaphorically as a system of 

spaces rather than a pre-defined series of orderly steps”. A wider, non-rigid 

description is required, not a process model.  

Another strong criticism is the excessive simplification of DT due to its great 

popularization. According to Johansson-Sköldberg, Woodilla and Çetinkaya (2013, p. 

131), people usually believe that making DT is equal to being creative. Others, still 

according to the authors, believe that it is simply a toolbox. Dorst (2011, p. 531) also 

criticizes this aspect, saying that some authors simply put creative tools together and 

call it DT. This is a great problem. Kimbell (2012, p. 143), for example, reinforces that 

using the tools and methods that some authors call “design thinking” without the 

culture of design and the correct mindset shall not generate the desired results. 

There is more general criticism about this approach. The more traditional 

designers, who are usually more related to aesthetics, criticize that DT as an 

organizational resource neglects completely the style when developing a new 

product (TONKINWISE, 2011, p. 533). Traditional designers also usually criticize DT 

as an organizational resource, claiming that the DT discourse will “most probably die 

if it does not acquire a scholarly base that relates more to designerly thinking”, i.e., 

DT as a cognitive process (JOHANSSON-SKÖLDBERG; WOODILLA; ÇETINKAYA, 

2013, p. 131). 

There are other authors that also complain about the lack of systematic 

studies about DT as an organizational resource, highlighting that most of them are 

anecdotal, but they also incentive that research should be done to evolve DT in this 

perspective  (LIEDTKA, 2014a, p.1). 

Finally, it is possible to identify personal opinions in literature. DT has been a 

target of constant attacks of people involved in the design field for a longer time, 

mainly by supporters of DT as a cognitive process. Norman (2010), for example, 

published in Internet his thoughts about DT, saying it was a false solution or a 

“useful” myth. However, three years later, Norman (2013) published again about the 

theme, changing his point of view and saying that DT may be “transformative”.  
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2.6 Design Thinking Methodologies 

This section provides an overview of how methodologies were selected and an 

overview of DT methodologies that are used in this work. 

2.6.1 Introduction and Selection of Design Thinking Methodologies 

First of all, it is important to establish the differences between what this work 

calls DT models and DT methodologies. The DT approach can be found in the shape 

of models or methodologies. Models are those that propose a given order for DT 

stages and that can even prescribe in short what should be performed in each stage, 

but do not propose methods and tools to go through them. The methodologies, on 

the other hand, are the so-called toolboxes, where the practitioners are provided with 

methods that support this approach. 

Many DT models and methodologies were identified in literature and, mainly, 

in webpages that claim to support practitioners. The way they refer to DT is not well 

structured. Some researchers and practitioners, such as those from IDEO and 

d.School, have been calling it recently as human-centered design (IDEO, 2015). 

Other authors may refer to it just as a participatory design methodology, a UCD12 

methodology, a UX13 methodology, service design toolkit, social innovation toolkit, 

experience design toolkit, among other possibilities. However, even if called under a 

different name, they were considered DT approaches whenever their characteristics 

were compatible to those listed in subsection 2.5.2. 

Subsection 2.5.3 showed how comprehensive are the DT application fields. 

Many methodologies arose to support its application. In this research, a search was 

performed in literature in order to find DT methodologies in the English language. A 

great number of DT methodologies were identified in books, papers, theses and in 

websites focused on providing support to practitioners. Eight DT methodologies were 

selected for in depth analysis. They were selected by analyzing citations, authors and 

application context. First of all, the most known and used methodologies were 
                                                
12 UCD is a broad term that describes any design approach that actively involves the end-users during 
the development process, usually composed by methods, procedures, processes, and a specific 
mindset (ABRAS; MALONEY-KRICHMAR; PREECE, 2004; MAO et al., 2005; MIASKIEWICZ; 
KOZAR, 2011; SALAH; PAIGE; CAIRNS, 2014). 
13 According to the ISO 9241-110, UX is “a person’s perceptions and responses from the use and/or 
anticipated use of a product, system or service” (ISO, 2010 apud VERMEEREN et al., 2010). 
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selected. Then, methodologies proposed by known researchers of DT were also 

included. They were selected focusing on the scope, avoiding methodologies based 

on the same context. 

First, it was verified if the authors were meaningful for the DT theory and 

literature by identifying the amount of work published by those authors. Secondly, it 

was seen if the methodology was highly cited in literature and commonly used. Then, 

the application context was analyzed, in order to obtain varied contexts, avoiding bias 

from one specific area. Methodologies with qualities that differentiated them from 

other methodologies, such as extra information or prescription of methods order, 

were also preferred. Eight methodologies were selected, covering contexts such as 

business, social, service, and general design. Their overview is provided on the next 

subsection. 

2.6.2 Overview of Design Thinking Methodologies 

As explained in the last subsection, eight DT methodologies were selected 

(FABRICANT et al., 2012; IDEO, 2015; KIMBELL; JULIER, 2012; KUMAR, 2013; 

LIEDTKA; OGILVIE, 2011; PLATTNER, 2010; RCA, 2010; STICKDORN; 

SCHNEIDER, 2011). This subsection provides an overview of DT methodologies. 

Their detailed description may be observed in Appendix A. 

Each one of the methodologies was chosen due to citations number, 

relevance or context. 

The Bootcamp Bootleg (PLATTNER, 2010) methodology is one of the most 

recognized DT methodologies, being cited by many works that deal with DT 

application (MELLES; HOWARD; THOMPSON-WHITESIDE, 2012; RAUTH et al., 

2010). The model was established at the d.School, in Stanford, to provide guidance 

through the DT process for recent graduates and proposes 51 methods. 

The “Designing for Growth” methodology (LIEDTKA; OGILVIE, 2011) was 

proposed in the management context by Jeanne Liedtka, a well-known researcher of 

the DT area and has much published work about DT, mainly in the context of 

business application (LIEDTKA, 2010, 2011, 2014a, 2014b). It contains 10 main 

methods and 4 additional tools. 
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“Designing with people” (RCA, 2010) is proposed in the web by the Helen 

Hamlyn Centre for Design at the Royal College of Art, proposing 20 methods and 

additional information about them, such as expertise, time, staffing and costs. 

The “Field Guide to Human-Centered Design” (IDEO, 2015) is a step-by-step 

guide with 56 methods focused on the social sector practitioners, mainly for what 

they call “social innovation”. This guide was developed by IDEO, a pioneer design 

consultancy firm, and IDEO.org, its non-profit institution that work with design to 

improve poor communities’ quality of life. 

The “Collective Action Toolkit” is proposed by FROG (FABRICANT et al., 

2012), a global design and strategy firm, and is focused on social design. It brings 25 

methods and a suggested sequence for their execution. 

“This is Service Design Thinking” (STICKDORN; SCHNEIDER, 2011) is a 

textbook  with 25 methods focused on service development, but also citing possible 

application in what it calls “product-service hybrids” or PSS (MIETTINEN, 2011, p. 

55-56). 

“The social design methods menu” (KIMBELL; JULIER, 2012), proposes 11 

methods on the social design context, is authored by Lucy Kimbell, who presents 

much work in literature, both about DT and service development (KIMBELL, 2009, 

2011a, 2011b, 2012). One aspect that differs it from all other methodologies is that it 

offers a set of “recipes”. It means that it provides a species of project typology, 

proposing what methods should be performed and in which order depending on what 

type of project. Those “recipes” cover fixing service critiques, developing with agility, 

improving services or social issues, and innovating. 

The “101 design methods” methodology (KUMAR, 2013) is the largest of the 

DT methodologies selected, providing 101 design methods. 

Each one of the methodologies is composed by stages, which are named 

differently by each author. However, the description of the stages on each 

methodology shows that they usually have the same core idea. Even though some 

authors may propose a greater number of stages, such as Plattner (2010, p. 1-5), 

than others, such as IDEO (2015, p. 11); the stages scope is equivalent. The only 
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aspect that does not converge in all methodologies when referring to stages is the 

proposal of an implementation stage by some authors, while others propose to end 

the process after prototyping and testing. In order to show how the methodologies 

stages superpose among themselves, they are illustrated in Figure 11, providing the 

following stages generic labels: empathy generation and problem definition, ideation, 

prototyping and test, and implementation.  

• Empathy generation and problem definition: In this stage, the team members 

should create empathy with users by observing “users and their behavior in 

the context of their lives”; engaging with users by interacting and interviewing 

them “through both scheduled and short ‘intercept’ encounters; and immersing 

the user reality by experiencing what they feel and what they do (PLATTNER, 

2010, p. 4). Additionally, in this stage, an “actionable problem statement”, also 

called “point of view” (PLATTNER, 2010, p. 5), is established, i.e., a 

meaningful specific problem to be solved. 

• Ideation: After data exploration and its synthesis, the second stage focus on 

creativity. In this phase, creative ideas arise. The ideation in this stage does 

not allow constrains, but focus on identifying a whole range of new 

possibilities. In the end of this stage, the concepts to be tested are proposed 

(LIEDTKA; OGILVIE, 2011, p. 109-110). 

• Prototype and test: This stage covers prototyping selected ideas and testing 

them with users and stakeholders. The prototypes are simple and may even 

not represent the solution, but specific hypotheses to be tested. The 

prototypes may be done for many reasons besides testing hypotheses with 

users. It can be done to gain empathy, to explore options, and to provide 

inspiration. 

• Implementation: This is the stage with greatest variability among authors. 

Here, it is considered as the set of activities that prepare the development 

project to be started, i.e., preparing plans, business model, business case, and 

performing final tests and strategic planning.  
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Figure 11 – Stages of the DT methodologies and their connections 

 
Source: Elaborated by the author 
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It is important to point out that Liedtka (2014a, p. 4) performed a similar 

analysis with the DT stages. She compared the stages proposed by one 

methodology and four educational DT models14 proposed by academic and 

commercial institutions. She analyzed the stages scope and reached three generic 

stages: Data gathering about users’ needs, idea generation, and testing.  The “data 

gathering about users’ needs” stage is equivalent to the “Empathy generation and 

problem definition” stage proposed in this work. The “idea generation” stage 

proposed by Liedtka (2014a, p.4) is equivalent to the “ideation” stage of Figure 11. 

Finally, her proposal of the “testing” stage covers the scope of this work’s 

“prototyping and test” and “implementation” stages conglomerated. 

The DT methodologies usually are proposed by a set of methods and tools 

preceded by a list of recommendations or guidelines (called by them as “mindsets” or 

“principles”). 

Each author provides methods with distinct detail levels. One example is the 

method “Visualization” proposed by Liedtka and Ogilvie (2011, p. 159), which has 

included in its description procedures that are similar to the methods “Personas”, 

“Storyboards” and “Storytelling” from Stickdorn and Schneider (2011, p. 172, 181, 

198). The journey map method proposed by Liedtka and Ogilvie (2011, p. 198) also 

fits this situation, which, besides journey mapping, covers the scope of methods such 

as 2x2 matrix15 and stakeholders maps16. 

Additionally, the methods titles are not common among authors. In fact, some 

authors may use an identical title to cover completely different scopes, such as co-

creation. The definitions of each author for the co-creation method are provided at 

Table 9 in order to ease the differences understanding. 

It is easy to see differences in the co-creation methods. Those differences are 

mainly on the performed activities in co-creation and the involved people. The co-

creation methods proposed by Plattner (2010, p. 38) and IDEO (2015, p. 109) involve 

customers and users to create new solutions. Stickdorn and Schneider (2011, p. 194) 

involve all stakeholders and see co-creation as a concept that can be involved with 
                                                
14 Please see the subsection 2.6 to understand the difference between DT models and DT methodologies. 
15 Method proposing the use of four quadrants to organize information, which is based on the range of two 
variables. 
16 Method that lists down and relates all stakeholders involved in the development project. 
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all activities proposed in their methodology. The co-creation proposed by Liedtka and 

Ogilvie (2011, p. 453), on the other hand, is more related to testing with users. 

Further characterization of these methodologies is part of the scope of this 

work as one of the secondary research goals. Thus, in chapter 5 the elements 

selected in subsection 2.7.2.4 are characterized. 

Table 9 - Co-creation definitions 

Authors Method Co-creation method definition 

Plattner (2010, p. 38) User-driven 
prototyping 

“The approach to creating a user-driven 
prototype is to set up a format for your users to 
create something which leads to your 
understanding of how they are thinking” 

Stickdorn and Schneider 
(2011, p. 194) 

Co-creation “[Co-creation] can involve anyone from the staff, 
designers, executives or customers working 
collaboratively in order to examine and innovate 
a given service experience.” 

“Co-creation is a principle that can be used in 
conjunction with many other tools in the service 
design toolset.” 

Liedtka and Ogilvie 
(2011, p. 453) 

Customer co-
creation 

“Customer co-creation Is the process of 
engaging a potential customer in the 
development of new business offerings. It 
involves putting some prototypes in front of 
potential customers, observing their reactions, 
and using the results to iterate your way to an 
improved offering. 

IDEO (2015, p. 109) Co-Creation 
Session 

“The purpose of a Co-Creation Session is to 
convene a group of people from the community 
you’re serving and then get them to design 
alongside you.” 

Source: Elaborated by the author 

2.7 Foundations of Development Process Models 

A development process model is the representation of a given development 

process, providing that someone who reads the model will understand the most 

important aspects of the process. The goal of a development process model is to 

unify the development process vision, provide a common language to all involved 

people, and integrate the functional areas, providing a holistic perspective 

(ROZENFELD, 2007). The development process can be classified more specifically 
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as a business process, i.e., it generates value for specific stakeholders by means of 

an end-to-end work (ABPMP, 2009, p. 24). Each specific development is temporary, 

unique, with single specific goals, delimited by a beginning and an end, and produces 

different results; therefore, each specific development is considered a project. It is an 

instantiation of the process. 

Browning, Fricke and Negele (2006, p. 106) point out that the process 

modeling is delimited by some propositions that compose its theory, as explained in 

the following explanation. The propositions state that the process of innovation 

should never become a mechanical process, even though the development process 

has many repeatable activities. Modeling a development process also facilitates 

project management by implementing a structured process. However, the 

representation of a model is never identical to real process. The gaps between the 

model and the real process depend on how the modeling was done in terms of 

richness and fidelity. Finally, it is important to note that a process model should only 

be built when a concrete objective is defined. Otherwise, it is useless (BROWNING; 

FRICKE; NEGELE, 2006b). 

This section is divided into two subsections. The first one (2.7.1) covers the 

types of process models and its elements. The second subsection (2.7.2) presents 

the element categories DT and of theories related to PSS development, comparing 

their common elements.  

2.7.1 Types and Elements of Development Process Models 

A development process model may be generic or specific. A generic process 

model, also called as reference model or branch-specific design approach 

(GERICKE; MOSER, 2013, p. 101), is usually related to a type of industry, or 

organization. It is commonly composed by a set of good practices17 that can be 

represented by some elements, such as generic activities, methods and practices 

(COSTA et al., 2015, p. 4; FETTKE; LOOS; ZWICKER, 2006, p. 3; GERICKE; 

MOSER, 2013, p. 112). A development process model can also be employed as a 

basis for certification and for defining maturity levels of the process. In that case, this 

                                                
17 Good practices, also called as best practices in literature, are practices that, when associated with 
the development process, increase success probability and reduce risk. 
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type of model may contain generic goals and process area-related specific goals 

(CHRISSIS et al., 2003). A specific process model usually represents the elements 

that an organization applies as a reference to support the definition of a specific 

development project. In many cases, an organization defines its development 

process based on a reference model according to the company’s context. 

A process model may also be classified as descriptive or prescriptive. 

Descriptive process models describe the main aspects of the real process, aiming to 

“capture tacit knowledge” (BROWNING; FRICKE; NEGELE, 2006, p. 115). The 

prescriptive process models, on the other hand, have the function of guiding the work 

of a given group of people. It is informative and aims to explain what should be done 

and how to do it (BROWNING; FRICKE; NEGELE, 2006, p. 115).  

Some main element categories usually constitute a development process 

model, as well as other business models. Rozenfeld (2007) provides the following 

structure for a development process model: A process model may prescribe or 

describe activities and good practices that are to be followed in a development 

project. The activities may be grouped in phases and/or knowledge areas. While the 

first one is more didactic for assimilation, the second one offers a more flexible 

approach. Also, those activities are supported by methods and tools, which might be 

part of a process model and may be described in even smaller components called 

steps or tasks. It is possible yet to infer some dimensions related to the activity 

dimension, such as inputs, deliverables (outputs), people, and resources.  

Some authors may say that the process model may stiffen the development 

process, inhibiting creativity and innovation. However, Browning, Fricke and Negele 

(2006, p. 106) highlight that models should not be detailed in such an accurate 

description that could impede creativity. They propose that the process model 

provides information that is usually needed, easing daily work and recurrent activities. 

Hence, designers and engineers could be able to dedicate to “value-adding activities” 

that require creativity and create innovation. 

2.7.2 Process Element Categories 

As explained in section 1.2, the main goal of this research is to to identify how 

the DT approach can be applied in the PSS development process, which can be 
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represented in process models. In order to identify which element categories are the 

most relevant to establish a correlation between DT to the PSS development 

process, it is important to understand under what perspectives the PSS development 

process can be represented.  

Identifying all element categories in all intertwined perspectives will establish a 

common parameter by which all theories can be compared. This allows the 

establishment of a parameter for comparison, explaining by means of what element 

categories DT will be characterized. The PSS development process can be 

understood from two different perspectives. The first one is the business process 

perspective, since a development process is a business process. The second one is 

the project perspective, since each development is considered a project. Thus, the 

element categories of those two perspectives must be identified, similarly to what 

must be done to DT.  

This subsection is divided in four parts. The first three subsections provide a 

short explanation of the theories that will be used in the analysis. Section 2.7.2.1 

provides an overview of the business process perspective, as well as its element 

categories. Similarly, in section 2.7.2.2, the development project perspective is 

summarized. Section 2.7.2.3 overviews the element categories that compose DT. 

Finally, in section 2.7.2.4, the comparative schematic is effectively assembled. 

2.7.2.1 Business Process Element Categories 

The development process is a business process. Up to this point, much 

information about product, service and PSS development process; generic process 

models; as well as product, service and PSS development process models was 

provided. This information can lead to some conclusions. 

As summarized by Rozenfeld (2007), and reinforced in subsection 2.7.1, a 

development process model, which is also a business process model, is 

characterized by some entities. Usually, the most generic element category is the 

phase. Phases are divided into activities, which are supported by methods and tools. 

Some authors may also divide methods and tools in even smaller element 
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categories: tasks18 and good practices, which are commonly associated to each 

proper activity. Activities are usually related to more four physical element categories: 

inputs (object), deliverables (product or result), people (subject) and resources 

(internal tools) (BEDNY; KARWOWSKI, 2004, p. 140). 

Thus, it is possible to say that a development process is composed by the 

element categories structured in Figure 12. 

Figure 12 - Development process element categories structure 

 
Source: Elaborated by the author 

2.7.2.2 Project Element Categories 

As seen before, the PSS development process may be represented by 

process models, also called reference models. Fettke and Loos (2006, p. 2) propose 

that “a reference model is a conceptual framework that could be reused in a multitude 

of information system projects”. The project perspective is highly researched in the 

project management area. Although both business process and project deal with the 

same core object (the development of a final result), they are composed by some 

different element categories. 

                                                
18 Tasks are considered in this work as a lower level division of activities (BEDNY; HARRIS, 2005, p. 
134). 
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One of the most traditional bodies of knowledge in the project management 

area is the PMBOK (PMI, 2013). It provides guidelines based on project management 

good practices in order to support project managers in conducting projects. 

The PMBOK (PMI, 2013, p. 60) is divided into knowledge areas. In each 

knowledge area, there are many recommended activities, which are always 

described side-by-side with their inputs, outputs or deliverables, and supporting 

methods and tools. In order to properly plan a project, the PMBOK (PMI, 2013, p. 

160) highlights the need of assigning people, who they call resources, to the 

activities, in order to identify who is responsible by each one of them. However, a 

project never reaches the task19 level, otherwise it would not be manageable. 

Furthermore, the PMBOK (PMI, 2013, p.41) recommends to divide the project into 

phases, where each one is composed by a logically related set of activities that 

generate one or more major deliverables.  

The structure that relates all those element categories in a development 

project perspective is illustrated in Figure 13. 

Figure 13 - Project element categories structure  

 
Source: Elaborated by the author 

                                                
19 Tasks are considered in this work as a lower level division of activities (BEDNY; HARRIS, 2005, p. 
134). 
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2.7.2.3 Design Thinking Element Categories 

The DT methodologies were summarized in section 2.6. The methodologies 

present generic guidelines (what authors usually call “mindsets” or “principles”) and 

specific guidelines (recommendations related to specific activities). Each one of the 

methodologies is composed by stages, as explained in subsection 2.6.2.  

Those stages are not compatible with the concept of phases used in business 

process and development project. By definition, a phase in PDP theory and project 

management theory is followed by a “quality control checkpoint”, i.e., a gate 

(COOPER, 1990, p. 48). Stages in DT are almost “work modes” and not a sequential 

order. They can be considered as generic divisions of the process to enhance its 

understanding. Each one of those stages is supported by methods and tools, which 

are very different among the methodologies. This difference is easily associated to 

the different background of each methodology.  

Usually, in DT approaches, the methods and tools are described by activities, 

which are related to people categories and resources. Those activities are usually 

associated with the methods inputs and deliverables, or with intermediate 

deliverables. Occasionally, the activities are detailed into tasks20. The methods and 

tools are also described by recommendations or guidelines, which can be compared 

to the business process good practices. In order to illustrate this structure, some 

excerpts of the methods descriptions were taken in order to depict how the element 

categories appear inside the text. They are presented in Table 10. The underlined 

words represent the semantic nucleus that represent the element being considered, 

while the words shaded in gray represent the nucleus within its complements. 

  

                                                
20 Tasks are considered in this work as a lower level division of activities (BEDNY; HARRIS, 2005, p. 
134). 
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Table 10 - Excerpts of methods showing elements and element categories 

Author Method Excerpt Element 
categories 

IDEO (2015, 
p. 94) Brainstorm “Generate as many ideasA as possible.” DeliverableA 

IDEO (2015, 
p. 94) Brainstorm “[Team] Generate as many ideasB as possible.” ActivityB 

Plattner 
(2010, p. 10) 

Interview 
for 
Empathy 

“Always interview in pairsC. If this is not possible, 
you should use a voice recorderD—it is 
impossible to engage a user and take detailed 
notes at the same time” 

GuidelineC 
and 
resourceD 

Stickdorn 
and 
Schneider 
(2011, p. 
155) 

Contextual 
Interviews 

“These interviews can be conducted with 
customersE, staffE, and other relevant 
stakeholdersE” 

People 
categoriesE 

Plattner 
(2010, p. 7) 

What?| 
How?| 
Why? 

“This is a particularly powerful technique to 
leverage when analyzing photos that your team 
has taken into the fieldF, both for synthesis 
purposes, and to direct your team to future areas 
of need finding.” 

InputsF 

IDEO (2015, 
p. 37) 

Secondary 
Research 

“Try to find recent innovations in your particular 
areaG. They could be technological, behavioral, 
or cultural. Understanding the edge of what’s 
possible will help you ask great questions.” 

TaskG 

Source: Elaborated by the author 

2.7.2.4 Common Element Categories of the Perspectives 

In order to compare all element categories identified so far, they were 

disposed in a diagram. Each element category of each knowledge area was kept 

horizontally aligned with its equivalent element categories of other knowledge areas. 

All element categories were disposed in the diagram, achieving Figure 14. 
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Figure 14 – Element categories of DT and PSS development perspectives  

 
Source: Adapted from Rosa and Rozenfeld (2016a, p. 3) 

The analysis of what are the common elements must be performed among the 

business process, project development and DT perspectives. There are five common 

element categories for all three perspectives: Activity, Methods and Tools, People 

categories, Inputs and Deliverables. Other three element categories are common 

among DT and =one of the perspectives: Guidelines, Tasks and Resources. 

Activity per se must be better understood. “Activity is a goal-directed system, 

where cognition, behavior, and emotion are integrated and organized by a 

mechanism of self-regulation toward achieving a conscious goal” (BEDNY; HARRIS, 

2005, p. 130). The activity is composed by a structure of heterogeneous elements, 

which are illustrated in Figure 15 and explained hereinafter. The subject, which is 

called as people in this research, is the individual who performs the tasks (BEDNY; 

KARWOWSKI, 2004, p. 141). Each set of tasks aim to achieve an activity goal and is 

performed by means of methods or procedures, which are determined by the goal, as 

well as by its conditions (BEDNY; KARWOWSKI, 2004, p. 141). The object, called as 
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input in this work, is the input for the product or result to be generated, i.e., it shall be 

modified through the tasks in order to become the product or result. The product or 

result of the activity theory, which is called as deliverable in this work, is “a result of 

the transformation of an object of activity”, which is not necessarily physical (BEDNY; 

KARWOWSKI, 2004, p. 142). Finally, depending on the tasks and methods or 

procedures that shall be used, tools may support the activity. Tools may be external, 

when they support the transformation of the object into the result; or internal, when 

they are used for “internal mental activity” (BEDNY; KARWOWSKI, 2004, p. 142) and 

called as resources in this work. 

Figure 15 - Composition of activity  

 
Source: Bedny and Karwowski (2004, p. 140) 

It is possible to notice that the element “Activity” is structured by means of all 

other elements that were seen as equivalent in all theories (Figure 14), except for 

guidelines. Thus, “activity” was chosen as the basis for comparison among those 

theories, since it correlates all perspectives. However, guidelines are not included in 

the structure of an activity (Figure 15). For being related with good practices and not 

being analyzed by activities, “guidelines” is an appropriate element category for 

differentiation. The elements used for characterizing DT in this work are, therefore, 

activities and guidelines. 

A question may be raised of whether characterizing DT by means of its 

activities would not be too different from typical DT approached. Even if they are not 

presented in the shape of activities, they have lots of activities embedded in the 
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description of methods. They can be a good source for characterization. Another 

question could also inquire whether representing DT as activities would not stiffen the 

process. It is important to highlight that we are not proposing to make DT become a 

linear process, but to understand better how it is structured by means of its activities. 

The explanation on how those activities and guidelines will be extracted from 

DT literature is better explained in the next chapter. 
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3. Methodology 

Karlsson (2009, p. 20) states the importance of employing a research 

methodology in order to conduct the process of making a scientific contribution. He 

highlights, though, that “not all research questions can be answered by all research 

methods and one particular method cannot answer all types of research question” 

Karlsson (2009, p. 23). Thus, the proper methods, as well as the proper methodology 

that shall frame those methods, must be selected. 

As stated in the section 1.2, the main goal of this work is to to identify how the 

DT approach can be applied in the PSS development process. Applying DT to it may 

be seen as an improvement, since it aims to improve the innovation capability of the 

process. However, as Blessing and Chakrabarti (2009, p. 10) point out, the research 

methodologies available in literature usually focus in explanation and prediction, 

ignoring the improvement possibilities or approaching them only high-level.  

In order to fulfill this gap, Blessing and Chakrabarti (2009) propose the design 

research methodology (DRM), which is based on the principle that design research 

aims to understand and to improve the design process. It must be emphasized that 

DRM is not a design methodology, but a research methodology that has design as its 

object of study. DRM goals match the nature of the main objective of this work. Thus, 

it was chosen to frame the methodological approach of this research.  

The DRM framework may be divided in four stages (BLESSING; 

CHAKRABARTI, 2009, pp. 15-17): 

• Research Clarification (RC): This stage aims to depict the current scenario 

and the ideal scenario in a high-level description. It consists mainly of a 

literature review in order to look for evidence to support the main assumptions 

that shall guide the research. This stage should provide a proper research 

goal that is compatible to reality. 

• Descriptive Study I (DS-I): This second stage guides the researcher towards 

understanding the scenario in a deeper level. It may also include a literature 

review in a search for the most influencing factors. 
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• Prescriptive Study (PS): After acquiring more knowledge about the current 

scenarios and its most influencing factors, the researcher may identify how to 

improve the current scenario so it may become an ideal scenario.  

• Descriptive Study II (DS-II): This stage is where the prescriptive study is truly 

employed, where prescriptions are applied to reality. Here, the researcher may 

evaluate how her/his prescriptions change the current scenario. Moreover, 

other findings may arise, indicating that the researchers should go back to one 

of the previous stages. 

Research is neither predictable not linear. Thus, the stages proposed by this 

methodology are neither linear nor rigid. Blessing and Chakrabarti (2009, p. 18) 

suggest several set-ups for those stages. A researcher may go through a few of the 

stages or through them all in several iterations. The set-ups proposed by Blessing 

and Chakrabarti (2009, p. 18) are illustrated in Table 11. 

Table 11 - Possible stages set-ups for the DRM 

 
Note: RBS – review-based study; CS – comprehensive study; IS – initial study 

Source: Adapted from Blessing and Chakrabarti (2009, p. 18) 
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Due to the scope and time frame available, this research proposes covering 

the first three stages, following the second proposition of Table 11 (comprehensive 

study of existing solution), as proposed in Figure 16.  

Figure 16 - Methodology framework 

 
Source: Elaborated by the author 
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Figure 16 illustrates the iterative steps that composed each one of the stages, 

which were adapted from what is proposed by Blessing and Chakrabarti (2009, p. 44, 

81, 146) in order to fit the needs of this particular research. All steps that are 

illustrated in Figure 16 were essential to develop the most meaningful deliverables of 

this work, which are also depicted in the black boxes.  

Each stage of the framework was supported by research methods established 

according to the specific goals of each stage. The stages and their methods are 

better explained in the next sub-sections. 

3.1 Research Clarification 

The research clarification stage is the first stage of the DRM methodology. 

According to Blessing and Chakrabarti (2009, p. 43), the research clarification aims 

to define a proper and realistic research problem, making sure it is relevant and not 

already solved in literature. This is reached by providing an initial understanding of 

the research theme, achieving a first “picture” of the reality of the research area. 

This stage has other specific goals, such as: defining the research goals 

related to the research problem; identifying possible indicators and measurable 

success criteria to provide information about the contribution of the design process 

improvement; identifying the influence factors related to the research problem; and 

establishing the comparative parameters that shall indicate whether the goals were 

achieved or not. As illustrated by Figure 16, the following steps compose the 

Research Clarification stage: A1.1 Understand research theme, A1.2 Define 

objectives, and A1.3 Define methodology.  

All steps of Research Clarification were covered by a literature review. It 

approached themes relative to the main topics of this research, such as PSS, PSS 

development process, front-end of innovation, embodiment design, DT, DT 

methodologies and foundations of development process models. 

This stage generated Deliverable 1: Context and justification (section 1.1); 

Deliverable 2: Research objectives (section 1.2); and Deliverable 3: Methodology 

(chapter 3). 
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3.2 Descriptive Study I 

The Descriptive Study I focus is to reach a deeper understanding of the 

research area and the existing situation. It pursues the completion of the data that 

was obtained in the clarification study, such as influence factors and success criteria. 

It should also identify the prescriptive study (3rd stage) key factors and provide the 

basis of the prescriptive study (BLESSING; CHAKRABARTI, 2009, pp. 16). 

The Descriptive Study I in this is research was composed by the following 

steps: A2.1 Review Literature; A2.2 Identify common element categories of DT and 

PSS development process; A2.3 Describe empirical DT applications to support PSS 

development; A2.4 Identify DT recurrent activities; A2.5 Identify DT guidelines; A2.6 

Compare DT activities with PSS development process activities; and A2.7 Compare 

DT activities with FEI models activities. 

The deliverables that were generated in The Descriptive Study I are the 

following: 

• Deliverable 4: Literature review (see chapter 2). 

• Deliverable 5: Common element categories of DT and PSS development (see 

subsection 2.7.2.4). 

• Deliverable 6: Empirical DT applications (see chapter 4). 

• Deliverable 7: Recurrent and Relevant Activities of DT (see sections 5.1, 5.2, 

5.3 and 5.7). 

• Deliverable 8: DT Guidelines (see sections 5.4 and 5.5). 

• Deliverable 9: Comparison of DT and PSS Development Process Models (see 

chapter 6). 

• Deliverable 10: Comparison of DT and Front-End of Innovation Models (see 

chapter 7). 

Some tasks and methods were performed to support the steps described in 

this section. They are described in detail in the next sub-sections. 
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3.2.1 Review Literature 

The literature review is an appropriate method to improve understanding about 

specific themes. First of all, the databases where information can be found were 

selected. Then, the most relevant papers and other appropriate sources of 

information (books, theses, videos) were identified.  

The most relevant databases were selected to perform the literature review: 

Scopus, Web of Knowledge and Google Scholar (FALAGAS et al., 2008, p. 342). The 

themes approached in the literature review were the following: PSS, PSS 

development process, front-end of innovation, embodiment design, design thinking, 

design thinking methodologies, and foundations of development process models. 

The title of those themes were used as keywords, as well as their synonyms provided 

throughout chapter 2. For example, PSS and DT have many synonyms in literature. 

The most cited papers were selected. In order to analyze whether they were 

appropriate to the studied theme, a systematic reading of titles, abstract and 

conclusions was performed. The selected relevant papers were then included in the 

literature review. The references of the most cited articles were considered in this 

analysis whenever they referred to themes that are included in this research. 

This research also covered some themes with much non-scientific publication. 

Relevant non-scientific material, as well as non-indexed publications, such as theses, 

books and other types of publications, were identified in the Google scholar database 

and in the references of the most cited articles.  

In this step, the Deliverable 4: Literature Review (chapter 2) is completed. 

3.2.2 Identify Common Element Categories of Design Thinking and Product-
Service System Development Process 

This step is related to the establishment of G1 goal: Characterize the DT 

approach based on the recurrent elements, aiming at comparing them with PSS 

development process models. 

Identifying all possible recurrent elements that compose and characterize DT, 

such as stages, methods, tools, people, guidelines, activities, resources, among 
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others, would compose a scope too large. Thus, a first analysis is necessary to 

identify what element categories should be prioritized, so that the final goals of this 

research could be achieved. 

It is not possible to simply list down the DT elements without establishing the 

essential groups of information that they belong first. Also, since the primary goal is 

to identify how the DT approach can be applied in the PSS development process, the 

DT elements should connect somehow to the theories related to PSS development. 

Thus, this step was done by deeply understanding the element categories of DT 

through an analysis of the literature of those theories. Other theories to be related, 

such as business process and project management, also had their element 

categories established. The result of this step was a selection of common element 

categories to be characterized in DT. 

This step is responsible for generating Deliverable 5: Common element 

categories of DT and PSS development (see subsection 2.7.2.4). 

As defined in the subsection where this deliverable was presented, the 

element categories to be used in DT characterization are “Activity” and “Guideline”. 

Thus, in the following sections of this methodology, methods are established for 

characterizing and comparing those element categories. 

3.2.3 Describe Empirical Design Thinking Applications to Support Product-
Service System Development 

Dul and Hak (2009, p. 30) define empirical research as “building and testing 

statements about an object of study by analyzing evidence drawn from observation.”  

One method that may be used in empirical studies for exploratory, descriptive 

and explanatory investigations, according to Yin (2003, p. 3), is the case research, 

which is composed by units of analysis called case studies (VOSS; TSIKRIKTSIS; 

FROHLICH, 2002). The empirical studies in this work were planned to deeply 

understand the practical DT application and for exploratory reasons. 

There are many case research frameworks that may be used to structure a 

case research. Dul and Hak (2009, p. 61, 173, 215) propose that those frameworks 

may be classified as theory-testing, theory building, and practice-oriented. This work 
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deals with practice-oriented case research, which objective is to “contribute to the 

knowledge of a specific practitioner” (DUL; HAK, 2009, p. 217). Yet, inside the 

practice-oriented framework, it is possible to divide the case research in three types: 

hypothesis-testing, hypothesis building, and descriptive research. This case research 

fits better as a descriptive research, since it aims to “discover and describe variables 

within a broader category, which is already indicated in the research question”. 

Some steps must be followed in order to properly perform case research 

(VOSS; TSIKRIKTSIS; FROHLICH, 2002, p. 196-197). Those steps must be followed 

as shown in the description below: 

• Research framework identification and research questions development: As 

explained before, the chosen research framework was practice-oriented 

descriptive case research, aiming to answer the questions: “How can DT be 

applied in the PSS development process?”, “What are the main obstacles to 

the DT application in the PSS development process?” and “Does DT improve 

the PSS development process?”. 

• Cases selection: Few focused case studies were used. Voss (2009) highlights 

the limitations of using single cases. The conclusions of few cases cannot be 

generalized and there is a risk of misjudging isolate events. However, few 

cases allowed a deeper comprehension of each case.  

• Development of research instruments and protocols: The sources of data used 

in the case studies were personal observation, informal conversations, and 

attendance at meetings and events (VOSS; TSIKRIKTSIS; FROHLICH, 2002, 

p. 204). In this proposal, the researcher acted as an observer of the DT 

methodology, attending the DT process, which was divided into workshops or 

sessions. All sessions were attended by the researcher and personal 

observation was done. A logbook of the observation was made with time-lapse 

photos, audio recording and note taking. The informal conversations were also 

structured using a DT method called “I like, I wish, What if” proposed by 

Plattner (2010, p. 44). This method is proposed in order to provide a more 

structured and constructive feedback, where interviewed people discourse 

about what aspects they enjoyed, what they wish had happened but did not, 
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and proposals for improvements. The feedback must always be performed in 

first person, avoiding direct criticism and encouraging people to expose their 

feelings. According to Plattner (2010, p. 44), this structure inspires open 

feedback, since people do not feel like accusing, but as exposing their feelings 

about the process.  

In every session, the observed events were synthesized and the remarkable 

points were highlighted. The feedbacks in the informal interviews were recorded in 

audio and relevant aspects were synthesized separately. In the end of every session 

of the process, all involved members provided timely feedback about the experience 

of the day. 

The results obtained with the case research provide Deliverable 6: Empirical 

DT applications (see chapter 4). 

3.2.4 Identify Design Thinking Recurrent Activities 

This step aims to partially achieve G1 goal: Characterize the DT approach 

based on the recurrent elements, aiming at comparing them with PSS development 

process models. 

It is necessary to identify what activities of DT are recurrent, i.e., what are the 

recurrent21 activities among DT authors, typically characterizing this approach. The 

selected documents about the DT approach that cover the application in detail were 

books and online toolkits or methodologies of well-known institutes, such as IDEO 

and d.School22, and researchers. The activities were extracted from those 

documents. It is important to notice, however, that it is hard to extract them, since  

each activity must be found embedded in the text. This sub-section presents a 

method to identify activities embedded in the text of those documents. To ease the 

reader’s comprehension, it is divided in two parts: the introduction of the main 

concepts used (sub-section 3.2.4.1) and the description of the complete method 

(sub-section 3.2.4.2). 

                                                
21 The design thinking recurrent activities are considered in this work as the activities that are common to most DT 
methodologies, i.e., more than half of them. 
22 For more information about those documents and their institutions, see subsection 2.6. 
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3.2.4.1 Introduction to the Main Concepts of the Method 

In order to systematically extract the activities from the text, this research 

proposes the use of corpus linguistics, an empirical analysis that employs “a large 

and principled collection of natural texts, known as ‘corpus’”, and which is usually 

characterized by the use of automatic computer-based techniques and is grounded 

on “quantitative and qualitative analytical techniques” (BIBER; CONRAD; REPPEN, 

1998, p. 4). Together, according to Biber, Conrad and Reppen, (1998, p. 4), those 

characteristics provide strong reliability and allow the researcher to identify complex 

language patterns in the corpus. 

Corpus linguistics is seen as a proper approach for identifying the activities 

that are embedded in DT methodologies since it “allows researchers to identify and 

analyze complex ‘association patterns’: the systematic ways in which linguistic 

features are used in association with other linguistic and non-linguistics features” 

(BIBER; CONRAD; REPPEN, 1998, p. 5).  

The linguistic feature to be analyzed is a complex structure, since an activity is 

described by means of a set of words combined in a grammatical structure. To 

structure this linguistic feature, it was chosen to use the concept of frame, from the 

field of Frame Semantics. Fillmore (1982, p. 111) defines ‘frame’ as “any system of 

concepts related in such a way that to understand any of them you have to 

understand the whole structure in which it fits”.  

The research project known as FrameNet (BAKER; FILLMORE; LOWE, 1998, 

p. 87) provided a frame database, “containing descriptions of each frame’s basic 

conceptual structure and giving names and descriptions for the elements which 

participate in such structures”. In this database, the frame “Activity” is described as 

following:  

“An abstract frame for durative activities, in which the Agent 
enters an ongoing state of the Activity, remains in this state for 
some Duration of Time, and leaves this state either by finishing 
or by stopping. The Agent’s Activity should be intentional. This 
frame is intended mostly for the inheritance of common FEs 
[Frame Elements], and to provide the frame structure for the 
beginning, ongoing, finish, or stop stage of an Activity, each of 
which constitutes a subframe of this frame.” (BAKER, 1997) 
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The structure of the “Activity” frame proposed by  Baker (1997) is illustrated in 

Figure 17. 

Figure 17 - Frame "Activity"  

 
Source: Elaborated by the author 

First of all, it is important to highlight that the frame “activity” has one frame 

element that is also called “activity”. Thus, it is important to pay attention when we 

are referring to one or to the other. 

Secondly, it is necessary to understand the difference among the core and 

non-core elements. According to Ruppenhofer et al. (2010, p. 19), “a core frame 

element is one that instantiates a conceptually necessary component of a frame, 

while making the frame unique and different from other frames”. Thus, a sentence 

cannot represent an activity if there is no agent executing it. It is important to highlight 

that an agent here is necessarily a person or group of people. When the subject of a 

sentence is inanimate, it cannot be considered as agent in the activity (e.g. “Empathy 

will raise creativity in the group”). Also, if the subject of the sentence is omitted due to 

the grammatical construction, but the context clarified that it is a person or group of 

people, then the agent is considered as existent (e.g. “Create ideas for a short period 

of time”) (RUPPENHOFER et al., 2010, p. 20).  

Differently from core elements, a non-core element is peripheral, not uniquely 

characterizing a frame, but complementing it with extra information (RUPPENHOFER 

et al., 2010, p. 20). Thus, the frame elements “duration”, “manner”, “place” and “time” 

are not mandatory for a frame to exist.  

For the corpus analyzed in this research, the frame element “Activity” is 

always represented by an action, which is described by a verb, and an object, which 

is described by a noun. Thus, the frame “Activity” was adapted to ease this analysis 

as shown in Figure 18. 
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Figure 18 - Frame "Activity" adapted for this context  

 
 Source: Elaborated by the author 

This adapted frame structured each sentence in the corpus that represented 

an activity. This process is explained in more detail on the next sub-section (3.2.4.2). 

However, there is still a last main linguistic concept that is required to understand the 

method for activity identification: the lexical hierarchy and semantic relations. 

The words may relate among themselves by means of semantic relations. The 

semantic relations used in this research are the following: hypernym, hyponym, 

troponym, synonym, and derivationally related form. Those relations are explained in 

Table 12. 

Table 12 - Semantic relations used in this research  

Relation Description Example 

Hypernym 
[noun, verb] 

'A is a hypernym of B' means 'B is a 
kind of A' Car is a hypernym of cab 

Hyponym 
[noun, verb] 

'A is a hyponym of B' means 'A is a kind 
of B' Cab is a hyponym of car 

Troponym 
[verb] 

'A is a troponym of B' means 'doing A is 
a manner of doing B' 

To march is a troponym of 
to walk 

Synonym 
[noun, verb, adjective, 

adverb] 

'A is a synonym of B' means 'A and B 
have the same meaning and are 

interchangeable in a given context' 

Car is a synonym of 
automobile 

Derivationally Related 
Form 

[noun, verb, adjective] 

'A is a derivationally related form of B' 
means 'A and B have the same root 

form and are semantically related, but 
are in different syntactic categories" 

Automobilist is a 
derivationally related form 

of automobile 

Source: Adapted from Ignatow and Mihalcea (2017, p. 44). 

All the concepts presented in this sub-section are useful in understanding the 

method for activity identification presented in the following sub-section. 
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3.2.4.2 Method for Activity Identification 

This sub-section details how the corpus linguistics method was combined with 

frame semantics in order to identify the recurrent activities of DT, besides matrix-

based methods for data processing. 

In order to systematically perform this analysis, the authors proposed this 

method, which was evolved by means of iterative tests and improvement (ROSA; 

ROZENFELD, 2015, 2016a, 2016b). The method is illustrated in Figure 19. Since in 

some parts the codification depends on the researchers’ analysis of the meaning of a 

given word, up to step 6 the work was manually performed. To overcome this 

limitation, the results were performed together with two research assistants in order 

to validate the meaning of each word from the thesaurus. After that, one PhD 

candidate from the Integrated Engineering group also reviewed the results of this 

analysis. 

Figure 19 - Method for activity identification  

 
Source: Elaborated by the author 

Each step of the method is explained below: 
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1. Select DT methodologies: This step covers the definition of what DT 

methodologies must be analyzed. The methodologies were selected by 

assessing many sources of information in literature review. The methodologies 

to be used, as well as how they were selected, are explained in subsection 

2.6.  

2. Identify methods and tools: Methods and tools compose each DT 

methodology. Activities are usually embedded in their description. Thus, it is 

necessary to separate what are the text excerpts that describe the methods 

and tools.  Here, the researcher identified what excerpts of the methodologies 

referred to each method. Those excerpts together composed the corpus that 

was submitted to analysis. 

3. Identify clauses for frames: As explained in sub-section 3.2.4.1, a frame was 

used to structure each activity. The frame is illustrated once again in Figure 

20. The procedure illustrated in Figure 21 was followed to identify each clause 

that composed a frame. The flow chart represents the process, while the gray 

boxes explain each action taken. It is important to recall that a frame only 

exists when all core elements are present. (KROEGER, 2005) 

Figure 20 - Frame "Activity" adapted for this context  

 
Source: Elaborated by the author 

4. Compose frames: After all clauses are identified, it is necessary to compose 

each frame. There will be as many frames as clauses that were tagged as 

frames. The clause must be divided according to the seven frame elements of 

the adapted Activity frame. Each one of them is properly described on Table 

13. Examples of a frame composition based on a sentence are also provided 

in  Figure 22. 
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Figure 21 - Process for identifying clauses that  compose frames (continues) 
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Figure 21 - Process for identifying clauses that  compose frames (conclusion) 

 
Source: Elaborated by the author 
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Table 13 - Description of frame elements  

Frame Elements Description 

Agent The Agent is engaged in the Activity 

Activity [Action (Verb) + 
Object (Noun)] 

This FE identifies the Activity in which the Agent is engaged 

Duration This FE identifies the amount of Time an Activity takes. 

Manner 

Any description of the activity which is not covered by more 
specific FEs, including secondary effects (quietly, loudly), and 
general descriptions comparing events (the same way). It may 
also indicate salient characteristics of an Agent that also affect 
the action (presumptuously, coldly, deliberately, eagerly, 
carefully). 

Place This FE identifies the Place where the Activity occurs. 

Time This FE identifies the Time when the Activity occurs. 
Source: Baker (1997) 

Figure 22 –Examples of frame compositions 

 
Source: Elaborated by the author 

5. Codify the frame element “Action” for all frames: As seen before, the frame 

element “Activity” is composed by the frame elements “Action” and “Object”, 

which are respectively composed basically by a verb and a noun. In order to 

unify frames that represent the same activity and easily process all 

information, those frame elements (Action and Object) were numerically 
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codified. This codification was done differently for each one of them, 

depending on the semantic relations that each element has. This first step 

describes the codification of the frame element “Action”. The codification was 

done based on a first thesaurus, which started with the verbs proposed by Sim 

and Duffy (2003, p. 204) when the authors aimed to identify and classify the 

generic design activities originated in literature. It was done in order to keep a 

generic design terminology for the verbs, guaranteeing external 

understanding. However, those verbs may not be enough for covering all 

verbs used in the corpus. Thus, whenever new verbs appeared, they were 

added to the thesaurus. In order to select which verbs would be aggregated 

on the same numeric code, it was decided to group each verb with its 

hypernyms and troponyms based on the semantic relations proposed by the 

lexical database WordNet (PRINCETON UNIVERSITY, 2010), due to its 

reliability, since it was developed by hundreds of researchers throughout the 

world and has been tested in many distinct areas (FELLBAUM, 1998, p. 1). 

WordNet also proves to be applicable to this work in a better way than other 

famous thesaurus and dictionaries, such as the Cambridge Dictionary 

(CAMBRIDGE, 1999). It happens because “the relational semantics of 

WordNet reflect some of the structure of frame semantics”, relating words that 

share common frames (FELLBAUM, 1998, p. 5). However, when a verb 

cannot be found in WordNet, the Cambridge Dictionary was used as a second 

source, since it provides business-related words that strongly complement 

WordNet in the context of this research. The process to numerically codify the 

frame element “Action” is shown in Figure 23. It is possible to notice that the 

hypernyms were not always completely used, since the WordNet is a 

database built on general language corpora. Thus, whenever the meaning of 

an activity is lost when a given hypernym is used, then the words would not be 

grouped on the same code. They should be separated in that case. The final 

thesaurus is presented in Appendix F. 
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Figure 23 - Flow chart for codifying the frame element "action" 

 
Source: Elaborated by the author 

6. Codify the frame element “Object” for all frames: Differently from the 

codification of the frame element “Action”, no initial thesaurus was used. 

Instead, the WordNet (PRINCETON UNIVERSITY, 2010) was used for the 

whole process. For the objects, only the synonyms were grouped. The 

semantic relation “hyponym” reflects something that is part of a set. If they 

were grouped, a part of something would be considered as the whole. For 

example, it would be equivalent to saying that “simulation” would be similar to 

“creation”, its hypernym. It is different from the troponyms in the case of verbs, 

since troponyms represent a different manner of doing something, and not a 

part of something. Whenever the object cannot be found in WordNet, the 
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Cambridge Dictionary (CAMBRIDGE, 1999) must be used. There are words 

which meaning is not present in neither from those databases. In such cases, 

the meaning must be extracted from the text. The extraction of synonyms from 

the text in the case of context-specific words is also strongly recommended, 

since both databases are built upon common language corpora. Thus, it is 

necessary to identify synonyms based on the corpus of analysis. One example 

is the object “design challenge”. In the Bootcamp Bootleg methodology it is 

possible to identify that “design challenge” is synonym to “Point of View 

(POV)” and “problem statement” by means of the sentence “Begin with your 

Point of View (POV) or problem statement.  Break that larger challenge up into 

smaller actionable pieces” (PLATTNER, 2010, p. 26). The use of the word “or” 

and the relative pronoun “that” shows that those words are the same. Finally, 

the object is not necessarily a single word as usually happens to the action. 

Actually, it may be composed even by complex sentences. Thus, a rule must 

be established to extract the part of the object that will be used for codification. 

It was defined that the semantic nucleus of the object shall be used. It is 

important to highlight that not always the semantic nucleus matches the 

grammatical nucleus. Thus, the flow chart of provides a detailed explanation 

on how to properly extract the semantic nucleus based on the rules provided 

in Appendix C. Those rules were obtained by means of analyzing all objects 

and verifying if they were applicable to all of them. Only one exception is made 

on this method: when the noun is a living object. It was noticed that authors 

interchanged words to deal with external people, such as customer, client, 

user, stakeholder, and even the word “people”. For this reason, those terms 

were unified under their hypernym (“external people”). The same was done for 

the people of the team, which were called interchangeably as team, group, 

team members, and so forth. They were unified as its hypernym (“group”) as 

well. Figure 24 illustrates the process for codifying the frame element “object”. 
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Figure 24 - Flow chart for codifying the frame element "object" 

 
Source: Elaborated by the author 

7. Attribute codes to the activities: Each frame identified within the method 

description was replaced by a code. This code is the combination of the action 

code and the object code.  
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8. Relate methods and activities: This step aims to organize the results and 

prepare the data for the next step, where analyses are performed. The 

analytical operations were based on calculation by means of domain mapping 

matrices (DMM23). The DMMs used in this work related methods with their 

activities. Figure 25 illustrates a simplified schematic of the DMM. In the DMM, 

the rows were named sequentially with all methods and tools. The columns of 

the DMM were also sequentially labeled with all activities that appeared in the 

analysis. The procedure to compose it is explained below, being adapted from 

what is proposed by Rosa and Rozenfeld (2016b, p. 105-108). The whole 

procedure was executed by automatic macros that processed the data. 

Figure 25 - Domain mapping matrix (DMM) schematic 

 
Source: Adapted from Rosa and Rozenfeld (2016b, p. 106) 

a. Each method/tool from all DT methodologies found in the corpus must 

label each line i of the DMM. Each activity identified in the description of 

each method from all DT methodologies that compose the corpus, after 

its codification under a unique code, must label each column j of the 

                                                
23 A DMM is a matrix that represents the connections between two different domains (EPPINGER; BROWNING, 
2012, p. 236).  
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DMM. This combination is the basic structure for all DMMs that must be 

assembled. 

b. For each method/tool i cited by each methodology, identify what 

activities j, after its codification, describe that method and insert the 

value 1 whenever this connection is true for each element (i,j). 

c. When all methods were completely filled in the DMM, insert value 0 to 

each empty element. 

9. Identify recurrent activities: This work considers as recurrent activity every 

activity that is cited by the majority of the authors. Thus, the recurrent activities 

were extracted as following: Every activity that appeared in at least half of the 

methodologies included in the analysis were considered.  

10. Pre-analyze results: After the recurrent activities were identified, they were 

analyzed with an external perspective of the method. In fact, Biber, Conrad 

and Reppen (1998, p. 5) emphasize that corpus linguistics require further 

“qualitative, functional interpretations of quantitative patterns”. If modifications 

are needed, they must be well reasoned and explained. Some activities that 

resulted from the analysis of the 9th step could be too low-level or generic 

when compared with typical PSS development process models or could be a 

synonymic activity of another recurrent activity with distinct grammatical 

structure. In this step, those low-level or synonymic activities were discarded. 

11. Correlate activities: Matrix operations can be performed with the DMM in order 

to organize the recurrent activities in clusters. First of all, the DMM was 

prepared. Only the recurrent activities were kept. The DMM was transposed 

and multiplied by itself ([DMM]T x [DMM]). It resulted in a DSM24 that related 

activities among themselves, which is generically illustrated in Figure 26. In 

the main diagonal, each element (i,i) represents how many times an activity i 

appears in all methods. In addition, each element (i,j) out of the main diagonal 

represent how many times each activity i and j appear correlated to each other 

                                                
24The DSM is a square matrix that relates the same domain with itself, normally being used to relate product 
functions or parts in order to modularize it (EPPINGER; BROWNING, 2012, p. 2). 
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in the DT methods. It means that those activities usually are applied together 

and have a dependency relationship between themselves.  

Figure 26 – Final DSM correlating activities with themselves 

 
Source: Rosa and Rozenfeld (2016b, p. 106) 

12. Assemble activity clusters: Based on the DSM that was obtained in the 

previous procedure, it is possible to identify activity clusters, i.e., sets of 

activities that are commonly performed together in the DT methods. Those 

activity clusters unify activities that should be performed in a similar moment of 

the DT approach. The clustering algorithm proposed by Thebeau (2001), 

which is recommended and available for download by the DSM community 

(LINDEMANN, 2016), is proposed for assembling the activity clusters. The 

computational cost for obtaining the optimal result is extremely high, since it 

would take as much permutations as the DSM size factorial. The algorithm 

proposed by Thebeau (2001) provides near-optimal results with a low 

computational cost. The parameters of the algorithm must be tuned according 

to the problem (THEBEAU, 2001, p. 79). The parameters were tuned as 

shown in Table 14. Since the algorithm does not provide the best solution, the 

algorithm was executed 100 times and the minimum coordinated cost25, i.e., 

the solution with better clusters, was selected. 

                                                
25 Coordination cost is the objective function that the optimization routine tries to minimize (THEBEAU, 
2001, p. 28) 
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Table 14 - Parameters used for the clustering algorithm 
Parameter Value Description 

pow_cc 1 It is a penalty for the size of the cluster on the calculation of 
the clustering cost. 

pow_bid 1 It is an exponential factor that penalizes the size of the 
cluster 

pow_dep 4 It is an exponential factor that emphasizes the interactions 
inside each cluster 

max_cluster_size 46 It is the maximum size a cluster can achieve. In this case, it is 
the size of the matrix. 

rand_accept 92 
It specifies how often to accept the bid from the second 
highest bidder instead of the highest bidder. It is 
recommended to use the double of the maximum matrix size. 

rand_bid 92 
It randomly makes a change by making an element a 
member of the highes bidding cluster even if the change did 
not improve the calculated objective cost. 

times 2 It specifies the number of times the algorithm will pick a new 
element before checking for stability. 

stable_limit 2 It specifies the number of times the algorithm must loop 
through the process without making a change. 

Source: Adapted from Thebeau (2001, p. 31) 

13. Structure and analyze final results: The final results were structured and 

analyzed in order to properly communicate its findings, what was done by 

means of tables and descriptive text. 

14. List relevant DT activities for integration: The activities obtained so far are the 

activities that characterize the common description of the DT approach. 

However, there may be situations where one single author contributes in a 

different way with the DT approach, and this contribution may be relevant. In 

this case, this contribution should be considered in the integration of DT and 

PSS development process. Thus, the complete list of DT activities, i.e., all 

activities that appeared at least once in the corpus, was submitted to one 

expert's analysis, who has more than 30 year of experience in development 

process models and also has some experience on DT application, in order to 

select every activity that was in a proper level of detail, excluding generic, low-

level, and synonymic activities, and keeping all relevant activities. 

This whole method is responsible for generating Deliverable 7: Recurrent and 

Relevant Activities of DT (see sections 5.1 Recurrent Activities Based on Corpus 
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Linguistics, 5.2 Recurrent Activities of Design Thinking After Additional Analysis, 5.3 

Activity Clusters, and 5.4 Design Thinking Relevant Activities). 

3.2.5 Identify Guidelines for the Design Thinking Approach 

This step completes the achievement of goal G1: Characterize the DT 

approach based on the recurrent elements, aiming at comparing them with PSS 

development process models. Without guidelines, the essence of DT activities is lost. 

Those guidelines are good-practices that support people on assuming the proper 

behaviors and mindset in DT. This is a very important part of DT, since the people’s 

mindset is essential for a proper DT application. There are two kinds of guidelines. In 

a DT methodology, it is possible to identify generic guidelines, which are usually 

called as “mindsets” or “principles” by the authors, and describe how behaviors 

should be framed during the whole process, such as “focus on human values”. It is 

possible to notice also specific guidelines associates with recurrent activities, such as 

‘always observe people in their context’. Observing people is an activity, but its 

complement (‘in their context’) is a guideline on how this activity should be done. 

Usually, DT authors propose the core necessary generic guidelines in the 

beginning of their methodologies. Those recommendations shall be listed together as 

a first major collection of generic guidelines and filtered, selecting those that appear 

on at least more than one methodology. 

 There are yet specific guidelines related to the recurrent activities. Those 

specific guidelines are prepared for first analysis in the method proposed on sub-

section 3.2.4.2. When activities are structured inside the frames on the 4th step of 

sub-section 3.2.4.2, their specific guidelines are structured together in the shape of 

the frame elements that complement an activity: agent, duration, manner, place and 

time. Thus, this step only requires processing those guidelines. 

Here, the proposal is to assemble one single frame for every recurrent activity. 

Each frame represents one single activity with unique code. If they were selected as 

recurrent, it is expected that this code appeared at least a number of times equal or 

greater than half of the number of methodologies. Thus, on this unique frame, all 

frame elements that complement the activity were combined together (i.e. every 
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agent, duration, manner, place and time that appeared within that given code). An 

example is illustrated in Figure 27. 

Figure 27 - Example of compilation for guidelines in the recurrent activity "Create Empathy" 

 
Source: Elaborated by the author 

This part is very important to complement the recurrent activities. For example, 

the activity “test prototype” on the context of DT is not the same of this activity in the 

traditional product development process. The first one deals with low-resolution, 

simple prototypes that are tested early and often, while the other deals with 
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prototypes based on detailed design. This difference is only clearly noticed when the 

specific guidelines are observed. 

This step generates Deliverable 8: DT Guidelines (see sections 5.4 Generic 

Guidelines of Design Thinking Methodologies and 5.5 Specific Guidelines of 

Recurrent Activities of Design Thinking). 
 

3.2.6 Compare Design Thinking Activities with Product-Service System 
Development Process Activities 

This step is related to goal G2: Compare the DT approach with FEI models 

and PSS development process models. One of the reasons of this analysis is the fact 

that DT is not a completely new approach and there are elements of DT spread in 

development process models. The intention here is to find out what activities of DT 

were already a part of the PSS development process models. The other reason for 

this analysis is to identify how DT activities are distributed in the PSS development 

process, in order to understand how much of it DT covers. 

In order to do that, the results of another research from the Integrated 

Engineering Group, which is under development on the PhD thesis of Caio Nunes, 

were used. That research identified a set of activities extracted from 14 PSS 

development process models from literature. This extraction was executed jointly with 

the analysis performed in this research to identify the recurrent activities of DT, also 

following the same method proposed on sub-section 3.2.4.2 until its 7th step. The 

thesaurus proposed for the PSS activities is aligned with the thesaurus of this work 

and can be seen in Appendix F. 

Thus, since all activities of the PSS development process that were extracted 

in the work of Caio Nunes and all activities of this work were numbered in a coherent 

way, a processing excel macro was developed to identify what codes from the DT 

frames matched the codes of the PSS activities. This analysis was performed with all 

DT activities and with the recurrent activities, also considering activities that were 

repeated twice and three times by different methodologies. Those results were 

processed and divided in PSS development phases to elucidate the DT activities 
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throughout the PSS development process. Then, the greatest insights were 

highlighted and illustrated in tables and schematics. 

This step generates Deliverable 9: Comparison of DT and PSS Development 

Process Models (see chapter 6). 

3.2.7 Compare Design Thinking Activities with the Front-End of Innovation 
Models Activities 

This step is also related to goal G2: Compare the DT approach with FEI 

models and PSS development process models. This step is a complement for the 

analysis proposed on sub-section 3.2.6. The complete development process is very 

large and thus, the beginning of the development process may be over-simplified in 

its presentation in literature. However, many authors describe in literature that the 

greatest compatibility of DT is in the Front-End of innovation (GERICKE; MAIER, 

2011, p. 5; KIMBELL; JULIER, 2012, p. 16). 

The method used for this step of the methodology of this research is the same 

proposed on sub-section 3.2.4.2 until its 7th step, this time with the focus on FEI 

models in literature. 

First of all, a product development process model was used to show the 

similarity of product development and PSS development. It was done because 

product development theory is better structured in literature, since it has been an 

object of study for a longer time, and FEI models for product development could 

complement the PSS development models. PSS development models are commonly 

presented as a whole, while product development literature has many propositions of 

models that approach exclusively the FEI. Besides, usually product development 

process models are presented in books, while PSS development process models are 

more presented in papers. Thus, more detail is commonly provided in product 

development process models. Consequently, product development FEI models may 

provide more detail on the FEI than current PSS development process models. 

 The same processing excel macro proposed in sub-section 3.2.6 was used to 

process the results and identify what DT activity codes are present in product 

development FEI models and PSS development process models, considering this 
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time only activities that appear on the FEI. Those results were processed and 

represented by dividing the activities in stages of the FEI, in order to elucidate the 

activities distribution throughout the FEI stages. The most important insights were 

highlighted based on the results obtained from this analysis. 

This step generates Deliverable 10: Comparison of DT and Front-End of 

Innovation Models (see chapter 7). 

3.3 Prescriptive Study 

The Prescriptive Study stage aims to prescribe how the improvement of the 

design process should be done, called by Blessing and Chakrabarti (2009, p. 34) as 

“intended support”. This research aims to reach an initial version of the prescriptive 

study. 

The Prescriptive Study is composed by only one activity: A3.1 Prescribe 

method for integrating DT into PSS development process models. 

The deliverable that must be generated in the Prescriptive Study is the 

following: 

• Deliverable 11: Method for integrating DT into PSS development process 

models. 

This step is related to goal G3: Identify for what phases or activities of the PSS 

development process the application of DT is appropriate as a complementary 

approach. It provides an initial prescription of a method for integrating DT and PSS 

development process models. 

First of all, the comparison executed between DT and PSS development 

process was used to establish what phases of the PSS development are more 

compatible with DT based on the amount of similar activities proposed by both 

approaches. 

Then, the integration was proposed based on the hypothesis that common 

activities represented opportunity for integration and uncommon activities 

represented opportunity for complementing, as illustrated in Figure 28.  
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Figure 28 - Schematic of the hypothesis on which the prescriptive study is based 

 
Source: Elaborated by the author 

An integration based on four steps was proposed, based on DT recurrent 

activities and DT relevant activities and their comparison with FEI activities, both for 

product and PSS development. The findings obtained in the Descriptive Study were 

retrieved and were also used to complement the integration proposition. 

The FEI was represented according to its superposition of DT stages, applying 

the necessary modifications on its representation in order to allow a better 

integration, illustrating graphically the overview of a final integration. 
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4. Empirical Design Thinking Applications 

This chapter presents Deliverable 6: Empirical design thinking applications, 

which was generated by means of case research as explained in subsection 3.2.3. 

The empirical applications were performed in order to improve understanding in the 

phase of Descriptive Study I. Two cases were performed. The first one, explained in 

section 4.1, was focused on a product development. However, the final solution was 

a product-oriented PSS. The second case, covered in section 4.2, aimed to 

servitizate a product already offered by an enterprise, reaching as a final solution a 

use-oriented PSS. 

4.1 Case Alpha 

This first case, which is hereinafter referred to as “Case Alpha”, was 

performed with the goal of exploring the DT process, independently of the 

development type, i.e., product, service or PSS. The initial proposition of the 

company was to develop a new product. However, the DT process resulted in a 

product-oriented PSS. Thus, it also provided interesting insights on how the DT 

process can generate PSS solutions and some of the possible obstacles. 

The case was performed in a Brazilian mid-size solar heaters manufacturer 

recently bought by a German company. At the acquisition moment, the enterprise’s 

annual revenue was around 12 million euros. The Brazilian enterprise has about 300 

employees, while the German company has more than 10.000 employees.  

The German company noticed that the customers were unsatisfied with their 

solar heater and demanded better results from the Brazilian company, who, then, 

decided to develop a new product, possibly even using new technologies for a 

complete new solar heater system.  

They requested the Integrated Engineering Group to support the development 

of the new product by using the DT approach. The researchers of the Integrated and 

Integration Engineering group will from now on be called “researchers”.  
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The scope of this case covers the creation of an innovative concept for the 

new solar heater, i.e., the first two phases of the front-end of innovation when 

considering the generic proposition of section 2.3.2. Other stages of product or PSS 

development are, thus, out of the scope of this case. 

This case will be divided into two subsections. The first one (subsection 4.2.1) 

provides an overview of what was performed in the case, providing understanding 

about the context. The second one (subsection 4.2.2) summarizes the main findings 

obtained in the case study. 

4.1.1 Case Alpha Overview 

Before the case study started, one of the members met key people of the 

Brazilian company in order to explain how the DT process would proceed. They also 

defined the design challenge to be worked on, i.e., the challenge that would frame 

every strategic decision during DT, such as which people to understand and which 

methods to use. The design challenge was the following: “How to generate a 

differentiated experience on the acquisition of a pool heating system?”. 

Four members of this author’s research group were assigned to participate in 

the process, including the author of this dissertation. All researchers were engineers, 

three of them from production engineering and one from aeronautical engineering. 

Other six collaborators of the enterprise were assigned, requesting maximum variety 

in background: the unit director, one development engineer, one person from 

marketing, one person from technical assistance, and two people from sales. The 

researchers were always present in all sections, actively participating on each 

session as members of the design team. Some company members, however, missed 

some workshops. 

Henceforth, those ten individuals will be referred to as “team”. In order to 

manage the course of the process, one member from the research group, with 

experience in the DT process, was assigned as facilitator. The DT process was 

based on the d.School methodology (PLATTNER, 2010), being adapted according to 

the enterprise reality and resources. In the first session, the necessary generic 

guidelines for a good course of the process were explained and reinforced. Methods 
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from other DT methodologies were included during the workshops planning 

whenever the researchers thought they were necessary. 

The workshops were distributed according to the enterprise collaborators’ 

availability, following a periodicity of one time per week. Some of the workshops were 

half-time (4 hours) and others were full-time (8 hours). Seven workshops were 

performed in total. 

The enterprise provided a dedicated room inside the company facilities with 

enough space for free movement and all necessary infrastructure.  

At the end of each section, the participants’ feedback was demanded in the 

shape proposed by Plattner (2010, p. 44) in the method “I like, I wish, What if”. This 

method stimulates a true constructive feedback, getting from each participant what 

she/he liked the most, what she/he wishes had happened, and suggestions to 

improve the workshops. Those feedbacks were recorded in a voice recorder and 

were completely transcribed in order to correctly identify all relevant complaints and 

compliments. 

Planning was done before each session, for that specific session. The 

methods were selected according to the discoveries and needs during the process. In 

some workshops, the planned activities could not be completely performed. 

Whenever it happened, the activity was continued on the following session. 

The whole DT process was performed during the workshops only, except for 

interviews, which were also conducted in moments out of scheduled workshops. The 

methods for DT are illustrated in Figure 29. For more information about each method, 

refer to the respective authors cited in in Figure 29. It is important to highlight that, 

even though the graphical representation of the process is linear, it was strongly 

iterative, going back and forth whenever it was necessary. 

Before the process started, a 90-minute-long exercise that is offered for free 

by d.School (“An Introduction to Design thinking” – The Wallet Project) (D.SCHOOL, 

2011) was performed to introduce the DT. It provided the team members with no 

experience on DT with a basic understanding of the process.  
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Figure 29 - Planned methods for the design thinking process in case Alpha  

 
Source: Adapted from Plattner (2010, p. 1-5) 

4.1.2 Case Alpha Findings 

This section summarizes the findings of the case study that are the most 

relevant for this work. The explanation of all occurrences that led to those 

conclusions is provided in Appendix D.  

The findings are presented in Table 15. They are divided in three categories: 

to be emphasized, to be improved, and to be further explored26.  Those findings are 

further used in the proposition of a method for integrating DT in PSS development 

process models (chapter 8). 
  

                                                
26 This structure is used based on the structure of Case Beta (section 4.2), which was published as 
partial results of this dissertation (ROSA et al., 2016). Thus, some of the sentences used to 
summarize the findings are used in the shape proposed in that publication. 
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Table 15 - Main findings obtained in case study “alpha” 

To be emphasized 

DT is capable of supporting the development of PSS ideas. 

The stakeholders map is essential to align who effectively are the stakeholders related to the 
problem. The team may not surely know who the indirect stakeholders are. 

The active observation or participation of stakeholders is necessary for understanding their 
experience journey. 

To be improved 

Iteration and non-linearity may be frustrating. 

It is essential that the same people participate of the whole project to avoid losing tacit 
knowledge and guarantee that all members have the same knowledge degree about the 
problem. 

It is important to provide a long period of complete dedication to the process. Short 
workshops surrounded by other commitments may restrict the quality of the process results. 

The entire team must be provided with the appropriate mindset related to the DT approach 
and good-practices of the product development process. 

The team usually starts the process with a concept in mind. It is important to keep it aside to 
enhance creativity in the DT process. 

To be further explored 

Should the whole team have contact with the DT process before in order to obtain optimized 
results? 

Is external support really necessary for the DT process to run properly? 

Is it possible/desirable to align DT with marketing analyses? 

How to test with the maximum number of customers with reduced risk of leaking and 
enhanced trust by the enterprise? 

Up to what detail level should DT go and what is the ideal duration for applying it? 
Source: Elaborated by the author 

4.2 Case Beta 

This case27 was performed in a Brazilian mid-size health-care equipment 

manufacturer. The enterprise counts on 450 employees and is one of the leaders in 

the health-care equipment industry in Brazil. Its global achievement led this company 

to export its products to more than 30 countries. 

A large product portfolio and high maturity in product development and 

manufacturing characterizes this enterprise. However, its experience with service is 

limited, as well as its competitors’. 

                                                
27 This case was published as a partial result of this dissertation (ROSA et al., 2016). This section 
superpose the content of this publication, containing equal parts and additional parts of it. 
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The company wanted to expand one of its diagnostic imaging products’ market 

share by offering it as a PSS to low-profit customers. This product represented 

mostly B2B trades and required high expenditures from customers, what limited its 

market share to few high-profit or high-use customers. This fact contributed to the 

lost of potential sales that were meaningful to the company’s revenues.  

They invited the Integrated Engineering group to help them to servitize an 

existing product. To support this servitization process, a framework for servitization28 

(PIERONI et al., 2016, p. 414) was applied, which covers the whole front-end of 

innovation and the embodiment design. One of the stages of the FEI proposed by 

this framework is the value proposition, which is performed by means of DT. This 

case study covers the application of DT in this context. This value proposition stage 

is embedded in other FEI stages proposed by the framework: Business analysis, 

Value proposition, Initial business model, and Business Case.  

The project had a very limited deadline. Since the value proposition was just 

part of the whole project, the DT process had to be limited to a small period of time.  

This case will be divided into two subsections. The first one (subsection 4.2.1) 

provides an overview of what was performed in the case. The second one 

(subsection 4.2.2) summarizes the main findings obtained in the case study. 

4.2.1 Case Beta Overview 

Before the case study started, an understanding stage was performed in order 

to capture as much information as possible about the business, as well as its 

opportunities and its qualities. This stage was performed by means of interviews with 

some stakeholders of great influence and connection with the product. It provided 

information to level the team’s knowledge, establish a first version of the current 

business model29 and define the challenge to be worked in the value proposition 

stage. 

                                                
28 This framework was submitted as a paper to the 8th CIRP IPSS Conference and more about it can be read in 
that work (PIERONI et al., 2016). 
29 Both current and future business models were structured by means of the business model canvas, proposed by 
Osterwalder and Pigneur (2010, p. 16-17), which is divided in nine “building blocks”: customer segments, value 
propositions, channels, customer relationships, revenue streams, key resources, key activities, key partnerships, 
and cost structure.  
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Four members of the Integrated Engineering Group were assigned to 

participate of the process, including the author of this dissertation. Each member had 

a different background. There were three master’s students and one doctoral student, 

each one graduated in a different area: Production engineering, chemical 

engineering, aeronautical engineering and design. Other four collaborators of the 

enterprise were assigned, each one also with a different background: Marketing, 

technical assistance, product development and human resources. Henceforth, those 

eight individuals will be referred to as team. Invitees were present in some 

workshops. They were members of the Integrated Engineering group, who were 

involved in other stages of the complete project. Their backgrounds were similar, 

since they were professors in the area of production engineering. The invitees were 

present in order to align knowledge for the following stages and to contribute with 

their knowledge and practice. 

Two facilitators were assigned, interchanging roles at each workshop day. 

Both of them had previous experience with the DT process. The methods selection 

was based on the d.School methodology (PLATTNER, 2010), being adapted 

according to the enterprise reality and resources. In the first session, the desired 

generic guidelines for a proper DT process were explained and reinforced. Some 

methods of other methodologies were included during the workshops planning 

whenever the facilitators thought they were necessary, mostly when the methods 

proposed by Plattner (2010) were more focused on products or when something that 

was not prescribed by Plattner (2010) was necessary. 

The workshops were distributed according to the enterprise collaborators’ 

availability. Some of them were part-time (4 hours) and others were full-time (8 

hours).  Eight workshops were performed. 

The enterprise provided a dedicated room inside the company facilities, with 

enough space for free movement and all necessary infrastructure.  

At the end of each section, the participants feedback was requested in the 

shape proposed by Plattner (2010, p. 44) in the method “I like, I wish, What if”, as 

explained in subsection 4.1.1. Those feedbacks were recorded in a voice recorder 
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and were completely transcribed in order to correctly identify all relevant complaints 

and compliments. 

An overall planning was done before the workshops started. As stated by 

Plattner (2010, p. 3), process awareness is important and an overall planning could 

improve it. Due to delays in certain discussions or new paths that the process started 

following, a re-planning was performed after each workshop. It was expected, since it 

is strongly reinforced in literature that the process in nonlinear, possibly being even 

chaotic. Also, the discoveries made during the process may show that a given 

method would be useless to a given situation while another could be essential. 

Due to the limited time, the team performed some tasks before the workshops. 

The team defined a challenge to be worked on, which aimed to improve their current 

B2B experience and to explore it as a B2C experience. Another problem was the 

short time between the first and the second workshops. In the first session, as shown 

in Figure 30, the team would perform the “stakeholders maps” method in order to 

identify which stakeholders should be interviewed. However, the short time between 

sections would not allow the interviews to be schedule. Not scheduling them, 

however, showed to be a bad practice in case Alpha. Thus, the stakeholders that 

were identified in the business analysis were scheduled, leaving further interviews for 

non-identified stakeholders. 

The final DT process used to develop the value proposition is illustrated in 

Figure 30 in the end of the process. Similarly to case Alpha, a 90-minute-long 

exercise to introduce the DT that was adapted based on the exercise offered for free 

by d.School (“An Introduction to Design thinking” – The Wallet Project) (D.SCHOOL, 

2011) was perform to assure that the team was introduced to the process.  
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Figure 30 – Performed methods in the DT process in case Beta 

 
Source: Adapted from Rosa et al. (2016) 

 

4.2.2 Case Beta Findings 

This section summarizes the findings of the case study that are the most 

relevant for this work in Table 16. It is divided three categories: to be emphasized, to 

be improved, and to be further explored. The explanation for each finding is 

presented in Appendix E. Those findings are further used in the proposition of the 

method for integrating DT into PSS development process models (chapter 8). 
  



102 
 

Table 16 - Main findings obtained in case study “beta” 

To be emphasized 

There is synergy among DT and business model creation methods. 

It is important for the team performance to be multidisciplinary. 

The stakeholders map is essential to align who effectively are the stakeholders related to the 
problem. The team may not surely know who the indirect stakeholders are. 

DT is useful for improving the existing product architecture and features to support the value 
proposition. 

For complex concepts, the tangible and intangible ‘chunks’ that compose the PSS concept 
can be distributed in an implementation roadmap covering the following years 

To be improved 

It is important to provide a long period of complete dedication to the process. Short 
workshops surrounded by other commitments may restrict the quality of the process results. 

It is essential that the same people participate of the whole project to avoid losing tacit 
knowledge and guarantee that all members have the same knowledge degree about the 
problem. 

The team must be provided with the appropriate mindset related to the DT approach and to 
the service-oriented perspective of PSS. 

The team usually starts the process with a concept in mind. It is important to keep it aside to 
enhance creativity in the DT approach. 

It is hard to convince the company to dedicate more time in the exploratory steps of the DT 
approach. 

Timidity can restrict service prototyping, which usually requires roleplaying. 

The trust among enterprises and customers is not enough to perform sufficient tests of the 
concepts. 

To be further explored 

Should the whole team have contact with the DT approach and PSS before in order to obtain 
optimized results? 

Is external support really necessary for the DT process to run properly? 

How to test with the maximum number of customers with reduced risk of leaking information 
and enhanced trust by the enterprise? 

How to define the ideal time duration for a DT application? 
Source: Elaborated by the author 

4.3 Discussions about the Cases 

The case studies presented in this chapter proved that DT can be useful in two 

contexts of PSS development: on case Alpha, covering the two first stages of the FEI 

in a product development process, which turned into a PSS during the process, and 

on case Beta, complementing business models creation methods during the 

generation of new human-centered business models during a servitization process. 
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In the second case, DT was particularly useful on providing the value proposition and 

the customers’ segmentation, but it was able to provide some information on other 

topics of the business model as well. DT also proved to be helpful on improving the 

target product architecture and features, even though the approach was focused on 

creating new services to generate a new PSS offer, complementing the usual 

statement of literature that DT is an approach for just creating new concepts. Thus, it 

shows some applicability is further stages of the PSS development process, such as 

providing improvement opportunities for the embodiment design. 

Both cases had compliments related to the overall methodology. It was said 

that the DT approach supported the team to “think outside of the box”. Both 

companies stated that, before, they were never thinking about the user experience, 

but only the product performance. The final results seemed to solve the greatest 

stakeholders’ problems that were identified. In case Beta, besides the basic desires 

and needs of the typical users, one great conflict among two stakeholders’ classes, 

for example, could probably be solved by means of the final solution. Also, a new 

class of clients was defined, since the obstacles that avoided them from buying the 

machine were solved 

An overall analysis of the main topics that should be improved shows that they 

are mainly connected to not assuming the proper mindset, both for the DT approach 

and the PSS development. The Bootcamp bootleg (PLATTNER, 2010, p. ii) 

methodology, for example, proposes the generic guidelines that should be followed 

continually during the process, such as crafting clarity and embracing 

experimentation. PSS development also requires a service-oriented mindset, among 

other behavioral guidelines. Only a few topics were directly related to the chosen 

methods. Thus, it is possible to say that most obstacles in the DT application were 

related to not assuming the proper mindset. It shows that DT is not only about the 

process to be performed, but mainly about how it is performed.  

One weakness that needs to be overcome is the lack of trust among 

companies and customers. In general, companies are afraid to involve their 

customers. This aspect must be overcome in order to make DT work. User 

involvement is a pre-requisite to perform DT. In fact, not only involving stakeholder, 

but also making them active in the process proved to be useful and insightful.  
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Another aspect that is essential on stimulating creativity in the DT approach is the 

use of a multidisciplinary team who goes through the whole process. Experience in 

different areas helps the team on building better ideas. 

Some methods proved to be very useful in DT application when a PSS is 

being developed. The stakeholder map (STICKDORN; SCHNEIDER, 2011, p. 143) 

provides a visualization of “staff, customers, partner organizations and other 

stakeholders”. The understanding of all stakeholders is important in every type of 

development., However, PSS development proposes a whole new experience that 

involves a complete network of stakeholders. Thus, this method is capable to support 

the beginning of PSS development process by providing who are the people that 

must be considered and how they are interrelated. Besides, the PSS solution is 

complex, composing a system of products and services with which the company may 

not have familiarity. The solution roadmap (IDEO, 2015, p. 136) supports PSS 

development by establishing a timeline on how the solution may be implemented by 

considering the company’s current limitations. Thus, an incomplete solution may be 

implemented in short-term and it may be upgraded according to the company’s 

capabilities, implementing the complete solution in long-term. Lastly, even though not 

many DT authors cite it, establishing a business model is recurrent when changing 

from a product-centered approach to a PSS approach. In order to provide an initial 

version of a business model, the Business Model Canvas (OSTERWALDER; 

PIGNEUR, 2010) is very useful. It proved to have synergy with DT, as explained 

before, and some DT authors cite it as a useful tool (IDEO, 2015, p. 123; 

STICKDORN; SCHNEIDER, 2011, p. 208). 

.  
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5. Elements that Characterize Design Thinking  

This chapter presents Deliverable 7: Recurrent and Relevant Activities of DT 

and Deliverable 8: DT guidelines. The first section (5.1 Recurrent Activities Based on 

Corpus Linguistics ) provides the results that were obtained by means of the method 

presented in subsection 3.2.4. Those results were further analyzed and filtered 

according to their level of detail, as provided in section 5.2 (Recurrent Activities of 

Design Thinking After Additional Analysis). The recurrent activities presented in 

section 5.2 were submitted to a clustering process, providing the activity clusters 

presented in the third section (5.3 Activity Clusters). The fourth section (5.4 Generic 

Guidelines of Design Thinking Methodologies) provides a summary of what are the 

generic guidelines proposed by the DT methodologies. The fifth section (5.5 Specific 

Guidelines of Recurrent Activities of Design Thinking) summarizes the specific 

guidelines obtained in the frames of the recurrent activities of DT. An overview of all 

results is presented in the sixth section (5.6 Summary of Design Thinking 

Characterization). Finally, the seventh section (5.7 Design Thinking Relevant 

Activities) presents the DT relevant activities obtained by means of expert’s analysis, 

which are used as a baseline for integrating DT and PSS development process. 

5.1 Recurrent Activities Based on Corpus Linguistics  

In this section, an analysis of the eight methodologies presented in subsection 

2.6 (FABRICANT et al., 2012; IDEO, 2015; KIMBELL; JULIER, 2012; KUMAR, 2013; 

LIEDTKA; OGILVIE, 2011; PLATTNER, 2010; RCA, 2010; STICKDORN; 

SCHNEIDER, 2011) was performed30, using the method presented in subsection 

3.2.4.2. The complete analysis is provided in Appendix N. In total, the eight 

methodologies were composed by 303 methods, which contained 6532 activity 

frames. However, excluding identical combinations of action and objects codes (see 

Figure 19 at page 73), those 6532 activity frames are replaced by 3326 activities. 

Specifically, for each frame element, i.e., action and object, the analysis provided a 

total of 802 different actions and 4801 different objects. When united according to the 

                                                
30 This analysis was partially supported by the undergraduate research assistants Giovana Fernandes Nogueira 
and Marília Rosendo in their undergraduate research projects, which are in synergy with this Master of Science 
research. 
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method provided in subsection 3.2.4, i.e., uniting actions to their hypernyms, 

synonyms and troponyms, and uniting objects to their synonyms, then 254 unique 

action codes and 916 unique object codes were reached. Those results are 

summarized in Table 17. 

Table 17 - Results summary 

Results Summary 
Methodologies 8 
Methods 303 
Activities (total) 6532 
Actions [verbs] (total) 802 
Actions [verbs] (synonyms and troponyms excluded) 254 
Objects [nouns] (total) 4801 
Objects [nouns] (synonyms excluded) 916 
Activities (identical codes excluded) 3326 

Source: Elaborated by the author 

The thesaurus is provided in Appendix F, where only the main meaning of 

each code is presented due to space issues. The complete set of activities (i.e., 

action and object combined) can be seen in the digital file (Appendix N), since the 

amount of the total activities is too large. It reached 8 DMMs of dimension 303x3326, 

providing, thus, a final DSM of dimension 3326x3326. An overall visualization of 

about 13% of the final DSM is illustrated in Figure 31. The figure is not legible. The 

goal is to provide an illustration of the amount of activities included in this analysis. 

Each activity may appear in 1 methodology up to 8 methodologies. The 

distribution of recurrences, i.e., the amount of activities that appear in at least 1, 2, 3 

and 4 methodologies, is illustrated in Figure 32. 

The amount of total activities that were provided by corpus linguistics (3326) is 

high. It happens because the analysis method used in this extraction counts every 

activity that appears, independently of its detail level. Differently from product and 

PSS development process models, which are usually provided in literature in a 

proper detail level and with systemized activities, DT is provided by means of 

methods and their description. Thus, activities were extracted from methods 

descriptions, which may contain really low-level or specific activities. For example, in 

a method proposed by Fabricant et al. (2012, p. 11) for defining the design challenge, 

one of the steps is written as following: “draw a star on the most important problems”. 
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This step is too low-level, composing a higher-level activity of selecting the design 

challenge. However, it fits the activity frame, being included in the complete activities 

set according to the analysis method.   

Figure 31 - Overall visualization of the first 450 activities of the DSM (13,5% of the total DSM) 

 
Source: Elaborated by the author 
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Figure 32 - Distribution of activities recurrences 

 
Source: Elaborated by the author 

When a filter is applied and only activities that are cited more than once are 

observed, most of low-level and specific activities vanish, since authors usually agree 

on higher level activities. Thus, Figure 32 shows a great reduction of activities when 

the recurrence in different methodologies is analyzed. 

There is only one activity cited by all authors, which is “decide people [who are 

relevant for your process]”. It does not mean that the others are not unanimity among 

DT authors. It just means that other authors may have written the same activity with 

another grammatical or linguistic structure. The same idea may be expressed in 

different ways, such as “create ideas”. Seven authors explicitly say, in the shape of 

an activity frame in methods description, that ideas must be created. However, 

Stickdorn and Schneider (2011, p. 174) don’t explicit it in the shape of an activity 

frame, even though it is easily understandable that ideas must be created. Thus, 

some authors may suppress an information that is clear by means of other 
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communication structures or may use different linguistic constructions, such as 

“interview people” and “command interviews”. 

This explains why, in this work, it was decided to use activities that were 

recurrent in, at least, more than half of the methodologies. It selects the activity 

structure that is used the most by the authors. They may use different words to 

express a same activity, but they usually employ words that are semantically related 

(hyponyms, troponyms or hypernyms), framing them in a similar grammatical 

construction. If a few of the authors express an activity with words that are not 

semantically related or with a different grammatical construction, this activity will still 

be selected if most of authors express it in a similar way. The probability of all 

authors describing the same activity in completely different linguistic styles is very 

low. Usually authors derive from similar sources and tend to have language 

consistency. However, some activities may be missed in cases where authors 

employ semantically non-related words or different grammatical constructions or 

when a single author provides a relevant contribution. Those activities were 

submitted to an expert’s analysis, as demonstrated in section 5.7 in order to select 

the relevant ones. However, they are not recurrent and are out of the scope of this 

section. 

• From all 3326 activities, only 68 were recurrent in at least half of the 

methodologies, i.e., 4 methodologies. Following the selection criteria explained 

in subsection 3.2.4.2, those were selected as recurrent activities of DT. Those 

activities are listed down in Table 18. To make sure those activities are all in a 

proper level of detail, a qualitative analysis is presented in section 5.2, where 

their relevance and uniqueness is assessed. Those activities appear in many 

different DT stages according to each author, being commonly cited in all 

stages of DT, or in the majority of them. The stage listed on the left of the 

activities is where that activity appeared the most. The stages of all DT 

methodologies were unified by means of the DT generic stages proposed on 

Figure 11 (page 47) of section 2.6.2. 
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Table 18 – Activities recurrent in the majority of methodologies (continues) 
DT 

Stage Activity DT 
Stage Activity 

E&P search patterns E&P create map 
E&P identify themes E&P create empathy 
E&P inform needs E&P create character 
E&P record photographs E&P create design criteria 
E&P use photographs E&P create understanding 
E&P inform [previous user's] experience E&P identify opportunities 

E&P decide people [who are relevant for 
the process] E&P use methods 

E&P create people [who are relevant for the 
process] ID appoint [project] group 

E&P analyze people [who are relevant for 
the process] ID decide ideas 

E&P identify people [who are relevant for 
the process] ID create ideas 

E&P focus on people [who are relevant for 
the process] ID combine ideas 

E&P interview people [who are relevant for 
the process] ID analyze ideas 

E&P engage people [who are relevant for 
the process] ID evaluate ideas 

E&P request people [who are relevant for 
the process] ID record ideas 

E&P bring people [who are relevant for the 
process] ID write ideas 

E&P talk with people [who are relevant for 
the process] ID build on ideas 

E&P analyze (design) challenge ID communicate ideas 
E&P inform topic ID draw ideas 
E&P command interviews ID create concept 
E&P create questions ID inform concept 

E&P use questions P&T understand people [who are relevant for 
the process] 

E&P ask questions P&T create stories 
E&P answer questions P&T test ideas 
E&P inform stories P&T inform ideas 
E&P analyze notes P&T create scenarios 
E&P create insights P&T use information 
E&P identify insights P&T create low-resolution prototypes 
E&P acquire insights P&T test low-resolution prototypes 
E&P understand insights P&T place low-resolution prototypes 
E&P spend time P&T give feedback 
E&P understand [external people] thoughts P&T request feedback 
E&P record observations P&T understand happenings 
E&P analyze information IMP get together [project] group 
E&P gather information IMP identify [design] solutions 

Legend (Generic Stages of DT methodologies) 
E&P Empathy Generation and Problem Definition 
ID Ideation 

P&T Prototyping and Test 
IMP Implementation 

Source: Elaborated by the author 
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5.2 Recurrent Activities of Design Thinking After Additional Analysis 

The final results of the corpus linguistics analysis were submitted to the 

judgment of the author of this research, based on the knowledge acquired through 

the literature review (see chapter 2) and practical application of DT (see chapter 4). 

A first critical analysis of the activities that resulted from corpus linguistics 

showed some activities that are in a different level of detail when compared to others. 

In an example of daily tasks, it is possible to compare it to the description of how to 

decorate a house. There are activities that actually aggregate value, such as “hang 

pictures”, “paint walls”, or go into more detail, such as “drill holes” and “nail hangers”. 

Some activities go into this level of detail and do not prescribe an adding value 

activity. Thus, they were not considered in the list of recurrent activities. Those 

activities were: Record photographs (which is the hypernymic composition of take 

pictures); Use photographs; focus on people [who are relevant for the process] (this 

activity is more similar to a guideline than an activity); Inform topics (which is related 

to clarifying and revealing topics and issues); Get together [project] group; Appoint 

[project] group; Create questions; Use questions; Ask questions; Answer questions; 

Spend time (usually associated with another activity on which the team should be 

spending time); Use information; Place low-resolution prototypes (usually appearing 

to say that the team should put the prototypes on the users’ hands); and Use 

methods. Those 14 activities were, thus, excluded from the recurrent activities list.  

However, those activities provide some insights on the DT process. For 

example, the activity “Spend time” is the only one that is only cited in a single stage 

of the DT process: Empathy Generation and Problem Definition. Although this activity 

alone means nothing (it is always associated to other activities), it shows that DT 

requests people to spend time on empathy generation and problem definition 

activities. In fact, it differs a lot from other DT stages, which recommend speeding up 

the iteration process, rapidly generating ideas, building fast prototypes and testing as 

soon as possible. However, the construction “spend time” recurrently appears on 

empathy generation, explicitly showing the need of spending more time on deeply 

understanding users and their context. Other activities, such as taking pictures and 
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using them, also provide insights, demonstrating that the visual appeal of DT is very 

highlighted by this recurrent recommendation. 

Besides those activities in different detail levels, other recurrent activities fmay 

be combined. It happens because the language allows many types of constructions 

to state the same thing. For example, commanding interviews is a synonymic 

construction of interviewing people. However, they have different verbs and objects, 

which have no semantic relation. This type of similarity is not included in the scope of 

the corpus linguistics analysis used in this work, otherwise it would intensively 

increase the complexity of the method. It would be necessary to evaluate each one of 

the 3326 activity codes and verify their compatibility, one by one. Thus, the automatic 

method performs a filter due to activities recurrences and the final result may be 

analyzed individually. The equivalent activities were cognitively identified after the 

results processing. The equivalent activities are shown in Table 19. 

Table 19 - Equivalent activities to be united 
Equivalent Activities Description 

• create people [who are relevant 
for the process]  

• create character 

Creating an archetypal character, also known as persona, 
that represents people who are relevant to the process, 
such as creating "a typical user". 

• bring people [who are relevant 
for the process] 

• request people [who are relevant 
for the process] 

Inviting and effectively bringing people who are relevant 
for the design process to participate jointly with the design 
team. 

• interview people [who are 
relevant for the process] 

• command interviews 

Interviewing relevant people, such as users, clients and 
other stakeholders in order to understand their behaviors, 
needs, thoughts and other characteristics. 

• acquire insights 
• identify insights 
• create insights 

The process of apprehending the true nature of 
something, such as a need, a behavior or a thought. The 
authors use different verbs associated to the noun 
"insights" as interchangeable structures to refer to this 
process. 

• write ideas 
• record ideas 

Recording ideas in order to have a traceable record of 
what happened during the design process. Writing is one 
way of documenting something, even though they are not 
semantically related in WordNet. 

• inform ideas 
• communicate ideas 

Communicating ideas, either to the design team or to the 
relevant people. Communicate is a hypernym of inform, 
however they were not connected in the thesaurus of this 
analysis because this connection would make some 
activities lose their core meaning. In this case, however, it 
is possible to unify them. 

• give feedback 
• request feedback 

Getting the opinion, either from the design team or from 
relevant people, about prototypes, ideas, concepts, 
solutions, or the pace of the design process. Giving is the 
complement of requesting. Thus, they were united. 

Source: Elaborated by the author 
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The recurrent activities kept after additional analysis are presented in Table 

20. The definition of all verbs and nouns is offered in the thesaurus of Appendix F.  

Table 20 – Final recurrent activities 
DT 

Stage Activity DT 
Stage Activity 

E&P search patterns E&P create design criteria 
E&P identify themes E&P create understanding 
E&P inform needs E&P identify opportunities 
E&P inform [previous user's] experience ID decide ideas 

E&P 
decide people [who are relevant for 
the process] ID create ideas 

E&P 
analyze people [who are relevant for 
the process] ID combine ideas 

E&P 
identify people [who are relevant for 
the process] ID analyze ideas 

E&P 
interview people [who are relevant 
for the process] ID evaluate ideas 

E&P 
engage people [who are relevant for 
the process] ID record ideas 

E&P 
request people [who are relevant for 
the process] ID build on ideas 

E&P 
talk with people [who are relevant for 
the process] ID communicate ideas 

E&P analyze (design) challenge ID draw ideas 
E&P inform stories ID create concept 
E&P analyze notes ID inform concept 

E&P create insights P&T 
understand people [who are relevant 
for the process] 

E&P understand insights P&T create stories 

E&P 
understand [external people] 
thoughts P&T test ideas 

E&P record observations P&T create scenarios 
E&P analyze information P&T create low-resolution prototypes 
E&P gather information P&T test low-resolution prototypes 
E&P create map P&T give feedback 
E&P create empathy P&T understand happenings 
E&P create character IMP identify [design] solutions 

Legend (Generic Stages of DT methodologies) 
E&P Empathy Generation and Problem Definition 
ID Ideation 
P&T Prototype and Test 
IMP Implementation 

Source: Elaborated by the author 

It is possible to conclude that the elementary building blocks of DT process 

can be represented by 46 recurrent activities. It does not mean that other activities 

are useless or unimportant. They just refer to particularities of each author and can 

be used as a complement in order to perform the DT process if those particularities 
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are needed. They may be seen as increments for the DT process, which may even 

support on risk reduction and quality improvement for the process results. However, 

the recurrent activities are useful to characterize the DT approach based on what 

authors commonly agree on. Those recurrent activities have a different distribution 

when each method from all methodologies is observed. This distribution is illustrated 

in Figure 33. 

Figure 33 - Number of methods where each recurrent activity appears 

 
Source: Elaborated by the author 
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It is possible to notice that the greatest focus of DT are people and ideas. In 

fact, it is even clearer when noticed that that those objects are recurrent in more than 

100 methods if only recurrent activities are considered. In fact, it makes sense that 

the five most used nouns in the recurrent activities are people, ideas, insights, 

information and prototypes, as shown in Table 21. It is compatible to the basic 

structure with which DT is usually referred to: Generate empathy, ideate, prototype 

and test. 

Table 21 - Objects from recurrent activities and their recurrences 

Object 
Number of 
recurrent 
activities 

Number of methods 
where recurrent 
activities appear 

People who are relevant for the process 8 122 
Ideas 10 106 
Insights 2 51 
Information 2 30 
Low-resolution prototypes 2 27 
Concept 2 26 
Stories 2 18 
Maps 1 16 
Character 1 11 
Patterns 1 11 
Feedback 1 10 
Opportunities 1 9 
Observations 1 8 
Understanding 1 8 
Design Challenge 1 7 
Design Criteria 1 7 
Notes 1 7 
Scenarios 1 7 
Empathy 1 6 
Needs 1 6 
Solutions 1 6 
People's thoughts 1 5 
Themes 1 5 
Happenings 1 4 
Previous user experience 1 4 

Source: Elaborated by the author 

Another aspect that is noticeable is the uneven distribution of the recurrent 

activities among the DT stages. This distribution is illustrated in Figure 34. The 

implementation stage has the minimum number of recurrent activities. It is expected, 

since in literature it is possible to notice that most authors disagree on this part of the 
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DT process. Some authors see the implementation as a stage that covers all the 

process until a learning launch (LIEDTKA; OGILVIE, 2011, p. 449-450), other authors 

propose the whole planning for implementation and the preparation of the business 

model (KUMAR, 2013, p. 27-28; STICKDORN; SCHNEIDER, 2011, p. 208), and 

other authors do not cover this stage at all (KIMBELL; JULIER, 2012, p. 11; 

PLATTNER, 2010, p. 1-5). Thus, it was expected that there would be a small 

convergence in this stage. 

Figure 34 - Recurrent activities distribution among DT stages 

 
Source: Elaborated by the author 

Simultaneously, on the other hand, the empathy generation and problem 

definition stage contains more than half of the recurrent activities. In fact, this stage is 

seen a very important part of DT. It provides the initial understanding and insights 

that will guide ideation. This information must be acquired, organized and analyzed, 

and there are many activities that guide it.  

Some missing activities also raised attention. Most DT activities that were not 

ranked as recurrent are too generic or too low-level to be taken into consideration. 

However, some of them may also be important, but cited by less than four authors, 

not characterizing the common description of DT due to the criterion adopted in this 

research of selecting activities recurrent on at least more than half of the 

methodologies. Some non-recurrent activities are particularly important, such as 

creating design solutions and identifying needs. Those cases will be discussed as 

examples for explaining the absence of similar activities. 

Those activities should be seen with care. The method used for extracting 

activities requires a similar use of language by the authors. Surely it would not be 

true in all cases. When authors say “identify design solutions” and “create design 
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solutions”, they mean the same thing. However, they use words that cannot be used 

as synonyms, hypernyms or troponyms in other contexts. Thus, they were kept as 

different activities, even though they are equivalent. Most authors in DT use the word 

“identify”, and thus its was selected as recurrent. Even though “create design 

solutions” is not literally in the recurrent activities of DT, it is present as recurrent in 

the shape with which authors usually refer to it (using synonyms or troponyms of 

“identify”).  

Identifying needs, on the others hand, is an important activity that appeared 

only in 3 DT methodologies. Due to the recurrences number, it wasn’t considered as 

recurrent. In fact, most authors do not explicitly state that identifying needs is 

required. The central focus is commonly associated to analyzing and understanding 

people, in order to create empathy. Identifying needs, as well as other relevant 

parameters, such as behaviors, thoughts, desires, and others, are a consequence of 

properly understanding people. Thus, DT authors often highlight activities such as 

“analyze people” than “identify needs”. 

Other insight that is noticed by evaluating the recurrent activities of DT is the 

lack of approaching technology assessment, development, and any other 

technological handling. This reinforces the criticism made by Woudhuysen (2011, p. 

5), when saying that DT is a force broadly hostile to technological innovation. In fact, 

only two activities in the whole set of 3326 activities are related to technological 

consideration during the DT approach. Each one of them is only cited once by one 

author each. This fact is worrisome if we consider that Woudhuysen (2011, p. 10) is 

right when saying that companies are taking money from R&D to invest in DT. DT 

really leaves technology in a second plane (when it does not simply ignores it). 

There are other fields that are unconsidered by DT, besides technology. It is 

possible to notice a lack of sustainability-related activities and market-related 

activities. In fact, DT criticizes the approach of treating customers as “numbers”, 

claiming that they must be observed and understood one by one. However, 

sustainability is just unconsidered. It shows a misalignment with new tendencies, 

such as circular economy, that lead with user-experience, dematerialization and 

sustainability. 
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5.3 Activity Clusters 

The activity clusters are the sets composed by interrelated recurrent activities 

that commonly appear together in the DT methods. They were generated by means 

of the algorithm explained in section 3.2.4.2, proposed by Thebeau (2001), an well 

known clustering method in DSM theory.  

As explained before, this algorithm does not provide the optimal solution. The 

best clustering in this case would take 46! permutations of the matrix, what would 

take a high and unfeasible computational cost. This algorithm, however, provides a 

near-optimal configuration (THEBEAU, 2001), reducing to a reasonable 

computational time. The DT recurrent activities clusters are presented Table 22 and 

illustrated in Figure 35. This configuration provided a total coordination cost31 of 

32820. 

Figure 35 - Clusters illustrated in the DSM with DT recurrent activities 

 
Source: Elaborated by the author 

                                                
31 Coordination cost is the objective function that the optimization routine tries to minimize (THEBEAU, 
2001, p. 28) 
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Table 22 - DT recurrent activities clusters 

Cluster DT 
Stage Activity Cluster DT 

Stage Activity 

C1 E&P analyze (design) challenge 

C4 

E&P record observations 

C2 

E&P identify people [who are 
relevant for the process] E&P inform stories 

E&P decide people [who are 
relevant for the process] E&P inform [previous user's] 

experience 

E&P request people [who are 
relevant for the process] P&T understand happenings 

E&P engage people [who are 
relevant for the process] E&P create character 

E&P interview people [who are 
relevant for the process] P&T create scenarios 

E&P analyze people [who are 
relevant for the process] E&P create understanding 

E&P talk with people [who are 
relevant for the process] E&P create insights 

P&T 
understand people [who 
are relevant for the 
process] 

C5 

ID create ideas 

E&P understand [external 
people] thoughts ID combine ideas 

E&P inform needs ID build on ideas 
E&P create map 

C6 

ID draw ideas 
E&P analyze notes ID analyze ideas 
E&P search patterns ID evaluate ideas 
E&P identify themes ID decide ideas 
E&P understand insights ID record ideas 
E&P identify opportunities ID communicate ideas 
E&P create design criteria P&T create stories 
P&T request feedback 

C7 

ID create concept 
IMP identify [design] solutions ID inform concept 

C3 
E&P gather information P&T test ideas 
E&P analyze information E&P create empathy 

      
C8 

P&T create low-resolution 
prototypes 

      P&T test low-resolution 
prototypes 

Legend (Generic Stages of DT methodologies) 
E&P Empathy Generation and Problem Definition 
ID Ideation 

P&T Prototype and Test 
IMP Implementation 

Source: Elaborated by the author 

It is possible to notice that the activities are divided in 8 clusters. It is logical to 

think that most probably each cluster will contain activities from one single stage of 
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DT. However, it is not true. It is important to remember that the process of DT is 

highly iterative. Most activities are repeated in more than one stage. The stage that is 

listed on Table 22 is the stage where this activity appears the most, but probably not 

the only one. Thus, when a prototype and test activity appears in the middle of many 

activities from empathy generation, such as in cluster C2, it means that even though 

it appears the most in prototype and test stage, it also appears in empathy 

generation stage and its relationships are stronger there. For example, when you 

invite a person to participate in your process (request people), you create empathy. 

When you test ideas, you also create empathy. Indeed, when you learn that a person 

does not approve your solution idea, you are learning more about her/him. According 

to the clustering algorithm, however, creating empathy is more strongly related to 

testing ideas than to requesting people to join your process. 

Cluster 1 also has one peculiarity. It is the only cluster with a single activity. It 

happens because authors that request the analysis of the design challenge usually 

propose methods that precede the beginning of actual empathy generation, even 

though they are included in this stage. Thus, it ends up alone in a single cluster. 

 The activity “identify [design] solutions” is an exception on the clustering 

routine. This activity is the only one that has stronger relationship with the 

implementation stage. Thus, if there is no other activity appearing in the 

implementation stage, this activity will appear clustered with any cluster with which it 

has any relationship. To avoid clustering activities with weak connection, it is 

proposed the creation of a ninth cluster for this activity only. 

Finally, one important characteristic is observed in in Figure 35. Note that, even 

though it is already clustered, there are still many relationships out of the cluster. It 

illustrates graphically how iterative the process is. In the description of the methods 

by the many authors used in this analysis, it is possible to derive the connection of 

activities throughout the process with activities in various moments of the process. It 

is definitely not linear and it is very difficult (if not impossible) to establish an order. 

The activities were extracted, however, to understand the common essence of DT 

and they will be used for comparing DT with other approaches (PSS development 

process models and product development FEI models).  
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It is important to highlight that, as noticed in the empirical studies described in 

chapter 4, the correct mindset is critical to perform the DT activities correctly. Looking 

at the most recurrent activities, it is possible to notice that they may look generic 

sometimes. What brings their essence is how to perform them. Thus, the next 

subsections present an analysis of DT guidelines, both generic and specific ones. 

5.4 Generic Guidelines of Design Thinking Methodologies 

DT methodologies commonly are composed by a set of methods and tools 

that are recommended for performing this approach. Those methods and tools are 

commonly preceded by generic guidelines, also called by DT authors as “mindsets” 

or “principles”, that should be followed, so that the process can run properly. It was 

found in the empirical studies of this dissertation (see chapter 4) that the mindset is 

one of the most important aspects to guarantee creativity and user-centeredness, 

besides of ensuring a coherent and equilibrate process. 

 The generic guidelines were extracted from the eight methodologies that were 

used for identifying the DT recurrent activities. The “Designing with People” (RCA, 

2010) and “Collective Action Toolkit” (FABRICANT et al., 2012) methodologies were 

the only ones that did not explicitly provide generic guidelines and, thus, are not 

listed among the DT methodologies. The generic guidelines are summarized at Table 

23 and the columns represent to which methodologies each guideline belongs. The 

description of each guideline is provided in Appendix G. 
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Table 23 - Generic guidelines of each methodology 
Guidelines [1] [2] [3] [4] [5] [6] 

Focus on human values (Empathy) X X X X X X 
Embrace experimentation X   X X X   
Explore multiple options   X X X     
Show, don't tell X     X     
Be mindful of process X         X 
Bias toward action X X         
Start in the unknown   X   X     
Look at both the detail and the big picture       X X   
Design based on how people do  things       X   X 
Craft clarity X           
Radical Collaboration X           
Provide seed funding to the right people and problems, and the 
growth will follow.   X         

Choose a worthwhile customer problem   X         
Let others validate   X         
Have Creative Confidence     X       
Learn from Failure     X       
Be Optimistic     X       
Iterate     X       
Make the familiar unfamiliar       X     
Be co-creative         X   
Make the intangible tangible         X   
Think of Innovations as Systems           X 
Cultivate an innovation culture           X 

Legend (Authors of DT methodologies) 
[1] Plattner (2010) 
[2] Liedtka and Ogilvie (2011) 
[3] IDEO (2015) 
[4] Kimbell and Julier (2012) 
[5] Stickdorn and Schneider (2011) 
[6] Kumar (2013) 

Source: Elaborated by the author 

All those generic guidelines were highlighted as important by the authors of 

each methodology. However, it is possible to see that only the first nine guidelines 

were cited somehow by more than one single author. Those guidelines are described 

in Table 24. The others have their description provided in Appendix G. 
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Table 24 - Description of the generic guidelines that appear more than once 
Guideline Description 

Focus on human 
values (Empathy) 

"Empathy for the people you are designing for and feedback from 
these users is fundamental to good design." [1] ""“Focus on meeting 
genuine human needs.” [2] 

Embrace 
experimentation 

"Prototyping is not simply a way to validate your idea; it is an integral 
part of your innovation process. We build to think and learn." [1] 

Explore multiple 
options  

"Though it may seem counterintuitive, the ambiguity of not knowing 
the answer actually sets up human-centered designers to innovate." 
[3] 

Show, don't tell  
"Communicate your vision in an impactful and meaningful way by 
creating experiences, using illustrative visuals, and telling good 
stories." [1] 

Be mindful of process  

"Know where you are in the design process, what methods to use in 
that stage, and what your goals are." [1] "Successful innovation can 
and should be planned and managed like any other organizational 
function." [6] 

Bias toward action  
"Bias toward doing and making over thinking and meeting." [1] 
"Spending time trying to measure the unmeasurable offers temporary 
comfort but does little to reduce risk." [2] 

Start in the unknown  "Growth opportunities do not yield easily to leading questions and 
preconceived solutions." [2] 

Look at both the detail 
and the big picture  

"Genuinely working in a holistic way is an illusion, it is simply 
impossible to consider every single aspect of a service. However, the 
intention should always be to see the wider context in which a 
service process takes place." [5] 

Design based on how 
people do  things  

"Create designs that are based on the ways people actually do 
things, rather than focusing on what people say they do, or what 
other people think they do."[4] 

Legend  (Authors of DT methodologies) 
[1] Plattner (2010) 
[2] Liedtka and Ogilvie (2011) 

[3] IDEO (2015) 
[4] Kimbell and Julier (2012) 

[5] Stickdorn and Schneider (2011) 
[6] Kumar (2013) 

Source: Elaborated by the author 

Only one generic guideline is recurrent in all methodologies: “Focus on human 

centered values”. This guideline explicitly shows the greatest nature of DT: creating a 

new experience based on empathy, i.e., from really understanding the users’ 

feelings, experiences and values. Experimentation comes right after, being present in 

four methodologies. In fact, one of the basic stages of DT is prototyping and testing. 

Also on the top three generic guidelines, exploring multiple options appears. This 

guideline is not only associated to DT, but also seen as a product development good 
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practice (MARKHAM; LEE, 2013, p. 412). Starting concepts evaluation with multiple 

concepts increases the chances of developing a successful product. 

One of the less recurrent generic guidelines also deserves attention. Although 

the guideline “Think of Innovations as Systems” is only cited once, it doesn’t mean 

that it is less important. Kumar (2013, p. 17) explains that "offerings based on 

integrated innovation of multiple parts of a system are likely to have greater value, 

and tend to confer massive competitive advantage for the company creating them". 

This is the core principle of PSS. They aim to offer value through the many elements 

that compose a system. Thus, this guideline may not be a consensus to DT, and it 

probably cannot be considered as one of the elements that characterize DT, but it 

should be considered if PSS is the object of development. 

This work takes into consideration the generic guidelines appearing at least in 

two different DT methodologies. It is a filter for not using generic guidelines that are 

suggested by one single author, since they may not be an agreement that such a 

guideline is able to support DT. However, the guideline “Think of Innovations as 

Systems” was considered as an important mindset when PSS is the object of 

development, since it helps people on thinking on PSS ideas. Thus, for the DT 

integration with PSS development, the nine generic guidelines and the guideline 

“Think of Innovations as Systems” were considered. 

5.5 Specific Guidelines of Recurrent Activities of Design Thinking 

This section32 presents the guidelines related to the recurrent activities. They 

were extracted following the frame structure proposed in subsection 3.2.5. Thus, the 

guidelines related to each recurrent activity may be classified in Agent, Duration, 

Manner, Place and Moment.  

Those guidelines are recommendations and possibilities for performing the 

recurrent activities. They are not mandatory. Two examples will be explained in detail 

for better understanding. The complete guidelines are presented in Appendix H. 

                                                
32 This section was written based on the results generated by the undergraduate research assistant 
Giovana Fernandes Nogueira in her undergraduate research project, which was supervised by the 
author of this dissertation and is in synergy with this Master of Science research. 
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The guidelines for the activity “Analyze people [who are relevant for the 

process]” are presented in Table 25. This activity is about observing and analyzing 

stakeholders, commonly with higher focus on users. 

Table 25 - Guidelines of the recurrent activity “Analyze people [who are relevant for the 
process]” 

Agent Duration Manner Place  Time 

Team for a few 
hours 

 in a conversation 

in their natural 
context 

 through a 
typical day 

in each quadrant [of a 2x2 matrix of 
user types] 

experience the prototype 
create something 

Observers 

 interacting with your products or 
services, 

as much 
as you 

can 

 as they cook, socialize, visit the 
doctor—whatever is relevant to your 

challenge 

 in their natural 
settings 

Once you’re 
there [in the 

field] 

 in a conversation 

The 
designer 

 in a context 
without the influence of value 
judgments upon their actions, 

circumstances, decisions or issues 
As you would other folks 

represented in each user groups 
Source: Elaborated by the author 

As illustrated in the table, it is possible for the Team, for specified observers or 

for the designer to perform this activity. Its duration may vary. It can range from a few 

hours until the maximum possible. There are also many ways of doing this, such as 

in a conversation, with a 2x2 table containing every information, observing the user 

experiencing a prototype or creating something, observing them in their daily life, and 

so on. It is suggested that this analysis occur in the context of the person, with the 

observer being there in a typical day of the person. 

As an additional example, it is possible to observe the recommendations for 

the recurrent activity “Create Low-resolution Prototypes” too in Table 26. 
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Table 26 -  Guidelines of the recurrent activity “Create low-resolution prototypes” 

Agent Duration Manner Place  Time 

Team 

Null 

without testing a solution at all (or even 
having a solution in mind) 

Null 

Early for empathy 
to test with users 

to reflect input gathered through the 
review process Often 

The user 

 of the many concepts that make up 
solutions 

which may not look like or wholly 
represent your solutions at all  

Once you’ve 
Determined 

What to 
Prototype 

as the next step in the assumption 
testing you started with thought 

experiments, but now you're going live 

Designers 

with simple materials 
each varying in the one property 

quickly 
that much more realistic once you’ve 

determined how 
your prototype 
should change 
to reflect the 
feedback you 

got 

Various 
people 

 good enough to get the idea across 
iteratively 

 with the user in mind 

Staying as low-resolution as possible 

Source: Elaborated by the author 

 Those guidelines provide recommendations on why to prototype (for empathy, 

to test with users, to reflect) and how to prototype (with simple materials, staying as 

low-resolution as possible, and keeping the user in mind). It also states clearly the 

quick and iterative nature of DT prototypes. There are also recommendations on 

when prototyping could be useful, such as after defining what to prototype, i.e., the 

ideas, and after feedback. It also recommends that prototyping must be done early 

and often. Finally, the prototyping may be done by “various people”, ranging from the 

team to the user. 

 Those guidelines provide support on really understanding what is to be done 

in DT. Just the activities “analyze people” and “create prototypes”, with no 

complements, could lead a non-practitioner to understand it wrong, such as believing 

that a market analysis or a compilation of pre-conceived learnings would be enough. 

A similar situation could happen within creating prototypes, such as non-practitioners 
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believing that the prototype should be built after detailed design, similarly to product 

development process. The amount of guidelines is relatively big, so they are 

compiled in Appendix H. An overview of the guidelines distribution on the recurrent 

activities frames may be seen in Figure 36. 

Figure 36 - Distribution of guidelines per recurrent activity frame, divided by frame element 
type 

 
Source: Elaborated by the author 

 Retrieving the frame structure proposed on subsection 3.2.4 in Figure 37, from 

which the guideline types derive, it is possible to notice that “agent” is the only 

guideline type that is core in the activity frame. Thus, it is coherent that each activity 

has at least one agent guideline.  

Figure 37 - Frame "Activity" adapted for this context  

 
Source: Elaborated by the author 

 One aspect is highlighted in the collection of agents, though. It is common to 

hear that DT is a co-creative process. However, only nine recurrent activities from 46 

were cited at least once with users or stakeholders as the agent. Proportionally, 

users and stakeholders (people who are relevant for the process) are more frequently 

seen as the object of the action. Thus it is better to call design thinking as a user-

centered process rather than a co-creative process.  

“Manner” is the most variable guideline type, proposing in average six different 

guidelines for each recurrent activity. “Place” and “Time” have, in average, one 

proposition per activity frame, presenting less differentiations on where and when to 

perform activities. It does not mean, however, that they are less important. In the 
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example of the activity “Analyze people [who are relevant for the process]”, it is 

important to know that people should be analyzed in their natural context, since it 

provides more insights and builds greater empathy. In relation with “Time”, in the 

example of the activity “create low-resolution prototypes”, prototyping “early” and 

“often” is important for assuming a mindset towards action.  

“Duration” is the least used guideline type. From all recurrent activities, only 3 

have a duration associated. It may be expected not to have formal period 

establishment for each activity, such as an amount of minutes, since it is not a 

structured linear process. However, the guideline type “Duration” provides an idea 

that activities should be considered for a long or short time. It is important to know, 

for example, that people should be analyzed “as much as you can”. On the other 

hand, deciding ideas (Appendix H) should take just a few minutes, not spending too 

much time on decision criteria, since ideas will be tested and improved later. 

5.6 Summary of Design Thinking Characterization 

As provided so far, based on recurrent elements from literature, it is possible 

to characterize DT by means of activities and guidelines. 

The most recurrent structure is a set of 9 activity clusters composed by 46 

activities that are distributed in four generic stages, as provided in Table 22 (page 

119). The process is highly iterative and user-centered, with some co-creative 

activities.  

 The DT activities per se may look generic and need an additional description 

to clarify its essence. They are commonly complemented by nine generic guidelines 

(Table 27) and, in average, 10 specific guidelines per activity, classified in agent, 

duration, manner, place and time (Appendix H). 

Table 27 – Most recurrent generic guidelines 
Guidelines 

Focus on human values (Empathy) Bias toward action 
Embrace experimentation Start in the unknown 
Explore multiple options Look at both the detail and the big picture 
Show, don't tell Design based on how people do  things 
Be mindful of process  

Source: Elaborated by the author 
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 This characterizes the most recurrent elements of DT performed by means of 

corpus linguistics. Those elements may be used for comparison purposes, in order to 

understand how DT elements are distributed in other approaches. However, in the 

purpose of this work of moving towards integrating DT to the PSS development 

process, just considering the most recurrent activities would be a poor integration. It 

would consider the generic basis of DT, but not the individual contributions of each 

author to improve the DT approach. The next section explains the selection of 

relevant activities used for integrating DT and PSS development process. 

5.7 Design Thinking Relevant Activities 

To establish a set of activities that could be used for integrating DT and PSS 

development in a way to effectively contribute to this process, the whole set of 3326 

activities were submitted to one expert’s analysis33 in order to identify the most 

relevant activities for integration. 

The 46 activities that characterize DT due to recurrence were kept. To select 

activities appearing in less than four methodologies, the expert used three criteria: 

• Activities appearing in more than one DT methodologies that were considered too 

low-level were excluded (e.g. “talk about topic”); 

• Activities appearing in more than one DT methodologies that were considered too 

generic were excluded (e.g. “create cards”); 

• Activities appearing in only one DT methodology were evaluated due to their 

contribution to the PSS development process. They were selected whenever they 

were capable to provide relevant contribution to it (e.g. “identify partners”). 

The final analysis performed by the expert provided 182 activities, which are 

listed in Appendix I. The distribution of those activities is illustrated in Figure 38. 

 

 

                                                
33 Involving only one expert to analyze the DT activities is a limitation of this work. However, the high 
number of activities derived from the linguistics analysis (3326) hinders experts’ acceptance on 
performing this analysis. However, the expert analysis was necessary to avoid losing relevant 
information due to lack of linguistic consistency of DT authors on some activities description. 
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Figure 38 - Relevant activities and their recurrences 

 
Source: Elaborated by the author 

 It is possible to notice that there are many individual contributions that are 

relevant. Thus, only using the most recurrent activities would lead to lost of much 

information and contribution on integrating DT and PSS development process. 

 Those activities are also distributed through the DT stages. The distribution is 

illustrated in Figure 39.  

Figure 39 – Relevant activities distribution among DT stages 

 
Source: Elaborated by the author 

Due to the few repetitions of some activities, they may appear in different 

stages with the same amount of recurrences, having more than one stage where it is 

recurrent the most. Thus, in Figure 39, those activities are counted once for each 

stage where it has greater number of citations, what makes the total sum greater 

than 182 activities. For example, the activity “storyboard out ideas” only appears in 

one method, which can be used in ideation and empathy generation. Thus, those are 

the most recurrent stages. 
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It is possible to notice that those activities are better distributed than the most 

recurrent ones. It shows that there are many individual or non-recurrent activities that 

represent contribution distributed on the stages of DT methodologies. The greatest 

difference, however, is the implementation stage. Since most authors do not agree 

on what must be performed during implementation, many relevant individual 

contributions are noticed. Those activities do not characterize the common 

description of DT, i.e., they are proposed by few or single authors, such as “identify 

competencies” (KUMAR, 2013) and “identify partners” (LIEDTKA; OGILVIE, 2011). 

However, they provide the personal contribution of each author to the DT approach.
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6. Comparison of Design Thinking and Product-Service System 

Development Process Models 

This chapter presents Deliverable 9: Comparison of DT and PSS Development 

Process Models. The main goal of this step is to compare the DT activities with the 

activities of PSS development process models, aiming at finding which DT elements 

already are in the PSS development process. Also, it is analyzed how much of the 

PSS development process DT activities already cover and how is its distribution on 

PSS development process phases. 

6.1 Analysis of Design Thinking and Product-Service System Development 
Process Activities 

As explained in subsection 3.2.6, the PSS development activities used in this 

section were proposed by another research of the Integrated Engineering Group, on 

the Caio Nunes’ PhD thesis, which is still under development. Those activities were 

extracted using the same combination of corpus linguistics and frame analysis 

proposed in subsection 3.2.4.2, based on 14 PSS development process models 

(ALONSO-RASGADO; THOMPSON, 2006; AURICH; FUCHS; WAGENKNECHT, 

2006; BREZET et al., 2001; KAR, 2010; KIM et al., 2015; LUITEN; KNOT; VAN DER 

HORST, 2001; MARQUES et al., 2013; MORELLI, 2003; MOSER et al., 2015; 

NGUYEN et al., 2014; SAKAO; SHIMOMURA, 2007; SUTANTO et al., 2015; TRAN; 

PARK, 2014; VAN HALEN; MANZINI; WIMMER, 2005). Those models are 

summarized in subsection 2.2.2. 

This extraction generated 422 activity frames. Excluding repeated activity 

codes, 332 activities were identified, which can be seen in the digital file of Appendix 

N. First of all, an overview of PSS development activities and DT activities is 

represented in Figure 40. This figure must be interpreted carefully. First of all, when 

all activities of DT activities are being analyzed, low-level and generic activities are 

being taken into consideration. This is the largest set of activities from DT, since it 

contains every activity that appeared in any DT methodology (after codification, as 

explained in Figure 19 at page 73). When compared to the PSS development 

process models activities, 68 activities are shared among both approaches. It means 
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that, when all possible DT activities are taken into consideration, about 20,5% of the 

PSS development process is present in DT activities. 

Figure 40 - Activities shared by DT methodologies and PSS development process models 

 
Source: Elaborated by the author 

It does not mean, however, that 2,0% of DT is already on PSS development 

while 98,0% is a complete novelty. As explained before, there are many low-level and 

generic activities. The most appropriate way to evaluate what elements of DT are 

new to PSS development is by means of the recurrent elements that characterize DT. 

When DT most recurrent activities are taken into account, i.e., the common 

description of DT among authors, 26,1% of it is already present in PSS development 

process. 

It is also important to notice how DT activities are distributed within the phases 

of PSS development process. 
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Those activities were divided in phases using the generic division proposed in 

section 2.2.2, as illustrated in Figure 41. It is important to highlight that the total sum 

of the activities in the picture is greater than 332, even though 332 were identified. It 

happens because some activities appear in more than one single stage. For the 

schematic in Figure 41, those activities were counted once per phase where they 

appeared 

Figure 41 - Distribution of DT activities into the PSS development process models 

 
Source: Elaborated by the author 

There are DT activities distributed all over the FEI, embodiment design, 

detailed design and implementation. Most DT activities, however, are present in the 

FEI. The phases of use and end-of-life do not share activities with DT. Finally, 

embodiment design and detailed design have an even distribution of DT activities, 

even though less intense than the FEI.  

Looking at the recurrent activities that characterize DT, it is possible to notice 

that 11 appear on the FEI. Only one activity appears on the embodiment design, 

which is “create concept”. However, this activity is cited by five PSS development 

process models as part of the FEI, being cited by only one of them in the 

embodiment design. Thus, this activity is more commonly found in the FEI. Two 

activities also appear in detailed design: “create scenarios” and “give feedback”. The 

first one is a similar case of “create concept”. Two authors cite this activity as part of 

the FEI, while only one places it on detailed design. Thus, it is possible to say that 11 

DT recurrent activities appear in the FEI, while only 1 appears in detailed design.  

It is noticed that the FEI has a greatest similarity with the FEI than other 

development phases. However, the presence of DT activities in other development 
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phases shows a possibility of using some DT methods to punctually support those 

phases too. Even though this compatibility is seen, the focus shall be kept on the FEI 

due to the great difference of recurrent activities quantity in FEI and other 

development phases. 

6.2 Discussions on Design Thinking and Product-Service System 
Development Process Models 

A first overview of the results presented in the last section provides a clear first 

result: in fact, DT cannot replace the PSS development process, corroborating the 

statements of Woudhuysen (2011, p. 10). When the whole set of DT activities is 

compared with PSS development activities, about 80% of the whole PSS 

development process is not covered. When comparing the recurrent activities that 

characterize DT, only 3,6% of them are shared by PSS development process 

models. In section 2.5.4, it was highlighted that DT is a complement for the 

development process, and not a substitute (WOUDHUYSEN, 2011, p. 16), although 

some practitioners may think otherwise. The PSS development process models in 

literature bring many other activities and good practices that may provide risk 

reduction, increase of success probability, and other performance improvements. 

Thus, as Woudhuysen (2011, p. 10) criticizes, it is not wise to cut most R&D 

investments and redirect them to DT application only. 

At the same time that DT does not cover a big part of PSS development 

process models, they may be complemented by the DT approach. About 74% of the 

recurrent activities that characterize DT are not cited by PSS development process 

models. Besides, high compatibility of DT activities and PSS development FEI 

activities was observed, showing opportunities for integration in the early phases of 

development.  

Two aspects of the results must be observed. First of all, differently from usual 

development process model propositions, DT methodologies provide a very detailed 

description. When the whole set of DT activities is analyzed, only 2% of DT activities 

appear on PSS development process models. This comparison shows that DT brings 

a greater level of detail. Secondly, activities per se are not the only factor that may 
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aggregate value to a PSS development process. The guidelines associated with the 

recurrent activities also aggregate information.  

Actually, just because one DT activity and a PSS development activity have 

the same title (or at least titles that are under the same hypernymic structure), it does 

not mean that they are identically prescribed by both approaches. For example, when 

the activity “analyze people [who are relevant for the process]” is analyzed in detail in 

DT and in the PSS development processes, it is possible to verify that the one 

proposed in DT is much more complex. This activity is cited only once in the PSS 

development process models, by Nguyen et al. (2014, p. 219), where the focus is 

exclusive on customers and which does not cover much detail about it, only 

highlighting the need of “deeply understanding” the customer and the operational 

environment. Nguyen et al. (2014, p. 221), however, state that, during the execution 

of the case used for testing their PSS development process model, this activity was 

not performed, since, “due to a long-term relationship, all customers and the 

operating environment” were “well known”. This contradicts directly with the DT 

approaches, which keep a constant emphasis on making “the familiar unfamiliar” 

(KIMBELL; JULIER, 2012, p. 6), endeavoring “to assume a posture of wonder and 

curiosity”, especially with familiar circumstances (PLATTNER, 2010, p. 6). Also, 

through corpus linguistics and frame semantics analysis, it is possible to notice that 

the activity “analyze people” in DT deals with more than just the user or the customer, 

but also deals with other external people who are relevant for the process, such as 

experts and extreme users. Besides, many types of analysis may be performed, such 

as observing, interviewing, and surveying. Thus, just stating that both PSS 

development process models and DT analyze customers, does not mean that they 

perform it equally. There is even more room for complementing the PSS 

development process by bringing the information attached to each activity in DT, 

such as specific guidelines and methods. 

Finally, it is clear that the greatest compatibility between DT and the 

development process is on the front-end of innovation. Thus, the next chapter 

(chapter 7) provides a better understanding of the front-end of innovation 

compatibility with DT. 
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7. Comparison of Design Thinking and Front-End of Innovation Models 

This chapter presents Deliverable 10: Comparison of DT and Front-End of 

Innovation Models. The main goal of this step is to compare the DT activities with the 

activities of FEI models, trying to understand better how the DT activities are 

distributed in the FEI. For PSS, the FEI models were derived from the complete PSS 

models analyzed so far. Since they are focused on the whole process, the FEI may 

lack details. Thus, product development FEI models were used to improve this 

comparison. Oliveira et al. (2011, p. 318) state in their work that FEI models in 

literature may generate new businesses, new products, new services, and new 

technologies, even though they commonly refer to product development. If products 

and services can be generated, the composition of them as a PSS should also be 

possible. To make sure that product development is compatible for this analysis, it 

was verified if DT is more compatible with the FEI also for product development, 

verifying if its behavior is similar to PSS development process. This analysis follows 

the methods proposed in subsections 3.2.6 and 3.2.7. 

The first section (7.1 Activities in Design Thinking and a Traditional Product 

Development Process Model) shows the comparison of the DT activities with a 

product development process model. The second section (7.2 Activities in Design 

Thinking and Product Development Front-end of Innovation) provides a detailed 

comparison of DT activities and product development FEI models. The third section 

(7.3 Activities in Design Thinking and Product-Service System Development Front-

End of Innovation) retrieves the data from section 6.1 and adapts it to the generic 

shape of phases for the front-end of innovation, identifying the distribution of DT 

activities inside the front-end of innovation in PSS development process models. 

Finally, the fourth section (7.4 Final Discussions on Design Thinking and Front-End of 

Innovation Models) provides a final overview of the results, establishing the behavior 

of DT activities inside the front-end of innovation. 
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7.1 Activities in Design Thinking and a Traditional Product Development 
Process Model 

It is known that the product development process is better structured in 

literature than the PSS development process. It is being evolved for a much longer 

time and had an expressive amount of rich contribution in literature. Even though 

pure product development is not in the scope of this research proposal, an analysis 

was performed with a single product development process generic model to show 

that product development FEI models may also be used to complement the analysis 

on how DT activities are distributed inside the FEI. 

The selection of this model was based on the work of Costa et al. (2015, p. 2), 

who identified the most cited product development process models in literature and 

other relevant process models published recently, presenting 21 models in total. For 

this analysis, it was decided to select for the most cited product development process 

model according to Google scholar, which was chosen for being one of the only 

databases that covers books as well as articles. Thus, the model used in this analysis 

was the one proposed by Ulrich and Eppinger (2012).  

The comparison between the product development process model proposed 

by Ulrich and Eppinger (2012) and the DT activities may be seen in Figure 42. This 

model led to 61 frames, which, after submitted to codification as explained in 

subsection 3.2.7, were composed by 57 different activity codes. Those activities are 

provided in Figure 42. 

Figure 42 - Distribution of DT activities into the product development process model proposed 
by Ulrich and Eppinger (2012) 

 
Source: Elaborated by the author 
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Again, there are activities distributed on FEI, embodiment design and detailed 

design, with majority in the FEI. When only DT recurrent activities are considered, 

they only appear in the FEI.  

It is possible to notice that compatibility only happens in its front-end of 

innovation. Only 7% (4 from 57) of the total amount of activities in the product 

development process are DT recurrent activities, and they are all contained in the 

concept development of the Front-end of innovation, representing 19% (4 from 21) of 

this stage. When all DT activities are considered, about 15,8% (10 from 57) of the 

whole product development process is considered. 

The recurrent activities that are present in the product development process 

are presented in Table 28. Those activities represent 8,7% of all DT recurrent 

activities. 

Table 28 - DT recurrent activities present in the product development process 
DT 

Stage Activity 

E&P identify people [who are relevant for the process] 
ID create concept 

P&T create low-resolution prototypes 
P&T test low-resolution prototypes 

Legend (Generic Stages of DT methodologies) 
E&P Empathy Generation and Problem Definition 
ID Ideation 
P&T Prototype and Test 

Source: Elaborated by the author 

It was noticed that DT activities appear the most in the FEI of the product 

development process, similarly to PSS development. Thus, product development FEI 

models were also used to enrich this analysis. 

7.2 Activities in Design Thinking and Product Development Front-end of 
Innovation 

This section34 presents a comparison of DT recurrent activities with 7 product 

development FEI models (COOPER, 2001; CRAWFORD; DI BENEDETTO, 2011; 

                                                
34 This section was written based on the results generated by the undergraduate research assistant 
Marília Costa Rosendo Silva in her undergraduate research project, which was supervised by the 
author of this dissertation and is in synergy with this Master of Science research. 
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KHURANA; ROSENTHAL, 1998; KOEN et al., 2001a; PAHL; BEITZ, 1988; 

SANDMEIER et al., 2004; WHEELWRIGHT; CLARK, 1992). 

First of all, the detailed description of the models leads to the identification of 

149 activity codes, two of which were unified in section 5.2, reaching 148 codes. 

They are presented in Appendix L, as well as which of them are recurrent activities of 

DT, which are DT relevant activities and which appear at least once in the 

methodologies of DT. In this analysis, the goal is to understand every element that is 

common among both approaches, in order to understand their current distribution, 

and identify opportunities to couple the relevant activities. 

The comparison provides the results illustrated in Figure 43. 

Figure 43 - Activities shared by DT methodologies and product development FEI models 

 
Source: Elaborated by the author 

When the DT relevant activities are analyzed, it is possible to notice that about 

85% of them are not shared by product development FEI models.  
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In Table 29, it is possible to notice that DT activities are evenly distributed in 

the FEI. DT activities represent about 40% of each stage. At a first glance this result 

contradicts with the first statement that DT activities cover about 35,8% of the FEI 

activities, since each stage has covered about 40%. It happens because the same 

activity may appear in more than one stage. Whenever it happens, this activity is 

counted once per stage where it appears. However, when the total calculation was 

performed, each DT activity was counted once, independently if it was present in 

more than one stage. For example, the activity “analyze ideas” is cited once in the 

opportunity identification stage, six times in concept generation and once in project 

definition. Thus, it is counted once for each stage in Table 29, i.e., it is counted three 

times in total. However, in Figure 43 it was counted only once. Thus, it is possible to 

say that DT activities are similar to 35,8% of the possible FEI activities, however each 

stage of this process has about 40% similarity with DT activities. 

Table 29 - Activities distribution in product development FEI Models 

Front-end of 
innovation 

Stages 

Number 
of 

activities 
on FEI 
stage 

Number 
of DT 

activities 
on FEI 
stage 

% of FEI 
stage 

composed 
by DT 

activities 

Number of 
DT 

relevant 
activities 

on FEI 
stage 

% of FEI 
stage 

composed 
by DT 

relevant 
activities 

Number of 
DT 

recurrent 
activities 

on FEI 
stage 

% of FEI 
stage 

compose
d by DT 

recurrent 
activities 

Opportunity 
Identification 64 26 40,6% 14 21,9% 5 7,8% 

Concept 
Generation 59 23 39,0% 11 18,6% 6 10,2% 

Project 
Definition 42 17 40,5% 14 33,3% 4 9,5% 

Source: Elaborated by the author 

Finally, up to this point, the activities of the product development FEI models 

were evaluated with no refinement, i.e., they were considered even when cited once 

by a specific FEI model author. This result may be questioned, since not necessarily 

all activities are agreed by other authors. 

The similarity of DT and product development FEI models increases very 

much if the activities cited at least by two FEI model authors are taken into 

consideration. In fact, 75% of FEI activities to DT activities when all DT activities are 

considered, 66,7% of FEI activities when the DT relevant activities are considered, 

and 33,3% of FEI activities when the DT recurrent activities are taken into 
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consideration. This list is presented in Table 30. These results are further discussed 

in section 7.4. 

Table 30 - Activities with more than one recurrence in FEI models 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

analyze opportunities 2 x       yes yes 
identify opportunities 3 x     yes yes yes 
create ideas 6 x x   yes yes yes 
create strategy 2 x         yes 
analyze ideas 4 x x x yes yes yes 
evaluate technology 2 x x x       
identify needs 2 x x     yes yes 
record ideas 2 x x   yes yes yes 
evaluate opportunities 2 x x     yes yes 
evaluate market 2 x x         
analyze needs 2 x   x   yes yes 
analyze market 2 x   x   yes yes 
create technology 2 x   x       
decide ideas 3   x x yes yes yes 
create concept 3   x x yes yes yes 
refine ideas 2   x x     yes 
combine ideas 2   x   yes yes yes 
test concept 3   x x   yes yes 
create business case 2     x   yes yes 
evaluate ideas 2     x yes yes yes 
decide [new] product 2     x       
decide project 2     x       
create project 2     x   yes yes 
create [business] plan 2     x       

Legend (Abbreviations and FEI stages) 
DT Design thinking 
Stage 01 Opportunity Identification 
Stage 02 Concept Generation 
Stage 03 Project Definition 

Source: Elaborated by the author 

7.3 Activities in Design Thinking and Product-Service System Development 
Front-End of Innovation 

The models evaluated so far, as explained in sections 7.1 and 7.2, were 

related to product development. Those analyses were performed to serve as a 
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comparative parameter for the main analysis that will be performed in this section, 

which is focused on PSS. In order to perform an analysis of the FEI of the PSS 

development process models used in this work, their front-end stages were classified 

by means of the generic stages of FEI proposed by Oliveira et al. (2011, p. 318) 

according to the scope of each stage. The classification is illustrated in Table 31. 

Table 31 - Division of PSS front-end of innovation in generic stages 
PSS Dev. 
Process 
Models 

Front-End of Innovation 

Opportunity Identification Concept Generation Project 
Definition 

Alonso-
Rasgado 
and 
Thompson 
(2006) 

  
Stage1: Business 
Ambitions of the 

Client 

Stage 2: 
Potential 
Business 
Solutions 

Stage 3: 
Core 

Definition of 
Total Care 

Product 
plus Total 

Care 
Product 
options 

Nguyen et 
al. (2014) IPS² planning IPS² concept modeling 

Brezet et al. 
(2001) 

Exploration 
  Idea Finding   

Aurich et al. 
(2006) Demands Identification (service) Idea Finding 

(product) 

Feasibility 
Analysis 
(service) 

Luiten et al. 
(2001) Future Exploration System 

Design 
Morelli 
(2003) 

Value 
Proposition 

Market 
Analysis   

Kar (2010) Analysis   
Sakao and 
Shimomura 
(2007) 

  
Making a 

preliminary 
flow model 

Describing 
the target 
receiver 

Describing 
the value   

Van Halen 
et al. (2005) Exploring Opportunities PSS Idea Development Strategic 

analysis 

Marques et 
al. (2013) 

Phase 0 
Organisation 
preparedness 

Phase 1 Planning 

  Phase 2 Design (Partially)   
Moser et al. 
(2015) Planning   

Tran and 
Park (2014) PSS Idea Development Requirement Analysis PSS 

Planning 
Kim et al. 
(2015)   Idea Generation 

and Selection Strategic Planning 

Sutanto et 
al. (2015) 

Identify 
design 

requirements 

Determine 
design 

requirements 
rating 

Determine design requirements 
rating   

Source: Elaborated by the author 
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Comparing DT activities with the PSS development FEI activities provides the 

results illustrated in Figure 44. 

Figure 44 - Activities shared by DT methodologies and PSS development FEI 

 
Source: Elaborated by the author 

About 31% of similarity is observed when the whole set of DT activities is 

analyzed. When relevant activities are considered, this value reduced to 28,2%. 

Recurrent activities that characterize DT, however, describe only 7,7%. 

Table 32 shows the similarity of PSS development FEI and DT activities on 

each stage of FEI. Similarly to what happened in section 7.2, DT activities are evenly 

distributed in the FEI. DT activities represent from 32% to 38% of each stage. Again, 

the same activity may appear in more than one stage. Whenever it happens, this 

activity is counted once per stage where it appears. However, when the total 

calculation of Figure 44 was performed, each DT activity was counted once, 

independently if it was present in more than one stage. Thus, it is possible to say that 

DT activities are similar to 31% of the possible FEI activities on PSS development, 
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however the process has from 32% to 38% of similarity with each PSS development 

FEI stage. 

Table 32 - Activities distribution in PSS development FEI models 

Front-end of 
innovation 

Stages 

Number 
of 

activities 
on FEI 
stage 

Number 
of DT 

activities 
on FEI 
stage 

% of FEI 
stage 

composed 
by DT 

activities 

Number of 
DT 

relevant 
activities 

on FEI 
stage 

% of FEI 
stage 

composed 
by DT 

relevant 
activities 

Number 
of DT 

recurrent 
activities 

on FEI 
stage 

% of FEI 
stage 

composed 
by DT 

recurrent 
activities 

Opportunity 
Identification 37 14 37,8% 14 37,8% 4 10,8% 

Concept 
Generation 60 23 38,3% 20 33,3% 7 11,7% 

Project 
Definition 65 21 32,3% 20 30,8% 6 9,2% 

Source: Elaborated by the author 

Again, the activities analyzed so far for PSS development FEI were not 

filtered, considering every activity that appears in a PSS development process model, 

even if it was cited just once by a single author. For a deeper analysis, it is possible 

to filter the activities that are cited, at least, by two different authors. They are 

presented in Table 33.  

It is possible to notice that it becomes very similar to the comparison with 

product development FEI models. Based on PSS development activities with more 

than 1 recurrence, about 66,7% of them are DT activities, all of them being also DT 

relevant activities, and 25% are DT recurrent activities. 

These results are further discussed in section 7.4. 

  



148 
 

Table 33 – Activities with more than one recurrence in FEI of PSS development models 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity

? 
analyze [existing] services 2 x       yes yes 
create concept 5 x x   yes yes yes 
analyze needs 4 x x x   yes yes 
identify needs 3 x x     yes yes 
decide [external] people [who 
are relevant for the process] 4 x x x yes yes yes 
create scenarios 3 x x   yes yes yes 
create [project] group 3 x   x   yes yes 
analyze situation 2 x   x   yes yes 
calculate costs 2 x   x       
create ideas 6   x x yes yes yes 
decide PSS 3   x         
decide ideas 2   x   yes yes yes 
decide function [of the offering] 2   x         
evaluate ideas 2   x x yes yes yes 
decide goals 2   x x   yes yes 
create business model 2   x x   yes yes 
create [design] solutions 2   x     yes yes 
identify requirements 2   x         
define PSS 2   x         
create [use] cases 2   x         
decide roles 2     x   yes yes 
define task 2     x       
define strategy 2     x       
evaluate value 2     x   yes yes 

Source: Elaborated by the author 

7.4 Final Discussions on Design Thinking and Front-End of Innovation 
Models 

Sections 7.2 and 7.3 have shown similar results for two different approaches. 

When comparing product development FEI models and DT activities, it resulted in 

similar numbers of the comparison of PSS development FEI activities and DT 

activities. Both showed an even distribution of DT activities in FEI stages and a 

similarity varying from 30% to 40% of each stage. However, even though both 

approaches show very similar numbers, the activities that compose those numbers 

are not completely equal for both approaches. 

Figure 45 illustrates the activities sets present in DT, product development FEI 

and PSS development FEI, extracted in this work as explained in last sections. The 
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DT relevant activities were also included, since they are the basis proposed for DT 

and PSS development integration. The figure clearly shows the low convergence 

among PSS and product development authors. Indeed, there is more similarity 

between DT and each one of the approaches than between PSS and product 

development FEI. It shows that, even though many PSS development process 

models commonly derive from product development process models, they are quite 

different. 

Figure 45 - Activities sets of DT, product development FEI and PSS development FEI 

 
Source: Elaborated by the author 

Only 14,1% (20 from 142) of the PSS development FEI activities are shared 

by product development FEI models. It is understandable that they must have 

differences, since their development object has different characteristics. However, 

such a big difference shows some misalignment in literature. There are many 

important activities of product development FEI that are not considered in PSS 

development FEI. 

One example is technology-related activities. In total, five product 

development FEI models propose technology-related activities, such as technology 

assessment, analysis, creation and selection. Surprisingly, while product 

development FEI models strongly approach technology in product development, only 

one author of the PSS development process models cites on technology-related 

activity, which is scanning technology (KAR, 2010, p. 8). Similarly, market related 

activities are performed in 5 product development FEI models, covering identification, 
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analysis, evaluation and forecasting. In PSS development FEI, however, one single 

author refers to market analysis (KIM et al., 2015, p. 14434). The analysis of 

inconsistencies between PSS development and product development theories does 

not pertain to the scope of this work. However, they interfere on the quality of this 

analysis. Thus, to better understand the connection of DT and the PSS development 

FEI, the set of activities of PSS development FEI and product development FEI were 

unified. Since PSS development also includes product development, it would not 

bring completely unrelated activities. However, it may bring some specificities from 

product development that may be seen in a wider perspective on PSS 

development35. 

When DT relevant activities that are present in PSS and product development 

FEI activities are analyzed, it is possible to see how generic DT stages are co-related 

with generic FEI stages. It is important to remember that DT stages are more similar 

to “work modes” than to effective phases, i.e., they are not a sequential way to 

dispose activities, but a mode that shapes the methods being used.  This relationship 

is illustrated in Figure 46. 

Figure 46 - DT generic stages on FEI 

 
Source: Elaborated by the author 

                                                
35 The use of product and PSS development FEI models only is a limitation of this work. Service 
development FEI models could also contribute for analysis with a greater set of activities. However, it 
was left for future research due to the time-frame limitation of this work. 
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Figure 46 shows substantial similarity among activities in the stage “empathy 

generation and problem definition” and activities in all FEI stages, i.e.,  DT activities 

in empathy generation mode are present throughout the whole FEI. Ideation begins 

weaker in the first stage of FEI, being intensified during concept generation and 

keeping strong until the end of the FEI. On the last stage of FEI, it is seen a great 

increase on prototype and test, and on implementation activities. The 55 DT relevant 

activities that are present in PSS and product development FEI are listed in Table 34. 

Table 34 - DT relevant activities in PSS and product development FEI (continues) 

Most Recurrent FEI 
Stage Activities 

Most 
Recurrent 
Stage in 

DT 

Is in 
PSS 

devel. 
FEI? 

Is in 
product 
devel. 
FEI? 

Opportunity Identification identify opportunities E&P   yes 
Opportunity Identification analyze opportunities ID; P&T   yes 
Concept Generation create ideas ID yes yes 
Concept Generation analyze needs E&P yes yes 
Concept Generation identify needs E&P yes yes 
Opportunity Identification create scenarios ID yes yes 
Opportunity Identification analyze situation ID; P&T yes yes 
Opportunity Identification analyze [existing] services E&P yes   
Opportunity Identification inform opportunities ID; P&T   yes 
Concept Generation create concept ID yes yes 
Concept Generation analyze ideas ID   yes 

Project Definition decide [external] people [who are 
relevant for the process] E&P yes   

Opportunity Identification; 
Concept Generation evaluate opportunities E&P   yes 

Opportunity Identification; 
Concept Generation record ideas ID   yes 

Opportunity Identification; 
Concept Generation decide opportunities E&P   yes 

Project Definition create [project] group E&P; ID; 
P&T; IMP yes   

Opportunity Identification; 
Project Definition analyze company E&P yes   

Opportunity Identification; 
Project Definition analyze market E&P   yes 

Opportunity Identification analyze [external] people [who 
are relevant for the process] E&P yes   

Opportunity Identification combine information E&P yes   
Opportunity Identification decide needs E&P; IMP yes   
Opportunity Identification acquire knowledge E&P yes   
Opportunity Identification identify ideas P&T yes   
Opportunity Identification create opportunities ID; P&T   yes 
Concept Generation decide ideas ID yes yes 
Concept Generation decide goals E&P yes yes 
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Table 34 - DT relevant activities in PSS and product development FEI (conclusion) 

Most Recurrent FEI 
Stage Activities 

Most 
Recurrent 
Stage in 

DT 

Is in 
PSS 

devel. 
FEI? 

Is in 
product 
devel. 
FEI? 

Project Definition evaluate ideas ID yes yes 
Project Definition evaluate concept ID yes yes 
Project Definition create project IMP yes yes 
Concept Generation; 
Project Definition decide concept ID; P&T yes yes 

Concept Generation acquire perspectives E&P yes   
Concept Generation combine ideas ID   yes 
Project Definition test concept P&T; IMP   yes 
Concept Generation; 
Project Definition create business model ID; IMP yes   

Concept Generation inform [external] people [who are 
relevant for the process] E&P yes   

Concept Generation inform value E&P; ID; 
P&T yes   

Concept Generation create goals E&P; ID; 
P&T yes   

Concept Generation create character E&P yes   
Concept Generation analyze context E&P yes   
Concept Generation create [design] solutions ID yes   
Project Definition create business case IMP   yes 
Project Definition decide knowledge P&T; IMP yes   

Project Definition decide roles ID; P&T; 
IMP yes   

Project Definition evaluate [design] solutions P&T yes   

Project Definition identify [design] solutions ID; P&T; 
IMP yes   

Project Definition analyze value ID; P&T yes   

Project Definition identify [external] people [who 
are relevant for the process] E&P yes   

Project Definition create schedule E&P yes   
Project Definition analyze [design] solutions IMP yes   

Project Definition analyze [the people's] 
environment E&P yes   

Project Definition gather information E&P yes   

Project Definition create [new] product E&P; ID; 
P&T; IMP   yes 

Project Definition categorize ideas ID   yes 
Project Definition rank concept P&T   yes 
Project Definition evaluate value ID; P&T yes   

Legend (Generic Stages of DT methodologies) 
E&P Empathy Generation and Problem Definition 
ID Ideation 
P&T Prototype and Test 
IMP Implementation 

Source: Elaborated by the author 
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Those 55 DT relevant activities contain 15 of the recurrent DT activities that 

characterize DT, i.e., 32,6% of them. Those 15 activities pertain to 7 from the 9 

activity clusters that characterize DT. 
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8. Method for Integrating Design Thinking into Product-Service System 

Development Process Models 

This chapter presents Deliverable 11: Method for integrating DT into PSS 

development process models. This method aims to be useful mainly to complement 

specific or generic PSS development process models in circumstances where the 

stakeholders’ experience is relevant. 

The method proposed in this chapter was generated by following the method 

proposed in section 3.3, which is retrieved here to assure the understanding of this 

chapter. This proposition is based on the hypothesis that activity is a proper element 

to connect DT and PSS development process, considering DT activities as “building 

blocks” that may complement a PSS development process model and may bring 

additional information (methods and guidelines) on how to perform them. 

As illustrated in Figure 28 (see page 91, section 3.3), there are two ways of 

dealing with DT activities, which are explained below. 

• When a DT activity matches an activity of a PSS development process 

model: In this case, integrating this activity means aggregating every 

information that is associated to the activity, such as specific guidelines 

and methods, to the correspondent PSS development activity; 

• When a DT activity does not  match any activity of a PSS development 

process model: In this case, integrating this activity means adding this 

activity and its associated information to the PSS development process 

model.  

The method for integration proposed in this chapter is focused on the PSS 

development process FEI. As explained before, the FEI is the part of the PSS 

development process with greatest similarity with DT. 

8.1 Steps of the Integration Method 

An overview of the steps that compose the integration method is provided in 

Table 35. 
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Table 35 - Overview of the steps of the method for integrating DT with PSS development 
process models 

Steps Scope 

How to integrate the activity? 
Where to place it in the 

PSS development 
process model? 

Based on 
DT methods 

that 
prescribe 

the activity 

Based on 
activities 

of the 
same 

cluster 

Based on 
adding 
specific 

guidelines 
only 

Together 
with the 

matching 
activity 

According 
to the 

similarities 
of DT and 
FEI stages 

1 

Integration of DT 
recurrent 

activities that 
match  activities 

of the PSS 
development 

process model 

X X   X   

2 

Integration of DT 
recurrent 

activities that do 
not match  

activities of the 
PSS 

development 
process model 

X X     X 

3 

Integration of DT 
relevant* 

activities that 
match  activities 

of the PSS 
development 

process model 

X   X X   

4 

Integration of DT 
relevant* 

activities that do 
not match  

activities of the 
PSS 

development 
process model 

X   X   X 

(*) The set of DT relevant activities contains all DT recurrent activities. Thus, when the 
method refers to DT relevant activities, it means the non-recurrent relevant ones. 

Source: Elaborated by the author 

The steps presented in Table 35 are explained below. The following 

propositions are based on the activities derived from the findings obtained in 

chapters 5 and 7. Whenever the PSS development process model is cited in the 

method, it refers to its FEI. 
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Step 1. Whenever a PSS development process model contains an activity (Activity 

A) that matches a DT recurrent activity (see section 5.2), all the activities 

that share the same cluster (see section 5.3) to which this DT recurrent 

activity belongs should be included in the PSS development process model, 

as illustrated in Figure 47.  

Figure 47 - Illustrative schematic of Step 1 of the method 

 
Source: Elaborated by the author 

Where to place the activity: Those cluster activities must be placed together 

with the matching PSS development activity (Activity A).  

How to integrate the activity: There are two ways to perform the integration 

of the matching activity and its cluster-related activities into the PSS 

development process model. Preferentially, this integration may be done 

based on DT methods selection, which is explained in Board 1. Another 

way to integrate them is by the simple instantiation of the activities in the 

model. In both cases, all specific guidelines of all activities being integrated 

(see Appendix H) should be taken in consideration when performing the 

activities. When the integration is performed by means of DT methods, they 

also provide other specific guidelines related to the methods context and 

goals, which should also be considered. 
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Board 1 - DT methods selection for integration (continues) 

The methods selection is performed by means of the DMMs provided in the digital file 

of Appendix N. There are two DMMs, which must be selected depending on the type of DT 

activities being integrated. The “DMM – Recurrent activities” is used for steps 1 and 2. The 

“DMM – Relevant activities” is used for steps 3 and 4. 

A reduced version of the DT relevant activities DMM, which originally is composed by 

303 methods and 182 DT relevant activities, is illustrated in Figure 48. 

Figure 48 - Reduced version of the DMM for DT relevant activities 

 
Source: Elaborated by the author 

It is possible to identify what methods (columns) prescribe what activities (rows) by 

means of their intersection value. When the value of an intersection cell (i, j) is “1”, it means 

that the method (j) prescribes the activity (i). For example, according to Figure 48, the 

activity “analyze people [who are relevant for the process]” is prescribed by many methods, 

such as “extreme users” and “composite character profile”. 

If only one activity is being integrated into the process model, such as in steps 3 and 

4, the method selection may be done by identifying what methods prescribe this activity and 

analyzing which are more adequate to the context of the PSS development process model 
rerwerwerwtwerwetewterwetwetwrtwtrrwtwrtwrr  
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Board 1 - DT methods selection for integration (conclusion) 

This selection should consider capabilities and available resources, such as expertise on 

DT, available time, investment and human resources. 

If a cluster of activities is being integrated into the process model, such as in steps 1 

and 2, the methods selection requires more effort. As explained in section 5.3, clusters are 

composed by activities that are commonly prescribed together in methods. Thus, it is not 

necessary to select as many methods as the number of activities in the cluster. It is possible 

to identify many methods that cover two or more activities of a same cluster. The selection 

should, thus, consider what methods prescribe the cluster activities and how much they 

superpose among themselves. This aspect must be taken in consideration during selection, 

otherwise it may unnecessarily provide many superposing methods. The methods selection 

should also consider the company’s capabilities and available resources. 
Source: Elaborated by the author 

Step 2. Step 1 covered all DT recurrent activities (within their clusters) that matched 

activities of the PSS development model. The remaining DT recurrent 

activities should also be integrated into the model. They are recurrent 

because they are an essential part of DT. Therefore, in order to say that DT 

was integrated into a PSS development process model, it makes sense to 

integrate all DT recurrent activities. In order to integrate the remaining ones, 

the clusters that were not processed in step 1 must be integrated, as 

illustrated in Figure 49. 

Figure 49 - Illustrative schematic of Step 2 of the method 

 
Source: Elaborated by the author 
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Where to place the activity: In this case, the cluster activities should be 

included in an adequate moment of the process. A procedure that may 

support this decision is provided in Board 2. 

How to integrate the activity: The manner to integrate the remaining clusters is 

equal to how it is prescribed in Step 1 (see Board 1). 

Board 2 - Findings to support the decision on where to place non-similar activities in the PSS 
development process model (continues) 

This decision on where to place a DT activity into the PSS development process 

model, in the context of this method, is always performed with DT activities that do not 

match any activity in the development model nor are contained on the cluster of any 

matching recurrent activity. There are two ways to support the identification of on what 

moments an activity or cluster may be placed on the PSS development process model.  

 The easier way is by verifying if the activity to be integrated (step 4) is also 

prescribed by other generic PSS or product development process models and where in the 

FEI the activity is commonly placed in literature. This information may be retrieved from 

Appendices L and M. Those appendices present product and PSS development FEI 

activities associated with all FEI stages where they may be prescribed. They also provide 

what FEI activities match DT relevant or recurrent activities. More than one FEI stage may 

be associated to each activity. It is necessary, then, to identify which FEI stage is more 

appropriate to apply that activity in the context of the PSS development. 

If more that one activity is being integrated together, such as in a cluster (step 2), this 

procedure may also be used. If at least one of the activities in the cluster is listed in 

Appendix L or Appendix M, then the moments where it is prescribed into the development 

FEI model should be analyzed and the most appropriate moment may be selected. 

If the DT activity or cluster activities being analyzed are not prescribed in any of the 

models included in this work (Appendices L and M), then it is necessary to identify a proper 

moment to prescribe those activities in another way, which is explained below. 

When DT relevant activities that match PSS development process activities in 

literature are analyzed according to what DT stage they are more recurrent versus what FEI 

stage they are more recurrent, as in Figure 50, it is possible to notice that one single stage 

of the FEI does not contain only activities related one DT stage. Thus, the superposition 

may be graphically illustrated as proposed in Figure 54 (see page 167). 
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Board 2 - Findings to support the decision on where to place non-similar activities in the PSS 
development process model (conclusion) 

Figure 50 - DT stages superposing FEI stages 

 
Source: Elaborated by the author 

In order to define where to include a DT relevant activity (step 4) in the PSS 

development process model, it is necessary to identify on what DT stage it is more recurrent 

(see Appendix I). Then, based on Figure 50, it is necessary to identify with what FEI stages 

this DT stage has a stronger intersection. More than one FEI stage may have greater 

intersections with a single DT stage, such as in empathy generation and problem definition 

activities, which has strong intersection with all FEI stages. In this case, the FEI stage to 

where the activity being integrated should be placed should be selected based exclusively 

on the development context. 

For identifying where to include a DT cluster (step 2), the procedure is similar. The 

only modification is done on how to identify the DT stage to be used in the analysis. The DT 

stage selected should be the one that contains the majority of activities of the cluster (see 

section 5.3). 

Source: Elaborated by the author 

Step 3. Whenever a PSS development process model prescribes an activity 

(Activity K) that matches a DT relevant36 activity (see section 5.7), the 

matching activity (Activity K) may be complemented by the information 

                                                
36 The DT relevant activities contain all DT recurrent activities. In steps 3 and 4, only DT relevant non-
recurrent activities are processed. 
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related to this DT relevant activity, such as methods and guidelines, as 

illustrated in Figure 51. 

Figure 51 - Illustrative schematic of Step 3 of the method 

 
Source: Elaborated by the author 

Where to place the activity: There is no need to place the activity, since it is 

already instantiated in the PSS development process model and DT 

relevant activities do not have cluster activities associated to them.   

How to integrate the activity: There are two ways to integrate it with DT. 

Preferentially, it may be integrated by means of DT methods, following the 

procedure proposed in Board 1, and its specific guidelines (see digital file in 

Appendix N). As an alternative, it may just have its specific guidelines 

instantiated in the model. 

Step 4. Step 3 covered all DT relevant activities that matched activities of the PSS 

development process model. The remaining DT relevant activities may be 

included if they may provide contribution to the PSS development in its 

specific context. Thus, Step 4 should be performed only for DT relevant 

activities that do not match any activities of the PSS development process 

model and that may provide contribution, as illustrated in Figure 52. 

Where to place the activity: The activity may be placed in the PSS 

development process model by following the procedure proposed in Board 2. 
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Figure 52 - Illustrative schematic of Step 4 of the method 

 
Source: Elaborated by the author 

How to integrate the activity: Preferentially, it may be integrated by means of 

DT methods, following the procedure proposed in Board 1, and its specific 

guidelines (see digital file in Appendix N). As an alternative, the activity may 

be instantiated in the process together with its specific guidelines. 

8.2 Recommended Methods from Case Research 

During case research, some methods were highlighted by the team as 

methods that provided great contribution to the PSS development process. They are 

far from being the only ones. Many other methods are also capable to contribute to 

the PSS development process. However, this section presents the highlighted ones. 

The stakeholders map (STICKDORN; SCHNEIDER, 2011, p. 143) was 

highlighted as a useful method for PSS development in both cases Alpha and Beta. 

PSS is structured in partnership and experience. Knowing who the offering affects is 

an important part of PSS development. Thus, it might be worthwhile to include the 

stakeholder map method on the beginning of the opportunity identification stage of 

FEI. It provides a stakeholders list to start identifying who the design team needs to 

understand. 

Another method that was highlighted is the roadmap (IDEO, 2015, p. 136). 

Since PSS commonly requires establishing partnerships and high investment on 

products that will not be sold, planning a roadmap helps to identify how 
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implementation of the PSS will be performed and to define different layers of many 

aspects of the PSS solution in a time frame. In case Beta, for example, the roadmap 

was used to establish three implementation stages: a first one, that needed a smaller 

short-term investment; a medium-term one; and a long-term one, with high 

uncertainty level. Many layers of the PSS solution were also associated, such as 

partnership, necessary training, technology, maintenance and other aspects that 

characterized the solution. This method is recommended to be used on the project 

definition stage of FEI. 

Finally, creating business models is not a DT recurrent activity. However it is DT 

relevant activity and there are two authors who propose the use of business model 

canvas in DT methodologies: IDEO (2015, p. 123-125) and Stickdorn and Schneider 

(2011, p. 208). Both approaches can be used. It is important, though, not to limit the 

business model to a canvas, since it provides insufficient level of detail for PSS 

development, requiring further detailing (BARQUET et al., 2013, p. 695; PIERONI et 

al., 2016, p. 413). Establishing the business model is a very important practice for 

PSS development (BARQUET et al., 2013, p. 694; PIERONI et al., 2016, p. 416) and 

it is a necessary part of the front-end of innovation. 

8.3 Additional Practices 

To complement the integration, there are other sets of information that support 

the DT performance and should be considered. The generic guidelines provided in 

section 5.4 should be regarded throughout the whole process. They are important for 

people to assume the proper mindset and to guarantee that the reasoning patterns of 

DT will be respected. 

There were findings obtained in case research (chapter 4) that lead to 

practices that should be adopted in this methods. Defining in advance all DT methods 

may provide a previous overview of the process, however methods selection also 

depends on the process context, which may change according to the opportunities 

identified. Thus, methods will probably need to be adapted during the process. When 

adaption is needed, the DMMs of the digital file in Appendix N may be used 

according to the procedure proposed in Board 1.  
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Additionally, DT should be entirely performed by a dedicated multidisciplinary 

group. Varied background enhances creativity, since the group builds on each other’s 

ideas, and restricting too much time and overloading the design team with other 

attributions will certainly harm the process progress.  

One additional practice that should be considered in this method is the 

involvement of stakeholders in the process, which is essential. It may be through 

observation, active participation, co-creation, prototyping, testing, or all those means 

together. Independently on how their involvement will be done, stakeholders should 

be active in the DT process. This factor distinguished cases Alpha and Beta. Case 

Beta provided much more insights and new ideas because stakeholders were 

interviewed and prototypes were tested with external people. Limiting stakeholders in 

case Alpha probably biased the results. When one stakeholder supported the design 

team on case Alpha for generating the journey map, he also demonstrated how 

important it was to involve stakeholder in the process. 

8.4 Conceptual Visualization of the Front-End of Innovation with Integrated 
Design Thinking Activities 

Based on all the information retrieved so far, it is possible to say that an 

overview of the PSS development process FEI may become similar to what is 

illustrated in Figure 53 and Figure 54. Figure 53 represents the whole PSS 

development process in the development funnel representation, which states that 

development process is not a tunnel, but a funnel, reinforcing the idea that not 

“everything that enters comes out on the other end” (COOPER, 2008, p. 218). In 

Figure 53, the generic DT stages are represented superposing the front-end of 

innovation.  
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Figure 53 - PSS development process in the funnel representation 

 
Source: Elaborated by the author 

Another perspective of this superposition is illustrated in Figure 54. The end of 

FEI provides a set of concepts that must be further evaluated during development. 

The FEI is followed by the embodiment design, which is followed by the usual PSS 

development process. This perspective is a frontal view of the FEI funnel, seen as a 

spiral through which the process runs (Figure 54). The spiral represents the FEI 

process path. It has the generic DT stages embedded in it in the colored regions of 

the spiral. The circles inside the spiral represent moments that will be used in the 

explanation following Figure 54 in order to exemplify how this process looks like. 

As explained before, the DT generic mindsets, the inclusion of stakeholders 

and the employment of a multidisciplinary team are essential. It was also explained 

how to integrate activities individually in the process. Figure 54 represents in an 

overview what actually integrating those activities in a complete overview means.  

The representation of the FEI is not linear, but iterative. The DT stages are 

distributed unevenly through the FEI process, as illustrated in Figure 50. Their 

proportion on each FEI phase is illustrated by the proportion of colors. 
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Figure 54 – Generic perspective of the integration framework for DT and PSS development FEI 

 
Source: Elaborated by the author 
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Throughout the represented spiral, this figure describes how the flow of the 

FEI with embedded DT activities could look like, as illustrated in following fictitious 

and generic example. 

A. The process starts with opportunity identification, where empathy generation 

and problem definition is the focus of DT. Ideation is also natural in this 

moment, since ideas start to arise from understanding people.  

B. When the opportunity is identified and the problem is defined in the FEI, 

concept generation starts and the focus of DT shifts to ideation. However, 

empathy generation still occurs, since people’s preferences must be 

continuously understood.  

C. When FEI project definition starts, the DT focus shifts to prototyping and test 

and implementation. Concepts are validated and conceptual flaws are noticed. 

Also, if a business case is created during project definition, it is possible to 

notice aspects that are economically unfeasible.  

D. Then, in FEI, opportunity identification must be performed once again in the 

iterative process. This time, not necessarily a complete new opportunity will be 

identified, but opportunities for improving the concepts and opportunities that 

eventually were not identified in the previous iteration. Indeed, when 

prototypes are tested, for example, people may express different needs and 

desires. Thus, it is noticed this time that the process focus is more related to 

ideation and prototype and test stages. 

E. The new opportunities lead to further changes and detailing of concepts. 

Again, not necessarily a new concept will be generated, but improved. 

However, new concepts may also be generated. This time, the DT focus is 

strongly related to ideation, prototyping and testing. 

F. When this iterative process goes again to the FEI project definition, the DT 

focus is on prototype and test, and implementation. The business case is 

improved. 
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G. This iterative process is repeated as many times as necessary until most of 

the DT activities belong to the implementation stage. 

It is important to highlight that this process does not contain DT activities or 

FEI activities separately anymore. All activities now belong to the PSS development 

process model. Thus, activities that would not be prescribed by DT, but are 

prescribed by the original PSS development process model, will keep on being 

performed. As explained in chapters 6 and 7, DT does not replace the FEI model, but 

complements it. During this cycle, technology-related activities, sustainability-related 

activities, market-related activities and other activities that are not prescribed by DT 

but are prescribed by the PSS development model must be performed, following the 

iterative process structure after DT integration. 
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9. Conclusions and Final Remarks 

This chapter presents conclusions and final remarks of this research. It is 

divided into three sections: 9.1 Results Obtained; 9.2 Contributions and 9.3 

Limitations. 

9.1 Results Obtained 

This work presents three major conclusions. 

The first conclusion is that the recurrent DT approach may be characterized by 

means of 46 DT recurrent activities clustered in 9 main activity clusters. Besides, 182 

activities were identified as possible relevant activities that DT methodologies may 

prescribe. The recurrent activities of DT are associated to their specific guidelines, 

which sum, in total, 458 specific guidelines. 9 generic guidelines are also associated 

to the whole process. In fact, just following the recurrent activities of DT would not 

lead people to intense creativity. The guidelines are important for the complete 

understanding of the activities and the process. 

This characterization helps building DT theory, since some authors criticize the 

lack of systematic studies about DT, stating that most of them are anecdotal 

(LIEDTKA, 2014a, p. 1). It provides a description of the recurrent DT approach by 

means of activities, what diverges from the typical descriptions based on methods. 

This new perspective of the DT process provides two advantages: First of all, the 

biases from each author vanish, leaving just the essence that is shared by most 

authors. Secondly, it provides a new perspective of DT that makes it compatible with 

product, service and PSS development processes for comparison purposes. This 

characterization achieves goal G1 (Characterize the DT approach based on the 

recurrent elements, aiming at comparing them with PSS development process 

models) and answers the first research question: 

RQ1: What are the commonalities among DT methodologies that 

characterize the DT approach? 
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The second conclusion that this work provides is that DT is not capable of 

replacing the whole PSS development process, nor any of the PSS development 

phases. The comparison of DT activities and PSS development activities provided 

that the phase of the PSS development with greatest compatibility with DT is the FEI. 

However, this compatibility is of only 31%. Thus, DT should not be seen as a 

replacement, but a complement to the process. In fact, DT activities are evenly 

distributed throughout the FEI stages, showing integration capability in the whole FEI. 

Those results derive from achieving the goals G2 and G3 (Compare the DT approach 

with FEI models and PSS development process models; and Identify for what phases 

or activities of the PSS development process the application of DT is appropriate as a 

complementary approach). 

The third conclusion covers the achievement of the main objective of this work 

(Identify how the design thinking approach can be applied in PSS development 

processes) and the answer to the second research question: 

RQ2: How to integrate Design Thinking and PSS Development so that it 

becomes more user-centered? 

The integration may be done by means of the method proposition of chapter 8, 

combining DT relevant activities and the recommendations compiled in that chapter. 

The final proposition is a method for integrating DT into PSS development process 

models, based on the comparisons performed among DT and PSS and product 

development FEI models. 

Two secondary conclusions, which were not the focus of this work, were also 

achieved during the research process. 

 The first secondary conclusion is that DT does not approach many aspects of 

the solution, such as technology, market and sustainability. This last one shows 

misalignment with latest trends, such as circular economy, which envisions 

improvement of user-experience and sustainability by dematerialization. Thus, if a 

company desires to make its process more user-centered and sustainable, only 

integrating DT will not be enough. It may deal with the first aspect, but further 

approaches that consider sustainability should be jointly employed. 
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The second one refers to FEI activities. When product FEI activities and PSS FEI 

activities are compared, they show a small compatibility (14,1%). However, FEI 

activities are hardly ever product- or service-specific. They deal with opportunities, 

ideas, concepts, and other artifacts that consider the integrated solution. Thus, this 

low compatibility raises attention. It may represent a gap on employing knowledge 

from past literature in the creation of new PSS development process models. Thus, 

this aspect should be further analyzed in future research. 

9.2 Contributions 

The results of this work have some contributions to practitioners and academy. 

The characterization of DT contributed to academy on building the theory of 

DT by characterizing it in a distinct way of what is commonly done in literature. It also 

may support practitioners on better understanding the most recurrent elements that 

describe DT. The guidelines add relevant information to complement the recurrent 

activities (otherwise they would not be so different from typical product development) 

and they may be used by novices as a support for assuming the proper mindset 

during the whole DT process. 

The comparison of PSS development, FEI models and DT provides some 

insightful considerations for academy. First of all, it is important to perform further 

research on improving PSS development process. It also provides to academy how 

those three theories are interrelated by means of one of their element categories. 

The method proposed for characterization and comparison in this work also 

may help researchers on comparing different approaches elements. This method was 

applied by two researches of the Integrated Engineering Group, providing activities 

characterization on DT and PSS development process. In this work, it was also used 

for product development FEI models. Thus, for example, authors that keep saying 

that DT is nothing but other approaches in a new label, can employ this method to 

corroborate or falsify their statements. 

Finally, the proposition of DT integration with PSS development process may 

provide support for practitioners when aiming at establishing more user-centered 

PSS development models. It may also be useful in academy on future PSS 
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development process model propositions, since it provides a new way to instantiate 

development process models in the FEI. 

9.3 Limitations and Future Research 

Some limitations should be considered in the results interpretation. Some of 

them may provide opportunities for future research. 

First of all, most results were based on the DT recurrent activities provided in 

chapter 5. They were created by means of a method combining corpus linguistics 

and frame semantics. Since it is based on linguistic, even though the process was 

systematic, there is still a small dependence on the author’s interpretation. For 

example, if an activity was composed with the verb “take”. In WordNet, it is possible 

to identify more than 40 different meanings for “take”. However, following the method 

proposed in section 3.2.4.2, each time a different meaning from “take” appears, a 

new code is set (unless it is a troponym of a verb that is already in the thesaurus). 

Since WordNet provides examples and all words that are semantically related with 

the word being searched, it is difficult not to know what meaning a word has. To 

overcome this limitation, the analysis was performed together with two research 

assistants in order to validate the meaning of each word from the thesaurus. After 

that, one PhD candidate from the Integrated Engineering group also reviewed the 

results of this analysis. It brings one opportunity for future research: How to make this 

kind of interpretation automatic, with no dependence of the researcher? 

Another limitation of the same method is the amount of methodologies used. 

The ideal situation would be to analyze a large number of methodologies. However, 

the method depends on manual work. Most words have more than one single 

meaning and must be submitted to personal judgment based on WordNet data. The 

corpus analyzed in this work was composed by 1501 pages, what required great 

effort to analyze. In order to overcome this limitation, the publications were selected 

giving preference for those which were intensively cited or published by known 

researchers on the area.  A future work could be developed with other DT 

methodologies, in order to analyze convergence of the results. 

Another important limitation is the quality of DT methodologies. They are not 

scientific publications. Even though some of them were published by known 
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researchers in the area, such as Kimbell and Liedtka (KIMBELL; JULIER, 2012; 

LIEDTKA; OGILVIE, 2011), they do not follow scientific rigueur. They were used 

because there is no DT methodology in scientific literature with proper detail level for 

the analysis proposed in this work. Detailed methodologies were originated mainly by 

practitioners, being frequently referenced by scientific work. Thus, the methodologies 

used in this work are non-indexed publications. 

A limitation is also observed in the selection of the DT relevant activities. They 

were selected by one single expert. Including more experts would provide a richer 

analysis, however the time frame of this work did not allow further analyses. Thus, it 

is known that this aspect is a limitation and it should be reviewed in further 

development of the integration framework. 

This research included analyses based on PSS and product development 

models. However, due to the time-frame, service development process models were 

not considered. It is also an opportunity for future work: including service 

development process activities to this analysis. 

Additionally, scope of this research’s methodology covers up to the initial 

prescriptive study. Thus, testing the prescriptive integration framework for DT and 

PSS development process in out of the scope of this work. Thus, the framework still 

needs testing and further development, what may be done in future work. Besides, 

the framework is limited to cases of PSS where the stakeholders’ experience is 

relevant, i.e., circumstances where the final solution influences the stakeholders’ 

experience. 

For the methods selection, it is proposed a future development of a digital tool 

where companies may input their capabilities and resources, such as expertise on 

DT, available time, investment, and human resources, providing as a result the ideal 

set of DT methods to execute all clusters of DT recurrent activities. This tool would 

select the methods by associating the DMMs and DSMs obtained in this research 

with information about capabilities and resources required by each method. 

Finally, there were research questions that derived from the case research of 

this work. They are the following: 
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• Should the whole design team have contact with the DT approach and PSS 

development before in order to obtain optimal results? 

• Up to what detail level of the design concept should DT go? 
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Appendix A – Design Thinking Methodologies 

This appendix provides a detailed description of each DT methodology used in 

this work (FABRICANT et al., 2012; IDEO, 2015; KIMBELL; JULIER, 2012; KUMAR, 

2013; LIEDTKA; OGILVIE, 2011; PLATTNER, 2010; RCA, 2010; STICKDORN; 

SCHNEIDER, 2011). 

A. Bootcamp Bootleg (PLATTNER, 2010) 

The Bootcamp Bootleg methodology is one of the most recognized DT 

methodologies, being cited by many works that deal with DT application (MELLES; 

HOWARD; THOMPSON-WHITESIDE, 2012; RAUTH et al., 2010). The model was 

established at the d.School, in Stanford, to provide guidance through the DT process 

for recent graduates. The Bootcamp Bootleg is a compilation of the most used 

methods in d.School. 

The methodology proposed by Plattner (2010, p. 3) proposes seven generic 

guidelines, called by them as “mindsets” to be followed: 

• Visual communication: Communication of personal thoughts should be 

materialized to reach effective communication (PLATTNER, 2010, p. 3). 

• Human-centric approach: The human values are central. The process requires 

the team to create empathy with the target users and to get their feedback 

about the solutions and working principles (PLATTNER, 2010, p. 3). 

• Chase clarity: The process is chaotic and goes through divergent and 

convergent steps. However, in each moment of the DT process, the team 

members must try to clarify anything that may not be clear enough. This 

principle requires to “produce a coherent vision out of messy problems” 

(PLATTNER, 2010, p. 3). 

• Visual thinking: Using simple prototypes, sketches, storyboards, among other 

visual tools, allows people not only to validate solutions and ideas, but also to 

concretize personal thoughts in order to think. “We build to think and learn” 

(PLATTNER, 2010, p. 3). 
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• Process awareness: All team members involved in the DT process must know, 

at every moment, in which point of the process they are, which methods shall 

be used at that point, and what the team needs to achieve by doing the 

selected methods. 

• “Bias toward action”: The DT process is much more focused on doing rather 

than thinking. The members should always prefer action. For example, if a 

prototype is to be done, it should be started as soon as decided. Thus, 

Plattner (2010, p. 3) recommends to “bias toward doing and making over 

thinking and meeting”. 

• “Radical collaboration”: The ideal team has “varied backgrounds and 

viewpoints” (PLATTNER, 2010, p. 3). Diversity is essential to generate a 

comprehensive amount of insights, ideas and solutions covering the widest 

field ranges as possible. 

The Bootcamp Bootleg methodology (PLATTNER, 2010, p. 4-8) is divided in 

five macro-stages: Empathize, Define, Ideate, Prototype, and Test. The stages of the 

Bootcamp Bootleg are overviewed below: 

• Empathize: In this stage, the team members should create empathy with the 

users. In order to do this, the process requests observing “users and their 

behavior in the context of their lives” (PLATTNER, 2010, p. 4); engaging with 

users by interacting and interviewing them “through both scheduled and short 

‘intercept’ encounters; and immersing the user reality by experiencing what 

they feel and what they do. This stage allows the team to understand the 

target users and their needs, experiences, main problems, thoughts, feelings, 

and all relevant (and even irrelevant) information, diverging from the initial 

challenge towards a better understanding. All this interaction with users must 

be done without prejudices and biases. Plattner (2010, p. 9) even recommend 

that users must be seen through “children eyes”: with curiosity and no 

judgment. 

• Define: The stage “Define” aims to reach an “actionable problem statement”, 

called “point of view” (PLATTNER, 2010, p. 5). It is defined after all knowledge 

acquired in the first stage is synthesized, converging the process to the 
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definition of a meaningful specific problem to be solved. The problem must be 

well established, since the future efforts in the DT process will try to solve it. 

• Ideate: This stage is a new divergence in the process, where the maximum 

amount of ideas is generated in order to solve the “point of view”. Ideation 

should not be limited to obvious solutions, but also to go beyond, uncovering 

“unexpected areas of exploration” (PLATTNER, 2010, p. 6). The most relevant 

ideas shall be selected in this stage, going to prototyping. 

• Prototype: In this stage, the selected ideas are prototyped. The prototypes are 

simple and may even not represent the solution, but specific variables to be 

tested. The prototypes may be done for many reasons besides testing 

variables with users. It can be done to gain empathy, to explore options, and 

to provide inspiration. Prototyping can ease communication and learning, 

besides of allowing a quick and cheap failure and to build the solution by small 

steps, breaking a “large problem down into smaller, testable chunks” 

(PLATTNER, 2010, p. 7). 

• Test: The last stage is usually performed by making users (and also the team 

members) interact with prototypes. Their interaction will bring refinement 

opportunities for the solutions, besides of providing more knowledge about the 

user problems and preferences. If the problem was framed incorrectly, it is 

also possible to identify it and reframe it.  

Methods and tools support all stages. Those stages, as well as the methods 

used in each one of them, are illustrated in Figure 55. It is important to highlight that 

some methods were unified in the illustration, since some of them were divided in the 

method per se and the preparation for the method. Thus, for example, the method 

“Interview preparation” and “Interview for empathy” were unified under the label 

“Interview for empathy”. Some methods are also applicable in more than one stage. 

Thus, they are repeated in all stages that they are applicable. 
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Figure 55 - Bootcamp Bootleg stages and methods  

 
Source: Adapted from Plattner (2010, p. 1-5) 

 

B. Designing for Growth (LIEDTKA; OGILVIE, 2011) 

Jeanne Liedtka, one of the authors of this methodology, is a well-known 

researcher of the DT area and has much published work about DT, mainly in the 

context of business application (LIEDTKA, 2010, 2011, 2014a, 2014b). The 

methodology proposed by Liedtka and Ogilvie (2011), respectively professor in 

Darden School of Business in University of Virginia and CEO of Peer Insight, in the 

book “Designing for Growth” had its focus on managers who would like to use design.  
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Liedtka and Ogilvie (2011, p. 33) state that “design thinking can do for organic 

growth and innovation what TQM [Total Quality Management] did for quality – take 

something we always cared about and put tools and processes into the hands of 

managers to make it happen”. Thus, the “Designing for Growth” methodology tries to 

bring DT to the usual activities of any manager. 

However, Liedtka and Ogilvie (2011, p. 58) point out that business and design 

have very different characteristics, as shown in Table 36. Thus, managers must 

change mindset to perform the DT process accordingly. 

Table 36 - Comparison between business and design characteristics  

 Business Design 

Underlying 

Assumptions 

Rationality, objectivity; Reality as 

fixed and quantifiable 

Subjective experience; Reality as 

socially constructed 

Method Analysis aimed at proving one “best” 

answer 

Experimentation aimed at iterating 

toward a “better” answer 

Process Planning Doing 

Decision 

Drivers 

Logic; Numeric models Emotional insight; Experiential 

models 

Values Pursuit of control and stability; 

Discomfort with uncertainty 

Pursuit of novelty; Dislike of status 

quo 

Levels of 

Focus 

Abstract or particular Iterative movement between abstract 

and particular 

Source: Liedtka and Ogilvie (2011, p. 58) 

The methodology proposed by Liedtka and Ogilvie (2011, p. 91) is divided in 

four stages named after four questions: What is?; What if?; What wows?; and What 

works?. They are explained below: 

• What is: This stage focuses on the effective identification of the problem or 

opportunity by understanding the reality of the customers. Thus, in this stage, 

“you’ve got to meet your customers where they are today in order to take them 

where you think they need to be” (LIEDTKA; OGILVIE, 2011, p. 96-98). 

• What if: After data exploration and its synthesis, the second stage focus on 

creativity. In this phase, creative ideas arise. The ideation in this stage does 



192 

 

not allow constrains, but focus on identifying a whole range of new 

possibilities. In the end of this stage, the concepts to be tested are proposed 

(LIEDTKA; OGILVIE, 2011, p. 109-110). 

• What wows: This stage aims to reach what is the best concept. First of all, the 

concepts must be assessed and refined. In this methodology, this assessment 

is firstly done analytically and, then, the identified conditions where the 

hypotheses might not be true are effectively tested with users by “low-fidelity 

prototypes” (LIEDTKA; OGILVIE, 2011, p. 117-122). 

• What works: This stage comprises the launch of the artifact. It focuses on the 

reduction of possible remaining risks. However, the artifact is launched in the 

end of this stage for learning purposes. Thus, it is necessary to work with fast 

feedback cycles (LIEDTKA; OGILVIE, 2011, p. 125-128). 

To support the DT process, Liedtka and Ogilvie (2011, p. 33) propose a set 

of 10 tools and methods. However, they insert what they call a “management aid” 

in the stages transition, which are in reality management tools. Also, in the text 

description some methods were identified, such as Interview and Ethnography. 

Thus, in the end, the methodology proposes 16 methods and tools. They are 

illustrated in Figure 56, as well as the stages where they are applicable. 

Figure 56 - “Designing for Growth” stages and methods  

 
Source: Adapted from Liedtka and Ogilvie (2011, p. 135) 



 

 

193 

It is important to point out that other methods are also included into the 

methods description, such as persona. However, only ethnography and interview 

were added to this schematic, since they were explained in detail. The methods that 

are not included here are just cited inside the other methods, with little description. 

Thus, they were not separated as proposed methods. 

C. Designing with People (RCA, 2010) 

The methodology Designing with People is proposed in the web by the Helen 

Hamlyn Centre for Design at the Royal College of Art (RCA, 2010). 

The stages proposed for this methodology derive from the double-diamond of 

the British Design Council. Those stages are described as the following: 

“Discover typically refers to the explore-and-understand 
stage of design; define to problem focus and definition; develop 
to the design-and-create stage; and deliver to final specification 
and production”. (RCA, 2010) 

Even though it is explicated that the deliver stage would deal with specification 

and production, no method performs activities related to those topics. 

 Every method proposed in this methodology has some information that can 

contribute to their selection during a DT application. All methods state explicitly what 

are their outputs and inputs. Inputs are divided in four categories: Expertise, Time, 

Staffing and Costs. For each one of them, the method classifies the level of the input 

as low, medium or high. Methods are also classified by the type of interaction 

performed. This classification is adapted from the IDEO Methods Cards (IDEO, 

2003), proposing that interactions can be classified as the following: Learn, Look, 

Ask, Try and Imagine. 

 Yet, depending on the relationship of the designer and the user on a specific 

method, it can be classified as “designing for people”, “designing with people”, and 

“designing by people”. 

 The methods and stages proposed by the “designing with people” 

methodology are illustrated in Figure 57. 
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Figure 57 – “Designing with people” stages and method  

 
Source: Adapted from RCA (2010) 

D. The Field Guide to Human-Centered Design (IDEO, 2015) 

The “Field Guide to Human-Centered Design” (IDEO, 2015) is a step-by-step 

guide focused on the social sector practitioners, mainly for what they call “social 

innovation”. This guide was developed by IDEO, a pioneer design consultancy firm, 

and IDEO.org, its non-profit institution that work with design to improve poor 

communities quality of life. 

This field guide requests the process to be performed by people with seven 

generic guidelines in mind:  

• Creative Confidence: “Creative confidence is the belief that everyone is 

creative, and that creativity isn’t the capacity to draw or compose or sculpt, but 

a way of understanding the world. Creative confidence is the quality that 

human-centered designers rely on when it comes to making leaps, trusting 

their intuition, and chasing solutions that they haven’t totally figured out yet” 

(IDEO, 2015, p. 19). 

• Making: The guideline of “making” is the understanding the materializing 

something may bring much more insights and information than theory in a 
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speech. Materializing is a way of testing, thinking and sharing (IDEO, 2015, p. 

20). 

• Learning from failure: This guideline refers to avoid thinking of failures as 

errors by which someone must be judged, but as “experiments through which 

you’re going to learn” (IDEO, 2015, p. 21). 

• Empathy: When people put themselves in other people perspectives, it is 

easier to understand their needs and behaviors (IDEO, 2015, p. 22). This 

guideline allows effective understanding, reaching a deeper level than a 

simple survey or interview. 

• Embracing ambiguity: The guide states that “though it may seem 

counterintuitive, the ambiguity of not knowing the answer actually sets up 

human-centered designers to innovate” (IDEO, 2015, p. 23). When an answer 

is unknown, all possibilities must be investigated, reaching a wide amount of 

ideas that should be assessed. 

• Optimism: The team members must be certain that, in the end of the process, 

at least one solution will be found, even if they pass by many obstacles in the 

way (IDEO, 2015, p. 24). 

• Iteration: It is not possible to reach a perfect solution on the first time the team 

defines it. Iterating provides feedback to the team in order to reach fast 

refinement and improvement (IDEO, 2015, p. 25). 

Also keeping the principle that the stages of a DT process are not linear, “Field 

Guide to Human-Centered Design” (IDEO, 2015, p. 11) proposes three stages: 

Inspiration, Ideation and Implementation. They are better explained below: 

• Inspiration: Covering the scope of understanding users and design space, this 

stage focuses on understanding people. Here, target users’ lives, hopes and 

desires are understood to guide the challenge solution (IDEO, 2015, p. 11). 

• Ideation: It covers ideating, prototyping and testing. Thus, this stage covers 

the whole process of generating ideas, testing them and refining them until a 

solution is defined (IDEO, 2015, p. 11). 
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• Implementation: The implementation stage is where, effectively, preparations 

to bring the solution to reality are done, identifying “how to get your idea to 

market and how to maximize its impact in the world” (IDEO, 2015, p. 11). 

The stages lead the team members through divergent and convergent steps. 

Thus, according to the authors (IDEO, 2015, p. 13), member may feel uncomfortable. 

However, this discomfort vanishes after getting used to the process. 

The stages and their respective methods are illustrated in Figure 58.  

Figure 58 – “Field Guide to Human-Centered Design” stages and methods  

 
Source: Elaborated by the author 

E. Collective Action Toolkit (FABRICANT et al., 2012) 

The “Collective Action Toolkit” is proposed by FROG (FABRICANT et al., 

2012), a global design and strategy firm. Focused on social design, this methodology 

aims to help people on generating “solutions for community problems”. 

Based on 25 methods, this methodology is based on what they call “six activity 

areas”: “Clarify your goal”, “Build your group”, “Seek new understanding”, “Imagine 



 

 

197 

more ideas”, “Make something real”, and “Plan for action” (FABRICANT et al., 2012, 

p. 5). Those activity areas are similar to what we refer as stage for the DT 

methodologies. A short description of each one of them is provided below: 

• Clarify your goal: This stage focus on defining “the problem you’re trying to 

solve and what goals you want to achieve” (FABRICANT et al., 2012, p.6); 

• Build your group: This stage covers bringing together “people in your 

community, identifying their unique strengths and their commitment to your 

cause” (FABRICANT et al., 2012, p.18); 

• Seek new understanding: This stage focus on gathering information about 

people’s perspectives, exploring their lives and discovering unmet needs 

(FABRICANT et al., 2012, p. 30). 

• Imagine more ideas: This activity area is about creating “solutions for the 

problems you want to solve” (FABRICANT et al., 2012, p. 42); 

• Make something real: It is prototyping stage of this methodology, where ideas 

are tested by telling stories or building physical versions of ideas (FABRICANT 

et al., 2012, p. 54); 

• Plan for Action: This stage is where the team plans the implementation to 

make ideas become real (FABRICANT et al., 2012, p. 68); 

Differently from most methodologies, the methods have a suggested 

sequence to be followed depending on the reader’s goals. The methods are also 

provided with information on how much time is expected to be spent, what are the 

roles necessary for the method, and what are the necessary materials. 

The methods proposed by this methodology may be visualized in Figure 59. 
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Figure 59 – “Collective Action Toolkit” stages and methods  

 
Source: Adapted from Fabricant et al. (2012, p. 4) 

F. This is Service Design Thinking (STICKDORN; SCHNEIDER, 2011) 

This methodology was a compilation of ideas from many important 

researchers and practitioners in the DT field. Instead of being just a methodology 

proposal, the work “This is Service Design Thinking” (STICKDORN; SCHNEIDER, 

2011) is a textbook focused on service development, but also citing possible 

application in what it calls “product-service hybrids” or PSS (MIETTINEN, 2011, p. 

55-56). The book is divided in three parts: Fundamental concepts, Methods and 

Tools, and Cases; and was written by means of the crowdsourcing technique. 

The principles of service DT, according to Mark Stickdorn, in this work 

(STICKDORN; SCHNEIDER, 2011, p. 26), were five: 

• User-centered: The main focus of a service development is the customer and 

the customer participation is necessary; 
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• Co-creative: “All stakeholders should be included in the service design 

process” (STICKDORN; SCHNEIDER, 2011, p. 26); 

• Sequencing: “The service should be visualized as a sequence of interrelated 

actions” (STICKDORN; SCHNEIDER, 2011, p. 26); 

• Evidencing: Even though services are intangible, as shown in subsection 2.1, 

it must be related to physical artifacts, which “help reveal inconspicuous 

backstage services” (STICKDORN; SCHNEIDER, 2011, p. 36); 

• Holistic: Considering just the users is not enough to develop a successful 

service. “The entire environment of a service should be considered” 

(STICKDORN; SCHNEIDER, 2011, p. 26). 

Stickdorn and Schneider (2011, p. 116) highlight that DT is iterative, dividing 

the process in four stages, which are overviewed below: 

• Exploration: The exploration stage scope in this methodology is composed by 

some tasks. The first one is “to understand the culture and goals of the 

company providing a service” (STICKDORN; SCHNEIDER, 2011, p. 120). The 

second task is to identify a problem that will be solved in the process, going, 

then, to the third task, which comprises a synthesis of the acquired knowledge 

and, if possible, the basic structure of the old services (STICKDORN; 

SCHNEIDER, 2011, p. 120-121). 

• Creation: The creation is, basically, the concept design. It is highly intertwined 

with the reflection stage. In the creation stage, ideas are generated and the 

concept is elaborated. In this stage, errors should not be avoided, but explored 

(STICKDORN; SCHNEIDER, 2011, p. 122). 

• Reflection: The reflection stage comprises prototyping, also keeping the 

concept of prototyping different from the engineering prototypes. For this 

methodology in particular, there is a difficulty in prototyping services, since 

they are intangible. Thus, prototyping methods are limited and, usually, 

different. This stage also comprises testing, where customers feedback shall 

be collected (STICKDORN; SCHNEIDER, 2011, p. 124-125). 
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• Implementation: This stage considers the effective implementation of a service 

in the market. “Implementing change relies on the fact that the management is 

convinced of the service concept and does not flinch from any resulting 

problems while implementing the change” (STICKDORN; SCHNEIDER, 2011, 

p. 126-127). 

Those stages are supported by methods and tools, which are listed in Figure 

60. It is important to point out that the methods listed for the creation stage are also 

used for the reflection stage. In fact, they superpose both stages. 

Figure 60 – “This is Service Design Thinking” stages and methods  

 
Source: Adapted from Stickdorn and Schneider (2011, p. 120-126) 

G. The Social Design Methods Menu (KIMBELL; JULIER, 2012) 

This methodology was developed by Kimbell and Julier (2012), respectively 

associate fellow at Said Business School and sociologist. Lucy Kimbell, the first 

author of this methodology, presents much work in literature, both about DT and 

service development (KIMBELL, 2009, 2011a, 2011b, 2012). This methodology is 

proposed as a replacement to early research in the front-end of innovation 

(KIMBELL; JULIER, 2012, p. 16). However, it seems to be applicable to other parts of 

the development process, as explained so far. 
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They do not refer to DT in this methodology, staying focused on the term 

“social design”. However, it clearly presents DT characteristics and the first author is 

a well-known DT researcher.  

The focus of this methodology is social innovation, particularly focused on 

services, and it was inspired in eleven design toolkits, of which two are also 

presented in this work (KIMBELL; JULIER, 2012, p. 20). 

The social design methods menu approach is divided in four stages, called as 

“modes” by the authors (KIMBELL; JULIER, 2012, p. 20). They are explained below: 

• Exploring: This stage requests the team to explore the design space, 

understanding deeply all components that influence a given social issue or 

service. The authors request the team to be open to new findings in order to 

improve creativity (KIMBELL; JULIER, 2012, p. 11). 

• Making sense: This second stage aims to collect all information from the 

exploring stage and make it “useful and usable”. It is a convergence point, 

where the team establishes all consensus and establish frameworks that focus 

on the key issues that were identified (KIMBELL; JULIER, 2012, p. 11). 

• Proposing: “Proposing” involves generating ideas, and prototyping and testing 

them. It is a generative mode, where all solutions for the key issues that were 

identified are created and developed (KIMBELL; JULIER, 2012, p. 11). 

• Iterating: This stage is unique to this methodology. It is a stage that covers all 

other stages, stating visually that the process is not linear and can return to 

any stage at any moment (KIMBELL; JULIER, 2012, p. 11). Although all 

methodologies explained in this subsection (2.6) state that they are iterative, 

this is the only one that shows it visually in the process representation as a 

stage. 

Eleven methods are proposed to support all stage but iterating. This last stage 

can use any method of any stage in this methodology. The methods, as well as the 

stages where each one of them can be applied, are illustrated in Figure 61. 

  



202 

 

Figure 61 - “The social design methods menu” stages and methods  

 
Source: Adapted from Kimbell and Julier (2012, p. 11) 

This methodology has some special characteristics when compared to the 

others. First of all, it proposes different approaches depending on who performs the 

process. It differs managers; leaders and entrepreneurs; and service users, staff and 

volunteers. Then, it proposes different ways to see each one of the stages depending 

on who are the actors of the DT process. 

Another aspect that differs it from all other methodologies is that it offers a set 

of “recipes”. It means that it provides a species of project typology, proposing what 

methods should be performed and in which order depending on what type of project. 

Those “recipes” cover fixing service critiques, developing with agility, improving 

services or social issues, and innovating. In fact, proposing more than just innovation 

is also a peculiarity of this methodology.  

H. 101 Design Methods (KUMAR, 2013) 

This is the largest methodologies seen so far. Providing 101 design methods, 

this methodology proposes an iterative and non-linear process, which passes through 

what Kumar (2013, p. 23) calls, “seven modes”, which are equivalent to what other 

authors call as stages: 

• Mode 1 – Sense Intent: This mode comprehends identifying “where to start”, 

establishing the innovation intent of the process (KUMAR, 2013, p. 23). It 
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includes gathering most recent information, overviewing the topic, mapping 

trends and reframing problems (KUMAR, 2013, p. 23); 

• Mode 2 – Know Context: This mode focus on acquiring a deeper knowledge of 

the context of the innovation offerings, evaluating it on several ways, such as 

experts questioning and mapping the context evolution (KUMAR, 2013, p. 24); 

• Mode 3 – Know People: It covers understanding “people (end users and other 

stakeholders) and their interactions with everything during their daily lives” by 

means of observing, interviewing, engaging people, among others (KUMAR, 

2013, p. 24-25); 

• Mode 4 – Frame Insights: The fourth mode aims to “sort, cluster, and organize 

the fata gathered in the previous three modes”, identifying insights and 

patterns that will lead to the establishment of design criteria (KUMAR, 2013, p. 

25); 

• Mode 5 – Explore Concepts: This mode is where opportunities are identified, 

deriving the creation of new concepts based on insights and design principles, 

ensuring that they are “defensible and grounded in reality” (KUMAR, 2013, p. 

26); 

• Mode 6 – Frame Solutions: The sixth mode focus on combining compatible 

concepts to compose solutions and, then, prototype and test them  (KUMAR, 

2013, p. 27); 

• Mode 7 – Realize Offerings: Following the prototypes testing, this mode 

evaluates the user-centeredness of the solution and establish the 

implementation plans to allow the solution to become a real offering (KUMAR, 

2013, p. 27). 

The methodology proposed by Kumar (2013, p. 15-19) is structured on 4 

principles: Building innovations based on experiences, thinking of innovations as 

systems, cultivating an innovation culture, and adopting a disciplined innovation 

process.   
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Kumar (2013) presents his methods by establishing what they do, how to 

perform them, when to use them, what are the benefits, and explicating inputs and 

outputs. Each method is also always followed by an example to improve 

understanding. 

This was the largest methodology found in literature. The methods and stages, 

or modes, proposed by Kumar (2013, p. 21) are illustrated in Figure 62. 

Figure 62 – “101 Design Methods” stages and methods  

 
Source: Adapted from Kumar (2013, p. 21) 
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Appendix B – Glossary of Process Element Categories 

This appendix presents a glossary of the meaning of each process element 

category presented in subsection 2.7.2. 

Table 37 - Appendix B - Glossary of process element categories (continues) 

Element Category Definition Source 

Activity 

“Activity is a complex, multi-

dimensional system, requiring the 

use of systemic principles.” 

“An activity realizes a task (i.e. a 

goal) as a partially ordered set of 

basics operations (or actions) 

executed to perform things to be 

done within an enterprise.” 

(BEDNY; KARWOWSKI, 

2004, p. 142) 

 

 

 

(VERNADAT, 1996, p. 84) 

Deliverable (aka 

product or result) 

“A result of the transformation of an 

object of activity. Product may be 

material, spiritual, or aesthetic etc. 

Indeed, the subjects themselves 

may be the objects of change as a 

result of the activity.” 

(BEDNY; KARWOWSKI, 

2004, p. 142) 

Guideline 

“An official recommendation or 

advice that indicates policies, 

standards, or procedures for how 

something should be accomplished.” 

(PMI, 2013, p. 541) 

Input (aka object) 

“The object of an activity refers to an 

object that has been modified by the 

subject according to required goal 

activity. [...] Objects also may 

include elements of the context 

within which the subject performs of 

his or her task.” 

(BEDNY; KARWOWSKI, 

2004, p. 141) 

Method 

“The approaches and techniques 

that support and enable consistent 

process actions.” 

“A resource that is deployed and 

enacted in a local situation, where a 

number of participants produce, or 

attempt to produce, social order.”  

(JESTON; NELIS, 2006, p. 

310) 

 

 

(JENSEN; ANDREASEN, 

2010, p. 23) 

Methodology 

“A methodology is a set of methods, 

models, and tools to be used in a 

structured way to solve a problem. 

[…] Phases, tasks, methods, and 

usage of models must be 

documented as part of the 

methodology.” 

“A system of practices, techniques, 

procedures, and rules used by those 

who work in a discipline.” 

 

(VERNADAT, 1996, p. 32) 

 

 

 

 

 

(PMI, 2013, p. 544) 
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Table 37 - Appendix B - Glossary of process element categories (continues) 

Element Category Definition Source 

People (aka subject) 

“The subject of an activity is an 

individual who performs in 

accordance with conscious goals 

and tasks embedded in the goals” 

“The individuals and groups who 

continually enhance and apply their 

process skills and knowledge to 

improve business performance.” 

(BEDNY; KARWOWSKI, 

2004, p. 141) 

 

 

 

(JESTON; NELIS, 2006, p. 

312) 

Phase 

“A collection of logically related 

project activities that culminates in 

the completion of one or mode 

deliverables.” 

(PMI, 2013, p. 554) 

Practice 

“A specific type of professional or 

management activity that 

contributes to the execution of a 

process and that may employ one or 

more techniques and tools.” 

(PMI, 2013, p. 551) 

Resource (aka 

internal tool) 

“Internal tools of activity are 

conceptual models, images of the 

external world, skills, knowledge etc. 

used by an operator during activity.” 

(BEDNY; KARWOWSKI, 

2004, p. 149) 

 

Task 

“A logically organized system of 

mental and behavioral actions, 

directed toward an ultimate task-

goal.” 

“The task is a specific kind of 

activity, which comprises from 

different actions and operations and 

presents by itself a complicated 

system.” 

(BEDNY; KARWOWSKI, 

2004, p. 141) 

 

 

 

(BEDNY; KARWOWSKI, 

2004, p. 144) 

Tool 

"”Something tangible, such as a 

template or software program, used 

in performing an activity to produce 

a product or result.” 

(PMI, 2013, p. 565) 

Source: Elaborated by the author 
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Appendix C – Rules for Semantic Nucleus Extraction 

This appendix presents the rules for extracting the semantic nucleus from the “object” element of each frame during the 

extraction of frames from the corpus. Those rules complement the method proposed in section 3.2.4.2. 

Table 38 - Appendix C - Rules for extracting the object (continues) 

# Format of the Object Example of Object Semantic 
Nucleus 

Example of 
Semantic 
Nucleus 

Specification 

1 
[(Determiner)* + (Pronoun) + 
(Adjectives) + Noun + 
(Specification of the noun)] 

"user attitudes on specific 
issues and ideas"; 
"inconsistencies"; "their 
responses". 

Noun 
"attitudes"; 
"inconsistencies"
; "responses" 

- 

2 
[(Determiner) + (Pronoun) + 
(Adjectives) + Noun{A} + of + 
Noun{B} + (Specification of 
the noun)] 

"a number of needs"; "a 
set of questions"; "the right 
combination of people for 
the session" 

Noun{B} 
"needs"; 
"question"; 
"people" 

Only if Noun{A} is one of the following: 
Amount; Areas; Branch; Breadth; Cells; 
Chain; Close-up; Cluster; Collection; 
Combination; Compendium; Deal; Deck; 
Definition; Depiction; Description; Dimensions; 
Distribution; Effectiveness; Essence; Group; 
Identity; Indication; Kind; Level; Mixture; 
Nature; Number; Outline; Picture (in the sense 
of depiction); Piece; Potentials; Profile; 
Quantity; Range; Role; Scope; Section; 
Segment; Selection; Sequence; Session; Set; 
Several; Sort; Spread; State; Statement; 
Stratum; Summary; System; Type; Units; 
Variation; Variety; Version. 
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Table 38 - Appendix C - Rules for extracting the object (continues) 

# Format of the Object Example of Object Semantic 
Nucleus 

Example of 
Semantic 
Nucleus 

Specification 

3 
[(Determiner) + (Pronoun) + 
(Adjectives) + Noun{A} + of + 
Noun{B} + (Specification of 
the noun)] 

"the key aspects of a 
service"; "an element of 
drama"; "a detailed 
implementation plan" 

Noun{A} of Noun 
{B} 

"aspects of 
service"; 
"element of 
drama"; 
"implementation 
plan" 

If Noun{A} is not in the list of Situation 2 

4 [How + Noun (inanimate) + 
(…)] or  

"how forums are 
organized"; "how the 
existing hierarchy affects 
the context"; "how our 
business operates today" 

Noun 
"forums"; 
"hierarchy"; 
"business" 

- 

5 [How + Noun{A} + of + 
Noun{B} (inanimate) + (…)] 

"how these clusters [of 
insights] will be further 
refined and evaluated" 

Noun{B} "insights" If Noun{A} is in the list of Situation 2 

6 [How + Noun{A} + of + 
Noun{B} (inanimate) + (…)] 

"how the selected 
attributes [of the project 
topic] have changed over 
time"; "how the best 
elements of your thinking 
might live in a system"; 
"how the impact of your 
idea differs for the user 
and organization involved" 

Noun{A} of Noun 
{B} 

"attributes of the 
project topic"; 
"elements of 
thinking"; 
"impact of idea" 

If Noun{A} is not in the list of Situation 2 

7 [How + (Noun (living)) + Verb 
(except for to be) + (…)] 

"how they work together"; 
"how to accomplish these 
tasks"; "how users 
experience them 
[offerings]" 

Derivationally 
Related form of 

the verb 

"work"; 
"accomplishmen
t"; "experience" 

If the verb has a derivationally related form on 
WordNet 
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Table 38 - Appendix C - Rules for extracting the object (continues) 

# Format of the Object Example of Object Semantic 
Nucleus 

Example of 
Semantic 
Nucleus 

Specification 

8 [How + (Noun (living)) + Verb 
(except for to be) + (…)] - The whole 

sentence - If the verb does not have a derivationally 
related form on WordNet 

9 [How + verb to be + Noun + 
(…)] 

"how might be the 
competition"; Noun "competition" - 

10 [How + Adjective/Adverb + 
(…)] 

"how successfully they 
[Analogous Models] work"; 
"how readily customers 
may switch to alternative 
or substitute offerings"; 
"how prepared the 
environment will be to 
accommodate their 
activities" 

Derivationally 
Related form of 

the adjective 
/adverb 

"successfulness"
; "promptness"; 
"readiness" 

If the adjective/adverb has a derivationally 
related form on WordNet 

11 [How + Adjective/Adverb + 
Noun (inanimate) + (…)] 

"how well the idea 
translates between 
different users and their 
priorities"; "how well they 
[concepts] can be 
organized and refined in 
the given time period"; 
"how well a service could 
adapt to the potential 
problems of the future" 

Noun 
"idea"; 
"concept"; 
"service" 

If the adjective/adverb does not have a 
derivationally related form on WordNet 
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Table 38 - Appendix C - Rules for extracting the object (continues) 

# Format of the Object Example of Object Semantic 
Nucleus 

Example of 
Semantic 
Nucleus 

Specification 

12 [How much/many + Noun + 
(…) ] 

"how much time will be 
needed"; "how many 
concepts you hope to 
gather"; "how many years 
back you want to go for 
recognizing clearly 
distinguishable eras" 

Noun 
"time"; 
"concepts"; 
"years" 

- 

13 [How long + (…)] 

"how long they 
[participants] can expect to 
be there"; "how long the 
study will last" 

Unify with the 
object "Time" (a 
period of time 

considered as a 
resource under 
your control and 

sufficient to 
accomplish 
something)  

"Time" - 

14 [When + (…)] 

"when your project should 
start and end"; "when the 
group will meet for 
updates"; "when to ask a 
generalized question" 

Unify with the 
object "Time" (a 

suitable 
moment) 

"Time" - 

15 [Who + (…)] 

"who is an extreme user"; 
"who [people you’re 
designing for] you talk to"; 
"who [team members] will 
play them [roles]" 

Unify with the 
proper people 

code 

"extreme user"; 
"people you're 
designing for"; 
"team members" 

This is highly dependent of interpretation of 
the context of the frame. 
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Table 38 - Appendix C - Rules for extracting the object (continues) 

# Format of the Object Example of Object Semantic 
Nucleus 

Example of 
Semantic 
Nucleus 

Specification 

16 [If + (there is/there are) + 
Noun [inanimate] + (…)] 

" if there are similar ones 
[entities] forming clusters"; 
"if there are any conflicts"; 
" if these patterns match 
with your conjectures" 

Noun 
"entities"; 
"conflicts"; 
"patterns" 

- 

17 [If + Noun [living] + verb + 
(…)] 

"if they [extreme users] use 
something similar now"; "if 
you will set up a stationary 
camera" 

The whole 
sentence 

"if they [extreme 
users] use 
something 
similar now"; "if 
you will set up a 
stationary 
camera" 

If the verb does not have a derivationally 
related form on WordNet 

18 [If + Noun [living] + verb to be 
+ adjective + (…)] 

"if you are ready move 
forward ";  "if they would be 
willing to take photographs 
of their experiences" 

Derivationally 
Related form of 
the adjective/ 

adverb 

"readiness"; 
"willingness" 

If the adjective/adverb has a derivationally 
related form on WordNet 

19 [That + Noun (inanimate) + 
(…)] 

"that your team's POV is 
valid, insightful, actionable, 
unique, narrow, 
meaningful, and exciting"; 
"[that] it [the insights] can 
adapt around new 
discoveries"; "that your 
observations are valid" 

Noun 
"POV"; 
"insights"; 
"Observations" 

- 
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Table 38 - Appendix C - Rules for extracting the object (continues) 

# Format of the Object Example of Object Semantic 
Nucleus 

Example of 
Semantic 
Nucleus 

Specification 

20 [That + Noun (living) + Verb 
+ (…)] 

"that they are being  
documented for the 
purposes of research"; 
"that they are being 
observed for the purposes 
of research"; "that you 
want to borrow their 
intuition for a day or even 
just an afternoon" 

Derivationally 
Related form of 

the verb 

"documents"; 
"observations"; 
"wants" 

If the Verb has a derivationally related form on 
WordNet 

21 [That + Noun (living) + Verb 
to be + Adjective (…)] 

"that participants are 
comfortable enough to 
become fully involved with 
the exercise"; "that you’re 
interested in their reactions 
to these Conversation 
Starters" 

Derivationally 
Related form of 

the adjective 

"comfortablenes
s"; 
"interestedness" 

If the Adjective has a derivationally related 
form on WordNet 

22 [Where + (…)] 

"where you’ll get that data"; 
"where you should push 
your design"; "where they 
fit within this matrix" 

Unify with the 
object "Place" (a 
general vicinity); 
"Situation"(the 

general state of 
things; the 

combination of 
circumstances at 
a given time); or 
"Position" (the 

particular portion 
of space 

occupied by 
something) 

"place"; 
"situation; 
"position" 

This is highly dependent of interpretation of 
the context of the frame. 
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Table 38 - Appendix C - Rules for extracting the object (conclusion) 

# Format of the Object Example of Object Semantic 
Nucleus 

Example of 
Semantic 
Nucleus 

Specification 

23 [What + (verb to be) + Noun 
(inanimate) + (…)] 

"what aspect of your 
design challenge you want 
to explore to an extreme"; 
"what their response to 
your intervention might be" 

Noun 

"aspect of 
design 
challenge"; 
"response" 

- 

24 [What + (Noun (living) + Verb 
+ (…)] 

"what users say to you"; 
"what it will take for your 
new idea to become an 
attractive, viable business"; 
"what different people 
[team members] heard in 
the field" 

Derivationally 
Related form of 

the verb 

"statement"; 
"demand"; 
"discoveries" 

If the Verb has a derivationally related form on 
WordNet 

25 [What + (Noun (living) + Verb 
+ (…)] 

"what people do"; "what 
succeeding looks like" 

The whole 
sentence 

"what people 
do"; "what 
succeeding 
looks like" 

If the Verb does not have a derivationally 
related form on WordNet 

26 [Why + (…)] 

"why you consider them to 
be optimal solutions"; "why 
your user would have that 
need"; "why those 
anomalies occurred" 

Unify with the 
object "Reasons 
[of the team]"; 
"Reasons [of 

external 
people]"; or 

"Cause [of the 
an event]" 

"Reasons [of the 
team]"; 
"Reasons [of 
external 
people]"; "Cause 
[of the an event]" 

This is highly dependent of interpretation of 
the context of the frame. 

* Everything between parentheses on the column “Format of Object” is not mandatory 
Source: Elaborated by the author 
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Appendix D – Description of Case Alpha 

This appendix provides the explanation of what events led to the findings 

proposed in subsection 4.1.2 for Case Alpha. The findings are classified in three 

categories: to be emphasized, to be improved, and to be further explored37. 

1. To be emphasized 

The findings to be emphasized are the following: 

“DT is capable of supporting the development of PSS ideas”: This case was 

focused on a product development. However, the final result was a complete 

experience that may be classified as a product-oriented PSS. Thus, even though it 

was not the focus, DT led to the creation of a PSS. 

“The stakeholders map is essential to align who effectively are the 

stakeholders related to the problem. The team may not surely know who the indirect 

stakeholders are”: The stakeholders map was highlighted as a method that provided 

surprising results. Only 20 minutes were used for this activity and 44 stakeholders 

were identified. The company members said that this method was impressive, since 

they had no idea that this amount of people was somehow related to their products. 

Actually, all indirect stakeholders were not clear in their minds.  

 “The active observation or participation of stakeholders is necessary for 

understanding their experience journey”: Specifically speaking of the journey map, it 

demonstrated to be a very difficult method if proper observation is not done. The 

journey map based on interviews becomes poor and full of pre-conceptions that are 

acquired during the conversations. The real journey cannot be captured without 

effective journey observation. However, one stakeholder, who was willing to help in 

the process, corrected the journey map created by the group. Thus, interviewing only 

may not provide all necessary information and may lead to poor understanding. 

Effective observation can only be replaced by active stakeholders’ participation. Yet, 

only stakeholders’ participation may bring bias to the process. 

                                                
37 This structure is used based on the structure of Case Beta (section 4.2), which was published as 
partial results of this dissertation (ROSA et al., 2016). Thus, some of the sentences used to 
summarize the findings are used in the shape proposed in that publication. 
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2. To be improved 

The findings to be improved are the following: 

“Iteration and non-linearity may be frustrating”: The members complimented 

the overall DT process. They all reported that the DT process was dynamic, 

spontaneous and creative, what was completely different of their traditional way of 

working. However, even with the exercise before the process started, some people in 

the team stated that the process was confusing sometimes and they wished it were 

not so iterative and non-linear.  

“It is essential that the same people participate of the whole project to avoid 

losing tacit knowledge and guarantee that all members have the same knowledge 

degree about the problem”: Punctuality of the company members showed to be a 

great problem. For many times, the company members were late up to an hour and, 

sometimes, some of them did not even appear. People who missed the workshops 

usually got lost in the process and could not completely follow the development. 

“It is important to provide a long period of complete dedication to the process. 

Short workshops surrounded by other commitments may restrict the quality of the 

process results”: This finding is derived from the previous one. Actually, this one may 

be seen as one of the causes of the previous finding, which happened because the 

DT process was not prioritized by the enterprise and people had other important 

commitments to deal with. The new product development was only priority for the 

engineering department. Thus, the company members did not feel committed to the 

process. The need of committing all involved departments to the development 

process showed to be indispensable. 

“The entire team must be provided with the appropriate mindset related to the 

DT approach and good-practices of the product development process”: One relevant 

problem happened due to conflicts. One of the company members went to his first 

session only when the fourth workshop was already going on. Since he did not 

participate of the exploration stage and did not have contact with the customer, he 

generated many conflicts on discussions that would not have been necessary if he 

was present before. Also, he was not provided with the correct mindset. Thus, he 

kept a defensive posture about his ideas and concepts, not being open-minded to the 
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process. He was the only member who was not instructed with the guidelines on how 

to behave during the process. When only members with the right mindset were 

present, conflicts were constructive and behaviors were appropriate. Thus, not being 

on the proper mindset may be a cause of conflicts and defensive attitudes. This 

happening also corroborates to the finding about the need of all team members to 

participate in all stages; otherwise conflicts may disturb the DT process course. 

Furthermore, the cultural aspects of the team that could be identified in the feedbacks 

showed that the enterprise is used to focus in one single development per time. This 

is not a good practice in the development process (MARKHAM; LEE, 2013, p. 412). 

A doubt arose: Maybe the guidelines provided should not be exclusively about the 

DT process, but also product development good practices. 

“The team usually starts the process with a concept in mind. It is important to 

keep it aside to enhance creativity in the DT process”: The company’s members 

started the process with certain bias on developing a new solar heater. Every time a 

new discussion arose, this design fixation appeared. Most participants understood 

the need to think on all available solutions. However, company’s members from 

leadership jobs wanted to lead the process to result in a new solar heater, what led 

sometimes to process embarrassment. The final results were surprising. Although the 

company members were biased most of the time towards the generation of a new 

specific product, the findings led to a completely different decision. They identified 

that the problem was not the product, but the sales and technical support. A whole 

new way of selling was established, as well as the support. The final solution was not 

selling a product anymore, but a complete experience. 

3. To be further explored 

The findings to be further explored are the following: 

“Should the whole team have contact with the DT process before in order to 

obtain optimized results?”: This doubt is related to the finding of the need to provide 

the guidelines. Maybe just explaining the guidelines is not enough to establish a 

proper mindset and practice is truly required to understand and follow the process. 

This is one question that should be further investigated. 
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“Is external support really necessary for the DT process to run properly?”: The 

company’s members praised the researchers’ participation in the process, not only to 

provide guidance, but also to work together with them. They believed that external 

support was required in order to properly go through the DT process. The final 

feedback provided by the company members showed disbelief about if they could 

work with DT on their daily work. They strongly believed that it was impossible to 

adapt the process internally without an external input. 

 “Is it possible/desirable to align DT with marketing analyses?”: The “character 

composite profile” method, aka “persona”, identifies patterns in people traits and 

characteristics. Its application was very ludic and it was the moment where the team 

seemed to be more energetic. Yet, the persona raised worries of the marketing area: 

“What if our persona is not the greatest market share?”. This doubt leads to a 

question that needs to be answered: is DT able to be merged with marketing 

methods, such as market share analysis, for taking decisions? If yes, is it desirable or 

does it cut the essence of DT? 

“How to test with the maximum number of customers with reduced risk of 

leaking and enhanced trust by the enterprise?”: The prototypes’ testing was very 

limited. The enterprise was afraid of showing the solution to someone that could steal 

the idea. Thus, testing was performed with three employees of the enterprise that 

were also customers. The tests were very biased and it is difficult to say whether the 

ideas were really matching customers’ needs or just a small portion of the potential 

market. It is important to identify how enterprises can lose fear of the market and take 

greater risks in order to reach a trustable solution. Furthermore, the tests were not 

contextual. Due to secrecy issues, all tests were performed in the enterprise’s 

facilities. Thus, much information and insights may have been lost. 

“Up to what detail level should DT go and what is the ideal duration for 

applying it?”:  There was criticism about the level of detail that was reached. The 

company members reported that they would like to perform the process for a longer 

period in order to further detail the solution. Nonetheless, the process had to be 

stopped due to time limitation on the company side.
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Appendix E – Description of Case Beta 

This appendix provides the explanation of what events led to the findings 

proposed in subsection 4.2.2 for Case Beta. The findings are classified in three 

categories: to be emphasized, to be improved, and to be further explored. 

1. To be emphasized 

The findings to be emphasized are the following: 

“There is synergy among DT and business model creation methods”: DT 

showed itself to be applicable in complementing business models creation. The 

business model creation tool used in this case was the business model canvas, 

which was structured in nine building blocks (customer segments, value propositions, 

channels, customer relationships, revenue streams, key resources, key activities, key 

partnerships, and cost structure), being consistent to what is proposed by 

Osterwalder and Pigneur (2010, p. 16-17). Outcomes, such as channels, customer 

relationship and partnerships, may arise from the DT approach. However, DT proved 

to be particularly useful on providing the value proposition and customers’ 

segmentation of a new offer when applied in synergy with other business model 

creation methods. 

“It is important for the team performance to be multidisciplinary”: Compliments 

were made to the multidisciplinary character of the team, what brought a wider 

perspective in the problem approach. Having people with different academic and 

professional backgrounds eased the process. Having one administrator that worked 

on marketing, one psychologist who worked with human resources, and one designer 

provided a non-technical perspective of the product and the offer. Even among the 

technical members of the team, solutions were created according to the different 

experiences that each one’s background. The need of multidisciplinary teams is also 

emphasized in DT literature (BROWN, 2008, p. 3; IDEO, 2015, p. 35; STICKDORN; 

SCHNEIDER, 2011, p. 85). It was even more useful for developing a PSS, since 

many different solutions could compose a single offer. 

“The stakeholders map is essential to align who effectively are the 

stakeholders related to the problem. The team may not surely know who the indirect 
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stakeholders are”: Some methods were specifically cited. The stakeholders map, i.e., 

a list of direct and indirect stakeholders and their relationships, surprised the 

company participants. They stated that never before they had listed down all 

stakeholders in the same place and that the practice seemed useful, since they have 

always thought of the client as the only focus. However, for a PSS, it is extremely 

important to identify and communicate with the proper stakeholders. In the 

stakeholders map, it was noticed that offering a PSS could weaken the relationship of 

the company with some of their stakeholders. Thus, they were considered as a 

critical aspect during the whole value proposition process. 

“DT is useful for improving the existing product architecture and features to 

support the value proposition”: Even though the goal of the process was to servitizate 

a target product, many improvement ideas (about 45) for the product architecture and 

features were proposed during the DT approach. Some of the improvement ideas 

were related to the new PSS offer, that would demand features that were unavailable 

in the product. However, many product improvement ideas without any relationship to 

the PSS offer were also obtained. Although literature usually refers to the DT as an 

approach for new concepts generation, it also contributes on improving existent 

offers. 

“For complex concepts, the tangible and intangible ‘chunks’ that compose the 

PSS concept can be distributed in an implementation roadmap covering the following 

years”: After the first idea of the concept was established, the company’s members 

reported fear of not being capable of implementing the complete solution. The 

roadmap method proposed by IDEO (2015, p. 136) was adapted and used, breaking 

the concept into tangible and intangible “chunks” for implementation in a timeline. 

After that, the company’s team reported to feel more confident about implementing 

the final concept. It may be a proper method for PSS development, since it can 

represent solutions with high-complexity level. A roadmap may illustrate the way 

implementation may be done to support the company on achieving the final PSS 

offer in a sustainable way. In order to distribute the roadmap, three main stages were 

created. The first one covered the fundamental configuration, which would allow the 

commercialization of the PSS offer. Then, the least complex chunks were placed on 

the second stage of implementation. Finally, the remaining most complex chunks 

were placed on the third stage. 
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2. To be improved 

The findings to be improved are the following: 

“It is important to provide a long period of complete dedication to the process. 

Short workshops surrounded by other commitments may restrict the quality of the 

process results”: One of the biggest obstacles was lack of time of the company 

members. Only few hours were disposed per week for few weeks and they were not 

enough to iterate the process for as many times as needed. Thus, time limitation 

seemed to restrict the results quality. The company members also complained about 

the time limitation for the methods and activities, which were reduced due time 

constrains. They believed that it could be harmful to the thinking process. There were 

also problems of presence and punctuality. Even if the sessions were scheduled long 

before, some company members did not appear or were late for the sessions. 

Sessions scheduled to last a whole day were also strongly criticized, since the 

company members still had other attributions to deal with, not being able to dedicate 

a whole day for a workshop. One way to soften the problem that was proposing 15 

minute breaks every 90 minutes in order to deal with phone calls and e-mails. This 

solution enhanced the workflow, since the team members had a dedicated time to 

solve daily problems and could concentrate better during the workshop. However, 

this time restriction led to a reduced amount of iterations to be performed, 

compromising the results’ quality. The researchers believe, based on their 

experience with the DT approach, that a longer period in complete immersion would 

be more profitable.  

“It is essential that the same people participate of the whole project to avoid 

losing tacit knowledge and guarantee that all members have the same knowledge 

degree about the problem”: Some company’s members missed certain activities of 

the workshops, some of which were not critical for information gathering and other 

activities with critical content. Independently of the type of activities that were lost, a 

gap on the team’s knowledge was created. Although the team tried to level the 

knowledge whenever it happened, the tacit knowledge generated by the discussions 

and conclusions was difficult to transmit. 
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“The team must be provided with the appropriate mindset related to the DT 

approach and to the service-oriented perspective of PSS”: The company’s team 

found it hard to work under the appropriate mindset all the time. It was necessary to 

reiterate how they should think on each situation, both for the DT approach and the 

service-oriented development. As they acquired more experience, their 

understanding was improved, and the results quality got better. However, it was hard 

for the company’s members to assume the proper mindset on the beginning of the 

process. 

“The team usually starts the process with a concept in mind. It is important to 

keep it aside to enhance creativity in the DT approach”: Some years before this case 

study was performed, Equip Co. tried to offer the same core product by means of a 

PSS offer. This attempt was unsuccessful, worsening their reputation. However, their 

first concept for a new PSS was the same used in the failed attempt. Even though 

they were advised that the process should be unbiased and that, even though it 

could be a solution, it would be discussed only after the ideation stage, the 

company’s members kept continually bringing this issue. It was not rare to see 

company’s members forgetting the goals of the first workshops and discussing their 

previous concept. This problem could only be overcome after most of the “empathize” 

stage was complete, when they identified through stakeholders that the former 

proposition would not work as they thought. After this insight, they became more 

open-minded about new solutions. 

“It is hard to convince the company to dedicate more time in the exploratory 

steps of the DT approach”: One design consultant suggested to the researchers that 

a 3-month immersion would be appropriate for making field observations and testing 

solutions. However, it is not easy for a company to allow its employees to be 

completely focused on something out of their job scope for three months. Thus, 

enterprises that desire to apply the DT approach should start by having employees 

who work full-time in those projects. Maybe some workshops should be held out of 

the company in order to avoid daily problems and to achieve a comprehensive 

understanding of the field.  

“Timidity can restrict service prototyping, which usually requires roleplaying”: 

Since a servitization process is based in service development to improve the original 
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product-based offer and the DT approach has early prototyping as one of its main 

principles, the team needed to prototype the service concepts. Roleplaying is 

essential in most service prototyping methods used in the DT approaches (LIEDTKA; 

OGILVIE, 2011, p. 413-414; STICKDORN; SCHNEIDER, 2011, p. 204). Some 

company’s members, though, were timid and did not want to perform roleplaying in 

front of the long-term customers who were designated to test the concepts. They also 

believed that customers would not understand the use of this type of technique, since 

Equip Co.’s did not have the culture of involving clients in the development process. 

Then, other methods needed to be used and adapted, compromising the concept 

tests. A physical prototype was made, simulating what would compose the offer. The 

clients could pose questions about the points that they had doubts about. Testing 

was also limited, since they did not want the idea to become public. However, they 

invited many stakeholders for testing, who were loyal trustable clients. Thus, 

comparing with case Alpha, the range of tests was much wider. Nonetheless, it is still 

far too limited to guarantee a good solution. 

 “The trust among enterprises and customers is not enough to perform 

sufficient tests of the concepts”: The company’s team did not feel confident enough to 

test the final concepts with real customers due to fear of information leakage. Since 

testing was required, they selected a few trustable clients. However, their profiles 

were biased, since they were already their customers and had a good relationship 

with the company. Therefore, few concept tests were performed with little criticism. 

Even though some authors in literature provide recommendations on how to improve 

the participation of customers in collaborative development (GASSMANN; KAUSCH; 

ENKEL, 2010, p. 57-58), it is not enough yet to make enterprises feel safe about 

information leakage.  

3. To be further explored 

The findings to be further explored are the following: 

“Should the whole team have contact with the DT approach and PSS before in 

order to obtain optimized results?”: This doubt is related to one aspect to be 

improved. If no procedure is able to provide the proper knowledge about DT to the 
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team novices, it should be identified whether only experts should compose the DT 

team. 

“Is external support really necessary for the DT process to run properly?”: The 

company’s members reported, in the end of the process, that they did not believe that 

they would be capable to apply DT on their own. Many authors also suggest that 

maybe consultancy is required to properly apply the DT approach (DE LILLE; 

ROSCAM ABBING; KLEINSMANN, 2012, p. 468; GERICKE; MAIER, 2011, p. 11-

12).  

“How to test with the maximum number of customers with reduced risk of 

leaking information and enhanced trust by the enterprise?”: In order to effectively 

perform the tests of the concepts, literature still lacks efficient tools to avoid 

information leakage. Some work has been done providing possible solutions 

(GASSMANN; KAUSCH; ENKEL, 2010, p. 57-58), but they were not enough to 

comprehensively test the concepts. Thus, it should be explored how to increase the 

amount of testing without significantly increasing risk. 

“How to define the ideal time duration for a DT application?”: Although experts’ 

recommendation for the DT application is about three months, it would be interesting 

to explore how long it should really be. It would allow a better planning of the process 

and make it less time-consuming.” 

 



 

 

225 

Appendix F - Thesaurus 

This appendix presents the main items of the thesaurus used in the analyses 

of chapters 5, 6 and 7. The other synonyms, troponyms, hyponyms and hypernyms 

were not included due to space limitations. They can be verified in the digital files 

attached to this work in Appendix N. Some codes were not used due to exclusion 

during review. Those codes are marked as “NOT USED”. In the three last columns, it 

is possible to check where each code appeared: in the design thinking 

methodologies (DT), in the PSS development process models (PSS) or in the FEI 

models and the product development process model (FEI/PDP). When a code 

appeared in any of them, it is marked as “yes”, while it is marked as “no” when there 

was no occurrence of that code in the text. 

Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

1 

abstract [ignore what is particular or incidental 
and emphasize what is general and essential; 
conceptual: sketches, diagrams. detail: 
models] [consider apart from a a particular 
case or instance] 

no no no  

2 
associate [establish links between contents of 
thoughts, group related ideas] [make a logical 
or causal connection] 

yes no no  

3 compile (get or gather together) yes no yes  

4 

decompose [breaking a complex problem into 
a set of smaller problems of lower complexity 
that can be easily handled] [separate 
(substances) into constituent elements or 
parts] 

yes no no  

5 

decide [choosing among a number of 
alternatives possible - identifies issues, 
establishes criteria and provide evaluation 
statements] [reach, make, or come to a 
decision about something] 

yes yes yes  

6 
detail [reach the detail of something that was 
generated, including manufacturing data, for 
example [provide details for] 

yes yes yes 

It is full troponym of 
Inform (53), but it was 

kept separated in order 
to avoid lost of meaning. 

7 create (make or cause to be or to become) yes yes yes  
8 refine (make more complex, intricate, or 

richer) yes yes yes  
9 combine (combine so as to form a whole; mix) yes yes yes  

10 
add (make an addition (to); join or combine or 
unite with others; increase the quality, 
quantity, size or scope of) 

yes yes yes  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

11 

analyse [using models to answer questions; 
model+simulate+evaluate] [consider in detail 
and subject to an analysis in order to discover 
essential features or meaning] 

yes yes yes  

12 

evaluate [asses the suitability of something to 
satisfy the aims and objectives of the 
specifications - identifying + measuring + 
comparing. it is based on criteria.] [evaluate or 
estimate the nature, quality, ability, extent or 
significance of] 

yes yes yes  

13 
model [generate models to represent the state 
of the design --> abstract representation of 
design]] [construct a model of] 

yes yes no 

It is troponym of create 
(7), but it was kept 

separated in order to 
avoid lost of meaning. 

14 

simulate [forming an image or imitation of the 
behaviour and properties of the artefact by 
reasoning, and/or testing models preceding 
the manufacture and actual use of the 
artefact.] [create a representation or model of] 

yes yes no 
Code 14 was adopted 

for abstract models and 
13 for physical models. 

15 

test [measure and verify the actual behaviour 
in terms of some design parameters (e.g. 
speed) against some predicted or specified 
parameters (e.g. contractual speed)] (put to 
the test, as for its quality, or give experimental 
use to) 

yes yes yes  

16 
constrain [limit the exploration of the design 
solution space] [to close within bounds, or 
otherwise limit or deprive of free movement] 

yes no no  

17 socialize (take part in social activities; interact 
with others) yes no no 

It is troponym of interact 
(163), but it was kept 
separated in order to 
avoid lost of meaning. 

18 

identify [mark the relevant and essential in 
order to manage the complexity of the design 
problem and the relevant means (i.e. design 
methods, tools or software, etc.) to manage 
the problem.] [give the name or identifying 
characteristics of; refer to by name or some 
other identifying characteristic property] 

yes yes yes  

19 

gather [provide designers with up-to-date 
information that leads to the improvement of 
the design or speed up the design process.] 
(assemble or get together) 

yes yes yes  

20 

plan [organises resources for the design 
process in terms of the order of tasks, the 
assignment of personnel and tools for each 
task] [make plans for something] 

yes yes no  

21 rank (assign a rank or rating to) yes yes yes  

22 
resolve [detecting, resolving and managing 
conflicts] [bring to an end; settle conclusively 
(conflicts)] 

no no no  

23 agree (be in accord; be in agreement) yes yes no  
24 record (make a record of; set down in 

permanent form) yes yes yes  
25 remind (put in the mind of someone) yes no no  

 



 

 

227 

Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

26 treat (interact in a certain way) yes no yes  

27 talk about [discuss or mention] yes yes yes 

It is troponym of talk, but 
it was kept separated in 

order to avoid lost of 
meaning. 

28 win (attain success or reach a desired goal) yes no yes  
29 divide (separate into parts or portions) yes no no Used when referring to 

people. 
30 form (to compose or represent) yes no no  
31 give (transfer possession of something 

concrete or abstract to somebody) yes yes yes  
32 focus on (direct one's attention on something) yes no yes  
33 write (communicate or express by writing) yes yes yes  

34 imagine (form a mental image of something 
that is not present or that is not the case) yes no no 

It is troponym of create 
(7), but it was kept 

separated in order to 
avoid lost of meaning. 

35 label (assign a label to; designate with a label) yes no no  
36 approach (begin to deal with) yes no no  
37 share (communicate) yes no no  
38 place (put into a certain place or abstract 

location) yes yes yes  
39 establish (use as a basis for; found on) yes yes no  
40 get into (get involved in or with) no no no  

41 
use (put into service; make work or employ for 
a particular purpose or for its inherent or 
natural purpose) 

yes no yes  

42 attach (cause to be attached) yes no no 

It is troponym of connect 
(330), but it was kept 
separated in order to 
avoid lost of meaning. 

43 state (express in words) yes no yes  
44 take a look at (look at with attention) yes no no  
45 take (require (time or space)) yes no no  
46 edit (prepare for publication or presentation by 

correcting, revising, or adapting) yes no no  

47 leave (leave unchanged or undisturbed or 
refrain from taking) yes no no  

48 
see (find out, learn, or determine with 
certainty, usually by making an inquiry or 
other effort) 

yes no no  

49 perform (carry out or perform an action) yes yes yes  
50 reflect on (reflect deeply on a subject) yes no no  
51 fill out (write all the required information onto a 

form) yes no no  

52 continue (continue a certain state, condition, 
or activity) yes no no  

53 inform (impart knowledge of some fact, state 
of affairs, or event to) yes yes yes  

54 back out (make a retreat from an earlier 
commitment or activity) yes no no  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

55 feel (undergo an emotional sensation or be in 
a particular state of mind) yes no no  

56 preserve (keep in safety and protect from 
harm, decay, loss, or destruction) yes no no  

57 command (exercise authoritative control or 
power over) yes yes yes  

58 print out (reproduce by printing) yes no no  
59 mark (make or leave a mark on) yes no no  
60 get on (develop in a positive way) yes no yes  
61 look to (turn one's interests or expectations 

towards) yes no no  
62 weave (interlace by or as if by weaving) yes no no  
63 acquire (come into the possession of 

something concrete or abstract) yes yes yes  
64 walk (live or behave in a specified manner) yes no no  
65 ask (address a question to and expect an 

answer from) yes no no  

66 collapse (break down, literally or 
metaphorically) yes no no  

67 need (have need of) yes no no  
68 convene [call together] yes no no  

69 
know (be cognizant or aware of a fact or a 
specific piece of information; possess 
knowledge or information about) 

yes no no  

70 assume [take on a certain form, attribute or 
aspect] yes no no  

71 end up (finally be or do something) yes no no  

72 arrange (put into a proper or systematic order) yes no yes 

It is troponym of place 
(38), but it was kept 
separated in order to 
avoid lost of meaning. 

73 
get to know (to spend time with someone or 
something so that you gradually learn more 
about him, her, or it) [cambridge] 

yes no no  

74 find [discover or determine the existence, 
presence, or fact of] yes no no  

75 sing (deliver by singing) yes no no  

76 
move (cause to move or shift into a new 
position or place, both in a concrete and in an 
abstract sense) 

yes no no  

77 move to [follow a procedure or take a course] yes no no  
78 brainstorm (try to solve a problem by thinking 

intensely about it) yes no no  

79 understand [know and comprehend the nature 
or meaning of] yes no yes  

80 shadow (follow, usually without the person's 
knowledge) yes no no  

81 budget (make a budget) yes no no  
82 walk (accompany or escort) yes no no  
83 reverse (change to the contrary) yes no no  
84 spend (use up a period of time in a specific 

way) yes no no  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

85 revise (make revisions in) yes no no 

It is troponym of write 
(33), but it was kept 
separated in order to 
avoid lost of meaning. 

86 build on (bolster or strengthen) yes yes no  
87 improve (to make better) yes yes yes  
88 stimulate (cause to do; cause to act in a 

specified manner) yes no no  
89 pay attention to (dedicate attention to) yes no no  
90 move through (make a passage or journey 

from one place to another) yes no no  

91 interview (conduct an interview in television, 
newspaper, and radio reporting) yes no no 

It is troponym of talk 
(193), but it was kept 
separated in order to 
avoid lost of meaning. 

92 get together (get people together) yes no no  
93 saturate (infuse or fill completely) yes no no  
94 tap (draw from or dip into to get something) yes no no  
95 raise (collect funds for a specific purpose) yes no no  
96 come up to (speak to someone) yes no no  
97 shift (make a shift in or exchange of) yes no no  
98 take part (share in something) yes no no  
99 market (make commercial) yes no no  

100 forecast (predict in advance) no no yes  
101 build upon (be based on; of theories and 

claims, for example) no no yes  
102 nurture (help develop, help grow) no no yes  
103 support (give moral or psychological support, 

aid, or courage to) yes yes yes  
104 sit down (take a seat) yes no no  
105 turn down (refuse to accept) no no yes  
106 communicate (transmit information) yes yes no  
107 consider (take into consideration for 

exemplifying purposes) yes no no  

108 draw (represent by making a drawing of, as 
with a pencil, chalk, etc. on a surface) yes yes no 

It is troponym of create 
(7), but it was kept 

separated in order to 
avoid lost of 

meaning.Ex.: create 
concepts vs sketch 

concepts 
109 reshape (shape anew or differently) no no yes  
110 need (require as useful, just, or proper) no no yes  
111 harmonize (bring (several things) into 

consonance or relate harmoniously) yes no no  

112 maintain (cause to continue in a certain state, 
position, or activity; e.g., `keep clean') yes yes no  

113 embed (attach to, as a journalist to a military 
unit when reporting on a war) yes no no  

114 translate (change from one form or medium 
into another) no no yes  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

115 become (enter or assume a certain state or 
condition) yes no no  

116 NOT USED (act in accordance with 
someone's rules, commands, or wishes) no no no  

117 follow (act in accordance with someone's 
rules, commands, or wishes) yes no no  

118 NOT USED (intend with some possibility of 
fulfilment) no no no  

119 go for (intend with some possibility of 
fulfilment) yes no no  

120 remain (continue in a place, position, or 
situation) yes no no  

121 defer (hold back to a later time) yes no no  

122 
prepare (make ready or suitable or equip in 
advance for a particular purpose or for some 
use, event, etc) 

yes yes no  

123 NOT USED (transfer from one time period to 
the next) no no no  

124 carry forward (transfer from one time period to 
the next) yes no no  

125 bring (bring into a different state) yes no no 

It is troponym of modify 
(126), but it was kept 
separated in order to 
avoid lost of meaning. 

126 modify (cause to change; make different; 
cause a transformation) yes yes yes  

127 go into (to come or go into) yes no no  
128 experience (undergo or live through a difficult 

experience) yes no no  

129 react to (show a response or a reaction to 
something) yes no no  

130 engage (carry out or participate in an activity; 
be involved in) yes no no  

131 NOT USED (make unnecessary an 
expenditure or effort) no no no  

132 save (make unnecessary an expenditure or 
effort) yes no no  

133 get (cause to move; cause to be in a certain 
position or condition) yes no no  

134 shift (lay aside, abandon, or leave for another) yes no no  

135 answer (react verbally) yes no no 

It is troponym of state 
(43), but it was kept 
separated in order to 
avoid lost of meaning. 

136 take (get into one's hands, take physically) yes no no  
137 NOT USED no no no  
138 NOT USED (come apart) no no no  
139 divide (come apart) yes yes no Used for inanimate 

objects. 
140 fill (make full, also in a metaphorical sense) yes no no  
141 NOT USED (influence in an unfair way) no no no  
142 bias (influence in an unfair way) yes no no  
143 storyboard out [not in wordnet or cambridge] yes no no  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

144 request (express the need or desire for) yes yes yes 

It is troponym of 
communicate (106), but 
it was kept separated in 

order to avoid lost of 
meaning. 

145 enroll (register formally as a participant or 
member) yes no no 

It is troponym of record 
(24), but it was kept 
separated in order to 
avoid lost of meaning. 

146 NOT USED no no no  
147 NOT USED (make visible or noticeable) no no no  
148 show (make visible or noticeable) yes no yes  
149 NOT USED (appear or become visible; make 

a showing) no no no  

150 surface (appear or become visible; make a 
showing) yes no no  

151 
NOT USED (exert oneself by doing mental or 
physical work for a purpose or out of 
necessity) 

no no no  

152 
work (exert oneself by doing mental or 
physical work for a purpose or out of 
necessity) 

yes no no  

153 NOT USED (be reasonable or logical or 
comprehensible) no no no  

154 make sense of (be reasonable or logical or 
comprehensible) yes no no  

155 minify (make smaller) yes no yes  
156 bring (take something or somebody with 

oneself somewhere) yes no no  

157 arrive at (reach a destination, either real or 
abstract) yes no no  

158 NOT USED (mark as different) no no no  
159 distinguish (mark as different) yes no no  
160 end (bring to an end or halt) yes yes yes  
161 rip (tear or be torn violently) yes no no  

162 depict (show in, or as in, a picture) yes no no 

It is troponym of create 
(7), but it was kept 

separated in order to 
avoid lost of meaning. 

163 interact with (act together or towards others or 
with others) yes no no  

164 recognize (detect with the senses) yes no yes  
165 connect (connect, fasten, or put together two 

or more pieces) yes no yes  
166 let go of (release, as from one's grip) yes no no  

167 
process (subject to a process or treatment, 
with the aim of readying for some purpose, 
improving, or remedying a condition) 

yes no no  

168 align (align oneself with a group or a way of 
thinking) yes no yes  

169 NOT USED no no no  
170 NOT USED (make a tour of a certain place) no no no  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

171 tour (make a tour of a certain place) yes no no  
172 cluster (gather or cause to gather into a 

cluster) yes no no  
173 categorise (place into or assign to a category) yes no yes  
174 pose (introduce) e.g. a question yes no no  

175 
embrace (take up the cause, ideology, 
practice, method, of someone and use it as 
one's own) 

yes no no  

176 care about (feel concern or interest) yes no no  

177 challenge (issue a challenge to) yes no no 

It is troponym of request 
(144), but it was kept 
separated in order to 
avoid lost of meaning. 

Ex.: Request yourself vs 
Challenge yourself 

178 
vary (become different in some particular way, 
without permanently losing one's or its former 
characteristics or essence) 

yes yes no  

179 spread out (strew or distribute over an area) yes no no  
180 eliminate (terminate, end, or take out) yes no no  
181 play (cause to move or operate freely within a 

bounded space) yes no no  

182 confirm (establish or strengthen as with new 
evidence or facts) yes yes yes  

183 iterate (to say, state, or perform again) yes no no  
184 empower (give qualities or abilities to) yes no no  
185 NOT USED (regard something as probable or 

likely) no no no  

186 expect (regard something as probable or 
likely) yes no no  

187 revisit (visit again) yes no no  
188 fortify (make strong or stronger) yes no no  

189 share (use jointly or in common) yes no no 

It is troponym of use 
(41), but it was kept 
separated in order to 
avoid lost of meaning. 

190 hand (place into the hands or custody of) yes no no  
191 hand out (give to several people) yes no no  
192 NOT USED (exchange thoughts; talk with) no no no  
193 talk with (exchange thoughts; talk with) yes no no  
194 consider (deem to be) yes no no  
195 repeat (to say again or imitate) yes no no  

196 act (play a role or part) yes no no 

It is troponym of create 
(7), but it was kept 

separated in order to 
avoid lost of meaning. 

197 NOT USED no no no  
198 NOT USED (intend (something) to move 

towards a certain goal) no no no  

199 aim (intend (something) to move towards a 
certain goal) yes no no  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

200 match (be compatible, similar or consistent; 
coincide in their characteristics) yes yes no  

201 NOT USED no no no  

202 
NOT USED [similar to explore, but with an 
expected end result within a well-defined 
solution space] 

no no no  

203 

search [similar to explore, but with an 
expected end result within a well-defined 
solution space] [try to locate or discover, or try 
to establish the existence of] 

yes yes no  

204 NOT USED no no no  
205 NOT USED no no no  
206 NOT USED no no no  
207 NOT USED (give to, and receive from, one 

another) no no no  

208 exchange (give to, and receive from, one 
another) yes yes no  

209 celebrate (have a celebration) yes no no  
210 increase (become bigger or greater in 

amount) yes no no  

211 join (become part of; become a member of a 
group or organization) yes no yes  

212 consolidate (make firm or secure; strengthen) yes no yes  
213 observe (watch attentively) yes yes no  

214 motivate (give an incentive for action) yes no no 

It is troponym of create 
(7), but it was kept 

separated in order to 
avoid lost of meaning. 

215 NOT USED no no no  
216 NOT USED (communicate electronically on 

the computer) no no no  

217 e-mail (communicate electronically on the 
computer) yes no no 

It is troponym of 
communicate (106), but 
it was kept separated in 

order to avoid lost of 
meaning. 

218 NOT USED (show to be right by providing 
justification or proof) no no no  

219 justify (show to be right by providing 
justification or proof) yes no no  

220 NOT USED (move forward or upward in order 
to touch; also in a metaphorical sense) no no no  

221 reach (move forward or upward in order to 
touch; also in a metaphorical sense) yes no no  

222 transfer (send from one person or place to 
another) yes no no  

223 undertake (accept as a challenge) yes yes no  
224 form (establish or impress firmly in the mind) yes no no  
225 NOT USED no no no  
226 NOT USED (change from one form into 

another) no no no  
227 make (change from one form into another) yes no no  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

228 NOT USED (combine and form a synthesis) no no no  
229 synthesize (combine and form a synthesis) yes yes no  
230 deploy (to distribute systematically or 

strategically) yes no no  
231 NOT USED no no no  
232 NOT USED (come together) no no no  
233 encounter (come together) yes no no  
234 pre-format [not available on wordnet] (focus 

anew) yes no no  
235 refocus on (focus anew) yes no no  
236 NOT USED (pay a brief visit) no no no  
237 visit (pay a brief visit) yes no no  

238 
remove (remove something concrete, as by 
lifting, pushing, or taking off, or remove 
something abstract) 

yes no no  

239 overcome (win a victory over) yes no no  
240 NOT USED (perceive (an idea or situation) 

mentally) no no no  

241 realize (perceive (an idea or situation) 
mentally) yes no no  

242 NOT USED no no no  
243 NOT USED (gain knowledge or skills) no no no  
244 learn about (gain knowledge or skills) yes no no  
245 encapsulate (put in a short or concise form; 

reduce in volume) yes no no  
246 empathise (be understanding of) yes no no  
247 discard (throw or cast away) yes no no  
248 calculate (make a mathematical calculation or 

computation) yes yes no  
249 integrate (become one; become integrated) no yes no  
250 NOT USED no no no  
251 NOT USED no no no  
252 NOT USED no no no  
253 NOT USED no no no  
254 NOT USED no no no  
255 NOT USED no no no  
256 NOT USED no no no  
257 NOT USED no no no  
258 NOT USED no no no  
259 NOT USED no no no  
260 NOT USED no no no  
261 NOT USED (give a speech to) no no no  
262 address (give a speech to) yes no no  
263 open up (talk freely and without inhibition) yes no no  
264 appoint (assign a duty, responsibility or 

obligation to) no yes no  
265 NOT USED (work out in detail) no no no  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

266 elaborate (work out in detail) no yes yes  
267 hire (engage or hire for work) no yes no  
268 NOT USED no no no  
269 NOT USED (launch for the first time; launch 

on a maiden voyage) no no no  

270 launch (launch for the first time; launch on a 
maiden voyage) yes yes no  

271 manufacture (put together out of artificial or 
natural components or parts) no yes no 

It is troponym of create 
(7), but it was kept 

separated in order to 
avoid lost of meaning. 

272 price (determine the price of) no yes no  

273 

NOT USED [often after analysis and 
evaluation. make definitive statements or 
descriptions so as to remove uncertainty in 
the description] 

no no no  

274 

define [often after analysis and evaluation. 
make definitive statements or descriptions so 
as to remove uncertainty in the description] 
(determine the essential quality of) 

yes yes yes  

275 retire (withdraw from circulation or from the 
market, as of bills, shares, and bonds) no yes no  

276 scan (make a wide, sweeping search of) yes yes no  
277 NOT USED no no no  
278 NOT USED no no no  
279 NOT USED (put in the place of another; 

switch seemingly equivalent items) no no no  

280 replace (put in the place of another; switch 
seemingly equivalent items) yes no no  

281 transform (change or alter in form, 
appearance, or nature) yes no no  

282 unify (to bring or combine together or with 
something else) yes no no  

283 personalize (make personal or more personal) yes no no  
284 customize (make according to requirements) no yes no  
285 NOT USED (alter or regulate so as to achieve 

accuracy or conform to a standard) no no no  

286 adjust (alter or regulate so as to achieve 
accuracy or conform to a standard) yes yes no  

287 implement (apply in a manner consistent with 
its purpose or design) no yes yes 

It is troponym of use 
(41), but it was kept 
separated in order to 
avoid lost of meaning. 

288 NOT USED (create or manufacture a man-
made product) no no no  

289 produce (create or manufacture a man-made 
product) yes yes no  

290 
NOT USED (allow participation in or the right 
to be part of; permit to exercise the rights, 
functions, and responsibilities of) 

no no no  
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Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

291 
include (allow participation in or the right to be 
part of; permit to exercise the rights, functions, 
and responsibilities of) 

yes yes no 

It is troponym of react to 
(135), but it was kept 
separated in order to 
avoid lost of meaning. 

292 NOT USED (modernize or bring up to date) no no no  
293 update (modernize or bring up to date) yes yes no  
294 NOT USED (determine the sum of) yes yes no  
295 add up (determine the sum of) yes no no  
296 NOT USED no no no  
297 NOT USED no no no  
298 NOT USED (have with oneself; have on one's 

person) no no no  

299 carry (have with oneself; have on one's 
person) yes no no  

300 NOT USED no no no  
301 NOT USED no no no  
302 NOT USED (convert ordinary language into 

code) no no no  
303 code (convert ordinary language into code) yes no no  

304 contact (be in or establish communication 
with) yes no no 

It is troponym of interact 
(163), but it was kept 
separated in order to 
avoid lost of meaning. 

305 convert (change in nature, purpose, or 
function; undergo a chemical change) yes no no  

306 correct (make right or correct) yes no no  

307 
cover (include in scope; include as part of 
something broader; have as one's sphere or 
territory) 

yes no no  

308 NOT USED (strive and make an effort to 
reach a goal) no no no  

309 push (strive and make an effort to reach a 
goal) yes no no  

310 embody (represent in bodily form) yes no no  
311 extend (extend in scope or range or area) yes no no  
312 foresee (realize beforehand) yes no no  
313 NOT USED no no no  
314 NOT USED (place limits on (extent or amount 

or access)) no no no  

315 limit (place limits on (extent or amount or 
access)) yes no no  

316 NOT USED (become normal or return to its 
normal state) no no no  

317 normalize (become normal or return to its 
normal state) yes no no  

318 note (notice or perceive) yes no no  

319 sign (mark with one's signature; write one's 
name (on)) yes no no 

It is troponym of write 
(33), but it was kept 
separated in order to 
avoid lost of meaning. 

320 overlap (coincide partially or wholly) yes no no  



 

 

237 

Table 39 - Appendix F – Actions thesaurus (continues) 

Idv Actions DT PSS FEI / 
PDP Comment 

321 participate in (become a participant; be 
involved in) yes no no  

322 NOT USED (recall knowledge from memory; 
have a recollection) no no no  

323 recall (recall knowledge from memory; have a 
recollection) yes no no  

324 represent (express indirectly by an image, 
form, or model; be a symbol) yes no no 

It is troponym of inform 
(53), but it was kept 
separated in order to 
avoid lost of meaning. 

325 rethink (change one's mind) yes no no  
326 reward (act or give recompense in recognition 

of someone's behavior or actions) yes no no  
327 take (carry out) yes no no  
328 take note of (observe with care or pay close 

attention to) yes no no  
329 take up (take in, also metaphorically) yes no no  

330 
upload (transfer a file or program to a central 
computer from a smaller computer or a 
computer at a remote location) 

yes no no  

331 
download (transfer a file or program from a 
central computer to a smaller computer or to a 
computer at a remote location) 

yes no no  

332 NOT USED no no no  
333 NOT USED (cause to go somewhere) no no no  
334 send (cause to go somewhere) yes no no  
335 play (engage in an activity as if it were a game 

rather than take it seriously) yes no no  
336 look across (be oriented in a certain direction) yes no no  
337 NOT USED no no no  
338 NOT USED (undergo a change or 

development) no no no  
339 turn (undergo a change or development) yes no yes  
340 break (become separated into pieces or 

fragments) yes no no  
341 NOT USED [not in wordnet or cambridge] no no no  
342 roll on [not in wordnet] / nor in cambridge [not 

in wordnet or cambridge] yes no no  

343 roll off [not in wordnet] / nor in cambridge [not 
in wordnet or cambridge] yes no no  

344 

strategize (to think of a detailed plan for 
achieving success in situations such as war, 
politics, business, industry, or sport) 
[cambridge] 

yes no no  

345 bring into view [not in wordnet or cambridge] yes no no  
346 shape (give shape or form to) yes no no  

347 stick up (defend against attack or criticism) yes no no 

It is troponym of state 
(43), but it was kept 
separated in order to 
avoid lost of meaning. 
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Table 39 - Appendix F – Actions thesaurus (conclusion) 

Idv Actions DT PSS FEI / 
PDP Comment 

348 suggest (make a proposal, declare a plan for 
something) yes no yes 

It is troponym of state 
(43), but it was kept 
separated in order to 
avoid lost of meaning. 

349 infer (reason by deduction; establish by 
deduction) yes no no  

350 buy into (accept as true) yes no no  
Source: Elaborated by the author 

Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT  PSS FEI/ 
PDP  Comment 

1 
attitude (a complex mental state involving 
beliefs and feelings and values and 
dispositions to act in certain ways) 

yes no no   

2 facial expression (a gesture executed with 
the facial muscles) yes no no   

3 
inconsistencies (the quality of being 
inconsistent and lacking a harmonious 
uniformity among things or parts) 

yes no no   

4 [the people's] surroundings (the 
environmental condition) yes no no   

5 preferences (the right or chance to choose) yes yes no   

6 
answers (a statement (either spoken or 
written) that is made to reply to a question 
or request or criticism or accusation) 

yes no no   

7 patterns (a customary way of operation or 
behavior) yes yes no   

8 
threads [the connections that link the 
various parts of an event or argument 
together] 

yes no no   

9 themes [a unifying idea that is a recurrent 
element in literary or artistic work] yes no no   

10 task (any piece of work that is undertaken 
or attempted) yes yes no   

11 tone (the quality of a person's voice) yes no no   

12 feelings (the experiencing of affective and 
emotional states) yes no no   

13 needs (anything that is necessary but 
lacking) yes yes yes   

14 
photographs (a representation of a person 
or scene in the form of a print or transparent 
slide or in digital format) 

yes no no   

15 
paper (a material made of cellulose pulp 
derived mainly from wood or rags or certain 
grasses) 

yes no no   

16 visit (the act of going to see some person or 
place or thing for a short time) yes no no   

17 [previous user's] experience (an event as 
apprehended) yes no no   

18 

vision [of the functions] (the ability to 
imagine how something could develop in 
the future, or the ideas that come from 
imagining in this way) [cambridge] 

no yes no   
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Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
PDP Comment 

19 [external] people [who are relevant for the 
process] (a human being) yes yes yes 

Stakeholders are divided in 
many groups, including useds 
and clients, which are different 
groups. However, most authors 
of this analysis (such as Kim et 
al. (2015)) use those words as 
interchangeable. Wordnet also 
places customer as a hyponym 
of user. Thus, we will leave the 
proposition of wordnet. For 
example, at Liedtka: 
Interviewee, Subject and 
Customer are the same person 

20 parts [of the pss] (something determined in 
relation to something that includes it) no yes no   

21 
parts [of the interview] (something 
determined in relation to something that 
includes it) 

yes no no   

22 (design) challenge (a demanding or 
stimulating situation) yes yes yes 

"Begin with your Point of View 
(POV) or problem statement.  
Break that larger challenge up 
into smaller actionable pieces." 
(Plattner, 2011) 

23 
calendar (a system of timekeeping that 
defines the beginning and length and 
divisions of the year) 

yes no no   

24 dates (a particular day specified as the time 
something happens) yes no no   

25 budget (a sum of money allocated for a 
particular purpose) yes yes no   

26 staff (personnel who assist their superior in 
carrying out an assigned task) yes yes yes   

27 topic (some situation or event that is 
thought about) yes no no   

28 
parts [of the concept] (something 
determined in relation to something that 
includes it) 

yes no no   

29 parts [of the ideas] (something determined 
in relation to something that includes it) yes no no   

30 parts [of the vision] (something determined 
in relation to something that includes it) yes no no   

31 [project] group (any number of entities 
(members) considered as a unit) yes yes yes 

Project team and project group 
are interchangeable in the 
texts.Since they are hyponyms, 
they were kept together. Ex  
from Liedtka: 6 Ask members of 
your team to work individually to 
create visuals of each 
component and then share them 
to create a group version. 

32 [risk] assessment (the act of judging or 
assessing a person or situation or event) no yes no   

33 
interviews (the questioning of a person (or a 
conversation in which information is 
elicited); often conducted by journalists) 

yes no no   
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Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
PDP Comment 

34 
storyboards (a series of drawings used to 
plan the order of action and events in a film, 
television advertisement, etc.) [storyboards] 

yes yes no   

35 

other solutions [out of your development 
process] (by the term design solution, we 
generally refer to a structure intended to 
satisfy a function, or more generally an 
artefact, a design specification or a plan. in 
contemporary approaches of design, the 
exploration and articulation of goals 
alongside the exploration and generation of 
solutions, is considered to be an essential 
part of designing—particularly a creative 
design.) [alexiou and zamenopoulos, design 
as a social process: a complex systems 
perspective] 

yes yes no   

36 research (a search for knowledge) yes no no   

37 
[monitoring and evaluation] assessment 
(the act of judging or assessing a person or 
situation or event) 

yes no no   

38 questions (a sentence of inquiry that asks 
for a reply) yes no no   

39 

stories (a message that tells the particulars 
of an act or occurrence or course of events; 
presented in writing or drama or cinema or 
as a radio or television program) 

yes no no   

40 body language (communication via the 
movements or attitudes of the body) yes no no   

41 [the people's] environment (the totality of 
surrounding conditions) yes no no   

42 [effort] assessment (the act of judging or 
assessing a person or situation or event) yes no no   

43 interest (a sense of concern with and 
curiosity about someone or something) yes no no   

44 research plan [contextual research plan] it yes no no   

45 [innovation] assessment (the act of judging 
or assessing a person or situation or event) yes no no   

46 
likelihood [that your new ideas will meet 
those "criteria"] (the probability of a 
specified outcome) 

yes no no   

47 name [of tasks] (a language unit by which a 
person or thing is known) yes no no   

48 items (a whole individual unit; especially 
when included in a list or collection) yes no no   

49 
points (a brief version of the essential 
meaning of something) (an isolated fact that 
is considered separately from the whole) 

yes no no   

50 likelihood [that assumptions are true] (the 
probability of a specified outcome) yes no no   

51 notes (a brief written record) yes no no   

52 atmosphere (a particular environment or 
surrounding influence) no yes no   

53 insights (the clear (and often sudden) 
understanding of a complex situation) yes no no   
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Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
PDP Comment 

54 
communication (the activity of 
communicating; the activity of conveying 
information) 

yes yes no   

55 interactions [of the concept] (a mutual or 
reciprocal action; interacting) no yes no   

56 
[typical] day (the recurring hours when you 
are not sleeping (especially those when you 
are working)) 

yes no no   

57 
[component] engineering (the practical 
application of technical and scientific 
knowledge to commerce or industry) 

no no yes   

58 object (a tangible and visible entity; an 
entity that can cast a shadow) yes no no   

59 

camera (equipment for taking photographs 
(usually consisting of a lightproof box with a 
lens at one end and light-sensitive film at 
the other)) 

yes no no   

60 instruction  (a message describing how 
something is to be done) yes no no   

61 request (the verbal act of requesting) yes no no   

62 
time (a period of time considered as a 
resource under your control and sufficient to 
accomplish something)  

yes no no   

63 dynamic (an efficient incentive) yes no no   

64 

motivations (the psychological feature that 
arouses an organism to action toward a 
desired goal; the reason for the action; that 
which gives purpose and direction to 
behavior) 

yes no no   

65 
a homestay (a type of holiday or visit in 
which you stay in the home of a person you 
do not know) [cambridge] 

yes no no   

66 interest (a reason for wanting something 
done) yes no no   

67 

the service safari (during a service safari, 
people are asked to go out “into the wild” 
and explore examples of what they think are 
good and bad service experiences) 
(Stickdorn and Schneider, 2011)) 

yes no no   

68 [development] plan (a series of steps to be 
carried out or goals to be accomplished) yes yes yes   

69 quotes (a passage or expression that is 
quoted or cited) yes no no   

70 ideas (the content of cognition; the main 
thing you are thinking about) yes yes yes   

71 flow [of the interview] (the act of flowing or 
streaming; continuous progression) yes no no   

72 dialogue (a conversation between two 
persons) yes no no   

73 
[external people] thoughts (a personal belief 
or judgment that is not founded on proof or 
certainty) 

yes no no   

74 [people's] choices (one of a number of 
things from which only one can be chosen) yes no no   
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Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
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75 
people's behaviors ((behavioral attributes) 
the way a person behaves toward other 
people) 

yes no no   

76 event (something that happens at a given 
place and time) yes no no   

77 difference (the quality of being unlike or 
dissimilar) yes no no   

78 aspects related to the topic (a characteristic 
to be considered) yes no no   

79 recorder (equipment for making records) yes no no   
80 activities (any specific behavior) yes yes no   

81 service aspects (a characteristic to be 
considered) yes no no   

82 design solution aspects (a characteristic to 
be considered) yes no no   

83 project aspects (a characteristic to be 
considered) yes no no   

84 
building (a structure that has a roof and 
walls and stands more or less permanently 
in one place) 

yes no no   

85 sustainability aspects (a characteristic to be 
considered) no yes no   

86 meeting (the social act of assembling for 
some common purpose) no yes no   

87 

card (one of a set of small pieces of stiff 
paper marked in various ways and used for 
playing games or for telling fortunes) [sets 
of cards] 

yes no no   

88 storyworld (a picture of the persona's world) 
(Kimbell and Julier, 2012) yes no no   

89 [team's] environment (the totality of 
surrounding conditions) yes no no   

90 space aspects (a characteristic to be 
considered) yes no no   

91 things (a special situation) yes no no   

92 [team's] space (an area reserved for some 
particular purpose) yes no no   

93 scenarios (a postulated sequence of 
possible events) yes yes yes   

94 
materials (information (data or ideas or 
observations) that can be used or reworked 
into a finished form) 

yes no no   

95 observations (facts learned by observing) yes no no   

96 props (any movable articles or objects used 
on the set of a play or movie) yes no no   

97 [external people's] space (an area reserved 
for some particular purpose) yes no no   

98 
experience (the accumulation of knowledge 
or skill that results from direct participation 
in events or activities) 

yes no no   

99 thing (an artifact) yes no no   

100 
collages (a paste-up made by sticking 
together pieces of paper or photographs to 
form an artistic image) 

yes no no   



 

 

243 

Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
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101 
findings (the act of determining the 
properties of something, usually by 
research or calculation) 

yes no no   

102 [proposed user's] experience (an event as 
apprehended) yes yes no   

103 information (a collection of facts from which 
conclusions may be drawn) yes yes yes   

104 pace (the relative speed of progress or 
change) yes no no   

105 world (all of your experiences that 
determine how things appear to you) yes no yes   

106 prompt (a cue given to a performer (usually 
the beginning of the next line to be spoken) yes no no   

107 
quadrants (any of the four areas into which 
a plane is divided by two orthogonal 
coordinate axes) 

yes no no   

108 
map (a simple plan that represents a more 
complicated thing, system, or idea) 
[cambridge] [customer journey] maps 

yes no no   

109 [product] characteristic (a distinguishing 
quality) no yes no   

110 habits (an established custom) yes no no   

111 
window (a framework of wood or metal that 
contains a glass windowpane and is built 
into a wall or roof to admit light or air) 

yes no no   

112 place (a general vicinity) yes no no   

113 printout (the output of a computer in printed 
form) yes no no   

114 

circles (ellipse in which the two axes are of 
equal length; a plane curve generated by 
one point moving at a constant distance 
from a fixed point) 

yes no no   

115 empathy (understanding and entering 
into another's feelings) yes no no   

116 [product components] characteristic (a 
distinguishing quality) no yes no   

117 collaboration (act of working jointly) yes no no   

118 NOT USED (deviation from the normal or 
common order or form or rule) no no no   

119 anomalies (deviation from the normal or 
common order or form or rule) yes no no   

120 configuration (an arrangement of parts or 
elements) yes no no   

121 
phrase (an expression consisting of one or 
more words forming a grammatical 
constituent of a sentence) 

yes no no   

122 [solution's] space (an area reserved for 
some particular purpose) yes no no   

123 

attention (the process whereby a person 
concentrates on some features of the 
environment to the (relative) exclusion of 
others) 

yes no no   

124 character (an imaginary person represented 
in a work of fiction (play or film or story)) yes yes no   
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125 commonalities (sharing of common 
attributes) yes no no   

126 
complementarity (the interrelation of 
reciprocity whereby one thing supplements 
or depends on the other) 

yes no no   

127 
character [name]  (an imaginary person 
represented in a work of fiction (play or film 
or story)) 

yes no no   

128 approach (ideas or actions intended to deal 
with a problem or situation) yes yes no   

129 relationships (the way in which two things 
are connected) [cambridge] yes no no   

130 
something (an object, situation, quality, or 
action that is not exactly known or stated) 
[cambridge] 

yes no no   

131 energy (forceful exertion) yes no no   

132 
constraints (the act of constraining; the 
threat or use of force to control the thoughts 
or behavior of others) 

yes no yes   

133 spectra (a broad range of related objects or 
values or qualities or ideas or activities) yes no no   

134 opposites (a relation of direct opposition) yes no no   

135 
relations (an abstraction belonging to or 
characteristic of two entities or parts 
together) 

yes no no   

136 artifact (a man-made object taken as a 
whole) yes no no   

137 (requirements) list (a database containing 
an ordered array of items (names or topics)) no yes no   

138 
diagram (a drawing intended to explain how 
something works; a drawing showing the 
relation between the parts) [the diagrams] 

yes no no   

139 sketch [of touchpoints] (preliminary drawing 
for later elaboration) yes no no   

140 objective (the goal intended to be attained 
(and which is believed to be attainable)) no yes yes   

141 sketch [of ideas] (preliminary drawing for 
later elaboration) yes no no   

142 sketch [of concepts] (preliminary drawing for 
later elaboration) yes no no   

143 board (a vertical surface on which 
information can be displayed to public view) yes no no   

144 
list [of design criteria] (a database 
containing an ordered array of items 
(names or topics)) 

yes no no   

145 tension ((psychology) a state of mental or 
emotional strain or suspense) yes no no   

146 analogies (drawing a comparison in order to 
show a similarity in some respect) yes no no   

147 

metaphors (a figure of speech in which an 
expression is used to refer to something 
that it does not literally denote in order to 
suggest a similarity) 

yes no no   
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PDP Comment 

148 
parts [of the design vision] (something 
determined in relation to something that 
includes it) 

yes no no   

149 checklist (a list of items (names or tasks 
etc.) to be checked or consulted) yes no no   

150 
design criteria (criteria that designers 
should meet in designing some system or 
device) 

yes yes no   

151 sketch [of the offering opportunities] 
(preliminary drawing for later elaboration) yes no no   

152 

goals (the state of affairs that a plan is 
intended to achieve and that (when 
achieved) terminates behavior intended to 
achieve it) 

yes yes yes   

153 sketch [of the solution] (preliminary drawing 
for later elaboration) yes no no   

154 context (the set of facts or circumstances 
that surround a situation or event) yes yes no   

155 link (the means of connection between 
things linked in series) yes no yes   

156 list [of parts] (a database containing an 
ordered array of items (names or topics)) no yes no   

157 [team's] thinking (the process of using your 
mind to consider something carefully) yes no no   

158 
[external people's] thinking (the process of 
using your mind to consider something 
carefully) 

yes no no   

159 
[design] solutions (a statement that solves a 
problem or explains how to solve the 
problem) 

yes yes yes   

160 posture (the arrangement of the body and 
its limbs) yes no no   

161 [process] phases (any distinct time period in 
a sequence of events) yes no no   

162 
brainstorming (a group problem-solving 
technique in which members spontaneously 
share ideas and solutions) 

yes no no   

163 rule (something regarded as a normative 
example) yes no no   

164 [external people's experience] stages (any 
distinct time period in a sequence of events) yes no no   

165 [people's] characteristics (a distinguishing 
quality) yes no no   

166 judgment (the cognitive process of reaching 
a decision or drawing conclusions) yes no no   

167 stage (a large platform on which people can 
stand and can be seen by an audience) yes no no   

168 balance (a state of equilibrium) yes no no   

169 
groups [of people who are relevant to your 
process] (any number of entities (members) 
considered as a unit) 

yes no no   

170 
vote (a choice that is made by counting the 
number of people in favor of each 
alternative) 

yes no no   
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171 
attractiveness (the quality of arousing 
interest; being attractive or something that 
attracts) 

yes no no   

172 
ingredients [involved in creating, producing 
and using the service or product] (an 
abstract part of something) 

yes no no   

173 [design] decisions (a position or opinion or 
judgment reached after consideration) yes yes yes   

174 [tangible] materials (things needed for doing 
or making something) yes yes yes   

175 
direction [of the development] (a general 
course along which something has a 
tendency to develop) 

yes yes no   

176 search (an investigation seeking answers) yes no no   

177 low-resolution prototypes [a prototype] yes no yes 

The prototypes of DT and PSS 
are different. The ones of DT 
are low-resolution prototypes, 
while at PSS they are detailed 
and complete with different 
intents. That is why prototypes 
at DT were always grouped in 
this code, even if they are 
written as "prototypes" only. 

178 list [of people] (a database containing an 
ordered array of items (names or topics)) yes no no   

179 feel (an intuitive awareness) yes no no   

180 list [ideas] (a database containing an 
ordered array of items (names or topics)) yes no no   

181 
archetype (a typical example of something, 
or the original model of something from 
which others are copied) [cambridge 

yes no no   

182 

market share (the number of products or 
services that a company sells compared to 
the number that other companies sell) 
[cambridge] 

yes no no   

183 mind (an opinion formed by judging 
something) yes no no   

184 drawings (a representation of forms or 
objects on a surface by means of lines) yes yes no   

185 need [for certainty] (a condition requiring 
relief) yes no no   

186 
list [of user's attributes] (a database 
containing an ordered array of items 
(names or topics)) 

yes no no   

187 perception (becoming aware of somethinf 
via the senses) yes no no   

188 list [activities] (a database containing an 
ordered array of items (names or topics)) yes no no   

189 list [of concepts] (a database containing an 
ordered array of items (names or topics)) yes no no   

190 [cluster] characteristics (a distinguishing 
quality) yes no no   

191 resolution (something settled or resolved; 
the outcome of decision making) yes no no   
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192 efforts (use of physical or mental energy; 
hard work) yes no yes   

193 variable (something that is likely to vary; 
something that is subject to variation) yes yes no   

194 understanding (the cognitive condition of 
someone who understands) yes no no   

195 feedback (response to an inquiry or 
experiment) [feedback] yes yes no   

196 opportunities (a possibility due to a 
favorable combination of circumstances) yes yes yes   

197 
roles (the actions and activities assigned to 
or required or expected of a person or 
group) 

yes yes no   

198 
list [of service aspects] (a database 
containing an ordered array of items 
(names or topics)) 

yes no no   

199 

complementors (complementors are 
organizations that support each other in the 
same industry but may compete in another, 
or they can be organizations in a 
complementary industry) (Kumar, 2013) 

yes no no   

200 process (a particular course of action 
intended to achieve a result) yes yes yes   

201 
notion [of building up instead of tearing 
down] (a vague idea in which some 
confidence is placed) 

yes no no   

202 list [of organizations] (a database containing 
an ordered array of items (names or topics)) yes no no   

203 notion [of shifting roles] (a vague idea in 
which some confidence is placed) yes no no   

204 reactions (a response that reveals a 
person's feelings or attitude) yes no no   

205 
notion [of the person they are speaking 
with] (a vague idea in which some 
confidence is placed) 

yes no no   

206 list [of hypothesis] (a database containing 
an ordered array of items (names or topics)) yes no no   

207 chili (very hot and finely tapering pepper of 
special pungency) yes no no   

208 list [of questions] (a database containing an 
ordered array of items (names or topics)) yes no no   

209 functionality (capable of serving a purpose 
well) yes yes no   

210 tools (the means whereby some act is 
accomplished) yes yes yes   

211 grid (a pattern of regularly spaced horizontal 
and vertical lines) yes no no   

212 list [of guidelines] (a database containing an 
ordered array of items (names or topics)) yes no no   
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213 

a plus in the upper left quadrant, a delta in 
the upper right quadrant, a question mark in 
the lower left quadrant, and a light bulb in 
the lower right quadrant (the regulation of 
occurrence, pace, or coordination to 
achieve a desired effect (as in music, 
theater, athletics, mechanics)) 

no no no   

214 
timing (the regulation of occurrence, pace, 
or coordination to achieve a desired effect 
(as in music, theater, athletics, mechanics)) 

yes no no   

215 
input (help, ideas, or knowledge that 
someone gives to a project, organization, 
etc.) [cambridge] 

yes yes no   

216 detail (extended treatment of particulars) yes no no   

217 list [of skills] (a database containing an 
ordered array of items (names or topics)) yes no no   

218 list [of facts] (a database containing an 
ordered array of items (names or topics)) yes no no   

219 learnings (the cognitive process of acquiring 
skill or knowledge) yes no no   

220 list [of materials] (a database containing an 
ordered array of items (names or topics)) yes no no   

221 researcher (a scientist who devotes himself 
to doing research) yes no no   

222 framing (formulation of the plans and 
important details) yes no no   

223 contrast (the opposition or dissimilarity of 
things that are compared) yes no no   

224 frame (a single drawing in a comic strip) yes no no   

225 
[no-selling] zone (a locally circumscribed 
place characterized by some distinctive 
features) 

yes no no   

226 curiosity (a state in which you want to learn 
more about something) yes no no   

227 stimulus (any stimulating information or 
event; acts to arouse action) yes no no   

228 trips (a journey for some purpose (usually 
including the return)) yes no no   

229 details (a small part that can be considered 
separately from the whole) yes no no   

230 name [of internal people] (a language unit 
by which a person or thing is known) yes no no   

231 cut ((film) an immediate transition from one 
shot to the next) yes no no   

232 ingredients [common to positive service 
experiences] (an abstract part of something) yes no no   

233 

music (an artistic form of auditory 
communication incorporating instrumental 
or vocal tones in a structured and 
continuous manner) 

yes no no   

234 name [of ideas] (a language unit by which a 
person or thing is known) yes no no   

235 
representation (a creation that is a visual or 
tangible rendering of someone or 
something) [your visual representations] 

yes yes no   
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236 concept (an abstract or general idea 
inferred or derived from specific instances) yes yes yes   

237 
symptom [of a user experience] (anything 
that accompanies x and is regarded as an 
indication of x's existence) 

yes no no   

238 
color (a visual attribute of things that results 
from the light they emit or transmit or 
reflect) 

yes no no   

239 
clip art (ready-made pieces of computerized 
graphic art that can be used to decorate a 
document) 

yes no no   

240 visuals [not in wordnet or cambridge] yes no no   

241 name [of project] (a language unit by which 
a person or thing is known) yes no no   

242 name [of researchers] (a language unit by 
which a person or thing is known) yes no no   

243 name [of initiative] (a language unit by 
which a person or thing is known) yes no no   

244 imagination (the ability to form mental 
images of things or events) yes no no   

245 possibilities (a future prospect or potential) yes no no   

246 name [of the concept] (a language unit by 
which a person or thing is known) yes no no   

247 

components [of the pss] (an artifact that is 
one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

no yes no   

248 [research] results (something that results) yes no no   

249 

component [of the idea] (an artifact that is 
one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes no no   

250 highs and lows yes no no   

251 

component [of the concept] (an artifact that 
is one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes yes no   

252 log (a full written record of a journey, a 
period of time, or an event) [cambridge] yes no no   

253 [concept/solution] characteristics (a 
prominent attribute or aspect of something) yes no no   

254 

walkthrough [of customers' typical daily 
activities] (a detailed set of instructions on 
how to do something, for example use a 
computer program or game) [cambridge] 

yes no no   

255 [idea] generation (a coming into being) yes no no   

256 ingredients [that define a service 
experiences] (an abstract part of something) yes no no   

257 methodology (the system of methods 
followed in a particular discipline) yes no no   
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258 
questionnaire (a form containing a set of 
questions; submitted to people to gain 
statistical information) 

yes no no   

259 competitors (the contestant you hope to 
defeat) yes no no   

260 name [of external people] (a language unit 
by which a person or thing is known) yes no no   

261 [existing] products (an artifact that has been 
created by someone or some process) yes yes yes   

262 [existing] services (work done by one 
person or group that benefits another) yes yes no   

263 schedule (an ordered list of times at which 
things are planned to occur) yes yes no   

264 example (an item of information that is 
typical of a class or group) yes no no   

265 surprise (a sudden unexpected event) yes no no   

266 silence (the state of being silent (as when 
no one is speaking))  yes no no   

267 [new] product (an artifact that has been 
created by someone or some process) yes yes yes   

268 [new] services (work done by one person or 
group that benefits another) yes yes no   

269 overexertion (excessive exertion; so much 
exertion that discomfort or injury results) yes no no   

270 
pain-points (moments that are acutely 
unpleasant or annoying) (Liedtka and 
Ogilvie, 2011) 

yes no no   

271 

value chain (the series of stages involved in 
producing a product or service that is sold 
to consumers, with each stage adding to the 
value to the product or service) [cambridge] 

yes no no   

272 
[value chain] analysis (an investigation of 
the component parts of a whole and their 
relations in making up the whole) 

yes no no   

273 market (the customers for a particular 
product or service) yes yes yes   

274 
work (a product produced or accomplished 
through the effort or activity or agency of a 
person or thing) 

yes no yes   

275 inefficiencies (unskillfulness resulting from a 
lack of efficiency) yes no no   

276 power (possession of controlling influence) yes no no   

277 work (activity directed toward making or 
doing something) yes no no   

278 

record (anything (such as a document or a 
phonograph record or a photograph) 
providing permanent evidence of or 
information about past events) 

yes no no   

279 vision [the vision statement] yes yes no   

280 capabilities (the quality of being capable -- 
physically or intellectually or legally) yes no yes   

281 
influence (a power to affect persons or 
events especially power based on prestige 
etc) 

yes no no   
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282 vulnerability (the state of being vulnerable 
or exposed) yes no no   

283 way [to arrrange products] (how something 
is done or how it happens) yes no no   

284 [other] organizations (a group of people who 
work together) yes no no   

285 [the development] organization (a group of 
people who work together) yes yes no   

286 
yard sale (an outdoor sale of used personal 
or household items held on the seller's 
premises) 

yes no no   

287 people [the service provider has at its 
disposal] (a human being) yes no no   

288 hunch (an impression that something might 
be the case) yes no no   

289 

strategy (the way in which a business, 
government, or other organization carefully 
plans its actions over a period of time to 
improve its position and achieve what it 
wants) [cambridge] 

yes yes yes   

290 tour (a journey or route all the way around a 
particular place or area) yes no no   

291 
assumptions (a statement that is assumed 
to be true and from which a conclusion can 
be drawn) 

yes no no   

292 chart (a visual display of information) yes no no   

293 
intent (an anticipated outcome that is 
intended or that guides your planned 
actions) 

yes yes no   

294 effect (a phenomenon that follows and is 
caused by some previous phenomenon) yes yes no   

295 stars (a plane figure with 5 or more points; 
often used as an emblem) yes no no   

296 scene[s] (a subdivision of an act of a play) yes no no   

297 department (a specialized division of a large 
organization) yes no no   

298 need [for the service provider to remain 
agile] (a condition requiring relief) yes no no   

299 offering (something offered (as a proposal 
or bid)) yes no no   

300 trend (a general direction in which 
something tends to move) yes no yes   

301 adjustment[s] (making or becoming suitable; 
adjusting to circumstances) yes no no   

302 
life cycle (the series of changes that a 
product, process, activity, etc. goes through 
during its existence) [cambridge] 

yes no yes   

303 
abilities (the quality of being able to 
perform; a quality that permits or facilitates 
achievement or accomplishment) 

yes no no   

304 skills (an ability that has been acquired by 
training) yes no no   

305 permission (the act of giving a formal 
(usually written) authorization) yes no no   
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306 potential [of an idea] (the inherent capacity 
for coming into being) yes no no   

307 evidence (an indication that makes 
something evident) yes no no   

308 
[risk] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

no yes no   

309 potential [of opportunites] (the inherent 
capacity for coming into being) yes no no   

310 similarity (the quality of being similar) yes no no   

311 support (something providing immaterial 
assistance to a person or cause or interest) yes yes yes   

312 pen (a writing implement with a point from 
which ink flows) yes no no   

313 output (what is produced in a given time 
period) yes no yes   

314 asset (a useful or valuable quality) yes no no   

315 
commitment (the act of binding yourself 
(intellectually or emotionally) to a course of 
action) 

yes yes no   

316 uniqueness (the quality of being one of a 
kind)  yes no no   

317 limit (the greatest possible degree of 
something) yes yes no   

318 areas [of design space] (a subject of study) yes no no   

319 
obstacle (something immaterial that stands 
in the way and must be circumvented or 
surmounted) 

yes no no   

320 cue (evidence that helps to solve a 
problem) yes no no   

321 
conversation  (the use of speech for 
informal exchange of views or ideas or 
information etc.) [the conversation] 

yes no no   

322 accomplishment (the action of 
accomplishing something) yes no no   

323 network [of people/things] (an 
interconnected system of things or people) yes no no   

324 perspectives (a way of regarding situations 
or topics etc.) yes yes no   

325 difficulty  (the quality of being difficult) yes no no   

326 low profile (a state of low visibility in which 
public notice is avoided) yes no no   

327 aspects [of design space] (a distinct feature 
or element in a problem) yes no no   

328 
changes (an event that occurs when 
something passes from one state or phase 
to another) 

yes no yes   

329 
comment (a statement that expresses a 
personal opinion or belief or adds 
information) 

yes no no   

330 inspiration (arousal of the mind to special 
unusual activity or creativity) yes no no   

331 layout (a plan or design of something that is 
laid out) yes no no   
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332 
discussion (an extended communication 
(often interactive) dealing with some 
particular topic) 

yes no no   

333 expenditure (the act of spending money for 
goods or services) yes no no   

334 test (the act of testing something) yes yes yes   

335 hypotheses (a message expressing an 
opinion based on incomplete evidence) yes no no   

336 [co-creation] result (something that results) yes no no   

337 

technology (the application of the 
knowledge and usage of tools (such as 
machines or utensils) and techniques to 
control one's environment) 

yes yes yes   

338 madlib (they are short, silly stories based on 
your words.) yes no no   

339 trust (a trustful relationship) yes no no   

340 

[previous] development (a process in which 
something passes by degrees to a different 
stage (especially a more advanced or 
mature stage)) 

yes no no   

341 

[ongoing] development (a process in which 
something passes by degrees to a different 
stage (especially a more advanced or 
mature stage)) 

yes yes no   

342 [query] result (something that results) yes no no   

343 redundancies (repetition of an act 
needlessly) yes no no   

344 seed (anything that provides inspiration for 
later work) yes no no   

345 priorities (status established in order of 
importance or urgency) yes yes no   

346 value (the quality (positive or negative) that 
renders something desirable or valuable) yes yes yes   

347 

business model (a description of the 
different parts of a business or organization 
showing how they will work together 
successfully to make money) [cambridge] 

yes yes no   

348 reference (a publication (or a passage from 
a publication) that is referred to) yes no no   

349 
pulse ((electronics) a sharp transient wave 
in the normal electrical state (or a series of 
such transients)) 

yes no no   

350 decision making (the cognitive process of 
reaching a decision) yes no no   

351 building (the act of constructing something) yes no no   

352 deadline (the point in time at which 
something must be completed) yes no no   

353 game (a contest with rules to determine a 
winner) yes no no   

354 experiment (the act of conducting a 
controlled test or investigation) yes no no   

355 risks (a venture undertaken without regard 
to possible loss or injury) yes yes yes   
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356 [entities' analysis] result (something that 
results) yes no no   

357 result [of the pilot] (something that results) yes no no   

358 
levers (something you use to try to 
persuade someone to do what you want or 
to get the result you want) [cambridge] 

yes no no   

359 

design brief (a written description of what a 
new project or product should do, what is 
needed to produce it, how long it will take, 
etc.) [cambridge] 

yes no no   

360 
page (one side of one leaf (of a book or 
magazine or newspaper or letter etc.) or the 
written or pictorial matter it contains) 

yes no no   

361 

partnership (a cooperative relationship 
between people or groups who agree to 
share responsibility for achieving some 
specific goal) 

no yes no   

362 
plus (the (+) sign, written between two 
numbers to show that they should be added 
together) [cambridge] 

yes no no   

363 concern (an anxious feeling) yes no no   
364 delta (the 4th letter of the greek alphabet) yes no no   
365 [search] result (something that results) yes no no   

366 signals (any nonverbal action or gesture 
that encodes a message) yes no no   

367 form (a perceptual structure) yes no no   

368 meaning (the message that is intended or 
expressed or signified) yes no no   

369 improvement [of the service experience] 
(the act of improving something) yes no no   

370 complexity (the quality of being intricate and 
compounded) yes no no   

371 the observer (an expert who observes and 
comments on something) yes no no   

372 
question mark (a punctuation mark (?) 
placed at the end of a sentence to indicate 
a question) 

yes no no   

373 

lightbulb (electric lamp consisting of a 
transparent or translucent glass housing 
containing a wire filament (usually tungsten) 
that emits light when heated by electricity) 

yes no no   

374 result [from testing] (something that results) yes no no   

375 
images (a visual representation (of an 
object or scene or person or abstraction) 
produced on a surface) 

yes no no   

376 
trailer (an advertisement consisting of short 
scenes from a motion picture that will 
appear in the near future) 

yes no no   

377 [survey] result (something that results) yes no no   

378 title [for concepts] (the name of a work of art 
or literary composition etc.) yes no no   

379 stuff (miscellaneous unspecified objects) yes no no   
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380 problem [of the solution] (a source of 
difficulty) yes no no   

381 way [of filming] (how something is done or 
how it happens) yes no no   

382 [your learning] journey (the act of traveling 
from one place to another) yes no no   

383 future (the time yet to come) yes no no   
384 fidelity (the quality of being faithful) yes no no   

385 "yes, and" [learning] guide (something that 
offers basic information or instruction) yes no no 

The object is the word between 
quotation marks and not its 
meaning. 

386 [learning] guide (something that offers basic 
information or instruction) yes no no   

387 launch (the introduction of a new product or 
service for sale to the public) [cambridge] yes yes no   

388 enthusiasm (a feeling of excitement) yes no no   
389 talent (natural abilities or qualities) yes no no   

390 title [for innovation] (the name of a work of 
art or literary composition etc.) yes no no   

391 
outline [of workshop goal] (a sketchy 
summary of the main points of an argument 
or theory) 

yes no no   

392 title [for clusters] (the name of a work of art 
or literary composition etc.) yes no no   

393 
outline [of the vision statement] (a sketchy 
summary of the main points of an argument 
or theory) 

yes no no   

394 result [of making the future happen] 
(something that results) yes no no   

395 outline [of the day] (a sketchy summary of 
the main points of an argument or theory) yes no no   

396 problems (a source of difficulty) yes no yes   

397 title [for scenarios] (the name of a work of 
art or literary composition etc.) yes no no   

398 pitch (promotion by means of an argument 
and demonstration) yes no no   

399 knowledge (the psychological result of 
perception and learning and reasoning) yes yes no   

400 title [for ideas] (the name of a work of art or 
literary composition etc.) yes no no   

401 listening (the act of hearing attentively) yes no no   

402 arrows (a mark to indicate a direction or 
relation yes no no   

403 "easy" yes no no 
The object is the word between 
quotation marks and not its 
meaning. 

404 "impossible" (a degree or grade of 
excellence or worth) yes no no 

The object is the word between 
quotation marks and not its 
meaning. 

405 quality (a degree or grade of excellence or 
worth) yes no no   

406 qualities (an essential and distinguishing 
attribute of something or someone) yes yes no   
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407 

methods (a way of doing something, 
especially a systematic way; implies an 
orderly logical arrangement (usually in 
steps)) 

yes no no   

408 key words (a significant word used in 
indexing or cataloging) yes no no   

409 
squares ((geometry) a plane rectangle with 
four equal sides and four right angles; a 
four-sided regular polygon) 

yes no no   

410 words (a brief statement) yes no no   

411 presentation (a show or display; the act of 
presenting something to sight or view) yes no no   

412 focus (the concentration of attention or 
energy on something)  yes no yes   

413 

paragraph (one of several distinct 
subdivisions of a text intended to separate 
ideas; the beginning is usually marked by a 
new indented line) 

yes no no   

414 
outline [of the four frame storyt] (a sketchy 
summary of the main points of an argument 
or theory) 

yes no no   

415 
[service] design (the act of working out the 
form of something (as by making a sketch 
or outline or plan)) 

yes yes no   

416 [team's] challenges (a demanding or 
stimulating situation) yes no no   

417 availability (the quality of being at hand 
when needed) yes no no   

418 kit (gear consisting of a set of articles or 
tools for a specified purpose) yes no no   

419 list [of entities] (a database containing an 
ordered array of items (names or topics)) yes no no   

420 probes (an exploratory action or expedition) yes no no   
421 moments (a particular point in time) yes no no   

422 
[operational environment] design (the act of 
working out the form of something (as by 
making a sketch or outline or plan)) 

no yes no   

423 [value] flow (the act of flowing or streaming; 
continuous progression) yes no no   

424 [simulation] device (an instrumentality 
invented for a particular purpose) yes no no   

425 flow [among entities] (the act of flowing or 
streaming; continuous progression) yes no no   

426 flow [of information] (the act of flowing or 
streaming; continuous progression) yes no no   

427 openness (willingness or readiness to 
receive (especially impressions or ideas)) yes no no   

428 

designer (a person who imagines how 
something could be made, or what it would 
look like, and makes plans for it) 
[cambridge] 

yes no no   

429 flow [of user journey] (the act of flowing or 
streaming; continuous progression) yes no no   
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430 
[social] dynamics (forces or processes that 
produce change inside a group or system) 
[cambridge] 

yes no no   

431 partners (an associate in an activity or 
endeavor or sphere of common interest) yes yes no   

432 ambition (a cherished desire) yes no no   

433 overview [of the ket issues] (a general 
summary of a subject) yes no no   

434 

lateral thinking (a heuristic for solving 
problems; you try to look at the problem 
from many angles instead of tackling it 
head-on) 

yes no no   

435 
situation (the general state of things; the 
combination of circumstances at a given 
time) 

yes yes yes   

436 news (information reported in a newspaper 
or news magazine) yes no no   

437 overview [of the customer service journey] 
(a general summary of a subject) yes no no   

438 overview [of the research plan] (a general 
summary of a subject) yes no no   

439 [user's] routines (an unvarying or habitual 
method or procedure) yes no no   

440 [design] outcomes (something that results) yes no no   

441 
[product] design (the act of working out the 
form of something (as by making a sketch 
or outline or plan)) 

yes yes no   

442 lead (a winning position in a situation in 
which people are competing) [cambridge] yes no no   

443 lifestyle (a manner of living that reflects the 
person's values and attitudes) yes no no   

444 touchpoints (where users interact with the 
service) (Stickdorn and Schneider, 2011) yes no no   

445 overview [of the vision statement] (a general 
summary of a subject) yes no no   

446 specifications (a detailed description of 
design criteria for a piece of work) yes yes no   

447 overview [of a topic] (a general summary of 
a subject) yes no no   

448 overview [of a typical day] (a general 
summary of a subject) yes no no   

449 overview [of design decisions] (a general 
summary of a subject) no yes no   

450 company (an institution created to conduct 
business) [your company] yes yes no   

451 improvement [of the prototype] (the act of 
improving something) no yes no   

452 communities (a group of people living in a 
particular local area) yes no no   

453 
analogous models (profiling and comparing 
financial performances of organizations and 
industries) (Kumar, 2013) 

yes no no   

454 
[local] businesses (a commercial or 
industrial enterprise and the people who 
constitute it) 

yes no no   
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455 improvement [of the service] (the act of 
improving something) no yes no   

456 interplay (reciprocal action and reaction) yes no no   

457 contribution (the effort contributed by a 
person in bringing about a result) yes no no   

458 [people's] interactions (a mutual or 
reciprocal action; interacting) yes no no   

459 
posting (an electronic message that you 
send to a website in order to allow many 
people to see it) [cambridge] 

yes no no   

460 
post (something such as a message or 
picture that you publish on a website or 
using social media) [cambridge] 

yes no no   

461 frameworks (a structure supporting or 
containing something) yes no no   

462 
possibility [of unmatched mental models] 
(capability of existing or happening or being 
true) 

yes no no   

463 
newspaper (a daily or weekly publication on 
folded sheets; contains news and articles 
and advertisements) 

yes no no   

464 line (a mark that is long relative to its width) yes no no   

465 "it's like" yes no no 
The object is the word between 
quotation marks and not its 
meaning. 

466 

"it's not like" ((mathematics) a rectangular 
array of quantities or expressions set out by 
rows and columns; treated as a single 
element and manipulated according to 
rules) 

yes no no 
The object is the word between 
quotation marks and not its 
meaning. 

467 

matrix ((mathematics) a rectangular array of 
quantities or expressions set out by rows 
and columns; treated as a single element 
and manipulated according to rules) 

yes yes yes   

468 [flow] model (a hypothetical description of a 
complex entity or process) no yes no   

469 [service product] model (a hypothetical 
description of a complex entity or process) no yes no   

470 success (an event that accomplishes its 
intended purpose) yes no no   

471 win (a victory (as in a race or other 
competition)) yes no no   

472 sense (a general conscious awareness) yes no no   

473 ingredients [of the experience] (an abstract 
part of something) yes no no   

474 
responsibilities (the social force that binds 
you to the courses of action demanded by 
that force) 

yes yes no   

475 

internet (a computer network consisting of a 
worldwide network of computer networks 
that use the tcp/ip network protocols to 
facilitate data transmission and exchange) 

yes no no   

476 list [of answers] (a database containing an 
ordered array of items (names or topics)) yes no no   
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477 

co-creation (the purpose of a co-creation 
session is to convene a group of people 
from the community you’re serving and then 
get them to design alongside you) [ideo] 

yes no no   

478 journal (a periodical dedicated to a 
particular subject) yes no no   

479 
magazine (a periodic publication containing 
pictures and stories and articles of interest 
to those who purchase it or subscribe to it) 

yes no no   

480 
[physical] area (the extent of a 2-
dimensional surface enclosed within a 
boundary) 

yes no no   

481 edge (a slight competitive advantage) yes no no   

482 

business model canvas  (a shared language 
for describing, visualizing, assessing, and 
changing business models) [osterwalder; 
pigneur, 2010) 

yes no no   

483 figure (the impression produced by a 
person) yes no no   

484 
preview [of questions] (a screening for a 
select audience in advance of release for 
the general public) 

yes no no   

485 
logistics (handling an operation that 
involves providing labor and materials be 
supplied as needed) 

yes no no   

486 areas [of potential insights] (a subject of 
study) yes no no   

487 
[conversation] ideas (the content of 
cognition; the main thing you are thinking 
about) 

yes no no   

488 voice (a means or agency by which 
something is expressed or communicated) yes no no   

489 

fly on the wall (if you say that you would like 
to be a fly on the wall on an occasion, you 
mean that you would like to hear what will 
be said or see what will happen while not 
being noticed) [cambridge] 

yes no no   

490 milestones (a significant event in your life 
(or in a project)) yes no no   

491 areas [of implementation] (a subject of 
study) yes no no   

492 money (the most common medium of 
exchange; functions as legal tender) yes no no   

493 idea (a personal view) yes no no   
494 livestock (any animals kept for use or profit) yes no no   

495 
seed (a mature fertilized plant ovule 
consisting of an embryo and its food source 
and having a protective coat or testa) 

yes no no   

496 labour (productive work (especially physical 
work done for wages)) yes no no   

497 parameter (any factor that defines a system 
and determines (or limits) its performance) yes yes no   

498 
entity (that which is perceived or known or 
inferred to have its own distinct existence 
(living or nonliving)) 

yes yes no   
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499 finances (the management of money and 
credit and banking and investments) yes no yes   

500 [concept] areas (a subject of study) yes no no   

501 audience (a gathering of spectators or 
listeners at a (usually public) performance)  yes no no   

502 

explanation (a statement that makes 
something comprehensible by describing 
the relevant structure or operation or 
circumstances etc.) 

yes no no   

503 pathway (a path (= set of actions that you 
take in life)) [cambridge] yes no no   

504 [subject] areas (a subject of study) yes no no   

505 notebook (a book with blank pages for 
recording notes or memoranda) yes no no   

506 postcard (a card for sending messages by 
post without an envelope) yes no no   

507 diary (a daily written record of (usually 
personal) experiences and observations) yes no no   

508 reflexion (expression without words) yes no no   
509 [service] areas (a subject of study) yes no no   

510 point [where people may abandon a 
service] (an instant of time) yes no no   

511 expectation (anticipating with confidence of 
fulfillment) yes no no   

512 
project manager (a person whose job is to 
organize and control a project or a series of 
projects) [cambridge] 

yes yes no   

513 
script (a written version of a play or other 
dramatic composition; used in preparing for 
a performance) 

yes no no   

514 
ethnography (the branch of anthropology 
that provides scientific description of 
individual human societies) 

yes no no   

515 [platform] plan (a series of steps to be 
carried out or goals to be accomplished) yes no no   

516 template (a model or standard for making 
comparisons) yes no no   

517 distraction (an obstacle to attention) yes no no   

518 techniques (a practical method or art 
applied to some particular task) yes no yes   

519 suggestion (a proposal offered for 
acceptance or rejection) yes no yes   

520 
innovations (a creation (a new device or 
process) resulting from study and 
experimentation) 

yes no no   

521 repository (a facility where things can be 
deposited for storage or safekeeping) yes no no   

522 text (the words of something written) yes no no   

523 labels (a brief description given for 
purposes of identification) yes no no   

524 location (a point or extent in space) yes no no   

525 blueprint (something intended as a guide for 
making something else) yes yes no   
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526 
structure (the complex composition of 
knowledge as elements and their 
combinations) 

yes no yes   

527 
exercises (a task performed or problem 
solved in order to develop skill or 
understanding) 

yes no no   

528 
[product] structure (the manner of 
construction of something and the 
arrangement of its parts) 

no yes no   

529 exploration (a careful systematic search) yes no no   

530 
[functional] structure (the manner of 
construction of something and the 
arrangement of its parts) 

no yes no   

531 training (activity leading to skilled behavior) yes no no   

532 [scope] model (a hypothetical description of 
a complex entity or process) no yes no   

533 table (a set of data arranged in rows and 
columns) yes no no   

534 document (writing that provides information 
(especially information of an official nature)) yes no no   

535 anecdote (short account of an incident 
(especially a biographical one)) yes no no   

536 creativity (the ability to create) yes no no   
537 strength (an asset of special worth or utility) yes no no   

538 
lego [building] ((trademark) a child's plastic 
construction set for making mechanical 
models) 

yes no no   

539 

set (representation consisting of the 
scenery and other properties used to 
identify the location of a dramatic 
production) 

yes no no   

540 areas [of the offering] (a subject of study) yes no no   

541 areas [of design possibilities] (a subject of 
study) yes no no   

542 subtext (a hidden or less obvious meaning) 
[cambridge] yes no no   

543 [service] staging (the production of a drama 
on the stage) yes no no   

544 

implementation (the act of implementing 
(providing a practical means for 
accomplishing something); carrying into 
effect) 

yes yes no   

545 
philosophy (a belief (or system of beliefs) 
accepted as authoritative by some group or 
school) 

yes no no   

546 areas [of exploration] (a subject of study) yes no no   
547 areas [of research] (a subject of study) yes no no   

548 areas [of opportunities for innovation] (a 
subject of study) yes no no   

549 moderation (the action of lessening in 
severity or intensity) yes no no   

550 
spreadsheet (a screen-oriented interactive 
program enabling a user to lay out financial 
data on the screen) 

yes no no   
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551 
worksheet (a sheet of paper with multiple 
columns; used by an accountant to 
assemble figures for financial statements) 

yes no no   

552 schematic (diagram of an electrical or 
mechanical system) yes no no   

553 ideation (the process of forming and relating 
ideas) yes no no   

554 ownership (the act of having and controlling 
property) yes no no   

555 roleplay (perform on a stage or theater) yes no no   

556 
action (the process of doing something, 
especially when dealing with a problem or 
difficulty) [cambridge] 

yes yes no   

557 mood (a characteristic (habitual or relatively 
temporary) state of feeling) yes no no   

558 

business case (an explanation or set of 
reasons describing how a business decision 
will improve a business, product, etc., and 
how it will affect costs and profits and attract 
investments) [cambridge] 

yes no yes   

559 resources (a source of aid or support that 
may be drawn upon when needed) yes yes yes   

560 point [where the user will encounter your 
concepts] (an instant of time) yes no no   

561 
clarity (free from obscurity and easy to 
understand; the comprehensibility of clear 
expression) 

yes no no   

562 weakness (a flaw or weak point) yes no no   

563 

NOT USED (an artifact that is one of the 
individual parts of which a composite entity 
is made up; especially a part that can be 
separated from or attached to a system) 

no no no   

564 

components [of the product] (an artifact that 
is one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes no no   

565 

components [of the service] (an artifact that 
is one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes no no   

566 

timeline (a sequence of related events 
arranged in chronological order and 
displayed along a line (usually drawn left to 
right or top to bottom)) 

yes no no   

567 requirements (something that is required in 
advance) no yes yes   

568 study (a detailed critical inspection) yes yes no   

569 function [of the offering] (a job or task that 
someone or something does) [cambridge] yes yes yes   

570 [search] function (a set sequence of steps, 
part of larger computer program) yes no no   
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571 

components [of drama] (an artifact that is 
one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes no no   

572 

components [of story] (an artifact that is one 
of the individual parts of which a composite 
entity is made up; especially a part that can 
be separated from or attached to a system) 

yes no no   

573 

components [of game] (an artifact that is 
one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes no no   

574 

components [of design brief] (an artifact that 
is one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes no no   

575 ratings (an appraisal of the value of 
something) yes yes yes   

576 

components [of the context] (an artifact that 
is one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes no no   

577 
[pss elements] interface (a situation, way, or 
place where two things come together and 
affect each other) [cambridge] 

no yes no   

578 [solution] guidelines (a rule or principle that 
provides guidance to appropriate behavior) yes no no   

579 
[engagement] guidelines (a rule or principle 
that provides guidance to appropriate 
behavior) 

yes no no   

580 
[sustainability] guidelines (a rule or principle 
that provides guidance to appropriate 
behavior) 

no yes no   

581 sustainability (the property of being 
sustainable) no yes no   

582 subsystem (a system that is part of some 
larger system) no yes yes   

583 draft [of the expectation map] (a preliminary 
sketch of a design or picture) yes no no   

584 draft [of the product] (a preliminary sketch of 
a design or picture) no yes no   

585 pss architecture no yes no   

586 

product architecture (the product 
architecture is a scheme showing the 
relationship between the function structure 
of a product and its physical configuration.) 
[pahl and beitz] 

no yes yes   

587 pilot [product] (something that serves as a 
model or a basis for making copies) yes yes no   

588 
[market] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

no yes no   
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589 

[activities] structure (the complex 
composition of knowledge as elements and 
their combinations) [structure of 
stakeholders' activities] results 

yes no no   

590 

portfolio [of trigger questions] (a collection 
of drawings, documents, etc. that represent 
a person's, especially an artist's, work) 
[cambridge] 

yes no no   

591 

[service] prototypes (the first example of 
something, such as a machine or other 
industrial product, from which all later forms 
are developed) [cambridge] 

no yes no 
They are service prototypes. 
Thus, they were separated from 
physical prototypes. 

592 
pss ("a pss is an integrated product and 
service offering that delivers value in use") - 
baines et al. (2007) 

no yes no   

593 [use] cases (an occurrence of something) no yes no   

594 

prototype (the first example of something, 
such as a machine or other industrial 
product, from which all later forms are 
developed) [cambridge] 

yes yes no   

595 benefits (something that aids or promotes 
well-being) yes yes no   

596 computer (a machine for performing 
calculations automatically) yes no no   

597 
[manufacturing] concept (an abstract or 
general idea inferred or derived from 
specific instances) 

no yes no   

598 costs (the total spent for goods or services 
including money and time and labor) yes yes yes   

599 refinement (the result of improving 
something) yes no no   

600 

software ((computer science) written 
programs or procedures or rules and 
associated documentation pertaining to the 
operation of a computer system and that 
are stored in read/write memory) 

yes yes no   

601 

[innovation] portfolios [of other 
organizations] (the range of products or 
services that a company offers, or the 
businesses that someone owns) 
[cambridge] 

yes no no   

602 [development] plan (a series of steps to be 
carried out or goals to be accomplished) no yes no   

603 [prototyping] plan (a series of steps to be 
carried out or goals to be accomplished) no yes no   

604 [deployment] plan (a series of steps to be 
carried out or goals to be accomplished) no yes no   

605 [manufacturing] plan (a series of steps to be 
carried out or goals to be accomplished) no yes no   

606 [assembly] plan (a series of steps to be 
carried out or goals to be accomplished) no yes no   

607 [implementation] plan (a series of steps to 
be carried out or goals to be accomplished) yes yes no   

608 [launch] plan (a series of steps to be carried 
out or goals to be accomplished) no yes no   
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609 

orientation (the type of interests, activities, 
or aims that an organization, business, or 
project has, or the act of giving attention to 
a particular thing) [cambridge] 

no yes no   

610 
barriers (any condition that makes it difficult 
to make progress or to achieve an 
objective) 

yes no no   

611 
format (the organization of information 
according to preset specifications (usually 
for computer processing)) 

yes no no   

612 [scenario] format (the general appearance 
of a publication) no yes no   

613 list [of themes] (a database containing an 
ordered array of items (names or topics)) yes no no   

614 
[information exchange] concept (an abstract 
or general idea inferred or derived from 
specific instances) 

no yes no   

615 
mindset (a habitual or characteristic mental 
attitude that determines how you will 
interpret and respond to situations) 

yes no no   

616 [motivation and goal] correspondence 
(compatibility of observations) no yes no   

617 impact [of the industry's forces] (a forceful 
consequence; a strong effect) yes no no   

618 title [for the scene] (the name of a work of 
art or literary composition etc.) yes no no   

619 [environmental] impact (a forceful 
consequence; a strong effect) no yes yes   

620 [solution] principles no yes no   

621 
facts (a statement or assertion of verified 
information about something that is the 
case or has happened) 

yes no no   

622 posture (a rationalized mental attitude) yes no no   

623 
culture (the attitudes and behavior that are 
characteristic of a particular social group or 
organization) 

yes yes no   

624 point of view (a mental position from which 
things are viewed) yes no no   

625 emotions (any strong feeling) yes no no   

626 hopes (the general feeling that some desire 
will be fulfilled) yes no no   

627 sheet (paper used for writing or printing) yes no no   
628 happenings (an event that happens) yes no no   
629 instances (an occurrence of something) yes no no   
630 feasibility (the quality of being doable) yes yes yes   

631 

video (a recording of both the visual and 
audible components (especially one 
containing a recording of a movie or 
television program)) 

yes no no   

632 audio (a recording of acoustic signals) yes no no   

633 sentences (a string of words satisfying the 
grammatical rules of a language) yes no no   
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634 [market] response (the manner in which 
something is greeted) no yes no   

635 household (a social unit living together) yes no no   

636 
income (the financial gain (earned or 
unearned) accruing over a given period of 
time) 

yes no no   

637 contract (a binding agreement between two 
or more persons that is enforceable by law) no yes no   

638 [business] proposal (something proposed 
(such as a plan or assumption)) no yes no   

639 force (a powerful effect or influence) yes no no   

640 technological aspects (a characteristic to be 
considered) no yes no   

641 brand (a name given to a product or 
service) yes no no   

642 
developers (a person or company that 
creates new products, especially software, 
or services) [cambridge] 

no yes no   

643 skit (a short theatrical episode) yes no no   

644 

user interface ((computer science) a 
program that controls a display for the user 
(usually on a computer monitor) and that 
allows the user to interact with the system) 

no yes yes   

645 

component [of the project] (an artifact that is 
one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes no no   

646 involvement (the act of sharing in the 
activities of a group) yes yes no   

647 list [of deficiencies] (a database containing 
an ordered array of items (names or topics)) yes no no   

648 

simulation (the act of imitating the behavior 
of some situation or some process by 
means of something suitably analogous 
(especially for the purpose of study or 
personnel training)) 

yes yes no   

649 buzz (interested or excited talk about a new 
product, an event, or a person) [cambridge] yes no no   

650 the [solution] environment (the area in 
which something exists or lives) yes yes no   

651 
net (to include many people or things when 
you are looking for something or trying to do 
something) [cambridge] 

yes no no   

652 [environmental] load (an onerous or difficult 
concern) no yes no   

653 
[competitor] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

no yes no   

654 supplier (someone whose business is to 
supply a particular service or commodity) no yes yes   

655 
[competence] analysis (an investigation of 
the component parts of a whole and their 
relations in making up the whole) 

no yes no   
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656 

submission (something (manuscripts or 
architectural plans and models or estimates 
or works of art of all genres etc.) submitted 
for the judgment of others (as in a 
competition)) 

yes no no   

657 
phenomenon (any state or process known 
through the senses rather than by intuition 
or reasoning) 

yes no no   

658 
mind-mapping (process of "organizing 
aspects of the project and mapping areas of 
opportunities for innovation") (Kumar, 2013) 

yes no no   

659 

captures (the process of changing 
information into a form that a computer or 
other machine can process and store) 
[cambridge] 

yes no no   

660 scan (an image produced by scanning) yes no no   

661 word (a unit of language that native 
speakers can identify) yes no no   

662 photocopy (a photographic copy of written 
or printed or graphic work) yes no no   

663 

project (a piece of planned work or an 
activity which is done over a period of time 
and intended to achieve a particular 
purpose) [cambridge] 

yes yes yes   

664 
library [of findings] (a depository built to 
contain books and other materials for 
reading and study) 

yes no no   

665 
promotion (a message issued in behalf of 
some product or cause or idea or person or 
institution)  

yes no yes   

666 
movie (a form of entertainment that enacts 
a story by sound and a sequence of images 
giving the illusion of continuous movement) 

yes no no   

667 playing field (the circumstances under 
which competition occurs) no yes no   

668 

rationale ((law) an explanation of the 
fundamental reasons (especially an 
explanation of the working of some device 
in terms of laws of nature)) 

yes no no   

669 workshops (a brief intensive course for a 
small group; emphasizes problem solving) yes yes no   

670 programming (setting an order and time for 
planned events) yes no no   

671 

agency (a business or organization that 
provides a particular service, especially the 
mediation of transactions between two 
parties) 

yes no no   

672 
alignment (the spatial property possessed 
by an arrangement or position of things in a 
straight line or in parallel lines) 

yes no yes   

673 media (a means or instrumentality for 
storing or communicating information) yes no no   

674 
price (the property of having material worth 
(often indicated by the amount of money 
something would bring if sold)) 

no yes no   
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675 list [of categories] (a database containing an 
ordered array of items (names or topics)) yes no no   

676 viability (capable of being done in a 
practical and useful way) yes yes no   

677 title [for the persona] (the name of a work of 
art or literary composition etc.) yes no no   

678 
source book (a collection of historically 
important documents published together as 
a book) 

yes no no   

679 database (an organized body of related 
information) yes no no   

680 manufacturing (the act of making something 
(a product) from raw materials) no yes yes   

681 equipments (an instrumentality needed for 
an undertaking or to perform a service) no yes no   

682 list [of insights] (a database containing an 
ordered array of items (names or topics)) yes no no   

683 

batch (a group of things that are dealt with 
or produced at the same time, or a group of 
people who are similar in some way) 
[cambridge] 

no yes no   

684 recommendation (something (as a course of 
action) that is recommended as advisable) yes no yes   

685 preparation (the activity of putting or setting 
in order in advance of some act or purpose) yes no no   

686 article (nonfictional prose forming an 
independent part of a publication) yes no no   

687 
book (a written work or composition that has 
been published (printed on pages bound 
together)) 

yes no no   

688 
anything (any event, act, or object 
whatever, or (esp. in negative statements or 
questions) something) [cambridge] 

yes no no   

689 factor (anything that contributes causally to 
a result) yes no no   

690 

list [of everything that brings and takes 
money from the household] (a database 
containing an ordered array of items 
(names or topics)) 

yes no no   

691 you (used to refer to the person or people 
being spoken or written to) [cambridge] yes no no   

692 time period (an amount of time) yes no no   

693 
finding [of innovation opportunities] (the act 
of determining the properties of something, 
usually by research or calculation) 

yes no no   

694 industry yes no no   

695 overlap (a representation of common 
ground between theories or phenomena) yes no no   

696 terrain (a piece of ground having specific 
characteristics or military potential) yes no no   

697 gap (an open or empty space in or between 
things) yes no no   

698 step (relative position in a graded series) yes no no   
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699 cartoon strip (a sequence of drawings telling 
a story in a newspaper or comic book) yes no no   

700 
field (somewhere (away from a studio or 
office or library or laboratory) where 
practical work is done or data is collected) 

yes no yes   

701 proximity (the property of being close 
together) yes no no   

702 list [of reasons] (a database containing an 
ordered array of items (names or topics)) yes no no   

703 
attribute [of concepts/solutions] (an 
abstraction belonging to or characteristic of 
an entity) 

yes no no   

704 platforms (the combination of a particular 
computer and a particular operating system) no yes yes   

705 
application (a program that gives a 
computer instructions that provide the user 
with tools to accomplish a task) 

no yes no   

706 
content ((usually plural) everything that is 
included in a collection and that is held or 
included in something) "he emptied the  

no yes no   

707 navigation (the act of moving around within 
a website or between websites) [cambridge] no yes no   

708 threat (something that is a source of 
danger) yes yes no   

709 [threats] likelihood (the probability of a 
specified outcome) no yes no   

710 

commentary (a series of remarks describing 
an event, esp. on radio or television, or a 
set of written notes explaining or expressing 
an opinion on a text or subject) [cambridge] 

yes no no   

711 attribute [of entities] (an abstraction 
belonging to or characteristic of an entity) yes no no   

712 attribute [of opportunites] (an abstraction 
belonging to or characteristic of an entity) yes no no   

713 attribute [of the offering] (an abstraction 
belonging to or characteristic of an entity) yes no no   

714 attribute [of platforms] (an abstraction 
belonging to or characteristic of an entity) yes no no   

715 attribute [of the project topic] (an abstraction 
belonging to or characteristic of an entity) yes no no   

716 attribute [of the user] (an abstraction 
belonging to or characteristic of an entity) yes no no   

717 [product] industrialization (the development 
of industry on an extensive scale) no yes no   

718 [product] validation (the act of validating; 
finding or testing the truth of something) no yes yes   

719 
[product] documentation (the activity of 
recording facts relating to a particular 
subject) [cambridge] 

no yes no   

720 
attribute [of the experience stages] (an 
abstraction belonging to or characteristic of 
an entity) 

yes no no   

721 rigor (the quality of being valid and rigorous) yes no no   

722 disadvantage (the quality of having an 
inferior or less favorable position) no yes no   
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723 advantages (the quality of having a superior 
or more favorable position) no yes yes   

724 credibility (the quality of being believable or 
trustworthy) yes no no   

725 publication (a copy of a printed work offered 
for distribution) yes no no   

726 
sensitivity [of pss price] (the quality of being 
easily influenced or affected by something) 
[cambridge] 

no yes no   

727 title [for observations] (the name of a work 
of art or literary composition etc.) yes no no   

728 reviews (a new appraisal or evaluation) no yes yes   

729 terms (a word or expression used for some 
particular thing) yes no no   

730 title [publications] (the name of a work of art 
or literary composition etc.) yes no no   

731 report (a written document describing the 
findings of some individual or group) yes yes no   

732 reasons [of the team] (a rational motive for 
a belief or action) yes no no   

733 
[cluster] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

yes no no   

734 
[as-is] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

no yes no   

735 
measure (a basis for comparison; a 
reference point against which other things 
can be evaluated) 

yes yes no   

736 
era (a period marked by distinctive 
character or reckoned from a fixed point or 
event) 

yes no no   

737 conditions [of use] (a state at a particular 
time) no yes no   

738 [privacy] aspects (a characteristic to be 
considered) no yes no   

739 [legal] aspects (a characteristic to be 
considered) no yes no   

740 history (the aggregate of past events) yes no no   
741 usage (the act of using) yes yes no   

742 agent (an active and efficient cause; 
capable of producing a certain effect) no yes no   

743 audit (a methodical examination or review of 
a condition or situation) yes no no   

744 year (a period of time containing 365 (or 
366) days) yes no no   

745 
base (the fundamental assumptions from 
which something is begun or developed or 
calculated or explained) 

yes no no   

746 performance (the act of presenting a play or 
a piece of music or other entertainment) yes no no   

747 
analysis[of people] (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

yes no no   
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748 
analysis [of entites] (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

yes no no   

749 

analysis [of stakeholders' activities] (an 
investigation of the component parts of a 
whole and their relations in making up the 
whole) 

yes no no   

750 

analysis [of participants' responses] (an 
investigation of the component parts of a 
whole and their relations in making up the 
whole) 

yes no no   

751 

analysis [of observational data] (an 
investigation of the component parts of a 
whole and their relations in making up the 
whole) 

yes no no   

752 

[company's] portfolio (the range of products 
or services that a company offers, or the 
businesses that someone owns) 
[cambridge] 

no yes no   

753 assemblies (a group of machine parts that 
fit together to form a self-contained unit) no yes no   

754 revenue (the entire amount of income 
before any deductions are made) yes no no   

755 propensity [to change] (an inclination to do 
something) no yes no   

756 visualization (a mental image that is similar 
to a visual perception) yes no no   

757 rivalry (the act of competing as for profit or a 
prize) yes no no   

758 mechanism (the technical aspects of doing 
something) yes no no   

759 decision maker (someone who administers 
a business) yes no no   

760 issues (an important question that is in 
dispute and must be settled) yes no yes   

761 [strategic] plan (a series of steps to be 
carried out or goals to be accomplished) yes no no   

762 [pilot] plan (a series of steps to be carried 
out or goals to be accomplished) yes no no   

763 [ideation sessions] plan (a series of steps to 
be carried out or goals to be accomplished) yes no no   

764 [action] plan (a series of steps to be carried 
out or goals to be accomplished) yes no no   

765 [communication] plan (a series of steps to 
be carried out or goals to be accomplished) yes no no   

766 
[the team formation] plan (a series of steps 
to be carried out or goals to be 
accomplished) 

yes no no   

767 [interview] plan (a series of steps to be 
carried out or goals to be accomplished) yes no no   

768 
[team´s] thoughts (a personal belief or 
judgment that is not founded on proof or 
certainty) 

yes no no   

769 [users' lives] aspects (a characteristic to be 
considered) yes no no   
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770 aspects of the [problem] statement (a 
characteristic to be considered) yes no no   

771 

analysis [of user experience] (an 
investigation of the component parts of a 
whole and their relations in making up the 
whole) 

yes no no   

772 some aspect of the concept (a characteristic 
to be considered) yes no no   

773 the various aspects of their business model 
(a characteristic to be considered) yes no no   

774 various aspects of change (a characteristic 
to be considered) yes no no   

775 

analysis [of service situation] (an 
investigation of the component parts of a 
whole and their relations in making up the 
whole) 

yes no no   

776 
performance (the act of performing; of doing 
something successfully; using knowledge 
as distinguished from merely possessing it) 

yes yes yes   

777 forum (a public meeting or assembly for 
open discussion) yes no no   

778 bias (a partiality that prevents objective 
consideration of an issue or situation) yes no no   

779 
[people's] lives (the experience of being 
alive; the course of human events and 
activities) 

yes no no   

780 
website (a computer connected to the 
internet that maintains a series of web 
pages on the world wide web) 

yes no no   

781 
directory ((computer science) a listing of the 
files stored in memory (usually on a hard 
disk)) 

yes no no   

782 moment (an indefinitely short time) yes no no   
783 room (oppportunity for) yes no no   

784 ease (freedom from difficulty or hardship or 
effort) yes no no   

785 protocol (code of correct conduct) yes no no   

786 spending (the act of spending or disbursing 
money) yes no no   

787 nuance (a subtle difference in meaning or 
opinion or attitude) yes no no   

788 
field work (an investigation carried out in the 
field rather than in a laboratory or 
headquarters) 

yes no no   

789 message (a communication (usually brief) 
that is written or spoken or signaled) yes no no   

790 paperwork (work that involves handling 
papers: forms or letters or reports etc.) yes no no   

791 

 “can you show me?,”  (something (such as 
money) given or received as payment or 
reparation (as for a service or loss or 
injury)) 

yes no no 
The object is the word between 
quotation marks and not its 
meaning. 

792 
compensation (something (such as money) 
given or received as payment or reparation 
(as for a service or loss or injury)) 

yes no no   
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793 form (a printed document with spaces in 
which to write) yes no no   

794 footage (film that has been shot) yes no no   

795 increment (the amount by which something 
increases) yes no no   

796 “can you tell me more?,”  (putting the wrong 
interpretation on) no no no 

The object is the word between 
quotation marks and not its 
meaning. 

797 misunderstanding (putting the wrong 
interpretation on) yes no no   

798 clarification (an interpretation that removes 
obstacles to understanding) yes no no   

799 initiative (the first of a series of actions) yes no no   
800 approval (the formal act of approving) yes no yes   

801 competency (the quality of being adequately 
or well qualified physically and intellectually) yes no yes   

802 file (a set of related records (either written 
or electronic) kept together) yes no no   

803 [value] web (an interconnected system of 
things or people) yes no no   

804 hierarchies (a series of ordered groupings 
of people or things within a system) yes no no   

805 scores (a number or letter indicating quality 
(especially of a student's performance)) yes no no   

806 everything (all things) [cambridge] yes no no   

807 

follow-up (an activity that continues 
something that has already begun or that 
repeats something that has already been 
done) 

yes no no   

808 sort (an operation that segregates items into 
groups according to a specified criterion) yes no no   

809 flaws (an imperfection in an object or 
machine) yes no no   

810 arrangement (the thing arranged or agreed 
to) yes no no   

811 
guidance (something that provides direction 
or advice as to a decision or course of 
action) 

yes no yes   

812 tag (a label associated with something for 
the purpose of identification) yes no no   

813 archive (a depository containing historical 
records and documents) yes no no   

814 reasoning (thinking that is coherent and 
logical) yes no no   

815 interpretation (a mental representation of 
the meaning or significance of something) yes no no   

816 logic (the principles that guide reasoning 
within a given field or situation) yes no no   

817 query (an instance of questioning) yes no no   

818 disconnect (an unbridgeable disparity (as 
from a failure of understanding)) yes no no   

819 system aspects (a characteristic to be 
considered) yes no no   
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820 
[value web] dynamics (forces or processes 
that produce change inside a group or 
system) [cambridge] 

no no no   

821 scale (an ordered reference standard) yes no no   

822 iterations (doing or saying again; a repeated 
performance) yes no no   

823 scoring (evaluation of performance by 
assigning a grade or score) yes no no   

824 algorithm (a precise rule (or set of rules) 
specifying how to solve some problem) yes no no   

825 
migration (the process of moving or being 
moved from one place to another) 
[cambridge] 

yes no no   

826 outlier (an extreme deviation from the 
mean) yes no no   

827 node (a connecting point at which several 
lines come together) yes no no   

828 polarity [of the scales] (a relation between 
two opposite attributes or tendencies) yes no no   

829 marker (a distinguishing symbol) yes no no   

830 [color-]coding (act of writing in code or 
cipher) yes no no   

831 comparison [of entities] (relation based on 
similarities and differences) yes no no   

832 comparison [of users] (relation based on 
similarities and differences) yes no no   

833 heading (a line of text serving to indicate 
what the passage below it is about) yes no no   

834 
extension [of the framework] (act of 
expanding in scope; making more widely 
available) 

yes no no   

835 

organizer (a lightweight consumer electronic 
device that looks like a hand-held computer 
but instead performs specific tasks; can 
serve as a diary or a personal database or a 
telephone or an alarm clock etc.) 

yes no no   

836 write up (a short account of the news) yes no no   

837 columns (a vertical array of numbers or 
other information) yes no no   

838 categories (a collection of things sharing a 
common attribute) yes no no   

839 
parts [of the hypothesis] (something 
determined in relation to something that 
includes it) 

yes no no   

840 

personality (the complex of all the 
attributes--behavioral, temperamental, 
emotional and mental--that characterize a 
unique individual) 

yes no no   

841 enjoyment (the pleasure felt when having a 
good time) yes no no   

842 idea stimulators [not in wordnet or 
cambridge] yes no no   

843 break (a pause from doing something (as 
work)) yes no no   
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844 concept sketching  [not in wordnet or 
cambridge] yes no no   

845 background (a person's social heritage: 
previous experience or training) yes no no   

846 intervention (the act of intervening (as to 
mediate a dispute, etc.)) yes no no   

847 reward (a recompense for worthy acts or 
retribution for wrongdoing) yes no no   

848 penalty (the act of punishing) yes no no   

849 priorization [not in wordnet or cambridge] 
[game-]playing yes no no   

850 [game-]playing (the action of taking part in a 
game or sport or other recreation) yes no no   

851 buildup (the act of building up an 
accumulation) yes no no   

852 way (a course of conduct) yes no no   

853 actor (a person who acts and gets things 
done) yes no no   

854 illustrations (artwork that helps make 
something clear or attractive) yes no no   

855 catalogue (a complete list of things; usually 
arranged systematically) yes no no   

856 [line] thickness (the dimension through an 
object as opposed to its length or width) yes no no   

857 intensity [of the value flow] (high level or 
degree; the property of being intense) yes no no   

858 [value] exchange (the act of giving 
something in return for something received) yes no no   

859 position (the particular portion of space 
occupied by something) yes no no   

860 extreme (the furthest or highest degree of 
something) yes no no   

861 
permutation [of concepts] (the act of 
changing the arrangement of a given 
number of elements) 

yes no no   

862 encounter (a casual meeting with a person 
or thing) yes no no   

863 dramatization (a dramatic representation) yes no no   

864 

enactment (acting the part of a character on 
stage; dramatically representing the 
character by speech and action and 
gesture) 

yes no no   

865 length (continuance in time) yes no no   

866 ordering [of solutions] (the act of putting 
things in a sequential arrangement) yes no no   

867 list [of everything] (a database containing an 
ordered array of items (names or topics)) yes no no   

868 owner (a person who owns something) yes no no   

869 
driver (something that makes other things 
progress, develop, or grow stronger) 
[cambridge] 

yes no no   

870 investment (money that is invested with an 
expectation of profit) yes no yes   
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871 
metric (a system of related measures that 
facilitates the quantification of some 
particular characteristic) 

yes no no   

872 representative (a person who represents 
others) yes no no   

873 leadership (the ability to lead) yes no no   

874 deliverable (something that can be provided 
as the product of development) yes no no   

875 why (for what reason) [cambridge] yes no no   

876 

who (used especially in questions as the 
subject or object of a verb, when asking 
which person or people, or when asking 
what someone's name is) [cambridge] 

yes no no   

877 time (a suitable moment) yes no no   

878 what (used to ask for information about 
people or things) [cambridge] yes no no   

879 where (to, at, or in what place) [cambridge] yes no no   

880 how (in what way, or by what methods) 
[cambridge] yes no no   

881 entrant (one who enters a competition) yes no no   

882 
[external] people [who are relevant for the 
process] statement (the act of affirming or 
asserting or stating something) 

yes no no   

883 [group] statement (the act of affirming or 
asserting or stating something) yes no no   

884 demand (required activity) yes no no   

885 aspects [of design challenge] (a distinct 
feature or element in a problem) yes no no   

886 discoveries (the act of discovering 
something) yes no no   

887 [participants'] response (the manner in 
which something is greeted) yes no no   

888 wants [of the team] (a specific feeling of 
desire) yes no no   

889 ingredients [of learnings] (an abstract part of 
something) yes no no   

890 
product (a consequence of someone's 
efforts or of a particular set of 
circumstances) 

yes no no   

891 

components [of the collage] (an artifact that 
is one of the individual parts of which a 
composite entity is made up; especially a 
part that can be separated from or attached 
to a system) 

yes no no   

892 
distribution (the commercial activity of 
transporting and selling goods from a 
producer to a consumer) 

yes no no   

893 impact [on user's life] (a forceful 
consequence; a strong effect) yes no no   

894 knowing (a clear and certain mental 
apprehension) yes no no   

895 
division [of time] (one of the portions into 
which something is regarded as divided and 
which together constitute a whole) 

yes no no   
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Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
PDP Comment 

896 implications (something that is inferred 
(deduced or entailed or implied)) yes no no   

897 
associations (the process of bringing ideas 
or events together in memory or 
imagination) 

yes no no   

898 ingredients [of the story] (an abstract part of 
something) yes no no   

899 
composition [of an element in the chain] 
(the way in which someone or something is 
composed) 

yes no no   

900 improvement [on building your group] (the 
act of improving something) yes no no   

901 writing (the activity of putting something in 
written form) yes no no   

902 drive (a series of actions advancing a 
principle or tending toward a particular end) yes no no   

903 take (the act of photographing a scene or 
part of a scene without interruption) yes no no   

904 necessity (anything indispensable) yes no no   

905 proficiency (the quality of having great 
facility and competence) yes no no   

906 novelty (the quality of having great facility 
and competence) yes no no   

907 improvement [of the solution] (the act of 
improving something) yes no no   

908 operation (process or manner of functioning 
or operating)  no no no   

909 what people do yes no no   

910 confortableness (a state of being relaxed 
and feeling no pain) yes no no   

911 interestedness (the state of being 
interested) yes no no   

912 that there is no right answer  yes no no   

913 
that there are some redundant areas of 
conversation (a characteristic to be 
considered) 

yes no no   

914 
which aspects of the experience need to be 
realistic and which can be “simulated" (a 
characteristic to be considered) 

yes no no   

915 attribute [of the project] (an abstraction 
belonging to or characteristic of an entity) yes no no   

916 place (an abstract mental location) yes no no   

917 ordering [of question] (the act of putting 
things in a sequential arrangement) yes no no   

918 [customers'] control (power to direct or 
determine) yes no no   

919 day (some point or period in time) yes no no   

920 way [of delivery] (how something is done or 
how it happens) yes no no   

921 way [to investigate] (how something is done 
or how it happens) yes no no   

922 way [to express] (how something is done or 
how it happens) yes no no   
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Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
PDP Comment 

923 way [to recede] (how something is done or 
how it happens) yes no no   

924 way [to explore] (how something is done or 
how it happens) yes no no   

925 way [to start] (how something is done or 
how it happens) yes no no   

926 way [to integrate] (how something is done 
or how it happens) yes no no   

927 way [to divide] (how something is done or 
how it happens) yes no no   

928 way [to think] (how something is done or 
how it happens) yes no no   

929 way [to refine] (how something is done or 
how it happens) yes no no   

930 way [to take action] (how something is done 
or how it happens) yes no no   

931 way [to launch] (how something is done or 
how it happens) yes no no   

932 
reason of [external] people [who are 
relevant for the process] (a rational motive 
for a belief or action) 

yes no no   

933 cause [of the an event] (a justification for 
something existing or happening) yes yes no   

934 conflict (a state of opposition between 
persons or ideas or interests) yes no no   

935 whether a team has arrived at a meaningful, 
unique point of view (pov) yes no no   

936 if they [extreme users] use something 
similar now  yes no no   

937 
whether you are making the same 
assumptions and framing things in the same 
way 

yes no no   

938 if you will set up a stationary camera yes no no   

939 whether you want researchers to document 
users, yes no no   

940 if you want to conduct a broad or focused 
keyword search yes no no   

941 whether or not you want participants to 
address all of them or only a subset yes no no   

942 if you want them to engage individually or in 
groups, [your] business yes no no   

943 

if you want to make a list and sort them 
using software or if you want to use sticky 
notes and sort them on a wall surface [your] 
business (a commercial or industrial 
enterprise and the people who constitute it) 

yes no no   

944 [your] business (a commercial or industrial 
enterprise and the people who constitute it) yes no yes   

945 ingredients [of the thinking] (an abstract part 
of something) yes no no   

946 impact [of the idea] (a forceful 
consequence; a strong effect) yes no no   

947 selection [of the participants] (the act of 
choosing or selecting) yes no no   
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Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
PDP Comment 

948 management (the act of managing 
something) yes no no   

949 creation (the human act of creating) yes no no   

950 frequence [of money] (the number of 
occurrences within a given time period) yes no no   

951 hole (a fault) no no no   

952 [staff] plan (a series of steps to be carried 
out or goals to be accomplished) yes no no   

953 
differentiation (a discrimination between 
things as different and distinct on the basis 
of their characteristics or attributes) 

yes no no   

954 coming (the temporal property of becoming 
nearer in time) yes no no   

955 speed (a rate (usually rapid) at which 
something happens) yes no no   

956 redaction (the act of putting something in 
writing) yes no no   

957 gather (the act of gathering something) yes no no   

958 successfulness (the condition of prospering; 
having good fortune) yes no no   

959 promptness (the quality or habit of adhering 
to an appointed time) yes no no   

960 
readiness (the state of having been made 
ready or prepared for use or action 
(especially military action)) 

yes no no   

961 attainment (arrival at a new stage) yes no no   
962 invitation (a request (spoken or written) yes no no   

963 
allocation (the act of distributing by allotting 
or apportioning; distribution according to a 
plan) 

yes no no   

964 
support (the activity of providing for or 
maintaining by supplying with money or 
necessities) 

yes no no   

965 identification (the process of recognizing 
something or someone by remembering) yes no no   

966 
conceptualization (inventing or contriving an 
idea or explanation and formulating it 
mentally) 

yes no no   

967 willingness (cheerful compliance) yes no no   
968 beliefs (any cognitive content held as true) yes no no   

969 [character] characteristics (a distinguishing 
quality) yes no no   

970 transformation [of your character] (a 
qualitative change) yes no no   

971 a "like" yes no no 
The object is the word between 
quotation marks and not its 
meaning. 

972 a "what if" (the commitment of something 
other than money (time, energy, or effort) yes no no 

The object is the word between 
quotation marks and not its 
meaning. 

973 investment (the commitment of something 
other than money (time, energy, or effort) yes no no   

974 mile (a large distance) yes no no   
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Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
PDP Comment 

975 

workarounds (a way of dealing with a 
problem or making something work despite 
the problem, without completely solving it) 
[cambridge] 

yes no no   

976 power [of visualization] (possession of 
controlling influence) yes no no   

977 marker (some conspicuous object used to 
distinguish or mark something) yes no no   

978 clipboard (a small writing board with a clip 
at the top for holding papers) yes no no   

979 
power [of diverse viewpoints and 
experiences] (possession of controlling 
influence) 

yes no no   

980 intelligence (the ability to comprehend; to 
understand and profit from experience) yes no yes   

981 
growth (a process of becoming larger or 
longer or more numerous or more 
important) 

yes no no   

982 mistake (a wrong action attributable to bad 
judgment or ignorance or inattention) yes no no   

983 
supporters [of the team] (a person who 
contributes to the fulfillment of a need or 
furtherance of an effort or purpose) 

yes no no   

984 advocate (a person who pleads for a cause 
or propounds an idea) yes no no   

985 
[pseudo-]documentary (a film or tv program 
presenting the facts about a person or 
event) 

yes no no   

986 investigation (the work of inquiring into 
something thoroughly and systematically) yes no no   

987 supplies (an amount of something available 
for use) yes no no   

988 time frame (a time period during which 
something occurs or is expected to occur) yes no no   

989 dance (an artistic form of nonverbal 
communication) yes no no   

990 song (a short musical composition with 
words) yes no no   

991 ingredients [of an interaction] (an abstract 
part of something) yes no no   

992 wants [of the external people] (a specific 
feeling of desire) yes no yes   

993 impressions (a vague idea in which some 
confidence is placed) yes no no   

994 turns (a time period for working (after which 
you will be relieved by someone else)) yes no no   

995 [creative] leap (pass abruptly from one state 
or topic to another) yes no no   

996 [resource] assessment (the act of judging or 
assessing a person or situation or event) yes no no   

997 what succeeding looks like (the exchange of 
spoken words) yes no no   

998 speech (the exchange of spoken words) yes no no   

999 impact [of the solution] (a forceful 
consequence; a strong effect) yes no no   
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Table 40 - Appendix F - Objects thesaurus (continues) 

Idd Objects DT PSS FEI/ 
PDP Comment 

1000 consultants (an expert who gives advice) yes no no   

1001 
[market] firm (the members of a business 
organization that owns or operates one or 
more establishments) 

yes no no   

1002 
documents (writing that provides 
information (especially information of an 
official nature)) 

yes no no   

1003 rows (a linear array of numbers, letters, or 
symbols side by side) yes no no   

1004 [concept] generation (a coming into being) yes no no   

1005 overview [of the connections] (a general 
summary of a subject) yes no no   

1006 rightness (appropriate conduct; doing the 
right thing) yes no no   

1007 authenticity (undisputed credibility) yes no no   

1008 aspects [of the prototype] (a characteristic 
to be considered) yes no no   

1009 [business] plan (a series of steps to be 
carried out or goals to be accomplished) no no yes   

1010 

[future] development (a process in which 
something passes by degrees to a different 
stage (especially a more advanced or 
mature stage)) 

no no yes   

1011 
[economic] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

no no yes   

1012 authorization (official permission or 
approval)  no no yes   

1013 mandate (a document giving an official 
instruction or command)  no no yes   

1014 potential [of sales] (the inherent capacity for 
coming into being) no no yes   

1015 
NOT USED (the in-depth process of 
capturing customer's expectations, 
preferences and aversions) 

no no no   

1016 

voice-of-customer (the in-depth process of 
capturing customer's expectations, 
preferences and aversions) [business] 
analysis 

no no yes   

1017 
[business] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

no no yes   

1018 
[financial] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

no no yes   

1019 [generic] plans (a series of steps to be 
carried out or goals to be accomplished) no no yes   

1020 competitiveness (an aggressive willingness 
to compete)  no no yes   

1021 
justification  (something (such as a fact or 
circumstance) that shows an action to be 
reasonable or necessary)  

no no yes   

1022 [search] areas (a subject of study) no no yes   

1023 [selection] models (a representative form or 
pattern) no no yes   
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Table 40 - Appendix F - Objects thesaurus (conclusion) 

Idd Objects DT PSS FEI/ 
PDP Comment 

1024 [opportunity] identification (the act of 
designating or identifying something) no no yes   

1025 
plan [for product options] (a series of steps 
to be carried out or goals to be 
accomplished) 

no no yes   

1026 workforce (the force of workers available) 
[final assembly] scheme no no yes   

1027 [final assembly] scheme (a schematic or 
preliminary plan) no no yes   

1028 
[make-buy] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

no no yes   

1029 [marketing] plan (a series of steps to be 
carried out or goals to be accomplished) no no yes   

1030 
tolerances (a permissible difference; 
allowing some freedom to move within 
limits) 

no no yes   

1031 
[industrial design control] documentation 
(the activity of recording facts relating to a 
particular subject) [cambridge] 

no no yes   

1032 reliability  (the quality of being dependable 
or reliable) no no yes   

1033 durability  (permanence by virtue of the 
power to resist stress or force) no no yes   

1034 ramp-up (a large increase in activity or in 
the level of something:) no no yes   

1035 [sales] plan (a series of steps to be carried 
out or goals to be accomplished) no no yes   

1036 [production] system (a procedure or process 
for obtaining an objective) no no yes   

1037 design (an arrangement scheme) no no yes   

1038 [part] geometry (the pure mathematics of 
points and lines and curves and surfaces) no no yes   

1039 production (the creation of value or wealth 
by producing goods and services) no no yes   

1040 
[trend] analysis (an investigation of the 
component parts of a whole and their 
relations in making up the whole) 

no no yes   

1041 [technology] assessment (the act of judging 
or assessing a person or situation or event) no no yes   

1042 [market] assessment (the act of judging or 
assessing a person or situation or event) no no yes   

1043 
return (the income or profit arising from 
such transactions as the sale of land or 
other property) 

no no yes   

1044 
inventory ((accounting) the value of a firm's 
current assets including raw materials and 
work in progress and finished goods) 

no no yes   

1045 [company's potential] (the inherent capacity 
for coming into being) no no yes   

1046 card (no proper definition in wordnet nor 
cambridge)     yes   

Source: Elaborated by the author 
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Appendix G – Design Thinking Generic Guidelines 

This appendix provides the complete list of generic guidelines extracted from 

the eight DT methodologies used in this work (FABRICANT et al., 2012; IDEO, 2015; 

KIMBELL; JULIER, 2012; KUMAR, 2013; LIEDTKA; OGILVIE, 2011; PLATTNER, 

2010; RCA, 2010; STICKDORN; SCHNEIDER, 2011). Table 41 contains the title of 

the guidelines, their descriptions and which DT methodologies recommend those 

guidelines. This Appendix is used in section 5.4. 

Table 41 - Appendix G – Generic guidelines of design thinking methodologies (continues) 
Guidelines Description [1] [2] [3] [4] [5] [6] 

Focus on human 
values (Empathy)  

"Empathy for the people you are designing for 
and feedback from these users is fundamental 
to good design." [1] “Focus on meeting 
genuine human needs.” [2] 

X X X X X X 

Embrace 
experimentation 

"Prototyping is not simply a way to validate 
your idea; it is an integral part of your 
innovation process. We build to think and 
learn." [1] 

X   X X X   

Explore multiple 
options 

"Though it may seem counterintuitive, the 
ambiguity of not knowing the answer actually 
sets up human-centered designers to 
innovate." [3] 

  X X X     

Show, don't tell  
"Communicate your vision in an impactful and 
meaningful way by creating experiences, using 
illustrative visuals, and telling good stories." [1] 

X     X     

Be mindful of 
process  

"Know where you are in the design process, 
what methods to use in that stage, and what 
your goals are." [1] "Successful innovation can 
and should be planned and managed like any 
other organizational function." [6] 

X         X 

Bias toward action  

"Bias toward doing and making over thinking 
and meeting." [1] "Spending time trying to 
measure the unmeasurable offers temporary 
comfort but does little to reduce risk." [2] 

X X         

Start in the 
unknown 

"Growth opportunities do not yield easily to 
leading questions and preconceived 
solutions." [2] 

  X   X     

Look at both the 
detail and the big 
picture  

"Genuinely working in a holistic way is an 
illusion, it is simply impossible to consider 
every single aspect of a service. However, the 
intention should always be to see the wider 
context in which a service process takes 
place." [5] 

      X X   

Design based on 
how people do  
things 

"Create designs that are based on the ways 
people actually do things, rather than focussing 
on what people say they do, or what other 
people think they do."[4] 

      X   X 
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Table 41 - Appendix G – Generic guidelines of design thinking methodologies (continues) 
Guidelines Description [1] [2] [3] [4] [5] [6] 

Craft clarity 
"Produce a coherent vision out of messy 
problems. Frame it in a way to inspire others 
and to fuel ideation." [1] 

X           

Radical 
Collaboration 

"Bring together innovators with varied 
backgrounds and viewpoints. Enable 
breakthrough insights and solutions to emerge 
from the diversity." [1] 

X           

Provide seed 
funding to the right 
people and 
problems, and the 
growth will follow. 

"Managers often look at unfunded ideas with 
disdain, confident that if the idea were good, it 
would have attracted money on its own merits. 
The truth about ideas is that we don’t know if 
they are good; only customers know that." [2] 

  X         

Choose a 
worthwhile 
customer problem  

"When you are trying to create the future, it is 
difficult to know when you have it right. We 
think it is fine to be skeptical of your solution, 
but be absolutely certain you have focused on 
a worthy problem." [2] 

  X         

Let others validate  
Since the customers know more about what 
works for them, it is smarter to let them 
validate and idea or concept. 

  X         

Have Creative 
Confidence 

Creative confidence is the quality that human-
centered designers rely on when it comes to 
making leaps, trusting their intuition, and 
chasing solutions that they haven't totally 
figured out yet." [2] 

    X       

Learn from Failure 
"Failure is an inherent part of human-centered 
design because we rarely get it right on our 
first try." [3] 

    X       

Be Optimistic 
"Human-centered designers are persistently 
focused on what could be, not the countless 
obstacles that may get in the way." [3] 

    X       

Iterate 

"As human-centered designers, we adopt an 
iterative approach to solving problems because 
it makes feedback from the people we’re 
designing for a critical part of how a solution 
evolves." [3] 

    X       

Make the familiar 
unfamiliar 

It is about letting behind everything you think 
you already know and leaving space to learn it 
again. 

      X     

Be co-creative 

"Service designers consciously generate an 
environment that facilitates the generation and 
evaluation of ideas within heterogeneous 
stakeholder groups." [5] 

        X   
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Table 41 - Appendix G – Generic guidelines of design thinking methodologies (conclusion) 
Guidelines Description [1] [2] [3] [4] [5] [6] 

Make the 
intangible tangible 

"Services often take place unnoticed in the 
background, like the housekeeping service in a 
hotel. In fact, services like these are 
intentionally designed to be inconspicuous. 
However, if paying a bill is the first moment 
customers become aware of such backstage 
service processes, their inconspicuousness 
might create a disparity in customer 
expectation and potentially result in their 
disaffection with the service." [5] 

        X   

Think of 
Innovations as 
Systems 

"Offerings based on integrated innovation of 
multiple parts of a system are likely to have 
greater value, and tend to confer massive 
competitive advantage for the company 
creating them." [6] 

          X 

Cultivate an 
innovation culture 

"This principle is about cultivating a mindset 
among people in an organization that everyone 
is actively engaged in innovation on a daily 
basis and that everyone’s actions can add up 
to the overall cultural behavior of the 
organization." 

          X 

Legend (Authors of DT methodologies) 
[1] PLATTNER, 2010 
[2] LIEDTKA, OGILVIE, 2011 
[3] IDEO, 2015 
[4] KIMBELL, JULIER, 2012 
[5] STICKDORN, SCHNEIDER, 2011 
[6] KUMAR, 2013 

Source: Elaborated by the author 
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Appendix H – Design Thinking Specific Guidelines 

This appendix provides the specific guidelines associated to the recurrent activities. They are divided by frame elements and 

associated to their activities (verb + object) in Table 42. Whenever the cell contains the value “Null”, it means that no guideline of 

that type was provided for that activity. The results of Table 42 were generated by the undergraduate research assistant Giovana 

Fernandes Nogueira in her undergraduate research project, which was supervised by the author of this dissertation and is in 

synergy with this Master of Science research. Those results are used in sections 5.5 and 5.6, and chapter 8. 

Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Search patterns Team Null 

in the large quantity of data you've collected 
during your exploration of What is 

Null Null between your categories 
among the findings 

across the found observations 

Identify themes Team Null 
similar to "grouping in synthesis" 

Null Null related to bargaining power, capabilities, 
partners, and defensibility 

Inform Needs 
Team 

Null 
[what [needs] you hope to learn by taking them 

to the field] to them [participants] Null Null 
Participants through the actions of a board game 

Inform 
[previous 

user's] 
experience 

Team 
Null 

into tangible and visual pieces of information 
that you surround yourself with to inform and 

inspire the design team Null Null 

Interviewees in more detail 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Decide 

[external] 
people [who 
are relevant 

for the 
process] 

Team 

Null 

whose experience you want to understand more fully 

Null Null 

with varying points of view 
 what kind of participants will bring most value to the 

strategic planning] 

Organizers 

practitioners (people), organizations, offerings, or 
services? 

from the patterns for further research such as majority 
core users, some extreme users, and some nonusers 

Facilitator 
based on screening criteria 
with a variety of expertise 

Pairs [what [Industry participants] can be included under 
“participants” for the most useful analysis]; as a team 

Analyze 

 [external] 
people [who 
are relevant 

for the 
process] 

Team for a few 
hours 

 in a conversation 

in their natural 
context 

 through a 
typical day 

in each quadrant [of a 2x2 matrix of user types] 
experience the prototype 

create something 

Observers 

 interacting with your products or services, 

as much 
as you 

can 

 as they cook, socialize, visit the doctor—whatever is 
relevant to your challenge 

 in their natural 
settings 

Once you’re 
there [in the 

field] 

 in a conversation 

The designer 

 in a context 
without the influence of value judgments upon their 

actions, circumstances, decisions or issues 
As you would other folks 

represented in each user groups 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Identify 

[external] 
people [who 
are relevant 

for the 
process] 

Team 

Null 

[which people fall in the extremes of the map: ] 

in your 
community and 

beyond 

As you begin 
your search 

for 
information 

Using this understanding of trends 

Facilitator 

Through a combination of Internet searches, 
conversations with colleagues, literature searches, or 

other means, pull together a list of people who are 
recognized experts in the identified topics 

either through the team’s personal contacts or via a 
market research firm 

 that inspire your group and could help with your 
challenges 

Interview 

[External] 
People [Who 
Are Relevant 

For The 
Process] 

Team 

Null 

As you would other folks in the person's 
space 

When she’s 
[the person 

you are 
designing for] 

done 

 focusing on the emotional highs and lows of the 
experience 

in the 
environment, or 

context, in 
which the 

service process 
of interest 

occurs Two 
researchers 

about how the process went 
together 

Later 
with customers, staff, and other relevant stakeholders 

with more than one expert in each topic in the comfort of 
people's own 

homes 
with more than one expert in each area 

with participants 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Engage 

[External] 
People [Who 
Are Relevant 

For The 
Process] 

Team 

Null 

in the simulated situation 

Null 

[Whenever 
you engage a 

user with a 
prototype] 

in interacting with prototypes 
with a prototype 

 in your study 
 in a conversation 

 in simulated experiences  in the 
development 

of new 
business 
offerings 

Designers 

in contextual activities 

in selected activities 

in game-like activities  
After the Field 
Activities are 

over 

without the influence of value judgments upon their 
actions, circumstances, decisions or issues 

one customer at a time 

Request 

[External] 
People [Who 
Are Relevant 

For The 
Process] 

Team 

Null 

to join 

into your 
process 

Once you 
know who 
you want 

to make video clips of service experiences with a USB 
camera and a set of colorful tools  

 to the simulation,  

 If you can,  

 as participants to the simulation 
as partners in your research 

in your 
community into this conversation 

 (from the storyworld method)  

Facilitator 

together 

 to the field 
deeper into the process 
through the observation 

through the reporting process 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Talk with 

[External] 
People [Who 
Are Relevant 

For The 
Process] 

Team 

Null in person, 

where they live 
or work 

at the 
extreme end 

of your 
product or 

service 

at the extreme 
end of your 
product or 

service 

The designer 

there [in 
another context] 
 where they live, 
work, and lead 

their lives 

Facilitator 

In your 
community 

in their 
community 

Analyze (Design) 
Challenge Team Null 

at varied magnitudes of framing 

Null 

Once you’ve 
done this 

[rephrased as 
a short 

statement] for 
all the 

themes, 

in greater depth 

Inform  Stories 

Team 

Null 

that stick out to you about what you saw and heard 
during your empathy fieldwork 

Null 

while other 
members 
headline 
quotes, 

surprises, and 
other 

interesting 
bits  

Team 
individuals about your idea to an audience 

Interviewees 
from a variety of perspectives 

Participants 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Analyze Notes 
Team 

Null 
for patterns of behavior 

Null 

As soon as possible 
after the visit 

Facilitator subsequently As soon as possible 
after the interview 

Create  Insights 

Team 

Null 

which will be useful to you in creating design solutions 

under them [the 
design 

principles] 

 If you have not 
already generated 

insights, 

without the researcher even being present 
by observing their reaction and by talking to them 

about the experience 
into the user experience being depicted 
[what insights arise from each cluster] 

on user behavior 
 on a specific topic 

into opportunities for service innovations 
 into people’s lives 

into a workable "character" 

The 
designer 

 that can be traced back to corresponding 
observations 

showing patterns and relationships 
 about user behavior patterns 

if needed 

about patterns in user responses 
about refinements to the core concept 
 into people’s needs and perspectives 

on how people behave 
 into future use of products and services 

 through repeated viewing 
from reading existing and archived posts 

about trend patterns and possible directions 
 about the financial conditions of companies and 

industries 
about patterns among entities 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Understand Insights 

Team 

Null 

by stating your findings in terms of solutions rather 
than the user, while maintaining the focus on the user-

centered needs and insights you discovered 

Null Null 

[what those [insights] indicate about the context] 
directly to service touchpoints 

Someone 
who is not 

part of your 
team 

 from what is written,  
about the eras identified 

[translating] into design criteria 
from audience responses about the relevance of 

various concepts embedded in the scenes 

Understand 
[External 
People] 

Thoughts 
Team Null 

[how people think about a given topic] 

in a subject 
area Null 

[how they think];  

Getting the people you’re designing for to make things  

Record Observations Team Null 
for later analysis 

in a sharable 
space for all 

team members 
to participate 

during What 
is 

according to the POEMS framework in a note-taking 
template  

Analyze Information Team Null 

[what the data look like ] that would either confirm or 
disprove your hypotheses in various 

sources 
Once the kits 
are collected 

as a group 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Gather Information 

Team 

Null 

for key quantitative measures to be compared in the 
market 
place 

during the 
selected 

time period 

with your group  
more generally  

The 
designer 

about how your solution is working 
into a 

spreadsheet in a field experiment in the marketplace  
about the people that might be able to help out with tasks, 

Facilitator 

about the organizations that might be able to help out with tasks, into 
documents 

that will 
facilitate 

comparative 
analysis 

about the latest “buzz” from a wide array of sources 

about  the industry 

Create  Maps Team Null 

in relation to what customers expect when contacting the service provider, 
by the telephone for example, with this being contrasted with similar maps 

of in person visits or email correspondence 

Null 

as one of 
the first 

activities 
during What 

is,  

with innovation types as the X-axis and time period as the Y axis 
showing where topics are converging and the related trends affecting 

them 
using the two identified key dimensions 

During 
concept 

development 
(also part of 

What if) 

using these two scales 
with user value and provider value as the vertical and horizontal axes 

based on the assessment of user and provider value 
with user values and provider values as the vertical and horizontal axes 

using selected trends 
using these scales 

with user value and provider value as the vertical and horizontal axes 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Create Empathy 

Team 

Null 

in the context of possible solutions for prototyping 

Null Null 
with users 

The designer 
with the participants 

with customers throughout the entire organization 

Create Character 

Team 

Null 

who embodies the human observations the team has 
made in the field 

Null in workshops 

of a customer who experiences the problem you are 
focused on 

For each user type 
 as a combination of attributes defined earlier 

as a group activity 

The designer 

with photographs and descriptions 
from research insights gathered from stakeholder 

maps 
from research insights gathered from shadowing 

from research insights gathered from interviews, and 
the like 

Create  Design 
Criteria Team Null 

in a number of ways 

Null 

at the bridge 
between 

What is and 
What if 

for the What if idea generation stage 
from a large number of insights; In a bottom-up 

approach 

Create Understanding 

Team 

Null 

 of a person as connected to lots of other people, 
organizations and things rather than as an 

independent actor without a backstory 
Null Null 

The designer 
 among team members 

far more holistic  than is possible via traditional 
interviewing techniques 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Identify Opportunities 
Team 

Null  at the individual offering, system, and strategic levels Null 
in the process 

[of journey 
mapping] The designer 

Decide Ideas 

Team 15 
minutes 

 for each of these four categories: the rational choice, 
the most likely to delight, the darling, and the long 

shot 

Null 
 When the 

time is 
finished  

that inspire you to build in different form factors: a 
physical prototype, a digital prototype, and an 

experience prototype 

Facilitator 30 
minutes 

[which ideas truly merit your efforts] 
[which of your ideas you want to Role Play ] 

[what it is [ideas] that you’re looking to test—] 
[which [ideas] you want to try] and for the right 

reasons 

Create Ideas 

Team 

Null 

with the materials you have 

Null 

during 
brainstorming;  
In the What if 

stage of a 
growth project 

than you would have otherwise; use it [data] 
 only enough to test your idea, 

with your group 

The designer 

without participants having to reach a consensus 
By provoking discussion 

through constructive and ongoing discussion 
 in a different way than talking 

 The person 
you’re 

designing for 

quickly 

 along the 
way 

exploring different solutions 
building on each other's ideas in a supportive manner 

Facilitator 

from the possible to impossible 
based on a random rule: must be blue, must be used 

every hour, and so forth 
that might not be realized by talking or sketching 
 in interesting, inspiring, and unexpected ways 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Combine Ideas Team Null 

together as a group 

Null Null 
with other clusters 

in different ways 

 into one version 

Analyze Ideas 
Team 

Null 
  you can use the template among 

publications and 
databases 

Null 
Facilitator through a more critical lens  

Evaluate  Ideas 
The designer 

Null 
that he or she is attracted to 

Null Null using both customer and business criteria 
Team By provoking discussion 

Record Ideas 

Team 

tree 
minutes 

for how they might change or improve  the issues the 
other team demonstrated in their scenes around the 

room 

When you’ve 
got a huge 
amount of 

notes, photos, 
impressions, 
and quotes 

Team 
individuals regardless of your own feelings about each idea 

Facilitator from the story 
   in one place 

One person 
of the team 

on Post-its 
  

 on a large 
blank sheet 

for 20-25 
minutes 

in writing and drawing 
on blue cards; 
one idea per 

card 

  
 in a single representative image 

  

on individuals 
pieces of paper 

on sheet of 
paper 

silently 
  

in the "It's Like" 
column 

 in the “It’s Not 
Like” column 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Build on  Ideas 

Team 

Null Null Null Null Team 
individuals 
Facilitator 

Communicate Ideas 

Team 

Null 

to the group  

 often on the 
back of a 

napkin 

as she puts 
her Post-it on 

the wall or 
board 

to the simulation 
[how it [idea] works] 

[what’s [idea] most interesting or important at a given 
time] 

Each Person simply 

Participants 
through sketch 
in many ways 

constantly  

Draw  Ideas 

Team 

Null 

[how your ideas work] on individuals 
pieces of paper If you’re 

having trouble 
explaining an 

idea 

Facilitator 
Each 

[sub]team 
in the character of their role on paper  

Team 
individuals 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Create Concepts 

Team 

Null 

you might use them [ideas] 

in each 
quadrant [of a 
2x2 map using 

selected trends]  

Null 

 using anchors such as buddy system, cohort of 
strangers, phone coaching, contest, guarantees, and 

feedback systems 
based on defined insights and principles 

based on research insights 
 in new ways by thinking of them as something else 

that is familiar 

The designer 

around the possibilities they elicit; For each metaphor 
and analogy uncovered in the previous step 

 from another person’s point of view 
 through role-playing 

 through game-playing 

Participants 

based on inputs such as design principles, insights, 
and frameworks that your team has generated in the 

earlier modes 
based on individual relationship strengths 

through ideation 
by paying attention to all the trends that you have 

listed at the beginning of this method 

Inform Concepts Team Null 

[how the various concepts complement one another] 

Null Null 

 as a team 
quickly 

in a one-page template, with a concept description, 
sketches, and other relevant aspects such as user 

values, provider values, concept strategy, capabilities, 
partners, and risks 

[how they [concepts] work] in abstract terms 
 with a short description, a diagram, or a sketch for 

easy reference during sorting 
below each [user-centered] category 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Understand 

[External] 
People [Who 
Are Relevant 

For The 
Process] 

Team 
Null 

better 
Null 

[Whenever 
you engage a 

user with a 
prototype] The designer [who will use it [user]] 

Create  Stories Team Null 

to accompany diagrams 

Null 

After thinking 
of both 

current and 
what-if stories 

use photos and print outs 

from the lives of its customers, to staff experiences 
and the service experience it provides 

choosing elements [current and what-if stories] from 
the board 

much like a comic strip,  

Test Ideas 

The designer 

Null 

[how well the idea translates between different users 
and their priorities, ] 

in your 
community Null 

[whether it [idea] is in fact one proposition] 
by asking “would they work for him or her?” 

Team 

with the people 
 quickly 

in fun ways 
immediately 

Create Scenarios 

Team 

Null 

in a group setting 

Null Null 

Collaboratively  

Using the construction kit,  by dressing puppets as 
actors with specific characters, preferably themselves 

The designer  illustrating how concepts will exist in real-life 
situations 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (continues) 
Action Object Agent Duration Manner Place  Time 

Create 
Low-

Resolution 
Prototypes 

Team 

Null 

without testing a solution at all (or even having a 
solution in mind) 

Null 

Early for empathy 
to test with users 

to reflect input gathered through the review process 
Often 

The user 

 of the many concepts that make up solutions 
which may not look like or wholly represent your 

solutions at all –  
Once you’ve 
Determined 

What to 
Prototype 

as the next step in the assumption testing you started 
with thought experiments, but now you're going live 

Designers 

with simple materials 
each varying in the one property 

quickly 
that much more realistic once you’ve 

determined how 
your prototype 

should change to 
reflect the 

feedback you got 

Various people 

 good enough to get the idea across 
iteratively 

 with the user in mind 
Staying as low-resolution as possible 

Test 
Low-

Resolution 
Prototypes 

Users 

Null 

In regard to the first two aspects [your prototype and 
the context and scenario in which you are testing] 

 in the context that 
your solution would 
actually be used (or 

approximate the 
important parts of 

that context) 
Null 

with your design team 

with users 

Team 

within outsider peers  out "in the wild" 
with people you’re designing for in a context that 

give you the best 
chance for 
meaningful 
feedback;  

using this method [of acting out multiple times with 
small changes being introduced], as they’re “brought 

to life” in a highly engaging manner 
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Table 42 - Appendix H – Specific guidelines of DT recurrent activities (conclusion) 
Action Object Agent Duration Manner Place  Time 

Give Feedback 

Team 

Null 

 about solution concepts 

Null 

mid-course 

on specific issues  

Stakeholders 
on design ideas 

on ideas and prototypes 
Facilitator on progress within the design team  

Participants 
on how the solutions can be improved 

to the Team 
  

Users 
to Facilitator 

To the designer 

Understand  Happenings 

Team 

Null 

[what is really going on with each user] 

Null Null 

[what needs to occur in the next month] 
[what needs to occur in three months] 

Anyone 
viewing it 

[what needs to occur in a year] 
[what happens in between] 
[what happens in between] 

Identify Solutions Team Null 
[whether your solutions are incremental, evolutionary, 
or revolutionary and whether your solutions extend, 

adapt, or create a totally new offering] 
Null Null 

Source: Elaborated by Giovana Nogueira 
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Appendix I – Design Thinking Relevant Activities 

This appendix complements section 5.7, providing the complete list of 

activities selected as relevant by one expert for the integration of DT and PSS 

development. The list provides the most recurrent DT stage where this activity 

appears, i.e, empathy generation and problem definition (E&P), ideation (ID), 

prototype and test (P&T) and implementation (IMP). It also provides in how many 

methods that activity appears and in how many methodologies it is recurrent. 

Table 43 - Appendix I - Relevant DT activities for integration  (continues) 
Most 

Recurrent 
Stage 

Activities Number of 
Methods 

Number of 
Methodologies 

E&P search patterns 12 5 

E&P identify themes 7 4 

E&P inform needs 7 4 

E&P identify needs 6 2 

E&P; IMP decide needs 2 2 

E&P analyze needs 1 1 

E&P inform [previous user's] experience 4 4 

E&P analyze [previous user's] experience 4 2 

E&P create [previous user's] experience 2 2 

E&P 
decide [external] people [who are relevant for the 
process] 

32 8 

E&P 
analyze [external] people [who are relevant for 
the process] 

29 5 

E&P 
identify [external] people [who are relevant for the 
process] 

28 5 

E&P 
request [external] people [who are relevant for 
the process] 

14 5 

E&P 
talk with [external] people [who are relevant for 
the process] 

14 5 

E&P 
engage [external] people [who are relevant for 
the process] 

16 4 

E&P 
interview [external] people [who are relevant for 
the process] 

6 4 

P&T 
understand [external] people [who are relevant 
for the process] 

4 4 

E&P 
search [external] people [who are relevant for the 
process] 

6 2 

E&P 
inform [external] people [who are relevant for the 
process] 

4 2 

E&P 
categorize [external] people [who are relevant for 
the process] 

2 1 

E&P analyze (design) challenge 7 5 

E&P decide (design) challenge 4 3 
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Table 43 - Appendix I - Relevant DT activities for integration  (continues) 
Most 

Recurrent 
Stage 

Activities Number of 
Methods 

Number of 
Methodologies 

E&P inform (design) challenge 3 2 

E&P create (design) challenge 2 2 

E&P; IMP analyze budget 2 2 

E&P create budget 2 1 

P&T model parts [of the concept] 1 1 

E&P; ID; 
P&T; IMP 

create [project] group 3 3 

ID; P&T create storyboards 3 3 

E&P inform stories 12 6 

P&T create stories 11 5 

E&P analyze [the people's] environment 4 2 

E&P analyze notes 7 5 

E&P create insights 24 5 

E&P understand insights 18 5 

E&P understand motivations 2 2 

IMP inform [development] plan 1 1 

ID create ideas 31 7 

ID decide ideas 23 5 

ID record ideas 13 5 

ID build on ideas 12 5 

P&T test ideas 10 5 

ID analyze ideas 8 4 

ID draw ideas 8 4 

ID combine ideas 6 4 

ID communicate ideas 6 4 

ID evaluate ideas 4 4 

ID stimulate ideas 3 2 

P&T identify ideas 2 2 

ID categorise ideas 2 2 

E&P; ID; 
P&T 

storyboard out ideas 1 1 

E&P understand [external people] thoughts 5 4 

E&P understand people's behaviors 5 3 

E&P identify people's behaviors 3 2 

E&P search people's behaviors 2 2 

ID create scenarios 11 5 

ID analyze scenarios 2 1 

E&P record observations 9 4 

E&P inform findings 15 2 

E&P model [proposed user's] experience 1 1 
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Table 43 - Appendix I - Relevant DT activities for integration  (continues) 
Most 

Recurrent 
Stage 

Activities Number of 
Methods 

Number of 
Methodologies 

E&P; P&T understand [proposed user's] experience 1 1 

E&P gather information 21 7 

E&P analyze information 13 5 

E&P combine information 1 1 

E&P create map 29 4 

E&P create empathy 6 4 

ID; P&T create [solution's] space 3 2 

E&P create character 23 6 

ID; P&T identify constraints 1 1 

E&P find parts [of the design vision] 1 1 

E&P create design criteria 12 4 

ID; P&T decide design criteria 4 2 

E&P; ID; 
P&T 

create goals 2 1 

E&P decide goals 1 1 

E&P analyze context 4 2 

E&P understand context 2 2 

IMP identify [design] solutions 7 4 

IMP analyze [design] solutions 16 3 

ID create [design] solutions 14 3 

IMP test [design] solutions 5 3 

IMP decide [design] solutions 4 3 

P&T evaluate [design] solutions 6 2 

IMP inform [design] solutions 5 2 

ID; P&T rank [design] solutions 2 1 

ID; P&T; 
IMP 

model [design] solutions 1 1 

IMP implement [design] solutions 1 1 

E&P 
identify groups [of people who are relevant to 
your process] 

1 1 

P&T test [design] decisions 1 1 

E&P; ID; 
P&T 

analyze direction [of the development] 2 2 

P&T create low-resolution prototypes 38 6 

P&T test low-resolution prototypes 13 5 

E&P create understanding 9 5 

P&T give feedback 7 4 

E&P identify opportunities 11 4 

ID; P&T inform opportunities 4 2 

ID; P&T analyze opportunities 10 1 

E&P decide opportunities 3 1 
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Table 43 - Appendix I - Relevant DT activities for integration  (continues) 
Most 

Recurrent 
Stage 

Activities Number of 
Methods 

Number of 
Methodologies 

ID; P&T create opportunities 3 1 

E&P evaluate opportunities 3 1 

ID; P&T; 
IMP 

decide roles 2 2 

P&T create functionality 2 1 

P&T decide functionality 1 1 

P&T understand learnings 2 1 

ID create concept 34 4 

ID inform concept 11 4 

ID evaluate concept 9 3 

P&T; IMP test concept 8 2 

P&T rank concept 2 2 

ID; P&T; 
IMP 

communicate concept 2 2 

ID; P&T decide concept 10 1 

E&P identify competitors 1 1 

E&P analyze [existing] services 8 3 

E&P create schedule 4 2 

E&P; ID; 
P&T; IMP 

create [new] product 1 1 

E&P; ID; 
P&T; IMP 

create [new] services 3 3 

E&P analyze value chain 1 1 

E&P analyze market 3 1 

IMP make vision 1 1 

IMP identify capabilities 4 3 

IMP decide capabilities 2 1 

E&P understand [the development] organization 1 1 

P&T test assumptions 5 2 

ID; P&T; 
IMP 

challenge assumptions 2 2 

IMP understand assumptions 1 1 

IMP understand offering 1 1 

E&P; ID analyze trend 4 2 

E&P acquire perspectives 4 3 

E&P learn about [previous] development 1 1 

ID decide priorities 2 2 

ID decide value 2 2 

E&P; ID; 
P&T 

inform value 6 1 

ID; P&T analyze value 3 1 

ID; P&T evaluate value 2 1 
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Table 43 - Appendix I - Relevant DT activities for integration  (continues) 
Most 

Recurrent 
Stage 

Activities Number of 
Methods 

Number of 
Methodologies 

E&P understand value 1 1 

ID; IMP create business model 2 2 

P&T create game 4 2 

P&T plan experiment 1 1 

P&T analyze design brief 1 1 

IMP test design brief 1 1 

IMP understand future 1 1 

IMP plan launch 2 1 

P&T analyze result [of making the future happen] 1 1 

E&P create knowledge 2 2 

P&T; IMP decide knowledge 1 1 

E&P acquire knowledge 1 1 

IMP identify partners 3 2 

ID; P&T analyze situation 8 3 

E&P analyze company 3 1 

E&P; ID; 
P&T 

analyze communities 2 1 

E&P analyze analogous models 2 1 

E&P; ID; 
P&T; IMP 

create [local] businesses 1 1 

IMP appoint responsibilities 2 2 

IMP create milestones 1 1 

IMP create [platform] plan 3 1 

E&P identify innovations 3 2 

E&P decide innovations 1 1 

ID; P&T; 
IMP 

create blueprint 2 2 

E&P; IMP identify strength 2 2 

E&P evaluate strength 2 1 

P&T identify areas [of the offering] 1 1 

IMP create business case 1 1 

E&P evaluate weakness 2 1 

E&P decide costs 1 1 

IMP create [implementation] plan 3 2 

ID; P&T identify barriers 1 1 

E&P; P&T learn about mindset 2 2 

E&P decide point of view 1 1 

IMP understand happenings 6 4 

IMP understand feasibility 2 1 

ID; P&T create brand 1 1 
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Table 43 - Appendix I - Relevant DT activities for integration  (conclusion) 
Most 

Recurrent 
Stage 

Activities Number of 
Methods 

Number of 
Methodologies 

ID; P&T; 
IMP 

analyze project 2 2 

IMP create project 1 1 

E&P evaluate threat 2 1 

ID; P&T understand usage 1 1 

E&P; ID; 
P&T 

identify issues 2 2 

IMP analyze [strategic] plan 1 1 

IMP create [communication] plan 1 1 

E&P understand [people's] lives 2 2 

IMP identify competency 1 1 

P&T understand discoveries 2 2 

E&P decide readiness 2 2 

E&P; ID; 
P&T; IMP 

create investment 1 1 

Source: Elaborated by the author 
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Appendix J – Product-Service System Development Process Activities 

This appendix provides the activities extracted from PSS development process 

models in the PhD thesis development of Caio Nunes (ALONSO-RASGADO; 

THOMPSON, 2006; AURICH; FUCHS; WAGENKNECHT, 2006; BREZET et al., 

2001; KAR, 2010; KIM et al., 2015; LUITEN; KNOT; VAN DER HORST, 2001; 

MARQUES et al., 2013; MORELLI, 2003; MOSER et al., 2015; NGUYEN et al., 2014; 

SAKAO; SHIMOMURA, 2007; SUTANTO et al., 2015; TRAN; PARK, 2014; VAN 

HALEN; MANZINI; WIMMER, 2005), by means of corpus linguistics and frame 

semantics as explained in subsection 3.2.6. The activities are presented in Table 44 

with the development phase where they are more recurrent and highlighting the ones 

that are present in DT methodologies. 

Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

FEI inform requirements 
   

FEI create ideas yes yes 7 

FEI decide PSS 
   

FEI 
inform [external] people [who are 
relevant for the process]  

yes 2 

FEI acquire perspectives 
 

yes 3 

FEI talk about PSS 
   

FEI identify advantages 
   

FEI identify disadvantage 
   

FEI inform value 
 

yes 1 

FEI acquire subsystem 
   

FEI evaluate [design] solutions 
 

yes 2 

FEI identify [design] solutions yes yes 4 

FEI analyze value 
 

yes 1 

FEI acquire PSS 
   

FEI price [new] product 
   

FEI price [new] services 
   

FEI; 
Implementation 

write [business] proposal 
   

Embodiment 
Design 

define [new] product 
   

Embodiment 
Design 

define [new] services 
   

Embodiment 
Design 

build on [business] proposal 
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

Embodiment 
Design 

create representation 
 

yes 3 

Embodiment 
Design 

create blueprint 
 

yes 2 

Embodiment 
Design 

acquire price 
   

Embodiment 
Design 

give vision [of the functions] 
   

Detailed Design define parts [of the PSS] 
   

Detailed Design end simulation 
   

Detailed Design identify components [of the PSS] 
   

Detailed Design end study 
   

Detailed Design perform study 
   

Detailed Design perform [risk] analysis 
   

Detailed Design undertake [risk] assessment 
   

Detailed Design acquire threat 
   

Detailed Design evaluate [threats] likelihood 
   

Detailed Design; 
Use 

evaluate effect 
   

Detailed Design evaluate business case 
   

Detailed Design decide approach 
 

yes 1 

Detailed Design simulate viability 
   

Detailed Design analyze sensitivity [of PSS price] 
   

Embodiment 
Design; 

Implementation 
decide responsibilities 

   

Implementation detail task 
   

Implementation decide parameter 
 

yes 1 

Implementation define performance 
   

Implementation identify equipments 
   

Implementation identify [new] services 
   

Implementation evaluate simulation 
   

FEI confirm project 
   

FEI 
analyze [external] people [who are 
relevant for the process] 

yes yes 5 

FEI create concept yes yes 4 

FEI identify risks 
   

FEI calculate costs 
   

FEI analyze company 
 

yes 1 

FEI analyze partnership 
   

FEI 
integrate [external] people [who are 
relevant for the process]    
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

FEI confirm concept 
 

yes 1 

FEI create [the development] organization 
   

FEI; Detailed 
Design 

create [use] cases 
   

FEI define risks 
   

FEI integrate partners 
   

FEI create business model 
 

yes 2 

FEI; Detailed 
Design 

define strategy 
   

Detailed Design detail [use] cases 
   

Detailed Design decide [new] product 
   

Detailed Design decide [new] services 
   

Detailed Design decide software 
   

Detailed Design decide the [solution] environment 
   

Detailed Design decide [PSS elements] interface 
   

Detailed Design define [development] plan 
   

Detailed Design plan strategy 
   

Detailed Design analyze supplier 
   

Detailed Design command reviews 
   

Detailed Design end business model 
   

Detailed Design create [product] design 
 

yes 1 

Detailed Design create [service] design 
 

yes 1 

Detailed Design create software 
   

Detailed Design 
create [operational environment] 
design    

Detailed Design model PSS 
   

Detailed Design adjust concept 
   

Detailed Design; 
Implementation 

define [prototyping] plan 
   

Detailed Design; 
Implementation 

test [new] product 
   

Detailed Design; 
Implementation 

adjust [product] design 
   

Detailed Design test [new] services 
   

Detailed Design; 
Implementation 

adjust [service] design 
   

Detailed Design prepare staff 
   

Detailed Design; 
Implementation 

test software 
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

Detailed Design; 
Implementation 

adjust software 
   

Detailed Design; 
Implementation 

test the [solution] environment 
   

Detailed Design; 
Implementation 

adjust the [solution] environment 
   

Implementation implement PSS 
   

Implementation test PSS 
   

Implementation hand PSS 
   

Implementation request [existing] products 
   

Implementation request [existing] services 
   

Implementation request software 
   

Implementation request the [solution] environment 
   

Implementation agree contract 
   

Implementation implement [new] services 
   

FEI create [project] group 
 

yes 3 

FEI appoint project manager 
   

FEI create vision 
   

FEI create goals 
 

yes 1 

FEI decide playing field 
   

FEI analyze situation 
 

yes 3 

FEI evaluate [environmental] load 
   

FEI; Detailed 
Design 

evaluate value 
 

yes 1 

FEI 
identify [external] people [who are 
relevant for the process] 

yes yes 5 

FEI decide goals 
 

yes 1 

FEI inform direction [of the development] 
 

yes 1 

FEI decide roles 
 

yes 2 

FEI create atmosphere 
   

FEI define budget 
   

FEI; 
Embodiment 

Design 
define task 

   

FEI create schedule 
 

yes 2 

FEI refine [development] plan 
   

FEI decide knowledge 
 

yes 1 

FEI create (requirements) list 
   

FEI define (design) challenge 
   

FEI refine (requirements) list 
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

FEI decide ideas yes yes 5 

Detailed Design define variable 
   

Detailed Design evaluate prototype 
   

Detailed Design analyze PSS 
   

Detailed Design command meeting 
   

Implementation communicate PSS 
   

Implementation produce [new] product 
   

Implementation acquire [new] product 
 

yes 1 

Implementation hire staff 
   

Implementation maintain [new] services 
   

Implementation exchange PSS 
   

Use observe [market] response 
   

Detailed Design; 
Use 

evaluate [environmental] impact 
   

Use analyze [environmental] impact 
   

Use evaluate process 
   

Use write report 
   

FEI evaluate ideas yes yes 4 

FEI; 
Embodiment 

Design 
plan requirements 

   

Embodiment 
Design 

define [functional] structure 
   

Embodiment 
Design 

identify [solution] principles 
   

Embodiment 
Design 

analyze cause [of the an event] 
 

yes 1 

Embodiment 
Design 

analyze effect 
   

Detailed Design define [product] characteristic 
   

Detailed Design define process 
   

Detailed Design create draft [of the product] 
   

Detailed Design create drawings 
 

yes 1 

Detailed Design create [manufacturing] plan 
   

Detailed Design create [assembly] plan 
   

Detailed Design create list [of parts] 
   

Detailed Design create prototype 
   

Detailed Design test prototype 
   

Detailed Design 
identify improvement [of the 
prototype]    

Detailed Design identify measure 
 

yes 1 
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

Implementation prepare manufacturing 
   

Implementation prepare equipments 
   

Implementation prepare tools 
   

Implementation manufacture batch 
   

FEI decide objective 
   

FEI decide function [of the offering] 
   

FEI 
decide [external] people [who are 
relevant for the process] 

yes yes 8 

FEI evaluate costs 
   

FEI evaluate benefits 
   

FEI evaluate feasibility 
   

FEI; 
Embodiment 

Design 
create [design] solutions 

 
yes 3 

Embodiment 
Design 

create [information exchange] 
concept    

Detailed Design simulate [new] services 
   

Detailed Design define [service product] model 
   

Detailed Design simulate process 
   

Implementation plan resources 
   

FEI; 
Implementation 

identify requirements 
   

Implementation improve staff 
   

Implementation create [deployment] plan 
   

Detailed Design test [service] prototypes 
   

Detailed Design identify improvement [of the service] 
   

Detailed Design vary [deployment] plan 
   

FEI combine information 
 

yes 1 

FEI create scenarios yes yes 5 

FEI define limit 
   

FEI create partnership 
   

FEI win commitment 
   

Detailed Design create [new] product 
 

yes 1 

Detailed Design create [new] services 
 

yes 3 

Implementation decide specifications 
 

yes 1 

Implementation evaluate PSS 
   

FEI decide needs 
 

yes 2 

FEI define patterns 
   

FEI analyze [existing] services 
 

yes 3 
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

Embodiment 
Design; Detailed 

Design 
define PSS architecture 

   

Embodiment 
Design 

decide functionality 
 

yes 1 

Embodiment 
Design 

analyze conditions [of use] 
   

Embodiment 
Design 

define function [of the offering] 
   

Embodiment 
Design 

define requirements 
   

Embodiment 
Design 

decide priorities 
 

yes 2 

Detailed Design plan [service] prototypes 
   

Detailed Design test PSS architecture 
   

FEI plan process 
   

FEI agree intent 
   

FEI agree communication 
   

FEI scan technology 
   

FEI create overview [of design decisions] 
   

FEI acquire knowledge 
 

yes 1 

FEI draw storyboards 
   

Embodiment 
Design 

create PSS architecture 
   

Embodiment 
Design; Detailed 

Design 
decide supplier 

   

Embodiment 
Design 

prepare platforms 
   

Embodiment 
Design 

create application 
   

Embodiment 
Design 

create content 
   

Embodiment 
Design 

create navigation 
   

Embodiment 
Design 

create user interface 
   

Detailed Design plan roles 
   

Detailed Design plan responsibilities 
   

Detailed Design plan task 
 

yes 1 

Detailed Design calculate benefits 
   

Detailed Design connect components [of the PSS] 
   

Detailed Design test components [of the PSS] 
   

Detailed Design decide qualities 
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

Detailed Design decide management 
   

Detailed Design command [privacy] aspects 
   

Detailed Design command [legal] aspects 
   

Implementation perform process 
   

Implementation plan launch 
 

yes 1 

Implementation analyze business case 
   

Implementation support developers 
   

Implementation observe usage 
   

Implementation give support 
 

yes 1 

Implementation gather [proposed user's] experience 
   

FEI; 
Embodiment 

Design 
place agent 

   

FEI identify [scope] model 
   

FEI create character yes yes 6 

FEI inform parameter 
   

FEI inform action 
 

yes 1 

FEI identify parameter 
   

FEI understand parameter 
   

Embodiment 
Design 

inform function [of the offering] 
 

yes 1 

Embodiment 
Design 

inform entity 
 

yes 1 

Embodiment 
Design 

decide [flow] model 
   

FEI plan project 
   

FEI 
rank [external] people [who are 
relevant for the process]    

FEI plan involvement 
   

FEI talk about vision 
   

FEI prepare workshops 
   

FEI perform workshops 
   

FEI prepare [design] decisions 
   

FEI update sustainability aspects 
   

FEI analyze needs 
 

yes 1 

FEI rank [sustainability] guidelines 
   

FEI elaborate [scenario] format 
   

FEI evaluate sustainability 
   

FEI imagine sustainability aspects 
   

FEI create input 
   

Detailed Design adjust preferences 
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

Detailed Design combine input 
   

Detailed Design create PSS 
   

Detailed Design 
customize [external] people [who are 
relevant for the process]    

FEI; Detailed 
Design 

define PSS 
   

Implementation prepare implementation 
   

FEI identify ideas 
 

yes 2 

FEI identify needs 
 

yes 2 

FEI confirm [new] product 
   

FEI analyze costs 
   

FEI analyze benefits 
   

FEI analyze [design] solutions 
 

yes 3 

FEI analyze [the people's] environment 
 

yes 2 

FEI gather information yes yes 7 

FEI create requirements 
   

FEI elaborate concept 
   

FEI evaluate concept 
 

yes 3 

FEI decide concept 
 

yes 1 

Embodiment 
Design 

define component [of the concept] 
   

Embodiment 
Design 

define interactions [of the concept] 
   

Embodiment 
Design; Detailed 

Design 
create product architecture 

   

Detailed Design define specifications 
   

Detailed Design define [tangible] materials 
   

Detailed Design confirm prototype 
   

Detailed Design create [implementation] plan 
 

yes 2 

Implementation include task 
   

Implementation command activities 
 

yes 1 

Implementation perform [product] industrialization 
   

Implementation perform [product] validation 
   

Implementation perform [product] documentation 
   

Implementation evaluate [company's] portfolio 
   

Implementation record [new] services 
   

Implementation record requirements 
   

Implementation analyze technological aspects 
   

FEI analyze requirements 
   

FEI search ideas 
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (continues) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

FEI 
search other solutions [out of your 
development process]    

Embodiment 
Design 

define [product] structure 
   

Embodiment 
Design 

create [product components] 
characteristic    

Embodiment 
Design 

create assemblies 
   

Embodiment 
Design 

create [manufacturing] concept 
   

Detailed Design evaluate [new] product 
   

Implementation hand resources 
   

Implementation end activities 
 

yes 1 

FEI scan opportunities 
   

FEI give resources 
   

FEI divide market 
   

FEI plan PSS 
   

Detailed Design combine PSS 
   

Detailed Design implement test 
   

End-of-Life retire PSS 
   

FEI create project 
 

yes 1 

FEI command [market] analysis 
   

FEI command [competence] analysis 
   

FEI command [competitor] analysis 
   

FEI create objective 
   

FEI decide partners 
   

FEI 
analyze [motivation and goal] 
correspondence    

FEI analyze culture 
   

FEI analyze propensity [to change] 
   

FEI analyze orientation 
   

FEI acquire function [of the offering] 
   

FEI add function [of the offering] 
   

FEI match function [of the offering] 
   

FEI analyze context 
 

yes 2 

FEI acquire requirements 
   

FEI rank function [of the offering] 
   

FEI; Detailed 
Design 

create function [of the offering] 
   

Detailed Design command [as-is] analysis 
   

Detailed Design 
establish direction [of the 
development]    
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Table 44 – Appendix J - PSS development activities extracted from 14 PSS development 
process models (conclusion) 

Most Recurrent 
Phase Activities 

Is DT 
Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

Detailed Design test feasibility 
   

Detailed Design give feedback yes yes 4 

Detailed Design create specifications 
   

Detailed Design hand pilot [product] 
   

Detailed Design modify pilot [product] 
   

Detailed Design analyze feasibility 
   

Detailed Design manufacture [new] product 
   

Detailed Design end [ongoing] development 
   

Detailed Design launch PSS 
   

Detailed Design create [launch] plan 
   

FEI modify requirements 
   

FEI decide ratings 
   

FEI create matrix 
 

yes 1 

FEI decide requirements 
   

FEI synthesize requirements 
   

Source: Elaborated by the author 
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Appendix K – Product Development Process Activities 

This appendix provides the activities extracted from a traditional product 

development process model proposed by Ulrich and Eppinger (2012)  by means of 

corpus linguistics and frame semantics as explained in subsection 3.2.6. The 

activities are presented in Table 45 with their development phases and highlighting 

the ones that are present in DT methodologies. 

Table 45 - Appendix K - Product development activities extracted Ulrich and Eppinger (2012) 
(continues) 

Phase Activities 
Is DT 

Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

FEI inform opportunities 
 

yes 2 

FEI decide market 
   

FEI analyze platforms 
   

FEI analyze product architecture 
   

FEI evaluate technology 
   

FEI identify constraints 
 

yes 1 

FEI decide strategy 
   

FEI show technology 
   

FEI give goals 
   

FEI give resources 
   

FEI gather needs 
   

FEI 
identify [external] people [who are 
relevant for the process] 

yes yes 5 

FEI identify [existing] products 
   

FEI analyze feasibility 
   

FEI create concept yes yes 4 

FEI create low-resolution prototypes yes yes 6 

FEI test low-resolution prototypes yes yes 5 

FEI calculate costs 
   

FEI evaluate feasibility 
   

FEI support [economic] analysis 
   

FEI analyze issues 
   

Embodiment 
Design 

create plan [for product options] 
   

Embodiment 
Design 

create product architecture 
   

Embodiment 
Design 

decide subsystem 
   

Embodiment 
Design 

decide user interface 
   

Embodiment 
Design 

refine design 
   

Embodiment 
Design 

decide [component] engineering 
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Table 45 - Appendix K - Product development activities extracted Ulrich and Eppinger (2012) 
(conclusion) 

Phase Activities 
Is DT 

Recurrent 
Activity? 

Is DT 
Activity? 

# of DT 
Recur. on 
Methodol. 

Embodiment 
Design 

identify supplier 
   

Embodiment 
Design 

perform [make-buy] analysis 
   

Embodiment 
Design 

decide [final assembly] scheme 
   

Embodiment 
Design 

support [make-buy] analysis 
   

Embodiment 
Design 

identify issues 
 

yes 2 

Detailed Design create [marketing] plan 
   

Detailed Design decide [part] geometry 
   

Detailed Design decide [tangible] materials 
 

yes 1 

Detailed Design decide tolerances 
   

Detailed Design 
end [industrial design control] 
documentation    

Detailed Design decide process 
   

Detailed Design create tools 
   

Detailed Design acquire tools 
   

Detailed Design create promotion 
   

Detailed Design create [tangible] materials 
 

yes 1 

Detailed Design support test 
   

Detailed Design test performance 
   

Detailed Design test reliability 
   

Detailed Design test durability 
   

Detailed Design acquire approval 
 

yes 1 

Detailed Design evaluate [environmental] impact 
   

Detailed Design implement changes 
   

Detailed Design support ramp-up 
   

Detailed Design refine process 
   

Detailed Design improve workforce 
   

Detailed Design create [sales] plan 
   

Implementation place production 
   

Implementation evaluate output 
   

Implementation command [production] system 
   

Implementation command reviews 
   

Source: Elaborated by the author 
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Appendix L – Front-End of Innovation Models Activities 

This appendix provides all activities that appeared in the product development 

FEI models analyzed in this work. It also provides information on how many authors 

cited each activity, what activities of them are DT recurrent activities, DT relevant 

activities or DT activities, and on which stages of the FEI each activity appears. This 

appendix is used on section 9.2. 

Table 46 - Appendix L – Activities of product development front-end of innovation (continues) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

analyze ideas 4 x x x yes yes yes 

evaluate technology 2 x x x 
   

identify needs 2 x x 
  

yes yes 

create ideas 6 x x 
 

yes yes yes 

record ideas 2 x x 
 

yes yes yes 

decide opportunities 1 x x 
  

yes yes 

evaluate opportunities 2 x x 
  

yes yes 

evaluate market 2 x x 
    

analyze needs 2 x 
 

x 
 

yes yes 

analyze market 2 x 
 

x 
 

yes yes 

create technology 2 x 
 

x 
   

create needs 1 x 
    

yes 

decide staff 1 x 
     

command [project] group 1 x 
    

yes 

create scenarios 1 x 
  

yes yes yes 

need information 1 x 
     

analyze objective 1 x 
     

understand link 1 x 
     

engage efforts 1 x 
     

create opportunities 1 x 
   

yes yes 

analyze opportunities 2 x 
   

yes yes 

identify opportunities 3 x 
  

yes yes yes 

rank opportunities 1 x 
     

use opportunities 1 x 
    

yes 

inform opportunities 1 x 
   

yes yes 

confirm opportunities 1 x 
     

use tools 1 x 
    

yes 

treat [new] product 1 x 
     

forecast market 1 x 
     



324 
 

Table 46 - Appendix L – Activities of product development front-end of innovation (continues) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

command work 1 x 
     

create strategy 2 x 
    

yes 

give strategy 1 x 
     

identify trend 1 x 
    

yes 

recognize life cycle 1 x 
     

create changes 1 x 
    

yes 

decide technology 1 x 
     

analyze technology 1 x 
     

forecast technology 1 x 
     

analyze situation 1 x 
   

yes yes 

prepare matrix 1 x 
    

yes 

use techniques 1 x 
    

yes 

turn techniques 1 x 
     

create suggestion 1 x 
    

yes 

identify resources 1 x 
    

yes 

give resources 1 x 
     

analyze requirements 1 x 
     

decide field 1 x 
     

evaluate competency 1 x 
     

inform guidance 1 x 
     

use intelligence 1 x 
    

yes 

create wants [of the 
external people] 

1 x 
     

calculate [future] 
development 

1 x 
     

identify mandate 1 x 
     

confirm potential [of sales] 1 x 
     

analyze voice-of-customer 1 x 
     

analyze [search] areas 1 x 
     

identify [search] areas 1 x 
     

translate [opportunity] 
identification 

1 x 
     

align [opportunity] 
identification 

1 x 
     

use [trend] analysis 1 x 
     

create [technology] 
assessment 

1 x 
     

create [market] 
assessment 

1 x 
     

assume inventory 1 x 
     

identify [company's 
potential] 

1 x 
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Table 46 - Appendix L – Activities of product development front-end of innovation (continues) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

decide ideas 3 
 

x x yes yes yes 

refine ideas 2 
 

x x 
  

yes 

create concept 3 
 

x x yes yes yes 

test concept 3 
 

x x 
 

yes yes 

include [external] people 
[who are relevant for the 
process] 

1 
 

x 
   

yes 

bring [project] group 1 
 

x 
   

yes 

compile ideas 1 
 

x 
    

combine ideas 2 
 

x 
 

yes yes yes 

rank ideas 1 
 

x 
    

talk about ideas 1 
 

x 
   

yes 

place ideas 1 
 

x 
   

yes 

get on ideas 1 
 

x 
    

acquire ideas 1 
 

x 
   

yes 

build upon ideas 1 
 

x 
    

nurture ideas 1 
 

x 
    

turn down ideas 1 
 

x 
    

reshape ideas 1 
 

x 
    

modify ideas 1 
 

x 
   

yes 

show ideas 1 
 

x 
   

yes 

consolidate ideas 1 
 

x 
    

analyze world 1 
 

x 
    

decide objective 1 
 

x 
    

decide goals 1 
 

x 
  

yes yes 

suggest [design] solutions 1 
 

x 
    

get on opportunities 1 
 

x 
    

nurture opportunities 1 
 

x 
    

compile concept 1 
 

x 
   

yes 

identify market 1 
 

x 
   

yes 

analyze capabilities 1 
 

x 
    

win value 1 
 

x 
    

analyze risks 1 
 

x 
    

identify risks 1 
 

x 
    

identify problems 1 
 

x 
    

identify [team's] challenges 1 
 

x 
   

yes 

identify situation 1 
 

x 
   

yes 

evaluate finances 1 
 

x 
    

elaborate structure 1 
 

x 
    

define resources 1 
 

x 
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Table 46 - Appendix L – Activities of product development front-end of innovation (continues) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

identify requirements 1 
 

x 
    

perform alignment 1 
 

x 
    

create recommendation 1 
 

x 
    

elaborate field 1 
 

x 
    

analyze advantages 1 
 

x 
    

perform [users' lives] 
aspects 

1 
 

x 
    

analyze investment 1 
 

x 
    

evaluate [your] business 1 
 

x 
    

create [generic] plans 1 
 

x 
    

evaluate [search] areas 1 
 

x 
    

use [selection] models 1 
 

x 
    

analyze return 1 
 

x 
    

create card 1 
 

x 
    

define [project] group 1 
  

x 
   

create [development] plan 1 
  

x 
  

yes 

evaluate ideas 2 
  

x yes yes yes 

translate ideas 1 
  

x 
   

categorise ideas 1 
  

x 
 

yes yes 

arrange [design] decisions 1 
  

x 
   

decide concept 1 
  

x 
 

yes yes 

evaluate concept 1 
  

x 
 

yes yes 

rank concept 1 
  

x 
 

yes yes 

decide [new] product 2 
  

x 
   

create [new] product 1 
  

x 
 

yes yes 

define support 1 
  

x 
   

minify risks 1 
  

x 
  

yes 

turn focus 1 
  

x 
   

create business case 2 
  

x 
 

yes yes 

use resources 1 
  

x 
   

decide requirements 1 
  

x 
   

state requirements 1 
  

x 
   

acquire requirements 1 
  

x 
   

decide function [of the 
offering] 

1 
  

x 
   

decide project 2 
  

x 
   

create project 2 
  

x 
 

yes yes 

evaluate project 1 
  

x 
   

evaluate manufacturing 1 
  

x 
   

focus on [product] 
validation 

1 
  

x 
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Table 46 - Appendix L – Activities of product development front-end of innovation (conclusion) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

analyze wants [of the 
external people] 

1 
  

x 
   

create [business] plan 2 
  

x 
   

test [business] plan 1 
  

x 
   

request authorization 1 
  

x 
   

detail [business] analysis 1 
  

x 
   

detail [financial] analysis 1 
  

x 
   

analyze competitiveness 1 
  

x 
   

create justification 1 
  

x 
   

Source: Elaborated by the author 
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Appendix M – Product-Service System Development Front-End of Innovation 

Activities 

This appendix provides all activities that appeared in the PSS development 

FEI from PSS development process models analyzed in this work. It also provides 

information on how many authors cited each activity, what activities of them are DT 

recurrent activities, DT relevant activities or DT activities, and on which stages of the 

FEI each activity appears. This appendix is used on section 9.2. 

Table 47 - Appendix M – Activities of PSS development front-end of innovation (continues) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

analyze [existing] services 2 x 
   

yes yes 

create overview [of design 
decisions] 

1 x 
     

decide ratings 1 x 
     

create concept 5 x x 
 

yes yes yes 

analyze needs 4 x x x 
 

yes yes 

identify needs 3 x x 
  

yes yes 

decide [external] people 
[who are relevant for the 
process] 

4 x x x yes yes yes 

imagine sustainability 
aspects 

1 x x 
    

create scenarios 3 x x 
 

yes yes yes 

rank [sustainability] 
guidelines 

1 x x 
    

evaluate sustainability 1 x x 
    

create [project] group 3 x 
 

x 
 

yes yes 

analyze partnership 1 x 
 

x 
   

analyze situation 2 x 
 

x 
 

yes yes 

analyze company 1 x 
 

x 
 

yes yes 

calculate costs 2 x 
 

x 
   

plan involvement 1 x 
 

x 
   

define patterns 1 x 
     

decide needs 1 x 
   

yes yes 

analyze [external] people 
[who are relevant for the 
process] 

1 x 
  

yes yes yes 

integrate [external] people 
[who are relevant for the 
process] 

1 x 
     

agree communication 1 x 
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Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

identify ideas 1 x 
   

yes yes 

Table 47 - Appendix M – Activities of PSS development front-end of innovation (continues) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

update sustainability 
aspects 

1 x 
     

combine information 1 x 
   

yes yes 

decide objective 1 x 
     

scan opportunities 1 x 
     

plan process 1 x 
     

agree intent 1 x 
     

scan technology 1 x 
     

identify risks 1 x 
     

acquire knowledge 1 x 
   

yes yes 

appoint project manager 1 x 
     

analyze requirements 1 x 
     

modify requirements 1 x 
     

elaborate [scenario] format 1 x 
     

confirm project 1 x 
     

create ideas 6 
 

x x yes yes yes 

decide pss 3 
 

x 
    

decide ideas 2 
 

x 
 

yes yes yes 

acquire perspectives 1 
 

x 
  

yes yes 

decide requirements 1 
 

x 
    

decide function [of the 
offering] 

2 
 

x 
    

add function [of the 
offering] 

1 
 

x 
    

acquire function [of the 
offering] 

1 
 

x 
    

match function [of the 
offering] 

1 
 

x 
    

evaluate ideas 2 
 

x x yes yes yes 

decide goals 2 
 

x x 
 

yes yes 

create business model 2 
 

x x 
 

yes yes 

inform [external] people 
[who are relevant for the 
process] 

1 
 

x 
  

yes yes 

define (design) challenge 1 
 

x 
    

draw storyboards 1 
 

x 
    

search other solutions [out 
of your development 
process] 

1 
 

x 
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Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

search ideas 1 
 

x 
    

create character 1 
 

x 
 

yes yes yes 

refine (requirements) list 1 
 

x 
    

create goals 1 
 

x 
  

yes yes 

Table 47 - Appendix M – Activities of PSS development front-end of innovation (continues) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

analyze context 1 
 

x 
  

yes yes 

create [design] solutions 2 
 

x 
  

yes yes 

create input 1 
 

x 
    

decide concept 1 
 

x 
  

yes yes 

evaluate concept 1 
 

x 
  

yes yes 

confirm concept 1 
 

x 
   

yes 

elaborate concept 1 
 

x 
    

create vision 1 
 

x 
    

create [the development] 
organization 

1 
 

x 
    

inform value 1 
 

x 
  

yes yes 

create matrix 1 
 

x 
   

yes 

identify parameter 1 
 

x 
    

inform parameter 1 
 

x 
    

understand parameter 1 
 

x 
    

identify [scope] model 1 
 

x 
    

inform action 1 
 

x 
   

yes 

identify requirements 2 
 

x 
    

plan requirements 1 
 

x 
    

inform requirements 1 
 

x 
    

acquire requirements 1 
 

x 
    

synthesize requirements 1 
 

x 
    

create function [of the 
offering] 

1 
 

x 
    

rank function [of the 
offering] 

1 
 

x 
    

acquire subsystem 1 
 

x 
    

talk about pss 1 
 

x 
    

define pss 2 
 

x 
    

create [use] cases 2 
 

x 
    

create project 1 
 

x 
  

yes yes 

decide playing field 1 
 

x 
    

identify disadvantage 1 
 

x 
    

identify advantages 1 
 

x 
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Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

place agent 1 
 

x 
    

decide roles 2 
  

x 
 

yes yes 

decide knowledge 1 
  

x 
 

yes yes 

define task 2 
  

x 
   

identify [external] people 
[who are relevant for the 
process] 

1 
  

x yes yes yes 

Table 47 - Appendix M – Activities of PSS development front-end of innovation (continues) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

rank [external] people 
[who are relevant for the 
process] 

1 
  

x 
   

define budget 1 
  

x 
   

analyze [the people's] 
environment 

1 
  

x 
 

yes yes 

create atmosphere 1 
  

x 
   

refine [development] plan 1 
  

x 
   

gather information 1 
  

x yes yes yes 

create (requirements) list 1 
  

x 
   

create objective 1 
  

x 
   

analyze [design] solutions 1 
  

x 
 

yes yes 

evaluate [design] solutions 1 
  

x 
 

yes yes 

identify [design] solutions 1 
  

x yes yes yes 

prepare [design] decisions 1 
  

x 
   

inform direction [of the 
development] 

1 
  

x 
  

yes 

create schedule 1 
  

x 
 

yes yes 

confirm [new] product 1 
  

x 
   

price [new] product 1 
  

x 
   

price [new] services 1 
  

x 
   

divide market 1 
  

x 
   

talk about vision 1 
  

x 
   

define strategy 2 
  

x 
   

win commitment 1 
  

x 
   

define limit 1 
  

x 
   

analyze value 1 
  

x 
 

yes yes 

evaluate value 2 
  

x 
 

yes yes 

define risks 1 
  

x 
   

create partnership 1 
  

x 
   

decide partners 1 
  

x 
   

integrate partners 1 
  

x 
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Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

give resources 1 
  

x 
   

create requirements 1 
  

x 
   

command [market] 
analysis 

1 
  

x 
   

plan pss 1 
  

x 
   

acquire pss 1 
  

x 
   

analyze benefits 1 
  

x 
   

evaluate benefits 1 
  

x 
   

analyze costs 1 
  

x 
   

Table 47 - Appendix M – Activities of PSS development front-end of innovation (conclusion) 

Activities # of 
authors 

Stage 
01 

Stage 
02 

Stage 
03 

Is a DT 
recurrent 
activity? 

Is a DT 
relevant 
activity? 

Is a DT 
activity? 

evaluate costs 1 
  

x 
   

analyze orientation 1 
  

x 
   

analyze [motivation and 
goal] correspondence 

1 
  

x 
   

analyze culture 1 
  

x 
   

evaluate feasibility 1 
  

x 
   

write [business] proposal 1 
  

x 
   

evaluate [environmental] 
load 

1 
  

x 
   

command [competitor] 
analysis 

1 
  

x 
   

command [competence] 
analysis 

1 
  

x 
   

plan project 1 
  

x 
   

perform workshops 1 
  

x 
   

prepare workshops 1 
  

x 
   

analyze propensity [to 
change] 

1 
  

x 
   

Source: Elaborated by the author 
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Appendix N – Digital File of Complete Analysis 

This appendix provides the file with all analyses performed in this work, from 

chapter 6 to chapter 9. A CD is attached to this appendix, containing the digital file. 

 

 


