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Abstract 

Shifting from product-oriented business models to product-service systems (PSS) requires changes and implementation of new ideas related to 
many business dimensions, such as cultural, procedural, financial, and technological. Searching for new solutions requires creativity. Therefore, 
the application of a design thinking (DT) approach might help companies in finding innovative value propositions for PSS. DT has the potential 
to support PSS design processes, even though some practitioners may see DT as a substitute to formalized PSS design processes. In order to 
understand if and how DT can be used in combination with PSS design process models, this work proposes to identify what are the 
commonalities and particularities of them. The descriptions of DT methodologies and PSS design process models were treated as a structured 
content corpus, which was divided in comparable activities based on corpus linguistics and frame semantics. The main findings show that DT is 
effectively a support and not a replacement to the PSS design process, representing greater integration opportunities with the front-end of 
innovation (FEI). The detailing and implementation phases of PSS design process have no intersections with DT methodologies, even though 
DT can be employed whenever creativity is needed.  
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

The increase of perceived value by aggregating services 
and products into product-service systems (PSS) is continually 
reinforced in literature [1–3], leading companies to shift from 
product-oriented business models to PSS. PSS requires a 
mindset of offering value in use [3], making the design 
process more customer-centered and creative by considering 
increasing stakeholders’ involvement and culture renewal [4].  

Many user-centered proposals are found in PSS literature to 
support PSS design process, ranging from single methods to 
complete approaches [5–7]. Some authors also suggest design 
thinking (DT) as a possible user-centered approach to support 
PSS design [8,9] and, in fact, DT has been employed in 
practice, showing contribution in parts of the PSS design, such 
as value proposition and business model creation [10]. 

DT is a human-centered approach that has been popularized 
and spread out by means of practitioners’ toolkits and 

methodologies. It is based on integrative thinking, which 
involves reasoning patterns to creatively solve problems. DT 
emphasizes, according to Lockwood [11], “observation, 
collaboration, fast learning, visualization of ideas, rapid 
concept prototyping, and concurrent business analysis”. 

Sometimes, practitioners may take DT for a replacement of 
the earlier phases of the design process, or even of the whole 
design process, instead of a support or complement [12]. 
However, doing this may harm the design process, since DT 
may lack many aspects that are considered when following a 
design process model. Yet, it is not clear in literature how DT 
and PSS design may be properly integrated.  

This work is part of a wider research that aims to propose a 
method for integrating DT into PSS design process models. 
This particular publication aims to provide a partial result of 
that wider research, showing the commonalities between DT 
and PSS design, and the particularities that are intrinsic to 
each one of those approaches. Those results provide insights 
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on how those approaches complement each other and what are 
the opportunities for integration. Besides, the particularities of 
PSS design process may illustrate the aspects that lack on DT. 

2. Research methodology 

This work compares activities from DT and PSS design to 
identify their commonalities and particularities. Activities 
were observed as one element that is common to both 
approaches and they can be used as a comparative element. 

This research employed corpus linguistics, an approach 
grounded on qualitative and quantitative techniques focused 
on analyzing a given corpus [13]. It was selected since it 
“allows researchers to identify and analyze complex 
‘association patterns’” [13]. The linguistic structure analyzed 
is a complex association pattern, since an activity is described 
by means of distinct words combined in a similar structure. 

Activities in DT methodologies are commonly embedded 
in long descriptions of methods, while PSS design models 
present synthesized activities. In order to allow their 
comparison, they need to share a similar structure. Thus, it is 
necessary to employ a technique to extract activities from the 
text and to structure those activities in similar formats. 

The concept of frame was used to represent the structure in 
which words are combined to communicate an activity. 
Fillmore [14] 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”. In the 
FrameNet research project [15], it is possible to identify a 
frame proposed for activities, which is illustrated in Fig. 1. 

 

 

Fig. 1. Frame “activity” used to structure activities extracted from the corpus 

It is important to highlight that the frame “activity” has one 
frame element (FE) also called “activity”. The reader should 
pay attention to when this work refers to one or to the other. 

A frame can only be composed by a clause when it 
contains all core FEs, i.e., agent and activity.  The agent is the 
living subject who is engaged in the activity [15]. The 
activity, in this context, is composed by sub-elements: an 
action, which is represented by a verb, and an object, which 
may be an input, a deliverable, something immaterial or even 
a person on which the agent performs the action. The object 
may be represented by a single noun or a clause. This adapted 
representation with the frame sub-elements (sub-FEs) 
“action” and “object” is illustrated in Fig. 2. 

 

 

Fig. 2. Frame “activity” with the sub-FEs that compose the FE “activity” 

For example, if the clause “create prototypes” is analyzed, 
the reader is implicitly the agent, the action is the verb 

“create”, the object is the noun “prototype” and the other non-
core FEs are empty. In the context of this work, only the FE 
“activity” is used. The other FEs are employed in the wider 
research of which this work is part and their application may 
be seen in other publications [16]. 

Employing the frame “Activity” in a previous step of this 
wider research, activities were extracted from a corpus 
derived from the descriptive content of 8 DT methodologies 
[17–24] and 14 PSS design process models [1,25–37]. The 
whole corpus was structured in “activity” frames, whenever 
the clause contained all core FEs. The sub-FEs “action” and 
“object” were codified. For the sub-FE “action”, equal verbs 
or verbs that were semantically related, i.e., hypernyms, 
synonyms and troponyms (see Table 1) according to the 
English lexical database WordNet [38], were associated to the 
same numeric code. For example, in the activities “create 
prototype” and “build prototype”, the action “build” would 
receive the code “7”, and the verb “create”, which is a 
hypernym of “build”, would also receive the code “7”. It 
means that both activities are equal, since they have the same 
action and the same object codes. For the sub-FE “object”, 
equal nouns, synonymic nouns or derivationally related forms 
from a noun (see Table 1) were associated to a same numeric 
code. For example, in the activities “identify the users’ 
thoughts” and “identify the users’ opinions”, the object 
“users’ thoughts” would receive the code “73”, and the object 
“users’ opinions” would also receive the code “73”, being 
“opinion” a synonym of “thought” in WordNet. Thus, again, 
it means that both activities are equal, since they have the 
same action and the same object codes. The final code for 
each FE “activity” was composed by the combination of the 
“action” code and the “object” code, in the following shape: 
“action code & object code”. 

Table 1. Semantic relationships for verbs (action) and nouns (object) 

Semantic 
Relationship 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] 

'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] 

‘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 

 
In the previous step of this research, 3326 DT activities 

with distinct activity codes and 332 PSS design activities with 
distinct activity codes were identified in the whole corpus. 
From the 3326 DT activities, 46 of them were identified as the 
most recurrent ones (i.e., high-level activities cited by at least 
half of the authors), characterizing the common basis for the 
DT approach. The whole set of activities may be seen in the 
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