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Abstract 

This paper presents empirical evidence on which to ground the understanding 
of effects of a design support on Product/Service Systems (PSS) designing. The 
effects are measured by the extent of application of a systems perspective and 
level of integration of product and service elements during PSS designing. Pro-
tocol analyses of a control team and an experiment team, involving experienced 
practitioners performing an identical PSS design task are conducted. Only the 
experiment team is provided with the design support. The Function–Behavior–
Structure ontology and a scheme for the systems perspective are utilized to 
code the data. Results show preliminary insight into the influence of a design 
support. The focus on systems level abstraction shows a three-fold increase, 
the cognitive effort spent on behavior of structure is halved and the effort on 
design description is more than doubled, in the experiment team. 

Keywords: Product/Service Systems design, Function-Behavior-Structure On-
tology, Protocol analysis, Design support 
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1 Introduction 

There is an extensive literature on studying designing, and on studying de-
sign cognition in particular [1], There is increasing interest in researching more 
foundational questions about designing. One such growing body of research is 
that of Product/Service System (PSS), which ‘consists of a mix of tangible prod-
ucts and intangible services designed and combined so that they jointly are 
capable of fulfilling specific customer needs’ [2]. As customers are increasingly 
demanding solutions for their needs rather than specific products, companies 
are increasingly exploring the prospect of developing and offering PSS [3]. De-
sign is considered to be a critical aspect during the development and delivery 
of PSS as it determines the quality and characteristics of the final offering [4]. 
The process of designing a PSS is expected to inherently differ from designing 
its individual product or service part as the activity is conceptually characterized 
by the integration of the physical and intangible aspects [5], and application of 
a systems perspective [6, 7]. The differences may be so significant that PSS 
development is reported to potentially require a dedicated design approach [8, 
9], in contrast to the widespread view in academia that suggests that, the fun-
damental issues and processes in designing are not unique to the nature of the 
domain [10, 11]. However, this is not examined in this research reported in this 
paper and it is assumed that the fundamental design cognition of designing 
PSS matches that of designing generally [10]. 

Two of the main objectives of research in design are to increase under-
standing of designing as an activity and to develop tools to aid designers [12]. 
PSS design research regarding the latter is developing, mainly due to the in-
dustrial demand for design support in the form of tools, methods or techniques 
[13]. The effectiveness of these advancements could be questioned, as they 
are mainly based on conceptual understanding of the characteristics of PSS 
designing with limited empirical evidence.  To develop an empirically-grounded 
understanding of design, it is necessary to obtain reliable empirical insights 
from the activity of designing and one such way of achieving that is through 
the study of design cognition [11]. The empirical insights into how designers 
design products [14, 15] and the influence of design support on product de-
signing [16] is established in academia. However, similar research regarding 
PSS designing as an activity, is still in its infancy with only a few studies [17, 
18]. One such study is a recent explorative work by the authors, that provided 
preliminary empirical insight into what practitioners discuss during the design 
of a PSS in terms of distributions of design issues and processes [18]. It pro-
vided early indications of design issue distribution differences between other 
domains of design and PSS design, reporting increased focus on function in the 
latter. This research demonstrated that PSS designing could be described in the 
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same way at product design. However, there is no similar research that pro-
vides empirical insight regarding how the use of a design support influences 
PSS designing. This lack of knowledge could lead to the ineffective development 
of PSS design support. 

1.1 Aim and Research Question 

This research aims to provide preliminary empirical insight into the influ-
ence of a design support on PSS designing activities with an explorative case 
study. The results can potentially be utilized as a basis for hypothesis genera-
tion. The resulting knowledge from these hypotheses, when tested with statis-
tically reliable data sets can then be utilized by researchers to support the de-
velopment of effective design support for practitioners [19]. The following re-
search question will be addressed through this case study: 

How do the characteristics of PSS designing vary with and without the 
use of a design support? 

Characteristics of PSS design activities in this research refers to its distribu-
tion of design issues and processes, extent of application of a systems perspec-
tive and level of integration of product, service and other elements within PSS 
design. A design support in the form of a set of recommendations for PSS de-
sign is adopted from a separate work of the authors [20]. The following sections 
will describe the research approach, results, discussions and conclusions. 

2 Research approach 

An exploratory case study approach involving two design experiments was 
conducted with experienced industrial practitioners in a controlled laboratory 
setting, to investigate the research question. The participants were provided 
with a conceptual PSS redesign task and were instructed to carry it out in teams 
of two. A conceptual design task was chosen as it allows the exchangeability of 
product and service aspects, which is vital for PSS design [21]. The participants 
were all instructed to engage in a think-aloud protocol [22]. The corresponding 
data was collected as recordings in both audio and visual formats and was later 
transcribed. Each pair included a product and a service designer. The teams 
were assigned to one of two distinct groups: control and experiment group. 
The experiment group was provided with the design support. The control group 
was not provided with any such support. The following sections will describe 
the case, the design support and the methods of analysis.    
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2.1 Description of case and design support 

There were two pairs of individuals as participants one in the control group 
and one in the experiment group. The participants are experienced industrial 
practitioners based in Sweden. The aim of the design task given to the partici-
pants was to conceptually redesign the product and service aspects of an ex-
isting PSS (an office use coffee machine), to increase its resource efficiency. A 
design brief that details information regarding the PSS offering, the provider, 
customers, and main users, was provided to the participants (see [18]). The 
same design task was given to the participants in the previous work [18] of the 
authors. The participants in the experiment group were asked to perform the 
same task with the use of the design support [20]. The design support is a set 
of recommendations in the form of a procedure to follow, that is consolidated 
from the state of the art of PSS design literature (see [20] and the authors’ 
ResearchGate pages as a supplement for the full description). It suggests the 
designers systematically assign a functional unit for the offering being de-
signed, explore the various stakeholders involved, their potential requirements 
and value propositions, criteria for potential evaluations, identification of prod-
uct, service or other elements that address requirements and value proposi-
tions, examine balance between the elements from a systems perspective, be-
fore selecting feasible combinations of these elements to synthesizing the so-
lutions.  

2.2 Methods of analysis 

Protocol analysis, a highly developed, well accepted rigorous methodology 
for interpreting verbal data of thought sequences as a valid source of infor-
mation on cognition [11, 23], is utilized to analyse the empirical data collected. 
It was chosen over other methods of analysis as it provides both quantitative 
and qualitative information regarding the protocol data. It has been widely uti-
lized in similar design related research as reported in a recent review of protocol 
studies by Hay et al. [1], further motivating its use in this context. During the 
application of the methodology, the protocols are segmented, the following 
coding schemes are applied, and the segments are categorized accordingly. 

2.2.1 Function – Behavior – Structure (FBS) ontology 

FBS ontology [12] is utilized in this research as one of the coding schemes to 
interpret and describe the thinking process of the designers during PSS design-
ing. It has been utilized widely in protocol studies as it is independent of the 
design task, experience of the designers and the settings in which they operate 
within, allowing the possibilities for comparative assessments of the results 
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[11], thus justifying its use in this context. This ontology provides a unifying 
framework for representing the design issues and processes with high level 
design semantics. The basis for this framework is formed around the following 
three classes of variables that describe the various aspects of the design object 
[24]: i) Function (F): describes the purpose of the design object; ii) Structure 
(S): describes the components of the design object and their relationships; iii) 
Behavior : describes the behavior expected (Be) or behavior derived (Bs) from 
the structure. Design requirements (R) represent the requirements the design 
object is expected to satisfy, and design descriptions (D) represents drawings 
or written information regarding the design. Since both requirements and de-
scriptions are expressible in terms of either function, behavior or structure, no 
additional classes of variables are needed to describe them. Through the lens 
of this framework, the overarching objective of the activity of designing is to 
transform a set of functions (F) derived from the design requirements (R) into 
detailed descriptions of the design (D). The transitions between these design 
issues are design processes and are represented by the eight design processes 
of: FàBe: Formulation, BeàS: Synthesis, SàBs: Analysis, Be – Bs: Evaluation, 
SàD: Documentation, SàS: Reformulation 1, SàBe: Reformulation 2, SàF: 
Reformulation 3, see [12]. The design issues R, F and Be fall under the problem 
space of design (Ps), and the design issues S, Bs and D fall under the solution 
space of design (Ss) [25, 26]. The P-S index is calculated by taking the ratio of 
total occurrence of Ps and of Ss. An illustration of how this scheme will be ap-
plied is given in Table 1.  

Table 1. Illustration of FBS coding scheme 
Segment from Protocol data Design issue (Ps)-(Ss)  
”Let us discuss about the heating coil” S Ss 
“It should heat the water” F Ps 
“Up to x degrees” Be Ps 
“It will consume x watts of electricity” Bs Ss 
“The machine needs to be resource efficient” R Ps 

2.2.2 Coding scheme to capture level of systems perspective and inte-
gration 

The following coding scheme is proposed and applied to capture level of sys-
tems perspective within the protocol data. It is inspired from the work of Gero 
and Mc Neill [19], originally developed to investigate the hierarchical or systems 
aspects of the process of designing. In this research, it is contextualized to 
analyse the levels of application of systems perspective and the level of inter-
action between the various elements of the system during PSS designing by 
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experienced practitioners, with and without the use of the simple design sup-
port. The proposed scheme has three primary levels of design abstraction: i) 
discrete elements (D): designers focus on a discrete element in a segment (ex. 
product or service or stakeholders (ex. suppliers, environment, users etc.) or 
other elements); ii) interactions (I): designers focus on an interaction between 
two or more discrete elements; iii) systems (S): designers address problems / 
solutions as an integral system (ex. PSS) involving various discrete elements to 
provide value, meet requirements (ex. resource or cost efficiency). An illustra-
tion of the coding scheme is presented in Table 2. 

Table 2: Coding scheme to capture hierarchy 

3 Results 

3.1 FBS Results 

Two independent coders were used to generate the coded protocol. They 
have an average agreement ratio of 81% with the third independent arbitrator, 
with a standard deviation of 5.52% for this coding scheme. The results of the 
distribution of the FBS design issues from the control and experiment group 
are reported in Table 3. 

Table 3: Design issue distributions 

The results indicate that there are noticeable changes in Bs and D between the 
experiment and control groups. Frequency of occurrence of Bs has almost 

Segment from Protocol data Criteria 
”Let us discuss about the coffee machine” D 
”The coffee machine should remotely indicate when it needs to be serviced” I 
”A regularly maintained coffee machine can increase resource efficiency” S 

 Control 
group (G1) 

Experiment 
group (G2) 

Ratio 
(G2/G1) 

G1 with-
out ‘D’ 

G2 with-
out ‘D’ 

Ratio 
(G2/G1) 

Requirement 
(R) 

1% 1% 1.00 1% 2% 2.00 

Function (F) 22% 26% 1.18 24% 32% 1.33 
Expected Be-
havior (Be) 

20% 17% 0.85 22% 21% 0.95 

Behavior of 
structure 
(Bs) 

31% 16% 0.51 34% 20% 0.58 

Structure (S) 18% 20% 1.11 20% 25% 1.25 
Design de-
scription (D) 

8% 20% 2.50  
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halved and D has increased by around two fold in the experiment group com-
pared to the control group. F and S also show small levels of increase in fre-
quency in the experiment group. The results of distributions of the design is-
sues considered without the frequency of occurrence of D, show the highest 
increase in occurrence of F, closely followed by S and the design issue with the 
lowest frequency as Bs. The P-S index of the control group is 0.75, while the 
P-S index of the experiment group is 0.78. These are very close to each other. 

The graphical representation of the dynamic design issues of the control and 
experiment groups are presented in Images 1 and 2, respectively. These figures 
are generated using LINKODER a publicly available software (see 
linkoder.com). 

 

Image 1. Moving average of cognitive effort expended on design issues, con-
trol group 

 

Image 2. Moving average of cognitive effort expended on design issues, ex-
periment group 

The results of the distribution of dynamic design processes of the control and 
experiment group are presented in Table 4. 
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Table 4: Syntactic design process distribution   
 
 
 
 
 
 
 

3.2 Results from systems coding scheme 

The two independent coders have an average agreement ratio of 87.3% with 
the third independent arbitrator, with a standard deviation of 3.49% for this 
coding scheme. The systems coding results from the control and experiment 
group are presented in Table 5. 

Table 5: Distribution of design criteria of systems coding scheme 
 Control 

group (G1)  
Experiment 
group (G2) 

Ratio 
(G2/G1) 

Discrete (D) 54% 37% 0.65 
Interactions (I) 38% 36% 0.94 
Systems (S) 8% 27% 3.37 

The results indicate that there is around a 3-fold increase in the occurrence 
of systems level abstraction, with balanced distribution of focus on discrete 
elements and the interactions between them, in the experiment group. 

4 Discussion and conclusion 

The results are utilized to answer the research question “How do the 
characteristics of PSS designing vary with and without the use of a design 
support?”. Three main characteristics that are expected to be specific to PSS 
designing are investigated in this research: design issue and design process 
distributions, extent of systems perspective and level of integration of the 
elements within the system. The design support provided to the experiment 
group is a set of procedural recommendations consolidated from the state of 
the art of PSS design methods. Among other things, the support suggests 
designers assign functional unit at the begining of the design, to identify and 
integrate various elements that fulfill the requirements and corresponding 
functions, and to balance them from the systems perspective. As expected, the 
results of the experiment group reported a significantly higher degree of 

 Control 
group (G1) 

Experiment 
group (G2) 

Ratio 
(G2/G1) 

FàBe: Formulation 10.8% 13.8% 1.27 
BeàS: Synthesis 9.0% 9.4% 1.04 
SàBs: Analysis 12.2% 10.1% 0.82 
Be – Bs: Evaluation 36.9% 18.8% 0.50 
SàD: Documentation 8.1% 13.0% 1.60 
SàS: Reformulation 1 8.1% 13.0% 1.60 
SàBe: Reformulation 2 5.9% 10.1% 1.71 
SàF: Reformulation 3 9.0% 11.6% 1.28 
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systems level abstraction and a balanced focus on discrete elements and the 
interaction between them. The earlier work of the authors [18] reported that 
almost half of the cognitive effort spent by designers during PSS designing is 
on behavior and high degree of effort on evaluation. The current results 
indicate a noticeable reduction in behavior of structure and evaluation, as a 
result of the application of the design support. It also shows an increase in the 
occurrence of design description, with small increases in function, structure and 
the majority of the design processes. The major changes could potentially be 
attributed to the increase in systems level abstraction and resulting in the 
balanced focus on discrete elements and their interactions within the system 
being designed, potentially caused by the introduction of the design support. 

The results of this exploratory case study, provide an early indication 
regarding the effects of the design support on the characteristics of PSS 
designing. It suggests that the use of a design support can increase systems 
level abstraction and modify the focus on discrete elements and their 
interactions, while potentially reducing the cognitive effort spent on behavior, 
which otherwise is a dominant design issue in PSS designing. This preliminary 
insight can be used as a basis for generating hypothesis. However, this study 
is based on minimal data, thus limiting the external reliability of the results. 
The immediate future work of the authors will involve hypothesis building and 
the corresponding testing with statistically significant data sets and the use of 
a higher level of granularity for the proposed systems coding scheme to obtain 
richer data. 
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