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environments. S-PSS has the potential to generate a transition towards more economically, ecologically and
socially sustainable practices and business models due to its adaptive capacities. However, being able to
exploit the digital capabilities of smart products and their services is still limited in design and even more to
improve the user experience. For this reason, this study will focus on the Context-awareness capability that
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Context-awareness product. Following a systematic literature review approach, this work makes the following contributions:
User-centred design (1) it provides a bibliometric analysis using a cluster keyword map to analyze the most researched topics in
User experience S-PSS relevant to the design, user experience and analyze their connections; (2) an analysis of the case

studies presented in the literature according to the life cycle of context-aware applications; and (3) es-
tablishes a research direction for the user experience and design of the S-PSS.
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1. Introduction

In the road to servitization, Product Service Systems (PSS) is a
strategy to integrate products with specific related services that
satisfy user’s needs (Tukker, 2004). More companies are adopting
PSS as a way to simultaneously maximize the value of the product
and increase businesses’ profits (Hallstedt et al., 2020). Furthermore,
the COVID-19 pandemic accentuated the importance of servitiza-
tion: the traditional manufacturing industry was affected and supply
chains disrupted because of lockdowns in several geographic areas.
Companies expected a high reduction in sales of products whereas a
reduction in the sales of advanced services (e.g., remote condition
monitoring, predictive maintenance, etc.) was comparably smaller
(Rapaccini et al., 2020).

The term Smart Product-Service Systems (S-PSS) is relatively
new, first being introduced by ValenciaCardona et al. (2014) as
“smart products and its generated e-services into a single solution by
embracing disruptive ICT.” S-PSS are possible for the current ad-
vancement on digital technologies to transform business processes;
this is also known as “digitalization” (Frank et al., 2019). Digital
technologies can be used to deliver smart and interconnected ser-
vices that can also interact with the physical world (IoT devices,
sensors, etc.) and perform tasks involving data analytics, big data
processing; and so forth.

S-PSS have been represented by several scholars as a “digital
ecosystem” (Kuhlenkotter et al., 2017; Liu et al., 2018; Pirola et al.,
2020) that integrates stakeholders, devices, and platforms and is
characterized by its high complexity. Therefore, S-PSS require being
able to capture the needs of multiple stakeholders in a collaborative
process to create value (co-creation) (Zheng et al., 2019b). Must be
able to react to multiple use environments with different contexts
and be able to establish a life-long partnership (ValenciaCardona
et al., 2014) between suppliers and customers through the services
offered; where the User Experience(UX) can be a differentiator be-
tween competitors.

Context-awareness capability refers to the idea that devices or
systems can react based on their environment, but also reason based
on the user’s current situation (Perera et al., 2013). ValenciaCardona
et al. (2014) was one of the first to present the concept of S-PSS and
point out the “highly context-dependent” nature of S-PSS design. In
their study, the participants highlighted the importance of context to
correctly define the value proposition and the aimed experience for
the end-user. Similarly, Kammler et al. (2019) noted that the
smartness from products came from context-awareness in multiple
examined publications. Thus, the complexity of the multiple

Table 1
Definitions S-PSS.

relationships involved in the S-PSS uses the context in interactions
and operations as a factor to improve the performance and adapt-
ability of the services provided.

The current paper aims to provide an insight into the current
context-aware approaches focusing on several aspects of the design
of S-PSS, including user-centred design (UCD) and UX as a corner-
stone of user satisfaction and as relevant to the future of S-PSS
scenarios (Dong et al., 2019). Furthermore, it sets the research
agenda regarding context-awareness in the design of S-PSS by taking
into account a review of case studies following the life cycle of
context-aware applications.

The structure of the current work is as follows: Section 2 starts
with the fundamental background related to S-PSS and its life cycle.
Section 3 details the systematic literature review methodology, es-
tablishing the questions for this work and bibliometric analysis from
the results. Section 4 explores the literature and presents UCD as-
pects in S-PSS including User Experience. Section 5 presents the
literature related to Context Awareness in S-PSS while providing a
general background. Section 6 gives a discussion answering the re-
search question and establishing the connections of Context-
Awareness in the design of S-PSS. Finally, Section 7 concludes
this work.

2. Smart product-service systems

Smart Product-Service Systems(S-PSS) have been defined by
several authors (see Table 1), who have established the key aspects
of S-PSS, such as their relationships with multiple stakeholders,
smart products, and related digital services. In this work, we take the
definition from Zheng et al. (2019b) “(S-PSS) is an IT-driven value co-
creation business strategy consisting of various stakeholders as the
players, intelligent systems as the infrastructure, smart, connected
products as the media and tools, and their generated e-services as the
key values delivered that continuously strives to meet individual cus-
tomer needs in a sustainable manner”.

Therefore, S-PSS are established at the convergence between pro-
ducts with high levels of digitalization that serve customer-oriented
business processes and related services. Thus, according to Zheng et al.
(2019Db), the digital capabilities are one of the clearest differentiators
from traditional PSS, as seen in Fig. 1. Starting from intelligence cap-
abilities, which denotes the ability to configure hardware elements to
sense and capture information through the use of embedded systems
and sensors integrated into products to capture data and react to their
environment, this is the first step into digitalization. Then, the ubi-
quitous connectivity of smart products enabled for IoT technology and

Definitions

References

“Smart products and its generated e-services into a single solution by embracing disruptive ICT.”
“A digital-based ecosystem of value creation characterized by high complexity, dynamics and interconnectedness among

stakeholders.”

“A platform service ecosystem, in which platform is made up of smart products and smart services, while multiple service systems

constitute a service ecosystem.”

“Digital-enabled business solution supplied within an ecosystem which provides economic and sustainable value to the customer by

(ValenciaCardona et al., 2014)
(Kuhlenkatter et al., 2017)

(Liu et al., 2018)

(Pirola et al., 2020)

integrating into a unique offer intelligent products with data-enabled services allowed by physical and digital infrastructures”

“Smart PSS could be regarded as cyber-physical products (CPP) which are described as a physical product that offers ICT-enabled

(Chou, 2021)

services via either a built-in or an external network connecting device, allowing users to use the product functionality and
communicate information during its use phase for acquiring complementary service support”
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Smart Product-Service Systems
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(intangible)
Digital Capabilities
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Connectivity
¢ Embedded Systems «  Big Data Analytics
* Sensors as actuators e loT «  Digital Twin
+ Edge Computing *  Wireless

¢ Fog Computing

Communication
*  Cloud Computing

¢ Al Technology

Fig. 1. Smart product service system graphic description.

wireless communications, which are fundamental for service providers
to collect data and allows to improve the processing using cloud
computing, furthermore, allows multiple devices to interact with each
other. Finally, the analytic capability is responsible for converting the
data from the deployed intelligent and connected products into valu-
able insights and actionable directions for businesses, which is enabled
by technologies such as big data analytics, Digital twins and Artificial
Intelligence (Lenka et al., 2017). However, S-PSS still shares the core
business foundations of the traditional PSS, which can be classified into
three main categories: Product-oriented, Result-oriented, and Use-or-
iented (Tukker, 2004).

2.1. S-PSS life cycle

It is possible to analyze S-PSS using the existing traditional
product life cycle but here with certain important differences. The
product life cycle is a sequence of phases that Kiritsis (2011) divided
into three main epochs: the Beginning-of- Life (BoL), Middle-of-Life
(MoL), and End-of-Life (EoL). The BoL starts with the designing stage,
when a product is designed according to certain requirements and
then manufactured. The Mol is related to the product’s use, service,
and repair. Finally, the EoL provides the approaches to reverse lo-
gistics, for instance, recycling, reusing, remanufacturing or disposal.

The design stage starts with the requirement elicitation process,
in which customers’ demands are identified, but in contrast with the
traditional processes, designers can rely on data from user behaviour
and demands that can be also obtained in the manufacturing and
usage stages. Services can be classified as product-independent
services (e-services) and digitalized services that depend on the
smart capabilities of the physical product, such as monitoring,
control, optimization, and autonomy. For digitalized services, digital
twins or augmented reality can be a game-changer to make more
accurate decisions (Zheng et al., 2019b).

The usage stage is very different from traditional PSS because of
the smart capabilities of connected products and related services.
Starting from smart operation and maintenance, being able to assess
the performance of PSS and monitoring the operations. On the other
hand, smart reconfiguration is the modification of a product to fulfil
new requirements, here being able to react to new context.

Finally, the EoL is characterized by various scenarios such as
reuse of the product with refurbishing or remanufacturing, re-
cycling, or disposal. In traditional product sales, information loops
are removed after the sale. S-PSS can reclaim the information, pro-
viding data to manufacturers and designers (Kiritsis, 2011). In

Alcayaga et al. (2019), the term “smart-circular system” is introduced
integrating the terms of Smart-PSS and circular economy. With new
capabilities generated in Smart PSS, it is possible to improve the
processes that lead to better use of resources at the EoL.

As described before, this new perspective on the product life-
cycle does not necessarily change the application or interpretation of
the phases, instead highlights the development of S-PSS as an in-
cremental process. In contrast with the traditional product life cycle,
where each phase is clearly divided, in S-PSS, it is necessary to use a
holistic perspective where each phase is interconnected with the
others (Wuest and Wellsandt, 2016).

S-PSS have received increasing interest in the literature, espe-
cially in the design stage. Many approaches have been presented to
capture stakeholder requirements by using different engineering
methodologies (TRIZ, Quality Function Deployment (QFD), Kansei
engineering (KE), Axiomatic Design (AD), Blueprint Design, adap-
table design, etc.) (Cong et al.,, 2020b, 2020a; Chou, 2021), or by
exploiting user data or opinions during the usage stage (Wang et al.,
2020). On the other hand, UCD tries to understand and empathize
with potential users from the conception of the S-PSS, to improve
the UX by solving their needs early on. Because of the multiple
elements involved in the design, it may be difficult to establish a
research direction based on the gaps and current challenges. Fur-
thermore, it is important to identify where the “context-aware”
capability has been used in S-PSS and where it could be used in the
future. To realize our objective, the following section presents the
Systematic Literature Review (SLR) protocol, which allows for
gathering a body of knowledge and further analysis.

3. Literature review methodology

An SLR is used to identify, evaluate and summarize the available
research relevant to a particular group of research questions or
identify any gaps in current research to suggest areas for further
investigation (Kitchenham and Charters, 2007). Parsif.al* is an online
tool that supports researchers in developing SLR, especially in the
context of Software Engineering (Anon (2021), and it was used in the
current review to plan and manage the several stages of the SLR
(Planning, Study Selection, Quality Assessment and Data Extraction).

The goals of this review are as follows:

4 https://parsif.al/
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Table 2

PICO Criteria.
Population Application area or Industry domain Smart-Product Service Systems
Intervention Methodology/tool/technology that addresses an specific issue Context-awareness capability
Comparison Methodology/tool/technology in which the intervention is being compared —Not applicable-
Outcome Outcomes relate to factors of importance to practitioners User-Centric Design and UX of S-PSS

1. Explore the state of the art in the design and UX of S-PSS
2. Explore the state of the art of Context-Awareness approaches for
the design and UX of S-PSS

3.1. Research questions

Research questions set the focus for identifying the studies and
the extraction of the data (Wohlin et al., 2012). The PICO (Population,
Intervention, Comparison and Outcome) mnemonic was used to
break down the goals of the review into searchable keywords and
help in formulating the research questions (Petersen et al., 2015).
PICO has been broadly used in medical and social sciences, to en-
courage the researchers to consider the components of the questions
(Petticrew and Roberts, 2008). Kitchenham and Charters (2007)
provided a detailed guide for SLR in the context of software en-
gineering, establishing a correspondence of PICO elements in this
context. Table 2 describes the elements and their use in this review.

Three questions are established based on the PICO criteria, the
definition of S-PSS and the goals established. .

(1) What are the connections of UCD, UX and Context-Awareness for
S-PSS?

(2) How has context-awareness capability been used in the design of
S-PSS?

(3) What are the current gaps and challenges in the design of S-PSS
to satisfy user needs and improve UX?

3.2. Search query string

Keywords and synonyms were chosen based on the PICO criteria,
including the following main terms: Smart Product-Service Systems,
Context awareness, Service Design and User Experience. Each set of
searches was performed on the databases: Scopus and Web of
Science, which were selected for their advanced search capabilities.
Scopus and Web of Science deliver the broadest interdisciplinary
content. The search strings used for each database can be found in
Table 3, and have been used on all titles, abstracts and keys or me-
tadata. Parsif.al was used in this stage to handle any duplicates
found.

Table 3
Identified papers by database.

3.3. Study selection and quality assessment

For the study selection, articles from 2015 to December 2021
were collected, since the term, Smart-PSS was first presented in late
2014 by ValenciaCardona et al. (2014). Articles were excluded based
on titles and abstracts, here following the exclusion criteria (Table 4).
When in doubt, the document was skimmed and accepted or re-
jected according to these criteria.

Accepted papers were fully read and passed the quality assess-
ment with the following questions: .

. Is it related to Context Awareness in S-PSS or PSS?

. Does the article propose a framework, tool or methodology?

. Is it related to Service Design in S-PSS or PSS?

. Is it related to UX, User-centric Design in S-PSS or PSS?

. Is it related to industry (Industry 4.0)?

. Do the researchers discuss any problems (limitations, threats)
regarding the validity (reliability) of their results?

7. Is there a clear statement (definition) of the aims (goals, pur-

poses, problems, motivations, objectives and questions) of the

research?

DU A WN -

Each paper can have a maximum score of 7 and the overall cut-
off score was 4.5. Fig. 2 shows the process flow of the SLR adopted in
the current paper.

3.4. Bibliometric analysis

This section consolidates the data from the bibliographic records
of the 53 accepted papers. Analysis of the selected items can be
summarised as follows:

1. General distribution of the publications: In total, the literature re-
view includes 53 papers, which corresponds to 32 articles and 21
conference papers. Fig. 3a presents the journal and conferences
distribution in descending order. Advanced Engineering Infor-
matics and Journal of Cleaner Production have the highest number
of contributions for journals, whereas Procedia CIRP and Advances
in Transdisciplinary Engineering rank in the first places for

Database  Query

NO
sults

Re-

TITLE-ABS-KEY ( "SMART PRODUCT SERVICE*" OR "SMART
SERVICE SYSTEMx+" OR "PRODUCT SERVICE SYSTEM" )
AND PUBYEAR > 2015 AND ( TITLE-ABS-KEY ( "CONTEXT

Scopus

?XI;ERIENCE“ OR "USABILITY"

AWAREx" ) OR TITLE-ABS-KEY ( "SERVICE DESIGN" OR "USER

160

OR "USER CENTRED DESIGN"

AND ( LIMIT-TO ( DOCTYPE,"ar" ) OR LIMIT-TO (
DOCTYPE, "cp" ) ) AND ( LIMIT-TO ( LANGUAGE,"English" )

)

(TS= ( "SMART PRODUCT SERVICE*" OR "SMART SERVICE
SYSTEM*" OR "PRODUCT SERVICE SYSTEM" ) AND ( TS= (

WoS

"CONTEXT AWAREx" ) OR TS= ( "SERVICE DESIGN" OR "USER

92

CENTRED DESIGN" OR "USER EXPERIENCE" OR "USABILITY" )

)
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Table 4
Inclusion and Exclusion Criteria.

Inclusion Criteria

Exclusion Criteria

® Articles that include at least 2 of the keywords in title, abstract, or keywords
® Papers that address RQ1, RQ2 or RQ3

® Articles published prior to 2015

® Articles that are not written in English

® The paper is a form of grey literature, e.g., technical report or dissertation.
® Article not relevant to at least 2 keywords

conferences. Fig. 3b presents the distribution of article types,
divided by both theoretical and empirical research. Theoretical
research focuses on abstract ideas, concepts, and theories built on
literature reviews (Marczyk et al., 2010). Theoretical articles ac-
count for 11 papers (around 21%), Review papers account for six
papers, which include SLR papers (2 articles) and traditional lit-
erature review papers (4 articles). Empirical research (67% of the
articles) uses scientific data or case studies for explorative, de-
scriptive, explanatory, or measurable findings. The contributions
of these works have been divided into five categories, where the
largest contributions corresponds to frameworks (15 articles),
followed by development or design approaches (12 articles).
Frameworks provide a general and flexible structure to a system,
whereas development or design approaches present a descrip-
tion of the steps for creating a specific prototype or software.

. Case Study Distribution: From the empirical research, 31 case
studies were found (Appendix A), and 15 case studies followed a
User-Centred Design (UCD) approach. Fig. 4 presents the dis-
tribution of the industrial application sector in these case studies,
which are divided into four sectors: development of e-health and
welfare S-PSS(53%), smart home applications and devices (33%),
vehicles with digital services (7%) and manufacturing that are
related to S-PSS used on the shopfloor or devices used in man-
ufacturing (i.e. 3D printers)(7%). Section 4 will discuss the find-
ings. Fig. 5 presents the distribution of 20 case studies found in
the literature that is related to “context-awareness” and do not
necessarily follow a UCD approach. Similarly, there is manu-
facturing; e-health and welfare; smart city; educational devices
and services related to products. Section 5.2 will describe the
more representative case studies.

. Papers distribution by year:Fig. 6 presents the distribution of pa-
pers per year and linear trend. This figure shows a consistent
increase in the interest in S-PSS over the years, which is expected
to keep increasing. The figures in Appendix A report the in-
dustrial application sector of case studies by year (Figure A.12a).
The E-health and welfare sector presents an increase in the early

followed by the manufacturing sector. Especially case studies
following a UCD approach (Figure A.12b), demonstrate a major
increase in the E-health and welfare sector in 2021, which in-
dicates the relevance of understanding user needs for end-con-
sumers of these S-PSS types (B2C).

. Keywords analysis: The indexed and author keywords were ex-

tracted, the text was normalized (removing white spaces and
symbols and converting to lowercase) using Python program-
ming language. Following this, a cluster map was created from
the author and indexed keywords that repeated three times or
more, here using the VOSViewer software (Fig. 7). VOSViewer
(Van Eck and Waltman, 2010) allows for developing cluster maps
based on bibliographic data. Node size is representative of the
number of papers related to the keyword, and lines represent the
links among keyword terms that have a minimum strength of
one (link with another term). The first recognizable cluster (blue)
corresponds to terms like product-service system, product design
and service design. However, product design has received more
attention. The second cluster (red), corresponds to smart product
service systems, where keywords like user experience and user-
centred design are encountered, but also characteristics like closed
loop design or advance information. The third cluster (green)
corresponds to context awareness, which is related to terms like
artificial intelligence, cyber physical systems but also to sustain-
ability and sustainable development, which indicates the potential
applications. In this cluster, there is not a relationship yet be-
tween user experience and context awareness. Finally, the fourth
cluster represents value co creation (25% keyword occurrences),
which is related to terms like requirements elicitation, require-
ments engineering, representing in joint 25% of the occurrences in
the cluster. This is followed by knowledge management (12.5%)
and data driven design (9.375%).

4. User-centred design in S-PSS

Based on the SLR process, this section outlines the key aspects of

service design and UX in S-PSS, including the definitions, research
objects and technical and application aspects. As an ecosystem, S-

years and consistency from 2020 and 2021 in case studies in this
area. Similarly in context-awareness applications (Figure A.12c),

4 W ( R
Step 1 Step 2 Step 3 w Step 4 Step 5
Identification of research Search Database Apply Inclusion or Quality Assessment - Data Extraction
scope (y. 2015-2021) J L Exclusion Criteria J Full text reading & Analysis
N A V J
(- ' N
Research Questions and Removed Removed Total
keywords 252 papers 66 duplicated 44 not meetmg score 4.0
101 rejected 53 papers
\_ g J

Snowballing Sampling:
Added 12 papers

Fig. 2. SLR process.
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Fig. 3. Papers distribution.

M E-HEALTH AND WELFARE ® MANUFACTURING = SMART HOME = VEHICLES

Fig. 4. Industrial Application Sector in UCD case studies.

PSS present the challenge of combining both product and service
into one value proposition. From a product perspective, Smart
Connected Products (SCPs) include self-X behaviours (self-aware-
ness, self-reconfigurable, etc.), embeddedness and connectivity
(Kammler et al., 2019). From a service perspective, S-PSS offers di-
gital services that can be independent or dependent of the product
and powered by technologies like digital twin or Augmented Reality
(AR) (Zheng et al., 2019b). However overall, S-PSS should respond to
the needs of multiple stakeholders to be sustainable (economically,

H EDUCATION M E-HEALTH AND WELFARE ® MANUFACTURING

= SERVICE

B SMART CITY

B SMART HOME

Fig. 5. Industrial Application Sector in Context-Awareness case studies.

socially and environmentally). The following subsections will de-
scribe the user-centred aspects of the design.

4.1. Service design and data-driven value co-creation

Service design is a multidisciplinary and human-centred meth-
odology whose goal is to bring new services ideas to life by better
understanding of the interactions among people, institutions, and
technological systems (Costa et al., 2018). Zheng et al. (2019b) state
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that S-PSS follows the Service-Dominant (S-D) logic, a fundamental
pillar of Service Design, that holds a “value co-creation” view in-
dicating that user experiences, context and multistakeholder parti-
cipation create innovative business value propositions (Wetter-
Edman et al., 2014). In manufacturing industries, more companies
are evolving towards servitization. Costa et al. (2018) stated that
companies tend to overlook the customer experience and that the
views of PSS are only coming from within the organization; the
authors proposed an integrative approach towards PSS based on

service design and S-D logic, here using qualitative research and
several design artefacts spread out in four stages: exploration,
creation, testing, and planning implementation. Similarly, Liu et al.
(2018) proposed a value co-creation framework for S-PSS based on
the principles of S-D logic highlighting the need for a personalized
customer experience and creating value through the entire S-PSS life
cycle. The framework includes four stages: co-exist, co-design, co-
implement and co-evaluate. However, as Cong et al. (2020b) noted,
data-driven value co-creation is a particular characteristic of S-PSS.
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Table 5
Co-creation roles (Pezzotta et al., 2017).
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Co-Creation Role

Related Work

co-ideators: Users contribute new ideas

co-design: User customization of a specific product or service
co-innovators: Users can help with the development of new concepts
co-evaluators: Evaluation of ideas obtained through co-ideation process.
co-testers: Users test new offerings almost ready to be launched

customers as experience creators: Providers can generate richer experiences for customers using

preferences and perceptions.

(Zheng et al., 2019a; Chou, 2021; Li et al., 2020a, 2021; Zhou
et al.,, 2022)

(Zheng et al., 2017)

Zheng et al., 2019a; Hribernik et al., 2017)

Wang et al., 2021a; Mourtzis et al., 2018)

Seo et al., 2016; Bu et al., 2021)

Zheng et al., 2017; Zhou et al., 2022)

The ability to capture user-generated data in real time should be an
important part of the design process, and it is a way of identifying
and evaluating customer needs. Customers may have different roles
as co-creators in the different phases of the S-PSS lifecycle: co-
ideators, co-innovators, co-evaluators, co-testers or customers as
experience creators (Pezzotta et al.,, 2017).

Table 5 presents the description of each role and associated work
according to the literature.

4.2. Closed-loop design

Closed-loop design has been described as a unique characteristic
of S-PSS (Wang et al., 2019b; Cong et al., 2020b), because it is not
limited to the design stage and can be extended to all phases of the
lifecycle in a more holistic approach. Furthermore, as
ValenciaCardona et al. (2014) stated, S-PSS developers should be
prepared for life-long evolution. Cong et al. (2020b) depicted four
phases of “closed-loop design”. In each phase, the opportunities for
value co-creation by users and customers, here with a data-driven
perspective, were identified, as seen in Fig. 8:

(1) Requirements analysis phase: User requirements need to be
identified, collected and identified. In this phase, customers may
have the role of co-ideators. In service design, studies have al-
luded to the role of co-ideators through the automatic identifi-
cation of requirements. For instance, this has been done by
processing the descriptions of user experiences made in natural
language (Li et al.,, 2020a, 2021). It is also possible for users to
participate as experience creators if behaviour and cognitive
factors are included in the analysis.

Innovative design phase: Through the use of innovative proto-
types, it is possible to later analyze the fulfilment of require-
ments and customer needs.

Design evaluation: This evaluation should consider different
perspectives, the sustainability aspects, value proposition and
customer value. Customers can participate as co-evaluators.
Here, Wang et al. (2020) proposed an approach for the concept
evaluation of service bundles using sentiment analysis of cus-
tomer opinions. An evaluation of usability and user experience is
also necessary, and users take the role of co-testers, in which the
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use of virtual reality or augmented reality can produce im-
mersive and more realistic experiences.

Evolution phase: This phase represents the iterative and self-
adaptive aspect of S-PSS, where service models or product ad-
justments can be triggered by the specific context (Cong et al.,
2020b). In this phase, users can take the role of co-innovators.
Zheng et al. (2019a) proposed a hybrid crowdsensing approach
using user-generated and product-sensed information to predict
design actions and incentives for users of smart-water dis-
pensers. The role of experience creator in a data-driven manner
highlights the use of data behaviours for S-PSS customization.

=

4.3. UX in S-PSS

Functional requirements should be accompanied with cognitive
and emotional requirements concurrently (Zheng et al, 2017).
Whereas service design is more related to the strategic aspect of
value creation, UX, as defined by ISO 9241-210, is the result of “a
person’s perceptions and responses from the use and/or anticipated use
of a product, system, or service” (Iso, 2010). UX is a result of the in-
ternal state of the user, the characteristics of the designed entity and
the context features where the interaction occurs (Hassenzahl and
Tractinsky, 2006). A user’s internal state is represented by aspects
such as predispositions, expectations, needs and mood, which makes
the user experience unique. The characteristics of the designed en-
tity refer to the purpose, usability and functionality, where the
general usability criteria from the ISO 9241-210 standard are con-
sidered a baseline (Iso, 2010). From an industrial perspective, it is
necessary to address that UX for the workplace can lead to different
UX goals. Kaasinen et al. (2015) defined UX at work as “The way a

Table 6
Methods and tools in UCD approaches.
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person feels about using a product, service, or system in a work context,
and how this shapes the image of oneself as a professional”.

In the S-PSS, the user experience is characterized by feelings of
customer empowerment, the individualization of services, the sense of
ownership, and an individual and shared experience (Valencia et al.,
2015). As experience creators, customers and users can be involved in
the solution conceptualization, hence supporting better customiza-
tion (Pezzotta et al., 2017).

4.4. User-centred development approaches in S-PSS

User-centred development approaches take users’ needs and
participation as the centre of the co-designing development process
to improve user acceptance (Ngoc et al., 2021). As a principle, UCD
tries to address and improve the entire user experience, provides a
competitive advantage and contributes towards sustainability ob-
jectives (Iso, 2010). According to ISO 9241-210 (Iso, 2010), UCD
consists of four stages: understand and specify the context of use,
specify user requirements, produce design solutions that meet these
requirements and evaluate; the general process has an iterative
nature that is repeated until the expected results have been obtained
(see Fig. 9).

Chang et al. (2019) presented a case study for a smart pillbox
directed at the elderly; using behavioural analysis and the inter-
views, they performed a user analysis not only to capture their
specific requirements but also to understand the physiological,
cognitive, and behavioural dimensions. Similarly, Jia et al. (2021)
used behavioural analysis and experience maps for the development
of a smart rehabilitation assisting device. In both cases, current
users’ problems, popularly denominated ‘pain points’ usually high-
light service opportunities. Here, cloud-based services were devel-
oped according to the found needs. Non-engineering approaches and
qualitative tools (i.e., observation, interviews, experience maps, etc.)
are broadly used by UX designers at the very early stage of design for
user research, to understand the context of use and users involved.

Validation of the user experience is a crucial step in which sur-
veys and observations are an easy way to obtain feedback to mea-
sure usability and UX. Jia et al. (2021) evaluated the usability based
on three aspects: functionality, perceived usability and appearance.
However, questionnaires, interviews and observation can also be
subjective or limited to participants’ perceptions or personalities.
Methods to avoid the subjectivity include eye-tracking which is
broadly used by designers for its ease of use; physiological mea-
surement data, such as electrocardiogram (ECG), electro-
encephalography (EEG) or fNIRS which help designers understand
the cognitive process; virtual reality (VR) which can provide a more
realistic environment, reducing the physical constraints for

Needs Methods User-Centric Design Phases
Research  Analyze Design Evaluate
Realistic Environment. Reduce physical ® Virtual Reality (Seo et al., 2016; Bu et al., 2021; Dong and Liu, 2018) X X
constraints ® Augmented Reality (Seo et al., 2016)
Ease of Use ® Lo-fi prototype (Jia et al., 2021; Chang et al., 2019; Dong and Liu, 2018) X X
® Hi-fi prototype (Jia et al., 2021; Chang et al., 2019; Li et al., 2020a)
Quantitative Analysis ® Surveys (Chang et al., 2019; Jia et al., 2021; Zheng et al., 2017) X X X
Qualitative Analysis ® [nterviews (Chang et al., 2019; Jia et al., 2021; Li et al., 2020a) X X X
® Observation (Chang et al., 2019; Jia et al., 2021)
Understand behaviour ® User Mental Model (Dou and Qin, 2017) X X X
® User Journey Map (Chang et al., 2019; Jia et al., 2021; Lim and Kim, 2017;
Zhou et al., 2022)
Cognitive Analysis ® Brain Activity - Functional near-infrared Spectroscopy (fNIRS), X X X
Electroencephalography (EEG) (Bu et al., 2021)
® Eye tracking (Dou and Qin, 2017; Zheng et al., 2017)
Physiological Analysis ® Electroencephalography (EEG) X X X

Electrocardiogram (ECG) (Dou and Qin, 2017)
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understanding user behaviour (Dou and Qin, 2017. For instance, Bu
et al. (2021) developed a VR S-PSS for a rowing machine; using VR
and fNIRS, they captured the information generated by the devices
and the brain signals of the participants, which were then measured
through a metric specially chosen for the evaluated task. Seo et al.
(2016) proposed a hybrid evaluation method for smart home ser-
vices based on VR and AR prototypes; both prototypes were eval-
uated for possible consumers and have similar efficiency, ease of use
and perceived usefulness. In the study, participants stated that AR
provided a more natural experience of the smart home, but VR was
more immersive, even though it was also more physically and
mentally stressful. Dou and Qin (2017) obtained physiological data
from several sensors including ECG and EMG from elderly people
combined with environmental information, to build a user mental
model to better understand the experience of a smart TV S-PSS. User
mental models also help designers to build new products and ser-
vices.

Dong et al. (2019) emphasized that the existing research is
mostly focused on evaluating the UX and proposed an information
model that captures and represents the elements intervening in the
UX of S-PSS, such as users, scenarios that are the sources of context,
tangible products, intangible services and the sequence of inter-
active actions; the model was tested using a graph database that
helped designers to organize information more systematically.
Context-Based activity modelling is another tool for modelling the
activity, the intervening actor and the context where services are
used or needs occur (Lim and Kim, 2017; Kim and Hong, 2019).

Table 6 summarizes the different methods and tools found on
user-centred approaches for S-PSS and the needs they covered.

5. Context awareness

The term “context-aware” was first used by Schilit and Theimer
(Schilit and Theimer, 1994) in 1994 as the “ability to discover and

Table 7
Context life cycle.

Phase Techniques

Event based

By type of sensors: physical,
logical, virtual

By Acquisition process.
Key-Value pairs

Object Based

Ontology Based

Graph Based
Supervised Learning
Unsupervised Learning
Ontology Based

Fuzzy Logic

Neural Networks

Query Based

Publish and subscribe
Clustering Analysis
Time-series analysis
Reinforcement Learning

Acquisition: Getting data from sensors

Modelling: representing data into
meaningful units

Reasoning: Deducting new information
from multiple data sources.

Dissemination: Distribution of new
information or services to entities

Monitoring: Identify changes and update
models accordingly
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react to changes in the environment”. Since then, it has solidified as
a core feature of ubiquitous computing. Context was defined by
Abowd et al. (1999) as “any information that can be used to char-
acterize the situation of an entity. An entity is a person, place, or
object that is considered relevant to the interaction between a user
and an application, including the user and applications themselves”.

In general, a context-aware system uses context to deliver in-
formation and/or services relevant to a user’s task (Abowd et al.,
1999). Thus, a context-aware system does not necessarily imply
automatization or real-time processing, instead, it refers to the
ability to respond to context. There are three main features that a
context-aware application can support: .

e Presentation: Context can be used to resolve what services or
information need to be presented to the user.

e Execution: Automatically execute services based on a context
evaluation

e Tagging: The data of multiple sensors and sources need to be
fused for further analysis and interpretation.

5.1. Context life cycle

Perera et al. (2013) defined four general steps in the context life
cycle as a way to describe the process of developing context-aware
applications. Fig. 10 presents the context life cycle but includes the
Monitoring phase to support continuous evolution of the application.
The first step is Context Acquisition, which refers to data that needs to
be acquired from different sources (i.e. sensors, cps, databases, etc).
In Context Modelling, the collected data needs to be represented in a
meaningful way. Then, in Context Reasoning, data are processed to
provide useful information and insights (context). The Context Dis-
semination phase distributes context to consumers, which can be
end-users or other applications. Finally, Context Monitoring is a
stage not broadly represented and should be considered after dis-
semination because context may change at some point. Systems or
applications have to be able to identify changes and update the
models accordingly.

Table 7 summarizes each step of the context lifecycle with the
associated techniques (Perera et al., 2013).

5.2. Context-awareness in S-PSS

“Context-aware” applications have been used in the different
phases of the S-PSS life cycle. Service providers are expected to
create applications capable of reacting in varying usage scenarios.
However, there are challenges; the data are heterogeneous, with
different data formats and multi-sourced, data can come from user
behaviour (actions and values collected using the products or IT
platforms) (Wutzler et al., 2017). For example, sensor data are col-
lected directly from the products (Zheng et al., 2019a), but also with
the increase of social media awareness from individuals and orga-
nizations, it is possible to capture the opinions and comments of
customers as user-generated content.

A common approach to measuring the concept evaluation of PSS
is through key performance indicators (KPIs) from different per-
spectives such as customer, sustainability, or risks. Mourtzis et al.
(2018) presented a context-aware framework to evaluate a PSS based
on lean methodology. The sources of information were the feedback
received from shop floor experts and business customers through
social media platforms. They also considered the information from
machines and manufacturing execution systems to obtain the KPI
values. Using Natural Language Processing (NLP) techniques, they
analyzed the comments and feedback. The information was deliv-
ered to users through a web application. Wang et al. (2020) proposed
evaluating S-PSS based on the user experience and usage scenarios.
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Aligned with the life cycle of context-aware applications, they
modelled the context sources, features, and types using key/value
pairs. A set of scenarios were identified with context features and
predetermined values, for instance, “printing speed”, “print fre-
quency”, and so forth. Each scenario represented a Product Service
Bundle (PSB), to evaluate these, the authors performed sentiment
analysis on comments relevant to the user experience. Several per-
ceptual indicators were analyzed and ranked, allowing for identi-
fying those PSB that outperform the rest (Wang et al., 2021a).

Another characteristic of S-PSS is their constant evolution. Some
studies have concluded the need of taking advantage of the large
amounts of data generated in the usage phase, to fully capture the
implicit requirements that users have (Zheng et al., 2019b). For in-
stance, Wang et al. (2019a), (2021b) proposed a graph-based con-
text-aware framework for the requirement elicitation process in a
data-driven manner. The framework consists of three layers: the
bottom layer includes the identification of physical resources and
data resources. The knowledge management layer uses domain
ontologies to model the product’s components, services, and con-
text. The top layer is the requirement elicitation layer, which is
modelled through a requirements graph. Using a boilerplate pre-
sented by Arora et al. (2014), a requirement can be represented as
‘under what context, system component(s) shall/should/will do
process’. Each node in the graph represents the context, product, and
service. The graph-based process aims to predict the most relevant
product and services based on the usage context obtained through
analysis of users’ comments. The similarity of the context node with
the product and service node is ranked. Elements are listed from
high to low to easily identify which requirements are more relevant
to users. Similarly, using a hypergraph framework and usage sce-
narios it was also possible to create configurable S-PSS (Wang et al.,
2021c¢).

In the usage phase, Ren et al. (2021) presented an approach for
fault-diagnosis in smart production machines, here considering the
needs of service providers in use-oriented PSS. Moreover, the paper
highlighted the need for big data analytics to fully potentiate the S-
PSS, considering the amount of data generated for multiple custo-
mers and different products and operations. In the study, the data
from smart machines were modelled into tuples to form data cubes
and further analyzed using Deep Neural Networks. Athanasopoulou
et al. (2020) also used neural networks for path planning in a smart
mobility platform. Data from cameras and geolocalization were used
as context sources. The project can be seen as pay-per-service unit in
result-oriented PSS.

Maleki et al. (2018) proposed an ontology-based framework that
can support the smart services in industrial machinery PSS. The
study noted the highly customized environment of industrial S-PSS
and how it can be tackled with a generic design composed of a
collection of ‘solution-ready’ components that can be ‘mixed and
match’ and can be later used in several PSS. Each service can be
modelled into a pattern that relates the product, service and re-
quired information, using the modular structure of SSN ontology
(Compton et al., 2011) and integrating it with context-specific classes
and relationships. The framework was developed with the Apache
Jena framework which is used for building semantic web applica-
tions.

Li et al. (2020b) proposed a context-aware framework for S-PSS
development, that considers all phases of the S-PSS lifecycle to fulfil
a sustainable solution. The framework has four main steps, re-
quirement elicitation, solution recommendation, solution evaluation
and knowledge evolvement to support the decision making and
optimization of the system. At the core, context-awareness aims to
model the multiple scenarios in immense user-generated data and
product- sensed data in the S-PSS (Li et al.,, 2021). Table 8 sum-
marizes each stage of the context awareness life-cycle applied to S-
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PSS case studies found in the literature. The following section will
analyze and answer the research questions established in section 3.1.

6. Discussion and opportunities for research

To answer the questions carefully and comprehensively, analysis
has been built on the significant aspects that should be considered
when examining context awareness capability in S-PSS focusing on
the design and user experience. Based on relevant literature, these
aspects, along with the findings, have been explored in previous
sections.

RQ1: What are the connections of UCD, UX and Context-Awareness
for S-PSS?

The context is any type of information helping to identify the
current situation of an entity, be it a person, place or object. Several
researchers have highlighted the importance of the context in S-PSS
(Cong et al., 2020b; ValenciaCardona et al., 2014; Zheng et al., 2019b)
because it helps ensure that services and products can adapt in
multiple scenarios and to various stakeholders. Section 4 further
explored UCD, considering service design and UX. Fig. 11 shows how
these different concepts, which are interrelated in the design of S-
PSS use context. In the case of S-D logic as part of service design
focuses more on the creation of value for the customer, stating that it
is a co-creation process and a great part of the value is in the context,
implying that the process must be capable of understanding the
beneficiary’s environment and the associated resources (Wetter-
Edman et al., 2014). UX concentrates on the part of user design that
will be the mode of interaction with the S-PSS, whose sources of
context are a combination of users, resources and factors of the use
environment, all of which affect the experience. It is understandable
then why the context-awareness capability is important in the S-PSS
and the importance of capturing context for customers and for users.

RQ2: How has context awareness capability been used in the design
of S-PSS?

Section 5.2 explored the case studies found in the literature
whose contribution is reflected in frameworks and development
approaches. Table 8 shows that the case studies were not limited to
the previously established design stages, but rather extended to the
maintenance of smart products. To answer the question, it is ne-
cessary to analyze the important aspects of the stages involved in
the development of context-aware applications to finally highlight
the uses in the UCD and user experience. .

e Acquiring and Modelling context

A model allows for abstracting the specifications of concern in S-
PSS. The data acquisition from heterogeneous sources makes data
models a common necessity in the studies reviewed and a funda-
mental step in context-aware applications. For the design aspect of
S-PSS, not only is it necessary to consider physical sensor data from
smart products, but also social sensor data, and user data. However,
there is a static component to S-PSS that represents the structure of
the smart product and related services (i.e. bundles), which are
usually defined before usage. According to Maleki et al. (2018) in an
S-PSS architecture, the domain knowledge models function in an
intermediary role to integrate the S-PSS services with the cyber-
physical components. One approach is the use of domain ontologies.
Ontologies are a means to formally model concepts from a particular
domain into a detailed specification of entities with properties and
relations. Domain ontologies define the vocabulary related to a
particular domain (Gruber, 1993; Guarino et al., 2009). Some studies
started with the development of new ontologies (LeDinh et al., 2021;
Wang et al., 2019a). Hajimohammadi et al. (2017) proposed a generic
ontology for PSS development that includes all the life cycle phases
of products and services. Instead, others have adapted known
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Table 8
Context Aware case studies found in the literature.
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Case Study

Acquisition

Modelling

Reasoning

Dissemination Lifecycle Stage

(Wang et al., 2021a)

3Dhub.com user-

Key/Value pairs

® Supervised Machine  Not specified Smart Design-Usage

3D Printer comments and Experts Learning (SVM) ® Concept Validation
® use-oriented ® NLP (co-evaluators)
® B2C
® (Mourtzis et al., 2018) Comments on issues Relational Database ® Supervised Machine  Web Application ® Smart Design-Usage
® Mold-die making industry  and maintenance and Learning ® Concept Validation
® product-oriented manufacturing data ® NLP (co-evaluators)
® B2B from sensors

(Wang et al., 20193, 2021b)
Framework evaluation
using open data to
simulate a

use-oriented bicycle PSS
B2C

Reviews and comments
and sensor data

Domain Ontology,
Context Ontology
Graph-database (Neo4j)

® Graph Algorithms Not specified Smart Design-Usage
Requirement elicitation

(co-ideators)

(Li et al., 2020b)
Illustrative example of 3D
Printer

use-oriented PSS

3Dhub.com user-
comments Sensed data
from 3D printer

Key/ Value Pairs,
Domain Ontology

Supervised Machine
Learning (Random
Forest)

Not specified Smart Design-Usage

Smart End of Life

® B2C
® (Ren et al., 2021) Data collected by Data Warehouse ® Deep Neural Not specified ® Smart Maintenance
® Smart Production sensors. Records Networks ® Fault Prognosis
Machines from MES.
® use-oriented PSS
® B2B
® (Athanasopoulou Camera data. Sensor Not specified ® Neural Networks Not specified ® Smart Usage
et al., 2020) location information.
® Smart Mobility Platform
® result-oriented PSS
® B2C
® (Maleki et al., 2018) Sensors in laser cutting PSS Ontology and SSN ® Rule Based reasoning web application ® Smart Maintenance
® Machine health machines. Ontology and semantic
monitoring reasoning
® product-oriented PSS
e B2B
® (Seo et al., 2016) VR devices and AR app  UX ontology for smart ® Semantic reasoning  mobile app ® Smart Design
® Smart home interactions home services (Jean inference) ® Smart prototyping
® product-oriented PSS (co-testers)
® B2C
® (Le et al, 2020) Forums related to Context-aware ® NLP based on RASA  web application ® Smart Usage

Smart bot for Customer
Support
product-oriented PSS
B2C

product (extracting
questions and answers)

knowledge Ontology

NLU Open Source

ontologies in their core of their solutions. Li et al. (2020a) used the
Function-Behaviour-Structure (FBS) ontology to model the prototype
of a smart product and exploited user-generated data collected from
Wiki pages and e-commerce platforms as sources of context to
create a knowledge graph using Neo4j, which could provide in-
novative concepts and probable relations when solving unusual re-
quirements for S-PSS. On the other hand, the context acquired from
social sensors can come from multiple sources (i.e. social networks,
e-mails, e-commerce reviews); here, it is the modeling and rea-
soning process that allows for obtaining the context of, for example,
usage scenarios, type of user, place or time. .

e Reasoning context
Most of the studies presented in Table 8 have used supervised

machine learning techniques to address the reasoning phase and
NLP which is a subfield of machine learning and it is mainly used in

12

raw and unstructured text. Machine learning takes advantage of the
large amount of data generated by smart devices, social sensors and
data from users. However, some of these studies also point to a lack
of data as a challenge in the early phases of S-PSS (Wang et al., 2020),
where the selection of hybrid methods that combine one or more
techniques can address this situation. Considering the use of ontol-
ogies in the modelling stage, semantic reasoning could take ad-
vantage of this to infer new knowledge based on established
relationships in ontologies using frameworks, such as Jena, an open
source Java framework for building semantic web applications.
Graph databases can also import ontologies, allowing for the use of
graph algorithms to infer new information. For instance, Neo4;j is a
graph data platform that includes a database and data analysis suite,
and it has been used in some of the works presented in this review
(Seo et al., 2016; Maleki et al., 2018).

e Dissemination and Monitoring
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S-PSS
".highly context dependant” (Valencia
Cardona et al., 2015)

"Smart PSS context should be primarily
collected to enable real understanding of user
behavior and trigger development” (Cong et
al., 2020)
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CONTEXT-AWARENESS
"A system is context-aware if it uses context to
provide relevant information and/or services (o
the user, where relevancy depends on the
user's task." (Perera et al., 2013)

J

SD-LOGIC
“value co-creation” view that uses
experiences, context and
participation from stakeholders to

innovate"” (Wetter-Edman et al.,
2014)

USER-CENTRIC DESIGN
"Understand and specify the

Context

context of use....." (Iso,
2010)

USER EXPERIENCE
".is a result of ...user’s state.. and
the context features within which

the interaction occurs" (Hassenzahl
& Tractinsky, 2006)

Fig. 11. Context relationship on S-PSS ecosystem based on: (Valencia et al., 2015; Cong et al., 2020b; Perera et al., 2013; Iso, 2010; Hassenzahl and Tractinsky, 2006; Wetter-Edman

et al,, 2014).

The dissemination of ‘context’ to end-users and its application in
the usage stage of the S-PSS, as well as to which users the solutions
were oriented, it was generally not discussed in the papers selected.
This aspect is very close to the user experience and user interaction,
since it is relevant on how new information or services are delivered
to the user. This might be a part that needs more attention to un-
derstand more perspectives, for example, from designers, providers
and end-users. Furthermore, the process of context monitoring re-
presents the evolution of the design. It is important to monitor user
feedback regarding the decisions made by the application. Feedback
from users can come through integrated surveys, but also from user
behaviour. For instance, if a user is not happy with the service or
information that the application is offering, it is likely they will re-
turn to an old state of the application, or do not interact with the
information. This can be taken as negative feedback. Reinforcement
learning aims to maximize some notion of reward, for instance, end-
user satisfaction by optimizing the recommendations, information
or services provided to the user (Nurmi and Floréen, 2004). There is
no evidence in the literature of methods to address the evolution of a
context-aware application used in S-PSS .

e Context-Awareness in user-centred design

In the design, a great part of the efforts in the context-aware
applications for S-PSS have been observed in the concept evaluation
of product-service bundles, and requirement elicitation and analysis
for capturing implicit requirements; for which it has been exploded
external sources to smart products such as social sensors. Several
case studies coincide in the analysis of user comments related to
their experiences, obtained through social networks or other means
of communication using NLP techniques, and the evaluation using
sentiment analysis to quantify the positive or negative feelings from
text (Mourtzis et al., 2018; Wang et al., 2021a; Le et al., 2020; Li et al.,
2020a; Lin et al., 2016). Hence, the requirements arise based on
opinions of product-service bundles. Here, context-aware applica-
tions are passive, they present the new or updated context to an
interested user or they make the context persistent for the user to
retrieve later (Liu et al., 2011). Overall, the role of users as co-idea-
tors has been largely explored in the literature; requirement analysis
and the concept evaluations are tools for internal stakeholders to
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make decisions, but there is no evidence in the literature of an
evaluation and the use of the results from part of companies; a more
industrialized view is necessary. There is still room in other areas to
present more studies, for instance, in the areas of innovative design
and evolution.

In these areas, there is a need to further integrate real-time
sensor data from smart products and take advantage of that as a
source of context, the use of context, in general, should provide
adaptive applications according to use. Furthermore, there is a lack
of research that use data from user behaviour and preferences in the
usage stage of S-PSS to provide active context-awareness applica-
tions that automatically adapt to discover context through changing
the application’s behaviour (Liu et al., 2011).

Regarding the user experience, context awareness has been used
to create more realistic prototypes that can adapt to use, hence
obtaining a realistic opinion of the product (Seo et al., 2016) before
fabrication. Another use is the creation of mental models from users
as they test smart products, here capturing data from a variety of
sensors devices specially designed to obtain physiological and psy-
chological information from users (Dou and Qin, 2017). Therefore,
the context-aware applications presented in the literature try to
capture or perceive the context to bring new information, but they
do not present methods to adapt the S-PSS to the context. .

e Current Challenges

For context-aware applications, there is a lack of research fo-
cusing on the architectural patterns that support the modularity,
interoperability and scalability of the systems in the context of S-
PSS, whose operations foresee a large number of simultaneous users.
Thus, the volume of the data and the velocity where data occurs,
along with the variety of sources are important to consider in big
data analysis and architecture to respond to the real-time needs of
multiple users. The process of filtering and validating the relevant
contextual information within the time limits specified by the re-
spective applications is a difficult process. This motivates an in-
vestigation of real-time and context-aware big data processing
techniques for the handling of contextual information of any busi-
ness entity instantly, including internal and external sources of
context (Dinh et al., 2020).
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RQ3: What are the current gaps and challenges in the design of S-
PSS to satisfy user needs and improve UX?

Most engineering methodologies for design are oriented at smart
products rather than smart services (Cong et al., 2020b). Therefore,
there is still a need to create more frameworks or methodologies to
support the smart service aspect of S-PSS. Other important aspects to
consider are the following: .

e Evolutionary design in S-PSS

The ‘closed-loop design’ characteristic highlights the constant
evolution of an S-PSS, but how to manage feedback and behaviour
from users is still not well addressed; here, requirement manage-
ment and elicitation have received more attention (Pirola et al.,
2020). Studies on UX in S-PSS are especially scarce and they only
focus on the evaluation of user experience in the design stage. Thus,
they do not follow the holistic perspective of the S-PSS life cycle.
Considering the design characteristics established in section 4, most
of the works do not address how to exploit the data generated from
devices and users to provide ‘customized experiences’ and ‘self-
adaptable design’ capable of reacting to different sources of context
(i.e. device context, user context and environment context). Cong
et al. (2020Db) highlighted that user preferences should be associated
with different design elements of Smart PSS in specific usage con-
texts. However, the studies in this research area are still limited to
some user-specific preferences in the usage stage of Smart PSS. For
instance, digital service platforms accessible through mobile apps or
web applications are a big part of S-PSS offer, the use of adaptive
user interfaces (UI) in this context has the potential to adapt to user
interaction patterns, hence, achieve a more personalised UX that can
lead to greater user satisfaction in S-PSS. The role of users as “ex-
perience creators” and “co-designers” can be further exploited to
provide S-PSS customization using a data-driven approach. .

e Data Privacy

Data-driven and evolutionary design will require the user’s per-
sonal and behavioural information, which could vary depending on S-
PSS’ application domains. The services created must help users make
informed decisions about their privacy. Similarly, users must have
control over their personal information (van Ooijen and Vrabec, 2019).
Privacy regulations should be followed (i.e. General Data Privacy Reg-
ulation GDPR) and ensure users’ consent and awareness of the data
collected (Zheng et al., 2019a). Furthermore, considering the use of
several machine learning approaches reviewed in this paper, it is ne-
cessary to define “how much data”, “what data” and “why” .

e Holistic UCD view and Multi-business perspective

UCD is very relevant for capturing the needs of the stakeholders and
guaranteeing a better user experience. However, studies using this
approach are very limited to the design stage of S-PSS; how to con-
tinually evolve smart products and services while maintaining a user-
centric approach is challenging. Moreover, 53% of the reviewed case
studies that used the UCD approach were related to e-health and wel-
fare S-PSS, followed by 33% in Smart Home applications. It seems that
this type of industry, which is characterized by a Business-to-Consumer
(B2C) business model, is more interested in understanding end con-
sumers, since they represent a large part of the market to which their
products and services are directed. Whereas, for instance, the manu-
facturing area has a lower number of case of studies following UCD
approach, especially characterized by a Business-to Business (B2B)
model that is more about selling industrial products based on materials
and parts, capital items, supplies, etc; an area where the users are al-
ways not so evident or not considered (He and Zhang, 2022).
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In Table 8, seven (7) out of the ten (10) case studies reviewed
are focused on B2C. Three case studies are directed at B2B. Basic
design and UX principles are shared between both approaches (i.e.
functionality, intuitiveness, attractiveness, etc.). However, the
goals of the UX change; end-consumers are strongly motivated by
emotions, in contrast with B2B models, which are more motivated
for professionalism, customization of services and establish loyal
relationships (Ritter and Winterbottom, 2017). For instance, ob-
taining opinions from B2B from social sensors will be difficult.
There will be a need of more integrative ways to gather feedback
within the S-PSS.

7. Conclusions

As a business strategy that combines smart services and con-
nected products into one solution, S-PSS have gained more attention
among academics. The current review followed an SLR approach and
presented some limitations because of the breadth of the topics
covered, which made it difficult when classifying the selected works.
However, the review accomplished its goal to provide the reader
with a general overview of concepts while presenting current stu-
dies described in the literature, gaps and challenges. Furthermore,
the current study has answered the three research questions and
synthesized the relationships among UCD, UX and context-aware-
ness in S-PSS.

Other contributions of this work are as follows:

e A bibliometric analysis of the SLR in the field of S-PSS design with a
user-centred approach. This includes the description of both
empirical and theoretical research. Furthermore, an analysis of
industrial sectors in cases of studies following context-aware and
UCD approaches. Finally, a keyword cluster analysis that provides
a visual and quick overview of the subjects that the studies have
focused on and how they are interrelated.

e An analysis of design aspects of S-PSS with a user perspective The
present paper examined the aspects and internal characteristics
of the design of S-PSS as related to different roles that users can
have in design in the various stages of the S-PSS life cycle, en-
hancing the digital capabilities of S-PSS that allow “data-driven
value co-creation” within a “closed-loop design approach”. The
review has presented works following UCD, which have been
utilized only in the design stage. This is true, especially in the
very early stages of S-PSS development, where the lack of data
can hinder a data-driven design. The authors emphasize that the
personalization of services based on context could allow the
design to be extended to the usage phase of S-PSS and provide a
smart user experience.

e A context-aware lifecycle analysis of case studies Following the
lifecycle of context-aware applications, this work have described
each stage and the multiple case studies found in the literature
have been synthesized.

After examining the relationships of many components of the
design of S-PSS and context information, future work will follow the
context-aware lifecycle approach, to provide a smart user experience
in S-PSS. Considering as a basis a User-centric design and the data-
driven co-creation characteristic of S-PSS.
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