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Abstract: Since the early 2000s, product–service systems (PSS) have become a research concern
because the benefits provided cover many aspects. PSS is divided into three types, namely, Type 1:
product-oriented, Type 2: use-oriented, and Type 3: result-oriented. PSS is a system comprising
different components. As a system compiler, the components are the starting point for the value-
creation process and continue to impact the PSS’s life cycle. However, elaboration of PSS components
in previous studies has lacked. This situation indicates an urgent need to investigate PSS components
and, thus, our evaluations of the value creation and the developmental processes of PSS seek to be
broad and divergent. The investigation that forms the purpose of this article includes an elaboration
of the PSS components, a calculation of the PSS components’ importance levels, statistical testing of
the differences in importance levels due to PSS type, correlation testing between components, and a
determination of the PSS components concerning the sustainability aspect based on the perspective of
customers. The investigation began with the development of a questionnaire and a reliability–validity
test. In addition, we identify the PSS components, test the difference in importance level using the
Mann–Whitney test, and survey customers to determine the sustainability-related components. This
article’s findings can be used to specify the critical point for value creation and PSS development. The
elaborated PSS components are products, services, actors, stakeholder relationships, and technology.
The difference in importance level indicates that PSS Type 2 customers perceive a distinction in the
importance of technology. The essential components of each type of PSS are distinct, necessitating
the use of different development strategies, including for sustainability aspects.

Keywords: product–service systems; components; value creation; control point; consumer behavior

1. Introduction

Pressure from the competition and rapid technological changes have forced the manu-
facturing industry to regard service as an added value and product differentiator [1]. The
trend of service involvement in value creation in the manufacturing industry has given rise
to the term “servitization”. Servitization increasingly requires manufacturers to transition
from product to product and service integration [2]. Service has shown its contribution to
value creation on a non-price basis [3], increasing a firm’s economic value [4] and increasing
customer loyalty [5]. Based on these benefits, PSS is growing as a manifestation of the
integration of products and services [6]. According to the typology, there are three types of
PSS, namely Type 1: product-oriented, Type 2: use-oriented, and Type 3: result-oriented [7].
In the product-oriented type, the proportion of products is more significant than the service.
In the result-oriented type, the service is prominent. While in the use-oriented type, the
balance of products and services is flexible. Although each has a different characteristic,
the three types of PSS can form a strategic innovation for manufacturing [8]. PSS is an
integrated system of products, services, support networks, and infrastructure designed to
meet customer needs, increase competitiveness, and impose a lower environmental im-
pact than traditional business models [9]. The PSS business model increases collaboration
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between firms and customers with fewer products but with increased availability, which
can increase use time and service life while the required resources decrease [10]. PSS has
implemented sustainability and circular economy concepts [11]. PSS can support economic
growth through a circular and distributed economy, social equity, social cohesion, and the
reduction of environmental impacts [12,13]. Along with the use of PSS in industry, PSS has
also developed into several particular topics, including sustainable PSS [14–18], SMART
PSS [17,19–23], personalized PSS [21,24,25], and so on. This business model innovation
requires an adequate evaluation of value creation and PSS development. Based on the
literature review, there needs to be more research regarding the role of the PSS component
in the value creation process. In addition, the PSS components have yet to be well elab-
orated in previous studies, so the evaluations of value creation, value delivery, and PSS
development have been neither component-based nor divergent [26].

PSS is designed to achieve a particular value, where the value creation and value
delivery process is systemic and needs to be evaluated throughout the life cycle of PSS [27].
The PSS component can be a control point for value creation, value delivery, and the
PSS development process. A component aims to perform a specific function according
to various design standards and patterns [28]. Value creation starts from components
supporting the PSS function to achieve a particular value. Therefore, firms produce a
reliable PSS if the components are effectively managed and controlled [29]. In quality
assurance for both products and services, firms use components as control points when
monitoring product reliability [30], tolerance for production variations [31], and customer
satisfaction [32]. Based on previous studies, the evaluation process is related to the customer
perspective [19,33,34], cost perspective [35,36], risk and uncertainty perspective [29,37],
lifecycle perspective [10,37–39], and so on. Whereas the PSS component affects the value
throughout the PSS life cycle, the source of evaluation is a component. Consequently, the
research question that arises is what the PSS components are and what the character of the
PSS components is.

The identified research gap increases the urgency of the need to investigate the com-
ponents of PSS as a problematic definition. Thus, the purpose of this article is five-fold:
to elaborate on the PSS components based on previous studies and surveys; examine the
differences in the PSS components’ importance levels among the three types of PSS; find the
PSS components’ importance levels for every kind of PSS; examine the correlation among
components; and examine the PSS component in terms of sustainability, based on the
customer perspective. Firms and researchers can use the results of this article as a guide in
determining control points for value creation, value delivery, and PSS development. Based
on the customer’s point of view, firms use the importance levels of the PSS components
to figure out where to focus their monitoring and development. PSS development starts
with the most critical components while considering the correlation between components.
A firm’s efforts to research the nature of PSS components, the relationships between PSS
components, and the contributions of components to value creation and value delivery
for PSS development objectives maybe reduced in the future as a result of this article’s
findings. According to past research, PSS development has mainly focused on product and
service features or innovation [40–44]. However, there are other essential components to
develop from the customer’s point of view [45–47]. The upshot of this study for researchers
is a preliminary inquiry into the characteristics of PSS components that may be used to
develop the value creation process, value delivery, and PSS reliability. Reliability analysis
is associated with the failure analysis of a component [30,48,49]. This research offers a
statistical analysis describing the relationship between components and differences in
their significant levels. Another element of this research is its exposure to survey results
regarding PSS components that contribute to sustainability. The findings of this research
will enhance the use of PSS components as control points for value creation and the PSS
development process.
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2. Materials and Methods

Several research steps are depicted in Figure 1.
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Figure 1 depicts the four steps of the research process. Step 1 was a questionnaire
design survey for the PSS component investigation. A literature review on PSS was used to
identify those critical aspects of value creation and value delivery that satisfy the component
definition. Numerous previous studies have concurred that PSS consists of products and
services that are intentionally designed for specific values [15,29,50–54]. In addition to
products and services, the success of PSS also depends on the actors in charge of delivering
value to customers [29]. There are two groups of actors: external and internal. Collaboration
between external and internal actors significantly affects the PSS development process [52].
Complex PSS currently necessitates good relationships among actors. These relationships
are critical to value creation and delivery [51]. The relationship is multi-actor and includes
other stakeholders related to the primary resources and strategic factors [53]. The Industrial
Revolution 4.0 has also influenced the development of PSS so that technology becomes
one of the critical aspects of value creation and delivery [55]. This article elaborates on
PSS components based on a literature review, and the definition of components includes
products, services, actors, stakeholder relationships, and technology. The five elements
were then assembled into a questionnaire.

Step 2 of the research was data collection through a customer survey. The purpose of
the survey was to explore ideas and evaluate the importance levels of the PSS components
discovered in the literature search. Respondents in this survey were Indonesians who had
experience using PSS Type 1, Type 2, or Type 3. Respondents had similarities in culture,
government policies, and habits in meeting daily needs. Thus, the sample was selected at
random from a vast population. The sample size determination follows confidence interval
limits, in which the researcher believes the error will not exceed the error margin [56]. The
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Cochran formula, shown in Equation (1), determines the sample size for populations with
numerous members [57].

n ≥ Z2
α(pq)

e2 (1)

where:
n is a sample size
Zα is a standardized normal distribution value for specific alpha
p is the proportion of people who have used PSS
q is the proportion of people who have not used PSS
e is an error margin.
There were validation questions in the questionnaire used to filter the data so that the

processed data came only from respondents who had experience with specific PSS. The
value of p was calculated by dividing the number of respondents who had used a particular
type of PSS by the initial observation of 30 respondents. The sample size must be logically
determined to strike a good balance between effort, time, cost, and estimates of population
parameters [58]. The researcher was 90% confident that the difference between the sample
statistics and the population parameter was less than 0.1. Thus, the value of alpha and
margin error is 10%. Table 1 presents the determination of sample size for each type of PSS.

Table 1. Calculation of sample number.

No Type of PSS p q Minimum
Sample Size

Real
Sample Size

1 Type 1: Product-Oriented 0.67 0.33 60 respondents 80 respondents
2 Type 2: Use-Oriented 0.73 0.27 54 respondents 70 respondents
3 Type 3: Result-Oriented 0.73 0.27 54 respondents 72 respondents

After determining the sampling method and the sample size, a pre-sample of 60 re-
spondents was used to test the questionnaire’s reliability and validity. Previous studies
have emphasized the importance of reliability and validity tests because they are used as
criteria for the quality of the questionnaire [59]. A reliability test ensures consistent results
if the questionnaire is given to a respondent at different times or to several respondents
simultaneously [60]. Cronbach’s Alpha is a coefficient often used to indicate reliability,
which is divided into several categories, as in Table 2 [61].

Table 2. Reliability category.

No Cronbach’s Alpha Reliability Conclusion

1 0.90 and above Excellently reliable
2 0.70–0.89 Highly reliable
3 0.50–0.69 Moderately reliable
4 0.49 and below Less reliable

The result of the reliability test in this research is presented in Table 3.

Table 3. Reliability Test Result.

No Type of PSS Alpha Cronbach Reliability Conclusion

1 Type 1: product-oriented 0.852 Highly reliable
2 Type 2: use-oriented 0.636 Moderately reliable
3 Type 3: result-oriented 0.819 Highly reliable

The reliability test results indicate that the questionnaire was appropriate as a mea-
suring tool in this study. Meanwhile, a validity test was carried out to show the accuracy
of the questionnaire in measuring what it was intended to measure [59]. The validity test



Sustainability 2022, 14, 16216 5 of 23

showed the quality of the questionnaire in measuring the importance of the PSS compo-
nents identified in previous studies. Suppose the validity test results obtained invalid
results. In that case, the PSS component as a question variable in the questionnaire must be
deleted because it is significantly irrelevant to the intended PSS. The PSS component was
considered valid if the corrected item-total correlation value was greater than the r-table
value of 0.2542. Table 4 shows the results of the validity test.

Table 4. Validity test result.

No Type of PSS PSS
Component

Corrected Item-Total
Correlation

Validity
Conclusion

1

Type 1:
product-oriented

Product 0.630 Valid
Service 0.708 Valid
Actor 0.776 Valid

Stakeholder
Relationship 0.578 Valid

Technology 0.650 Valid

2

Type 2:
use-oriented

Product 0.357 Valid
Service 0.405 Valid
Actor 0.440 Valid

Stakeholder
Relationship 0.296 Valid

Technology 0.475 Valid

3

Type 3:
result-oriented

Product 0.497 Valid
Service 0.671 Valid
Actor 0.615 Valid

Stakeholder
Relationship 0.601 Valid

Technology 0.691 Valid

The reliability and validity test results indicate that the questionnaire and the data
obtained could be accounted for in answering the objectives of this study. The investigation
of the PSS component in this article consisted of identifying the PSS component by elaborat-
ing on previous studies and surveys; testing different populations for the PSS components’
importance level in each type; calculating the PSS components’ importance level; analyzing
the correlation between the PSS components, and calculating the percentage of the PSS
component associated with sustainability.

Exploring previous studies, recognizing the PSS part’s role in influencing value, and
ensuring its suitability in terms of the definition of a component were the steps in identifying
the PSS component. Efforts to identify PSS components considered the type of PSS. The
differences in these characters are described in Table 5 [7].

Table 5. Type of PSS.

No Type of PSS Properties

1
Type 1:
Product-Oriented

The firm sells the product and provides the necessary services
for its use.

The firm provides guidance or consultation on how to use or
the most effective way to use the products it sells.

2 Type 2:
Use-Oriented

Ownership of the product rests with the firm, not the customer.
The firm is responsible for carrying out maintenance, repair,
and control. The customer, also known as the lessee, pays a
regular fee for using the product. However, the leaser has

unrestricted access or use rights to the leased product.
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Table 5. Cont.

No Type of PSS Properties

2

Type 2:
Use-Oriented

The customer does not have unlimited access or use rights to
the product. Meanwhile, product ownership and responsibility

for maintenance, repair, and control are still with the firm.

Multiple partners are gathered in one location, and the product
is simultaneously utilized.

The customer no longer purchases the product but instead pays
a fee based on the product’s output and level of use.

3
Type 3:
Result-Oriented

The firm’s tasks are delegated to third parties through
outsourcing contracts, but the quality of the work is still

monitored using performance indicators.

The firm conveys results, which can be in the form of products
or services, to clients.

After knowing the classification of PSS and its characteristics, an identification of PSS
components was carried out. Based on the research of previous studies, Table 6 shows key
aspects of value creation fitting the definition of components.

Table 6. PSS component exploration.

No PSS Component References

1 Product [15,29,50–54]
2 Service [15,29,50–54]
3 Actor [29,51,52,54,62,63]
4 Stakeholder Relationship [6,50,51,53,54,64–66]
5 Technology [15,50,53–55,62,67–72]

In the interim, various responses were obtained from customer surveys. Using an
affinity diagram, some answers were categorized into the PSS component extracted from
prior studies, while others were irrelevant to the definition of the component. Table 7
displays the results of customer identification based on a survey.

Table 7. Identification of PSS components based on the customer perspective.

Type of PSS Product Service Actor Stakeholder
Relationship Technology Irrelevant

Answer

Type 1:
Product-
Oriented

Product Design Service Variety Friendliness in
interaction

Other
customer’s
experience

Information
system Price

Ease of use Ease of access Patience Collaboration Social media Promotion

Appearance After-sales
service

Clarity in
conveying

After-sales
relationship Sustainability

Product Quality Service
Warranty

Education to
customer

Customer
Testimony Benefit

Product
Warranty

Delivery
Process Third actor Economy

Superiority Complaint
handling Offer location

Reputation Payment
method Advertisement

Availability

Maintenance
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Table 7. Cont.

Type of PSS Product Service Actor Stakeholder
Relationship Technology Irrelevant

Answer

Type 2:
Use-Oriented

Quality
Guarantee Access duration PSS Knowledge Experience Infrastructure Price

Ease of use Quality
Guarantee Communication Customer

Testimony
Information

system Promotion

Safety Service policy
and terms

Delivery
Process Trust e-commerce Event

Maintenance Security Key Opinion
Leader Trend

Creative
Innovation

Peer User
Review

Type 3:
Result-

Oriented

Product Quality Service Quality Attitude Cooperation Communication
channel Price

Product Variety After-sales
service Skill Good

relationship
Data

management Promotion

Product
Warranty Reputation Experience in

service
Customer’s So-
ciopsychology Flexibility Performance

report

Reputation Ease of access Communication Trust

Flexibility Flexibility Flexibility Flexibility

Step 3 of the research was data processing, including an examination of PSS compo-
nent importance levels and the relationships between different PSS components in terms of
sustainability. After elaborating on the PSS components, the investigation continued with a
population difference test of the PSS components’ importance levels for each type. The re-
sults can be used to consider specific treatment needs for each component in planning value
creation and PSS development. The test was carried out by using the Mann–Whitney test.
The Mann–Whitney test is used to examine the difference between two independent popu-
lations through the median without knowing the distribution of the two populations [73].
In cases with unequal sample sizes, the error probability cannot be well controlled by
either the Student’s t-test or the Mann–Whitney test; however, even in that case, the Mann–
Whitney test is still better than the Student’s t-test [74,75]. The hypotheses built for the
Mann–Whitney test are presented in Table 8.

Table 8. Hypotheses for Mann–Whitney test.

No Hypothesis Objective of Test

1
Hypothesis 1
H0: ηP1 = ηP2
Ha: ηP1 6= ηP2

Assess whether PSS Types 1 and 2 have different levels of
importance for the product as components.

2
Hypothesis 2
H0: ηP1 = ηP3
Ha: ηP1 6= ηP3

Assess whether PSS Types 1 and 3 have different levels of
importance for the product as components.

3
Hypothesis 3
H0: ηP2 = ηP3
Ha: ηP2 6= ηP3

Assess whether PSS Types 2 and 3 have different levels of
importance for the product as components.

4
Hypothesis 4
H0: ηS1 = ηS2
Ha: ηS1 6= ηS2

Assess whether PSS Types 1 and 2 have different levels of
importance for the service as components.

5
Hypothesis 5
H0: ηS1 = ηS3
Ha: ηS1 6= ηS3

Assess whether PSS Types 1 and 3 have different levels of
importance for the service as components.
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Table 8. Cont.

No Hypothesis Objective of Test

6
Hypothesis 6
H0: ηS2 = ηS3
Ha: ηS2 6= ηS3

Assess whether PSS Types 2 and 3 have different levels of
importance for the service as components.

7
Hypothesis 7
H0: ηA1 = ηA2
Ha: ηA1 6= ηA2

Assess whether PSS Types 1 and 2 have different levels of
importance for the actor as components.

8
Hypothesis 8
H0: ηA1 = ηA3
Ha: ηA1 6= ηA3

Assess whether PSS Types 1 and 3 have different levels of
importance for the actor as components.

9
Hypothesis 9
H0: ηA2 = ηA3
Ha: ηA2 6= ηA3

Assess whether PSS Types 2 and 3 have different levels of
importance for the actor as components.

10
Hypothesis 10
H0: ηSHR1 = ηSHR2
Ha: ηSHR1 6= ηSHR2

Assess whether PSS Types 1 and 2 have different levels of
importance for the stakeholder relationship
as components.

11
Hypothesis 11
H0: ηSHR1 = ηSHR3
Ha: ηSHR1 6= ηSHR3

Assess whether PSS Types 1 and 3 have different levels of
importance for the stakeholder relationship
as components.

12
Hypothesis 12
H0: ηSHR2 = ηSHR3
Ha: ηSHR2 6= ηSHR3

Assess whether PSS Types 2 and 3 have different levels of
importance for the stakeholder relationship
as components.

13
Hypothesis 13
H0: ηT1 = ηT2
Ha: ηT1 6= ηT2

Assess whether PSS Types 1 and 2 have different levels of
importance for the technology as components.

14
Hypothesis 14
H0: ηT1 = ηT3
Ha: ηT1 6= ηT3

Assess whether PSS Types 1 and 3 have different levels of
importance for the technology as components.

15
Hypothesis 15
H0: ηT2 = ηT3
Ha: ηT2 6= ηT3

Assess whether PSS Types 2 and 3 have different levels of
importance for the technology as components.

Furthermore, calculating the PSS components’ importance levels was analogous to
calculating the mean importance level of attributes in the SERVQUAL case [76]. Table 9
displays the average importance of PSS components for Types 1, 2, and 3. The importance
level measurement used a scale of 4.

Table 9. Importance level of PSS component.

No Component
Importance Level (Scale of 4)

PSS Type 1:
Product-Oriented

PSS Type 2:
Use-Oriented

PSS Type 3:
Result-Oriented

1 Product 3.56 3.46 3.49
2 Service 3.51 3.63 3.56
3 Actor 3.34 3.41 3.25

4 Stakeholder
Relationship 3.09 3.33 3.21

5 Technology 3.45 3.67 3.33

The investigation continued into the correlation analysis between components. PSS
is a system composed of synergistic components that contribute to overall value creation.
Therefore, studying the interaction between components is vital for an examination of value
creation or PSS development. Several coefficients can be used to show the relationship
between variables, such as Kendall’s τ, the Ghini measure, Blomqvist’s β, Spearman’s ρ,
and Pearson’s correlation [77]. Spearman’s ρ and Pearson’s correlation are two coefficients
commonly used in statistical testing [78]. Spearman’s ρ is considered a regular Pearson’s
correlation regarding the proportion of variability taken into account [79]. Pearson’s
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correlation explains the relationship between two variables through a linear function,
while Spearman’s ρ does this through a monotonic function [80]. By using the monotonic
function, Spearman’s ρ does not need to pay attention to the distribution of the data and
is suitable for use on a Likert scale with a value level [81]. Therefore, Spearman’s ρ was
used in this study to analyze the relationship between PSS components in each type. The
last investigation into PSS components was undertaken to determine the relationship
between PSS components in terms of sustainability, based on the voice of the customer.
A comparative analysis was carried out between the types of PSS based on the data
obtained. Thus, firms concentrate on the components that contribute to the value creation
and development of PSS in terms of sustainability for PSS Types 1, 2, and 3. Step 4 of the
research was the result and conclusion. At this stage, the research results are discussed
and summarized to contribute to the current development within the PSS industry and its
research and to elaborate future research opportunities.

3. Results

There are three types of PSS with eight characteristics that are influenced by the
dominance of the PSS components that constitute them. Referring to the definition of
components, the results of the identification of PSS components from previous studies are
presented in Table 6. Based on the description of PSS, many previous studies agree that
products and services are components of PSS [9,27,82]. Product and service integration pri-
oritizes the value creation process and value delivery over resources [83]. In addition, actors
as subjects in value creation and value delivery have begun to be research topics, with re-
lated research including the design of an actor-network map, to map tasks and enhance the
roles of actors [63,69], and the investigation and development of collaborations between ac-
tors to support their functions both internally and externally [52,62]. Previous studies have
shown an appreciation for the significance of collaboration between actors and stakeholder
relationships. Stakeholder relationships are needed in value creation between actors [6].
Customer surveys have also supported the importance of stakeholder relationships in value
creation and delivery for PSS Types 1, 2, and 3. As shown in Table 7, customers stated that
collaboration, experience, and influence between stakeholders affected the value creation
and value delivery processes of PSS. Along with Industrial Revolution 4.0, the critical role
of technology in servitization has been consistently increasing [84], thus affecting the evolu-
tion of PSS [55]. Based on the previous studies’ exploration, the elaborated PSS components
were product, service, actor, stakeholder relationship, and technology. Referring to the
definition of components, these five components were designed intentionally to support
the value creation and delivery in various patterns and standards. If there was a failure
in the product, service, actor, stakeholder relationship, or technology, the PSS offered to
customers failed because it did not match the set value.

The identified PSS components were in line with the results of the customer survey
through open-ended questions. Most of the respondents provided diverse responses, yet it
turned out that the reactions remained related to the PSS component attributes found in
the previous study. The results of the polarization of the answers are presented in Table 7.
Meanwhile, several respondents answered critical aspects of value creation that needed to
be more relevant to the definition of components. In PSS Type 1, many customers conveyed
ideas related to the product, such as product quality. This was following the characteristic
of PSS Type 1. PSS Type 1 places a heavier emphasis on the product aspect of product and
service integration [7]. Meanwhile, the ideas customers conveyed the least were related to
technology and included information systems and social media. In PSS Type 1, technology
supports PSS, as, for example, in knowledge management tools [85]. PSS Type 2 was
distinct in this regard. In Table 7, it was evident that customer ideas were diverse and
relatively dispersed across the five PSS components. As an implication, customers perceive
equality in terms of the dominance of each component over the other. This follows the
requirements of PSS Type 2, which has four distinct characteristics. These characteristics are
displayed in Table 5. In PSS Type 3, customers considered the flexibility of all components
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to be necessary for the value creation and value delivery processes. This follows the
characteristics of PSS Type 3, requiring flexibility to gain diverse customer loyalty.

3.1. The Components’ Importance Level Difference Test between PSS Types

An investigation of components’ importance level differences between PSS types was
conducted using the Mann–Whitney test. The decision in the Mann–Whitney test was
drawn by comparing the p-value and alpha of 5%. The null hypothesis was rejected if the
p-value was less than the alpha of 5%. Table 10 shows the result of the Mann–Whitney test,
which was based on the hypothesis shown in Table 8.

Table 10. Mann–Whitney Test Result.

No Hypothesis p-Value Decision Conclusion

1
Hypothesis 1
H0: ηP1 = ηP2
Ha: ηP1 6= ηP2

0.3002 Do not reject H0

There is no significant difference between PSS
Type 1 and Type 2 regarding the product’s
importance level.

2
Hypothesis 2
H0: ηP1 = ηP3
Ha: ηP1 6= ηP3

0.4549 Do not reject H0

There is no significant difference between PSS
Type 1 and Type 3 regarding the product’s
importance level.

3
Hypothesis 3
H0: ηP2 = ηP3
Ha: ηP2 6= ηP3

0.7814 Do not reject H0

There is no significant difference between PSS
Type 2 and Type 3 regarding the product’s
importance level.

4
Hypothesis 4
H0: ηS1 = ηS2
Ha: ηS1 6= ηS2

0.2187 Do not reject H0

There is no significant difference between PSS
Type 1 and Type 2 regarding the service’s
importance level.

5
Hypothesis 5
H0: ηS1 = ηS3
Ha: ηS1 6= ηS3

0.5799 Do not reject H0

There is no significant difference between PSS
Type 1 and Type 3 regarding the service’s
importance level.

6
Hypothesis 6
H0: ηS2 = ηS3
Ha: ηS2 6= ηS3

0.5204 Do not reject H0

There is no significant difference between PSS
Type 2 and Type 3 regarding the service’s
importance level.

7
Hypothesis 7
H0: ηA1 = ηA2
Ha: ηA1 6= ηA2

0.4169 Do not reject H0

There is no significant difference between PSS
Type 1 and Type 2 regarding the actor’s
importance level.

8
Hypothesis 8
H0: ηA1 = ηA3
Ha: ηA1 6= ηA3

0.7538 Do not reject H0

There is no significant difference between PSS
Type 1 and Type 3 regarding the actor’s
importance level.

9
Hypothesis 9
H0: ηA2 = ηA3
Ha: ηA2 6= ηA3

0.3019 Do not reject H0

There is no significant difference between PSS
Type 2 and Type 3 regarding the actor’s
importance level.

10
Hypothesis 10
H0: ηSHR1 = ηSHR2
Ha: ηSHR1 6= ηSHR2

0.0649 Do not reject H0

There is no significant difference between PSS
Type 1 and Type 2 regarding the stakeholder
relationship’s importance level.

11
Hypothesis 11
H0: ηSHR1 = ηSHR3
Ha: ηSHR1 6= ηSHR3

0.2171 Do not reject H0

There is no significant difference between PSS
Type 1 and Type 3 regarding the stakeholder
relationship’s importance level.

12
Hypothesis 12
H0: ηSHR2 = ηSHR3
Ha: ηSHR2 6= ηSHR3

0.6683 Do not reject H0

There is no significant difference between PSS
Type 2 and Type 3 regarding the stakeholder
relationship’s importance level.

13
Hypothesis 13
H0: ηT1 = ηT2
Ha: ηT1 6= ηT2

0.0362 Reject H0

There is a significant difference between PSS
Type 1 and Type 2 regarding technology’s
importance level.

14
Hypothesis 14
H0: ηT1 = ηT3
Ha: ηT1 6= ηT3

0.6171 Do not reject H0

There is no significant difference between PSS
Type 1 and Type 3 regarding technology’s
importance level.

15
Hypothesis 15
H0: ηT2 = ηT3
Ha: ηT2 6= ηT3

0.0173 Reject H0

There is a significant difference between PSS
Type 2 and Type 3 regarding technology’s
importance level.
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The two-population test results shown in Table 10 were utilized for the value creation
evaluation and PSS development plan. If the test results show no difference between the two
populations being tested, customers have the same view of the importance level of specific
PSS components in all types of PSS. Thus, the firms do not need to give special treatment to
the PSS component when preparing the value creation evaluation and development plan,
even though it is a different type of PSS. The results of the Mann–Whitney test displayed
in Table 10 show differences in the importance level of the technology component for
PSS Type 1 versus PSS Type 2 and PSS Type 2 versus PSS Type 3. Furthermore, there
was no difference in the importance level of the technology component between PSS
Type 1 and PSS Type 3. Customers perceived the critical role of technology in PSS Type 2.
Referring to Table 5, there are four characteristics of PSS Type 2 that require technological
assistance in accelerating the value creation and value delivery of PSS. Regarding leased
product maintenance, technology can act as a communication channel to facilitate and
expedite access, as a knowledge management manager, and as a maintenance, repair, and
operation tool. As a control point for value creation and the development of PSS Type 2, the
technology needed special attention because customers gave different levels of importance
to it than they did PSS Type 1 and PSS Type 3.

3.2. The Components’ Importance Level

Components are an essential part of PSS for value creation and delivery processes that
are tailored to the type of PSS. For example, in PSS Type 1: product-oriented, the product
as a component is more prominent than other components. Therefore, it is necessary to
investigate the importance of the PSS component in each type based on the customer’s
perspective. Figure 2 shows how the significance of the PSS components was judged from
the customer’s point of view for the three types of PSS.
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Figure 2 was created using the information supplied in Table 9. Figure 2a demonstrates
that the product is the most critical component of PSS Type 1. As an implication, customers
of PSS Type 1 are focused on the product, and the product becomes the driver of value
creation and value delivery for consumers. Furthermore, Table 7 shows that customers
focus on a product’s quality, warranty, design, and other features that are representative
of the voice of the customer when regarding the product’s importance. After the product,
PSS Type 1 also considers service to be a significant component. The service is considered
capable of attracting customers even though the product is still the main focus of PSS Type 1.
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In contrast to PSS Type 3, Figure 2c demonstrates that the essential component is service. In
the result-oriented type, most firms offer creative and attractive service designs. Meanwhile,
the product is a side offering that can support the service process. In the use-oriented type,
most firms demand rapid, widespread, and enormous data handling for customer service, so
technology plays a significant role. As an implication, firms need to focus not only on service
and product innovation but also on the preparation of technology to help with service delivery
in PSS Type 2. In value creation, each component will interact with other components and
create a particular value. Technology is always in third place for every PSS type. However,
the importance of technology in PSS Type 2 differed significantly from that in PSS Type 1
and PSS Type 3. This was supported by the results of the two population tests presented
in Table 10. Considering the broad and diverse scope of PSS Type 2, technology plays a
vital role in the value creation and delivery processes in PSS Type 2. As in Figure 2b, the
service component was in second place and the product component was in third place. As
an implication, the wide variety of PSS Type 2 components requires firms to be responsive
and adaptive to changes in the business environment, such as changes in market trends and
customer tastes. Technology and service are components that assist firms in responding to
these demands. Technology improves process efficiency rapidly so that customers become
satisfied. Meanwhile, service provides attractiveness through unique and creative offers so
that customers feel fulfilled. On the other hand, other components will continue to work to
support the value creation of PSS.

3.3. Correlation between PSS Components

Decision-making in the Spearman correlation test is conducted by comparing the
p-value with 5% alpha. If the p-value is less than alpha, the null hypothesis is rejected. In
general, the hypothesis tested on Spearman’s is

H0: ρ = 0, which means there is no correlation between the two PSS components.

Ha: ρ 6= 0, which means there is a correlation between the two PSS components.

Table 11 presents the results of the Spearman correlation test.

Table 11. Spearman correlation test.

Type of PSS Associated
Variables p-Value Decision Conclusion

Type 1:
Product-
Oriented

Service and Product 0 Reject H0
There is a correlation between Service

and Product

Actor and Product 0.001 Reject H0 There is a correlation between Actor and Product

Actor and Service 0 Reject H0 There is a correlation between Actor and Service

Stakeholder Relationship
and Product 0.025 Reject H0

There is a correlation between Stakeholder
Relationships and Products.

Stakeholder Relationship
and Service 0 Reject H0

There is a correlation between Stakeholder
Relationships and Service.

Stakeholder Relationship
and Actor 0 Reject H0

There is a correlation between Stakeholder
Relationship and Actor.

Technology and Product 0.001 Reject H0
There is a correlation between Technology

and Product.

Technology and Service 0.001 Reject H0
There is a correlation between Technology

and Service.

Technology and Actor 0 Reject H0
There is a correlation between Technology

and actor.

Technology and Stakeholder
Relationship 0.001 Reject H0

There is a correlation between Technology
and Stakeholder Relationships.



Sustainability 2022, 14, 16216 13 of 23

Table 11. Cont.

Type of PSS Associated
Variables p-Value Decision Conclusion

Type 2:
Use-Oriented

Service and Product 0.007 Reject H0
There is a correlation between Service

and Product

Actor and Product 0.003 Reject H0
There is a correlation between Actor

and Product

Actor and Service 0.002 Reject H0
There is a correlation between Actor

and Service

Stakeholder Relationship
and Product 0.171 Do not reject H0

There is no significant correlation between
Stakeholder Relationships and Products.

Stakeholder Relationship
and Service 0.288 Do not reject H0

There is no significant correlation between
Stakeholder Relationships and Service.

Stakeholder Relationship
and Actor 0.013 Reject H0

There is a correlation between Stakeholder
Relationship and Actor.

Technology and Product 0.01 Reject H0
There is a correlation between Technology

and Product.

Technology and Service 0 Reject H0
There is a correlation between Technology

and Service.

Technology and Actor 0.011 Reject H0
There is a correlation between Technology

and actor.

Technology and Stakeholder
Relationship 0.026 Reject H0

There is a correlation between Technology
and Stakeholder Relationships.

Type 3:
Result-Oriented

Service and Product 0 Reject H0
There is a correlation between Service

and Product

Actor and Product 0 Reject H0
There is a correlation between Actor

and Product

Actor and Service 0 Reject H0
There is a correlation between Actor

and Service

Stakeholder Relationship
and Product 0.002 Reject H0

There is a correlation between Stakeholder
Relationships and Products.

Stakeholder Relationship
and Service 0.004 Reject H0

There is a correlation between Stakeholder
Relationships and Service.

Stakeholder Relationship
and Actor 0 Reject H0

There is a correlation between Stakeholder
Relationship and Actor.

Technology and Product 0 Reject H0
There is a correlation between Technology

and Product.

Technology and Service 0 Reject H0
There is a correlation between Technology

and Service.

Technology and Actor 0 Reject H0
There is a correlation between Technology

and actor.

Technology and Stakeholder
Relationship 0 Reject H0

There is a correlation between Technology
and Stakeholder relationships.

As an implication, the information obtained from correlation is for component treat-
ment. If there is a significant relationship between components, treating specific compo-
nents will affect other components. Based on Table 11, most of the PSS components were
related. In PSS Type 2, the obtained information showed that the stakeholder relationship
component and the product did not have a significant relationship, and the same was true
of the stakeholder relationship and service components. This indicates that the variabil-
ity of the importance of products and services is not linearly related to the variability of
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stakeholder relationships. Changes in stakeholder relationships will not affect changes in
products and services or vice versa. As an implication, firms can engineer products and
services without paying attention to the customer’s view of the stakeholder relationship.
Changes in products and services are more related to technological changes. The p-value
for product and technology and service and technology was smaller than alpha 5%. This
result supports the results of the Mann–Whitney test, which shows that customers felt the
role of technology was more critical in PSS Type 2 than in Types 1 and 3. The examples
of business fields in PSS Type 2 are cloud drives, equipment rental, Gojek, Grab, Uber,
Market Place, and Copier Producer. This industry is directly tied to the role of technology.
Thus, the products and services offered to customers will also be impacted. Technology
also has a significant correlation with stakeholder relationships in PSS Type 3. As a result,
firms prioritizing the building of relationships with stakeholders also need to emphasize
the development of technology. The PSS Type 3 offered to customers is focused on results,
which good relationships with stakeholders will facilitate. Technology supports the build-
ing of stakeholder relationships through the provision of advanced facilities. In addition, a
significant correlation exists between stakeholder relationships and actors in PSS Type 1.
This is the background of the need for collaboration between actors in value creation and
value delivery related to product and service integration and supported by technology.

3.4. The Sustainability-Related Components

Based on Figure 3a, the dominant component related to sustainability in PSS Type 1
was the product component. This fits with the characteristics of PSS Type 1, which focuses
on products in the integration of products and services. As a result, products will play a
significant role in achieving sustainability. Implementing product life cycle management
(PLCM) improves the products’ function in terms of sustainability. PLCM enables the
creation of a closed-loop supply chain through the product design process. When a
product reaches the end of its useful life, a closed-loop supply chain allows for reuse,
remanufacturing, and recycling. Thus, a circular economy, sustainable materials selection,
and green product design and production techniques achieve sustainability. Meanwhile,
the proportion of products and services is potentially balanced in PSS Type 2, so that service
can play an essential role in achieving sustainability. This can be seen in Figure 3b. Service
innovation provides fewer products and the concept of dematerialization. Product and
service integration offers a new alternative for customer consumption materials away from
tangible products and towards intangible products. Thus, there is business sustainability
for the firm, which can then focus on producing products to keep the market going while
finding ways to help customers keep their business. In addition, the service offering
influences customers to accept remanufactured products more readily. Thus, product
and service integration creates closed-loop resource flows [6]. Operationally, product and
service integration will require technology as a supporting tool that contributes to the
achievement of sustainability. These achievements can be seen in the efficiency of the
processes that can be carried out by technology. This is in line with the survey results
shown in Figure 3b. Technology was in second place after service regarding its relationship
to sustainability. Figure 3c shows that the stakeholder relationship is most related to
sustainability. In PSS Type 3, or result-oriented PSS, the PSS often relates to customers
or other stakeholders. Thus, achieving the sustainability goal will depend on how much
each stakeholder knows about green processes, green products, green services, and green
partners. This is supported by the survey results shown in Figure 3c. The stakeholder
relationship component had a percentage that was not very different from the product,
service, and actor components. Customers are provided products and services, whereas
actors are the subjects of PSS delivery to customers.
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4. Discussion

As the system is a collection of interacting entities, it is necessary to clarify the PSS
components to understand the system thoroughly [86]. Components conforming to the
designer’s expectations can contribute to the function of the PSS under the purpose of its
creation. These functions relate to value creation and value delivery. Thus, PSS components
are utilized as the control point for value creation, value delivery, and PSS development.
The value creation process begins with the development of components that make up the
PSS. Each component has a specific function and role in supporting a PSS. Each component
synergizes with other components to form a PSS with particular values throughout its
life cycle. The PSS component will affect value creation and value delivery. Based on the
excavation of previous research and customer surveys, the PSS components elaborated are
product, service, actor, stakeholder relationship, and technology.

Product
The product is one of the physical aspects of PSS offered to customers. Customers can

capture the existence of the product through the five senses. The critical elements of the
physical product definition are geometry, material specifications, and process plans [87].
Products contribute to value creation through certain functions related to these critical
elements. The product underwent a role change in PSS and is no longer the primary value
provider [88]. However, products as tangible commodities are still used to meet user
needs [89]. Therefore, the product can be used as a control point for value creation and PSS
development related to reliability, design, and conformity.

Service
Service is part of an industry with elements of action, performance, effort, or process

that must be delivered to customers. According to the new concept, service is seen as
an activity involving both the firm and the client with value creation deriving from the
process [88]. Four service characteristics can be compared with the characteristics of the
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product component: intangibility, heterogeneity, inseparability, and perishability [90,91].
Intangibility means that a service is invisible and has no tactile quality, but its existence
can be felt through emotional factors. Heterogeneity means that service cannot be stan-
dardized or made to feel personal. The different customer experiences affect how service
is given. Inseparability implies that services are produced and consumed simultaneously,
thus requiring customer involvement. Perishability means that the service cannot be pre-
produced or stored but has a particular period in which it satisfies customers, which is
affected by market trends. Through these four characteristics, services contribute to the
value creation of PSS. Thus, services can be used as control points for value creation and
the PSS development process by paying attention to the indicators derived from the four
service characters. Intangibility indicators can be used concerning customer emotions.
Service can be defined based on the actions performed on the customer or the nature of the
ownership granted to the customer [92]. Through these actions or ownership, a response
will appear in customer emotions. Customers experience emotion because they perceive a
value. The emotion of satisfaction is one such example. Excellent service delivery provides
satisfaction [93] because there is value as an intermediary between excellent service and
satisfaction [94]. In heterogeneity, factors relating to the adequacy of customer expectations
can be utilized to determine the customer’s tolerance zone [95]. In inseparability, factors
relating to consumer participation and intimacy can be used to facilitate the establishment
of relationships with reciprocal advantages. Perishability can be utilized as a service inno-
vation indicator. In the ecosystem, services can be categorized based on their supporting,
regulating, provisioning, and cultural roles [96]. Service contributes to the value creation of
PSS, so service is therefore one of the components of PSS.

Actor
PSS delivery to clients involves value-creation activities with specific functions. For

these activities, the actor has a critical role as the subject. A life-cycle-oriented PSS involves
actors in the design process [54]. Failures that occur due to actor errors affect the value
conveyed to customers or the other actors in the value chain. Actors who are also stake-
holders have contributed to efforts to build stakeholder engagement. Therefore, the actor’s
competence needs to be considered. For example, digital competence is required when
evaluating and developing smart PSS. Actors have a critical role in value creation and
value delivery from PSS, so the actor is one of the PSS components that can be used as a
control point for value creation and development of PSS because it supports cross-domain
knowledge sharing [97].

Stakeholder relationship
Stakeholder theories discuss how stakeholders impact product development and are

related to market information for product development [65]. This stakeholder engagement
can be reflected in the broad and close stakeholder relationship. The idea of PSS itself
shows how meaningful the relationships are between stakeholders. PSS is the ultimate
customer–firm relationship with mutual benefits regarding costs, resources, performance,
and innovation ideas [98]. The stakeholder relationship is indispensable in realizing
stakeholder engagement, which can provide several advantages such as credibility, the
anticipation of controversy, the assurance of transparency and accountability, increasing
relevance, the improvement of quality, and enriched feedback [99]. Stakeholder integration
in the design and development of PSS involves customers, firms, and value chain actors [64].
PSS is a blend of products and services supported by network actors and can be part of
a particular business model or innovation strategy [51]. A strong actor-network can be
seen from the abilities of each actor and the number of actors that can help the intended
value-creation process. In the meantime, the relationship reflects how well stakeholders
partner with each other. This is one of the points in evaluating the performance of the
product and service mix [66]. The stakeholder relationship is designed and built to support
the value creation of PSS.
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Technology
At the moment, firms are required to offer PSS and to understand customer habits

throughout the PSS life cycle [100]. In this case, technology supports the process. Tech-
nologies such as the Internet of Things (IoT), cloud computing (CC), and big data analytics
(BDA) can increase the adoption of innovative services in manufacturing [68], accelerate the
servitization process through value creation, and improve customer relationships as part of
Industrial Revolution 4.0 [67,71]. In strategic interests, firms utilize remote monitoring tech-
nology for service integration [101]. Technology also improves service functions to satisfy
customer desires and expectations [70]. The role of technology is also increasingly visible
in PSS related to value co-creation and the achievement of sustainability [102]. Technology
changes the way one creates value by embedding technology in the product, acting as a
medium and tool for the generation of value-added e-services as a solution package [103].
Technology can develop PSS into smart PSS, a trending research concern [104]. Another
role of technology in the value delivery process from PSS is as a communication channel,
product administration, or customization offering [105]. Based on the critical role of current
and future technology for PSS, technology can be considered one of the components of
PSS, one which is used as a control point for value creation and PSS development. These
control points can be related to technical problems, critical evaluation or performance, or
problem-oriented usage [106].

Tables 6 and 7 are the basis for elaborating on the five PSS components. This is
slightly different from other references, which state that the PSS component consists of
products, services, supporting networks, and infrastructure [9,88]. The supporting network
is related to knowledge, capacity, a collaborative network, and resources. Meanwhile,
supporting infrastructure provides a supportive network that includes production plants,
service agents, basic facilities, and ICT. However, the scope of supporting networks and
infrastructure is divergent. Narrowing the scope of supporting networks and infrastructure
facilitates the identification of the aspects influencing the PSS value. In addition, actors,
stakeholder relationships, and technology have been frequently discussed in previous
studies. These are all critical components of PSS’s value creation and delivery process.
These three things are compatible with the definition of components and are in line with
the coverage of the supporting network and infrastructure mentioned above. The PSS
component must be specific and critical as a control point for value creation and PSS
development. In addition, identifying other components of the supporting network and
infrastructure can be an exciting topic for future research, considering that PSS is still
growing following industry developments and customer tastes.

The elaborated PSS components in this article can be utilized by industry and re-
searchers. Fulfilling customer requirements starts with the five components of the PSS,
which are carried out during the PSS design stage and will continue to be carried out simul-
taneously at the next step. The five components of PSS will remain influential throughout
a PSS’s life cycle. A firm can control and design the expected PSS by knowing how these
five components work. Evaluating value creation, value delivery, and PSS development
can be focused on particular components. These priorities should consider the customer’s
viewpoint so that the firm’s decision will effectively meet customer requirements. In addi-
tion, the correlation between components also needs to be considered because improving a
component can be pervasive and simultaneous. This article discusses the priorities and cor-
relations between PSS components in PSS Types 1, 2, and 3, which can be used as references
in the evaluation process of value creation and PSS development. The results of the Mann–
Whitney test show that firms need to maximize the role of technology in the processes of
value creation and value delivery in PSS Type 2. Technology plays many roles in PSS, such
as acting as a communication media between stakeholders, production tools, information
systems, knowledge management tools, and other roles. Customers view technology’s role
as more significant in PSS Type 2 than in PSS Types 1 and 3. In PSS Type 2, the dominance of
products or services can be proportioned so that other components are required to bolster
the value creation and delivery processes. However, additional research is necessary to
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determine the type of technology that most affects value creation and delivery processes. In
addition, the priority of component development from the perspective of an MCDM-based
firm is also an exciting and valuable research topic. PSS research is still growing, as a result
of the many benefits provided by PSS on aspects of customers, firms, government, society,
and the environment. Therefore, PSS is closely related to the issue of sustainability. PSS has
the potential to reduce the number of products by introducing alternative product usage
scenarios [107,108], and firms become more responsible for product service in the case of
closed material cycles [6,107]. Firms are encouraged to perform material recovery when
the product enters the end-of-life phase so that less waste is burned or stockpiled and so
that they support a circular economy [6,16,27,89,107]; PSS can change the development of
technical dematerialization because the customer only pays for the service or function on
offer [107]. This article has presented the PSS components that are related to achieving
sustainability based on customers’ perspectives as users of PSS Types 1, 2, and 3. Based
on the information in this article, firms can select PSS components to be developed to con-
tribute more to the achievement of sustainability. In the future, research can be undertaken
on the link between the PSS components and the achievement of sustainability. Suppose
the development of PSS components is conducted through collaboration, in that case, a
multi-echelon mathematical model for the supply chain can be used for future research,
one that optimizes component development by increasing cooperation in stages [109]. In
addition, grey flexible linear programming can be used to cope with uncertain parameters
in the development of PSS components [110].

5. Conclusions

This article summarizes the findings of an investigation into PSS components utilized
as convergent control points for value creation and PSS development. The investigation
consisted of elaborating on the PSS component from previous research and surveys of
customers, testing the difference in importance of the components, calculating the signifi-
cance of the PSS components, and determining the PSS components related to sustainability
based on customers’ perspectives. Firms and researchers can utilize the results of this article
to determine critical points in the evaluation and development of PSS because the PSS
component is one constituent of PSS, one that plays a role in value creation and delivery.
This article is part of initial research on PSS development that provides directions for an
understanding of the characteristics of PSS constituents. The directions derived from this
research findings are a research contribution. The findings that researchers and firms can
utilize are as follows:

• The elaborated PSS component can explain, based on previous research and customer
perspectives, the way that PSS constituents play an essential role in the value-creation
process. This means that attention in the development of PSS can be focused on
developing and managing these components effectively and efficiently.

• The importance of the PSS components presented in Table 9 and Figure 2 can be
utilized to consider which component of the PSS development to start with. The
level of importance was calculated based on the customers’ perspectives so that PSS
development is carried out in line with customer priorities.

• Correlation analysis between components helps determine the impact of the develop-
ment of one component on other components so that anticipatory and efficient actions
can be taken.

• Component analysis related to sustainability aspects can be used for the development
of sustainable PSS that is component-based and convergent so that the efforts made
are practical and efficient.

Components are the system constituents engineered to fulfill roles according to various
design standards and patterns. PSS is a system consisting of several components. Based
on the research of past studies and surveys, the PSS components include the product,
the service, the actor, the relationship between stakeholders, and the technology. The
results of two population tests reveal differences in the importance of technology for PSS
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Types 1 and 2. Additionally, there are differences in technology for PSS Types 2 and 3. As
an implication, customers feel that there is a difference in the critical role of technology in
PSS Type 2. There is sufficient evidence that products, services, actors, and stakeholder
relationships have different levels of importance for PSS Types 1, 2, or 3. Based on the level
of importance, the product is the most critical component in PSS Type 1, the technology is
the most crucial component in PSS Type 2, and the service is the most critical component in
PSS Type 3. The level of importance for the five PSS components is presented in Table 9.
The sustainability aspects relate to products for PSS Type 1, services for PSS Type 2, and
stakeholder relationships for PSS Type 3.

Limitations in this research are related to the scope of the sampling. The survey was
conducted in Indonesia using a random sampling technique so that the results are not
global and are therefore influenced by culture, government policies, and business ethics for
companies adapted to local wisdom. In different country conditions, the level of importance
of the PSS components may be different. However, this research can be repeated for global
conditions, and comparative analysis can be carried out to widen the perceived benefits.
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