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Abstract—Recently, business environment and customer needsAlong with the emergence of PSS in practice, maagamic

have become rapidly changing, hence it is veryiadiff to fulfill
sophisticated customer needs by product or seimicevation only. In
practice, to cope with this problem, various maatifang companies
have developed services to combine with their pectsduAlong with
this, many academic studies on PSS (Product SeBystem) which is
the integrated system of products and services haea conducted
from the viewpoint of manufacturers. On the othandy service
providers are also attempting to develop serviggstting products
to increase their service competitiveness and peovdifferentiated
value. However, there is a lack of research basati@service-centric
point of view. Accordingly, this paper proposesoaept generation
method for service-supporting product developmeramf the
service-centric point of view. This method is desid to be executed
in five consecutive steps: situation analysis, b definition,
problem resolution, solution evaluation, and conagmeration. In
the proposed approach, some tools of TRIZ (ThednSalving
Inventive Problem) such as I1SQ (Innovative Situai@uestionnaire)
and 40 inventive principles are employed in ordedéfine problems

studies on PSS have been carried out based on the

product-centric point of view [3]-[10]. These steslifocused
on how to effectively integrate services into prctsu On the
other hand, in practice, service providers are atsempting to
develop service-supporting products and integrate their
services in order to increase their service cortipetiess and
provide differentiated value. Amazon’s Kindle andrgpnal
healthcare devices/services are examples of thes tbowever,
there is a lack of research based on the servitgicgoint of
view, although it is significant and imperative fservice
providers to develop service-supporting products.

In response, this paper suggests an approach srajey
concepts of service-supporting products for sereeetric PSS
development. In the proposed approach, some tdolRtZ
(Theory of Solving Inventive Problem) are emplojredrder to

of the current services and solve them by genegatifi€fine problem§ of the current services and sglhmnt by
service-supporting product concepts. This reseenctributes to the generating service-supporting product conceptshi paper,
development of service-supporting products andieementric PSSs. products encompass not only hardware product ssiclevices

Keywords—TRIZ, PSS  (Product  Service
service-supporting product, concept generation

|. INTRODUCTION

and machines but also software product such asniafiion

System),systems or applications. The model is designecetexecuted

in five consecutive steps: (1) situation analysicbnducting a
survey based on ISQ (Innovative Situation Questadef of
TRIZ, (2) problem definition by identifying the mntos

ECENT years, business environment and customefsnegroblematic factors among 13 service decision fact@3)

have become rapidly changing and increasingly dified.
Under this circumstance, it is very difficult foormpanies to
keep growing and fulfill sophisticated customer deeeby
product or service innovation only. In practicectpe with this
problem, various manufacturing companies such asefaé
Electric, Xerox, Cannon, Parkersell, etc. have btped
services to combine with their products since tiok 1990s [1].
These attempts can be considered as PSS (ProdudteSe
System) which was firstly defined as “a system widuicts,
services, networks of players and supporting itrfuature that
continuously strives to be competitive, satisfytooger needs,
and have a lower environmental impact than tracéidusiness
models” [2].
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problem resolution by applying 40 inventive prirfepof TRIZ,
which is modified for service industry, (4) soluti@valuation
by aggregating solutions and identifying contradits, and (5)
concept generation by resolving contradictions analizing
the concept. This research could facilitate theettgpment of
service-supporting products and service-centrics?SS

The remainder of this paper is organized as follois
general background of TRIZ is introduced in SectibriThe
approach suggested in this research is explaingdrins of
process and tools in Section Ill. Finally, Sectivhoffers our
conclusions including summary, contribution, andiufe
research.

. TRIZ

TRIZ
Izobretatelskikh Zadatch, which means theory ofeirtive
problem solving in English. TRIZ was firstly devpld by
Altshuller, beginning in 1946, and has been impdand
modified up to the present. Based on the scientfia
systematic analysis of more than 2 million pateAitshuller
found innovation patterns that resolve contradictwoblems
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occurring in engineering and technological invemsio
Accordingly, TRIZ provides a series of tools forngeating
creative thinking and innovative ideas which lead new
inventive solutions for problem solving [11]. A dict

characteristic of TRIZ for problem solving is thgstematic
problem resolution without compromise. The set BRI tools

leads problem solvers, through the entire problenvirsy

processes, to explore solutions in directions tzate already
been proven successful [12].

TRIZ tools are divided into analytical tools andokiedge
base tools [13]. The former tools include ISQ, cadiction
analysis, substance field analysis, and ARIZ (Russicronym
for Algorithm of Inventive Problems Solving), whiare used
for problem definition, analysis, and transformatidhe latter
tools include 40 inventive principles, four sepemaprinciples,
and 76 standard solutions, which are used to dpvel@ntive
solutions.

Among TRIZ tools, in this study, ISQ and 40 investi
principles are employed to develop a new concept
service-supporting product for the current sernig€, as a tool
for problem definition, supports problem solverstiacturalize
and document information on problem situation vgjtiestion
categories and items including information aboatdystem and
problem situation, ideal vision of solution, avaikaresources,
allowable changes to the system, criteria for slgcsolution
concepts, etc [14]. On the other hand, 40 invenpinieciples
are related with problem resolution. In TRIZ, a heical
contradiction can be solved by using contradictiwatrix that
has the form of a 39x39 matrix of 39 improving ewgring
parameters (rows) and 39 worsening engineeringnpeteas

TABLE |
40INVENTIVE PRINCIPLES[15]
No Principle No. Principle

1 Segmentation 21 Rushing through

2 Extraction 22 Convert harm into benefit

3 Local quality 23 Feedback

4 Asymmetry 24 Mediator

5 Combining (Integrating 25  Self-service

6 Universality 26  Copying

7 Nesting 27 Disposable objectiy

8 Counterweight 28 Replacement of a
mechanical syste

9 Prior counteraction 29 Pneumatic or hydraulic
construction

10 Prior action 30 Flexible film or thin
membranes

11 Cushion in advance 31 Porous material

12 Equipotentiality 32  Changing the colc

13 Inversion 33 Homogeneity

14 Spheroidality 34 Rejecting and regenerating
parts

15 Dynamicity 35 Transformation of the
physical/chemical states

16 Partial or excessive action 36 Phase transition

17 Moving to a new 37 Thermal expansion

dimension

18 Mechanical vibratio 38  Use strong oxidize

19 Periodic actiol 39 Inert environmet

20 Continuity of useful action 40 Composite matsria
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(columns). Each cell of the contradiction matrixs hgp to four
recommended inventive principles which can fad#itdahe
development of innovative solutions for the reldvan
contradiction. 40 inventive principles are listadlable 1 [15].

Ill. RESEARCHDESIGN

A.Research process

The overall research process consists of five sigpshown
in Fig. 1. First, a survey based on I1SQ of TRIZasducted for
situation analysis. Second, based on the resultsimky, the
most problematic factors among 13 service decifsiotors are
identified so as to define problems. Third, proldesefined in
the previous step are resolved by applying 40 itiven
principles of TRIZ, which is modified for servicedustry.
Fourth, solutions are aggregated and checked irrotd
identify contradictions among them. Last, contrddits are
resolved by 40 inventive principles, and the comncep

Step 1: Situation analysis

Conducting a survey based on ISQ

1L

Step 2: Problem definition

Identifying service decision factors

1L

Step 3: Problem resolution

Applying 40 inventive principles

Step 4: Solution evaluation

Aggregating solutions and identifying contradictions

¥

Step 5: Concept generation

Resolving contradictions and finalizing the concept

Fig. 1 Overall research process

service-supporting product is finally generated.

B.Detailed process

1) Step 1: Situation analysis

First of all, to identify problems in the currergrgice, a
guestionnaire is formulated based on I1SQ of TIRA A
mentioned in Section Il, ISQ suggests questiongmates and
items to help structuralize information on problsituation. In
this research, some of ISQ items are selected artified to
develop a questionnaire, and the result is asvsllo

Question 1: What are the existing problems in theent
service?

Question 2: What is the ideal solution to each [@ol?

Question 3: What are the restrictions or constsaioh
realizing the ideal solution?

With this questionnaire, a survey of employees afi as
customers is carried out, and respondents shouddauraged
to answer in detail.
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2) Step 2: Problem definition

In this step, problems identified in the previouspsare
defined by diagnosing the most problematic factorterms of
service decision factors. Service decision facoeslements to
be considered when designing a service systeneforservice

TABLE Il
SERVICE DECISIONFACTORS[16]

Service Decision Factors Description

1. Facility location
2. Facility layout

Based upon proximity to custms
Depends on the presence of tietamer at the
locatior
3. Product and process Covers both the intangible and tangible aspects
desigr of the service offerir
4. Scheduling How the workers are assigned to the service
5. Worker skills Depends on service strategy anmdtept,
customer contact level and industrialization
level
6. Quality control, Focuses on the needs of the customer
measures, time

standard
7. Demand/capacity ~ Depends on the type of service and the
planning immediacy of matching supply to demi

8. Industrialization lev
9. Standardization
10. Customer contact

Substitution of technology for peo
Level of uniformity providedthre service
Physical presence and length of time that a

level customer spends with a service provider
11. Frontline personnel Denotes the flexibility of the service employee
discretion while interacting with a customer

12. Sales opportunity Coincide with high custonmmtact and
employee discretic
Substitution of consumer labor for provider

labol

13. Customer
participatior

development. Table Il shows the list of 13 servieeision
factors and their descriptions [16].

3) Step 3: Problem resolution

Until this step, problems in the current servicee ar
investigated, and the most problematic servicesitmtifactors
are identified for each problem. In this step, peois are
resolved by applying 40 inventive principles of ZRFor this
aim, this study adopts the model for linking seevidecision

factors and 40 inventive principles modified fongee industry
by Zhang [17] (see Table 3). According to the Tahlsuitable
principles for each problem are employed to devslgptions
in terms of service, hardware product, and softyaoeluct.

4) Step 4: Solution evaluation

Solutions derived in the previous step are indepehaf
each other. These solutions should be checked ehisibre are
contradictions or not when they are applied inghme service
system. At this time, a service developer couldired common
contradictions found in service industries [18],ieWhare as
follows.

— Diversity vs. Focus

— Customization vs. Standardization
Functionality vs. Ease of use
General information vs. Detailed information
Security/Privacy vs. Transparency
Industrialization vs. Personalization

After aggregating solutions into service-relatedydware
product-related, and software product-related, avice
developer should find out contradictions arisemfithem.

5) Step 5: Concept generation

In this step, contradictions are resolved and thecept of
service-supporting product is generated as thédintput. First,
service decision factors resulting in contradicsiane identified
as described in step 2. Next, according to tableelgvant
inventive principles are applied to resolve contons as
described in step 3. Finally, all solutions are pteted, and the
service-supporting product concept of service-eerSS is
generated by aggregating hardware product-related a
software product-related solutions.

IV. CONCLUSIONS

This paper proposes an approach to generating ptanoé
service-supporting  products for  service-centric
development. In the proposed approach, ISQ of TRIZ
employed to develop a questionnaire with the pupos
identifying problems of the current service. Basadhe result

TABLE Il
SERVICE DECISION FACTORS ANDMODIFIED INVENTIVE PRINCIPLES[17]

Service Decision Factors

40 Inventive Principles

1. Facility location 1. Segmentation; 2. Taking

QuI0. Preliminary action; 13. Do it in reverse; Dynamics; 28. Mechanical

substitutior; 39. Inertatmosphet

2. Facility layout 2. Taking out; 3. Local qual

ityd. Universality; 15. Dynamics; 30. Flexible shelied thin films; 31. Porous

materials;32. Color change 35. Parameter chang

3. Product and process design
Cheap dispos; 36.FPhasera

4. Scheduling 11. Beforehand cushioning
Boosted interaction

5. Worker skills

6. Quiality control, measures, time standards lrgedgation; 6. Univers

7. Demand/capacity planning 1. Segmentation; 19. Redic

8. Industrialization lev: 2. Taking ou; 6. Universalit

9. Standardizatic

10. Customer contact le'

11. Frontline personnel discret
12. Sales opportunity

13. Customer participation

2. Taking ou; 15. Dynamics;
13.0n the other way arou;

6. Universality; 9. Reliminary counteraction; 10. Preliminary actio;, Dynamics; 21. Skipping; 27.

nsitior; 40. Composite materiz
; 18. Mechanical vibrat®h Continuity of useful action; 24.Mediator; 38.

2. Taking out; 6. Universality; 1®reliminary action; 24. Intermediate

ality; 21. Skipping; 24. Imtexdiate
action; 22. Blessing in disguise; 25. Selfvice
; 21. Skipping; 27.Cheap dispos; 28. Mechanical ubstitutior

6. Universality; 10 Preliminan action; 16 Fartial or excessiviaction; 22 Blessing in disguis

24.Intermediag; 25. Sel-service; 38.Boosted interactic
15. Dynamics; 16.Partial or excessive acti; 35.Parameter chans

9. Preliminary action; 15. Dyvamics; 31. Porous materials; 38. Boosted intevacti
18. Mechanical vibratignl9.

Periodic action; 25. Self-service; 40. Conitgosiaterials
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of survey, for each problem, the most problemaitidrs are
identified in terms of service decision factorsbSequently,
relevant inventive principles of TRIZ are applienl resolve
problems. Afterward all solutions are aggregated emecked
whether there are contradictions or not in theisersystem. If
contradictions are found, they should be resolvethé same
manner as an individual solution is resolved. Hynathe

concept of service-supporting product for servieatic PSS
development is
product-related and software product-related sarhsti

The contribution and potential utilities of thisudy are
twofold. First, from an academic perspective, shigly expands
the scope of PSS research, which is hitherto based
product-centric point of view. This can establisfoandation
for research on the development of service-supmpgroducts
and service-centric PSSs. Second, from a pragi&aipective,
this study could facilitate the development of gesupporting
products as well as service-centric PSSs. Duestsitihplicity
and ease of use, the proposed approach could heeadby
various service providers who consider the develypnof
service-supporting products.

Despite these substantial contributions, this p#aesrsome
limitations that should be clearly solved. Firstisi difficult to
obtain detailed answers through a survey. Thusrdutsearch
should suggest a more suitable and systematicadéitection
method instead of a survey. Second, this reseacthdes only
research design. Therefore, future research shoatdain
various case studies to validate effectivenessagpdicability
of the proposed approach.
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