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Abstract

This research aims to identify the effectiveness of a (TRIZ) program on developing creative thinking skills
among male students with mild intellectual disability. The research sample consisted of (7) male students with
mild intellectual disability. Their age ranged between (11 and 13) years old, and they attend the school of in-
tellectual education male in Kuwait. The research tools consisted of the Torrance test of creative thinking fig-
ural form B and the training program on developing creative thinking skills. One group quasi-experimental
method was used in the research. The research results showed that there are statistically significant differences
between the mean scores of the pre-test and post-test for the experimental group, in favour of the post-test.
The research results also showed that there are statistically significant differences between the mean scores of
the post-test THG8KUYKS8JRF FOKMOII PRV MKFV [=R094IERKDFV and the follow-up test for the ex-
perimental group, in favour of the follow-up test, which demonstrates the effectiveness of a (TRIZ) program
on developing creative thinking skills among male students with mild intellectual disability and maintained
the skills students obtained from the program. The research recommended the preparation of special educa-
tional programs to train the students with an intellectual disability how to solve problems creatively and de-
velop creative thinking skills and Providing a stimulating and encouraging environment through various ac-
tivities and educational situations that

develop the creative abilities and skills of students with intellectual disabilities and enhance their
self-confidence.and to training teachers and educational specialists on the TRIZ program and how to integrate
program strategies with the educational curriculum and design other educational programs based on how to
solve problems in creative ways. Also Encouraging researchers in the field of people with intellectual disabili-
ties to design and develop similar programs to develop creative thinking skills within the curricula provided
for these students or other independent programs.

Keywords:  creative thinking, TRIZ program, intellectual disability

focused on the individual through extend-
ed planning for several years to address all
aspects of his life, capabilities, special
abilities and preparations. In addition, to

1.Introduction

The individuals with intellectual dis-
ability are considered as national energy
and productive human wealth, in case of
the means of care and attention that devel-
op their abilities are provided and under-
taking to provide ongoing care through a
long-term vision, with following-up that

undertake the developing training pro-
grams & curricula for his care, develop-
ment during his growing stages develop
and follow it according to an organized
scheme. Where it becomes a lifestyle that
is interacted with and dealing based on
(day-to-day) daily behavior and preparing
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the individual for a promising future. This
is the essence of the educational process
for individuals with intellectual disability
(Wells & Sheehey, 2012).

The role of educational institutions at
all different academic levels lies in prepar-
ing, encouraging, and creating the appro-
priate environment to motivate student’s
creativity in various fields, adopting ex-
ploratory methods rather than the explana-
tion and interpretation,focusingon under-
standing and application instead of memo-
rizing, and benefiting from the accumulat-
ed experiences and expertise all over the
world. According to a constructive-critical
perspective, the formation of the creative
personality of all categories of students,
the development of their creative abilities
towards useful and valuable things, and the
develop their feelings towards working for
the welfare and happiness of humanity
(Habash, 2005).

In this time of acceleration, it is im-
portant to research and investigate all that
is new in the educational fields and to ben-
efit from it. And to employ theories in the
field of special education that help us in
developing teaching skills, thinking skills,
and developing the field of research for
people with intellectual disability in the
future. When individuals with mild intel-
lectual disability are taught and trained to
acquire and develop creative thinking
skills, they will be able to overcome the
problems they face in their lives.

A student with a mild intellectual
disability possesses latent creative talents
and abilities regardless of the deficiencies
in his physical, sensory, or mental abilities,
as he can move towards society and others,
where he begins to discover himself and
his abilities and work to develop them, to
come out in a creative form in which he
competes with others. From members of
the community, and thus his disability con-
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stituted a strong motive for him to prove
himself in front of others (Abdat, 2013).

Creative thinking is one of the most
important elements of thinking and its
skills. Teachers must aspire to develop it
among learners by developing their abili-
ties to create ideas, training them to partic-
ipate in developing knowledge and infor-
mation of originality, fluency, flexibility
and clarification, enabling them to solve
their problems themselves after getting to
know them and identifying their nature.
And the search for solutions to them, then
choosing the most appropriate solution to
make the appropriate decision about them,
which develop the-thought-out and well-
executed educational program, by integrat-
ing creative thinking skills with the topics
of the lessons, to achieve the required de-
velopment for such skills for learners
throughout the stages of their studies, and
this works on developing creative thinking
skills and raising their level of understand-
ing of the issues and the issues they face in
their daily lives (Al-Hallaq, 2010).

Special education is a fruitful field, in
which workers can benefit from theories
that have been tested in other fields, such
as psychology, and use those theories to
develop the capabilities, abilities and skills
of children and adults with intellectual dis-
ability (Al-Mawla, 2013). Therefore, there
is a need for programs with a clear meth-
odology used to solve problems in creative
methods, and based on a giant knowledge
base of strategies that develop creative
thinking skills, and the most famous and
important of these programs is the (TRIZ)
program, which began in the Soviet Union
and was known as the solution theory “
Theory of Inventive Problem Solving Also
known as “TRIZ”, the word is taken from
the Russian acronym “Theory Resheniya
Izobretatelskikh Zadatch”, a relatively re-
cent theory of creativity. Where the
strength of this theory stems from its reli-
ance on the various systems in the engi-
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neering and technical fields that have been
developed effectively and successfully, in
addition to its ability to get rid of psycho-
logical obstacles that limit the interest of
each group of people in their field of work
only. This theory collected successful
strategies and solutions from all fields of
human activity and formulated them in the
form of a set of tools that can be employed
in various of these fields (Abu Jadu,
2012a).

TRIZ theory of innovative solutions
to problems included a group of (40) strat-
egies that can be used to find some unusu-
al solutions to educational problems. As
these principles showed their effectiveness
in solving many engineering, technological
and scientific problems, and also led to the
emergence of a large number of inventions
in these areas, and it is assumed that the
application of such strategies in the field of
education and upbringing of children with
intellectual disability may help to solve
their problems inappropriate ways and lead
to the acquisition of developing and im-
prove many of their abilities, skills and
strengths, knowing that some of these
strategies can be used with students with
intellectual disability, while others are not
appropriate for them (Al-Mawla, 2016).

Many research and educational stud-
ies in the field of intellectual disability
have confirmed the existence of creative
skills among the mentally disabled to a
small degree, (Ismaeel, 2006; Al-
Bashbeshi, 2008; Hassan, 2018), and a
study (Cote et al, 2010; Fard et al, 2014;
Gagic). et al, 2014; (De caroli & Sagone,
2014); (Petrulioniene & Valantinaite,
2015); Karabulute & Ozmen, 2018; Lant,
2019), And the distinctive characteristics
that they possess if they are given care and
attention and provide training programs
and curricula to discover the creative skills
and special abilities that exist in this cate-
gory. Most of the studies focused on study-
ing the differences between the individual
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with intellectual disability and normal
children in creative thinking skills or re-
vealing creative thinking skills among in-
dividuals with intellectual disability, but a
few of them focused on designing an edu-
cational program to develop creative think-
ing skills and know its impact on students
with intellectual disability.

To create suitable opportunities for
talented and creative students with intel-
lectual disability in the future to develop
their creative energies and abilities, and to
contribute to the development of life in
their community, they must be given the
appropriate care and attention that helps
them develop their energies, abilities and
talents. This requires educational enrich-
ment programs that contribute to consider-
ing their needs and developing their crea-
tive thinking skills and linked in the real-
life and the daily experiences of students
with intellectual disability (Al-Ataar,
2011). Creativity training in an organized
manner helps to identify the main goals
and objectives, provide multiple opportu-
nities for students to develop their creative
abilities and skills by raising awareness
and enhancing the creative traits of each
student and teaching creative thinking
techniques to be able to enhance their in-
dependence and self-expression and ac-
quire lifelong learning skills (Davis &
Rimm & Siegle, 2011).

TRIZ Strategies, which consists of a
set of tools, methodologies, and a
knowledge base designed to bring creative
ideas into strategies that help change stu-
dents’ thinking and interactions in the dai-
ly life, and may motivate students with
intellectual disability to make distin-
guished contributions in the creative field
of life and to change the way the conduct
of business and the alteration of daily ac-
tivities (Fulbright, 2011).

Therefore, in this current research,
some strategies of the (TRIZ) program will
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be integrated into the science curriculum
for schools of intellectual education for
students with mild intellectual disability,
taking into account the concepts and skills
that must be acquired, and the type of
thinking skill required for them.

2.Research Problem

The process of creativity, with its dis-
tinct characteristics, is greatly affected by
the surroundings and the environment in
which the individual lives. It is affected by
customs, traditions, values and beliefs, and
everything related to the cultural heritage
of the community. Societies differ in their
structure, culture and beliefs from each
other, and some societies encourage inde-
pendence and self-reliance and the spirit of
development and progress without any re-
strictions or reservations, while a type of
society does not encourage independence,
and tends to suppress human capabilities
that seek progress and development with
restricting them (Abu Jadu, 2012a). and
this is with individuals with intellectual
disability, where the focus is on the aspects
of their shortcomings and weaknesses, and
the lack of interest in the aspects of
strength and creativity, and considering
them as effective individuals in their socie-
ties, and that people with intellectual disa-
bility need to upgrade the provided ser-
vices and the educational programs pro-
vided to them by societies to be active
members of society, and they keep pace
and adapt to changes, speed and develop-
ment in the face of the problems they are
experiencing. Creativity and its develop-
ment are important pillars in the lives of
individuals with intellectual disability.

It has become necessary for educa-
tional institutions that include students
with mild intellectual disability to give the
subject of teaching thinking skills and cre-
ative thinking great importance by adopt-
ing modern programs and strategies that

encourage thinking, learning and self-work.
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as the programs and curricula provided to
them do not encourage or stimulate moti-
vation and creativity even the learner with
an intellectual disability reaches the re-
quired level of education, can face the
challenges of the future and interact posi-
tively with its changes and developments
(AL-khamis, 2018).

Through the researcher’s review of
the database, he noticed that few studies
focused on the field of creative thinking
among students with mild intellectual dis-
ability and the absence of the application
of (TRIZ) theory in enrichment and train-
ing programs to develop their creative
thinking skills, but the studies that dealt
with the development of creative thinking
skills and the application of enrichment
programs educational for the development
of special abilities and creative thinking
skills for the individual with intellectual
disability in general. It recommended the
need to pay attention to this field, and the
field of intellectual disability needs to
search for everything that is new and helps
in developing creative thinking skills for
students with intellectual disability and to
change the strategies and curricula that are
presented to them in a new image that
strengthens and raise their motivation and
creativity.

(TRIZ) theory is based primarily on
innovation and not being restricted to a
single pattern of thinking, so it is neces-
sary to search for what is new and innova-
tive to benefit students with intellectual
disability, and to provide them with new
knowledge, or to help them get rid of their
shortcomings, implemented by simplifying
These strategies, and appropriately pre-
senting them, can benefit students with
intellectual disability (Al-Mawla, 2013).

The current research seeks to employ
some strategies of a program based on
(TRIZ) theory, which is represented in the
strategy  (Segmentation, Combining /
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Merging, Inversion) to develop creative
thinking skills (Fluency, Originality, Elab-
oration, Abstractness of Titles, Resistance
to Premature Closure) For the students
with mild intellectual disability.

Therefore, the study problem can be
formulated in the following main question:

What is the effect of a program based
on (TRIZ) theory on developing creative
thinking skills (Fluency, Originality, Elab-
oration, Abstractness of Titles, Resistance
to Premature Closure), among students
with mild intellectual disability in the State
of Kuwait?

The following questions arise from
this question:

1.Does the (TRIZ) program lead to
the development of creative thinking
skills among a sample of students with
mild intellectual disability?

2.Does the (TRIZ) program con-
tinue to develop creative thinking skills
for a sample of students with a mild in-
tellectual disability after a while (two
weeks)?

3.Research Aims
The current research aims to:

3.1 Verifying the effect of a program based
on (TRIZ) theory on developing creative
thinking skills (Fluency, Originality, Elab-
oration, Abstractness of Titles, Resistance
to Premature Closure) among students
with mild intellectual disability.

3.2 To verify the continuing impact of the
program in developing creative thinking
skills for a sample of students with a
mild intellectual disability after a while
(two weeks).

M. B. MalAllah, M. 1. Alshirawi, etc / Int. J. Systematic Innovation, 7(2), 1-21 (2022)

4. Research Terms
4.1 Intellectual Disability:

Students with mild intellectual disability
can be defined procedurally as they are
students with a mild intellectual disability
according to the diagnosis of the Devel-
opmental Medicine Unit in the State of
Kuwait, and their IQ ranges between
(52-68) on the Stanford Binet Scale, and
(55-69) on the Stanford Binet test
Wechsler for children and their chronolog-
ical ages (11-13 years).

4.2 Creative Thinking:

Creative thinking can be defined pro-
cedurally as the degree that the student
obtains from the study sample on the Tor-
rance test of creative thinking, formal form

(B).
4.3 (TRIZ) Program:

Simon Safransky considers (TRIZ) as
a systematic, human-oriented,
knowledge-based methodology that aims
to solve problems creatively (Abu Jadu,
2012a).

It is procedurally defined as a set of
educational activities and aids aimed at
developing creative thinking skills for
students with a mild intellectual disability
based on some (TRIZ) strategies: (the
turned/reversal  strategy, the merg-
ing/linking  strategy, and the divi-
sion/segmentation strategy).

5. Research Category

This research was applied in the first
semester of the academic year 2020-2021
AD in the State of Kuwait on a sample of
(7) students in the sixth grade.
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6. Research Methodology

The research relied on qua-
si-experimental research to study the re-
search problem and answer the questions
about the problem, it was selected because
it was the appropriate method to observe
the changes resulting from the introduction
of the independent variable and to achieve
the goal of research. An experimental
group was used to design the single group
with a prior, post and follow-up test, as
shown in Table (1). to verify the effec-
tiveness of a program based on (TRIZ) as
an independent variable in developing cre-
ative thinking skills for students with mild
intellectual disability as a dependent vari-
able.

Table 1. Experimental design for research

Fol-
Group | Pre-test | processing | Post-test | low-up
test
group
c Torrance  Enrichment  Torrance  Torrance
X.

Test of program Test of Test of
| Creative based on Creative  Creative
menta Thinking (TRIZ) Thinking  Thinking

one-gr Figure B theory Figure B Figure B
oup

design

peri-

7. Research Variables

The research included two types of
variables, as follows:

7.1 Independent Variable

A TRIZ-based enrichment program to
develop creative thinking skills in students
with mild intellectual disability.

7.2 Dependent variable

It is the degree of creative thinking
skills of a student with mild intellectual
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disability represented in Fluency, Original-
ity, Elaboration, Abstractness of Titles,
Resistance to Premature Closure, on the
Torrance Test of Creative Thinking, Figure.

(B).
8. Research Community

The target research community con-
sists of all students with mild intellectual
disability in the School of Intellectual Ed-
ucation for Boys in the State of Kuwait,
(169 students), according to the statistics
of the Intellectual Education Schools of
the Ministry of Education for the academic
year 2020/2021 AD.

9. Research Samples

The research sample consisted of (7)

students in the sixth grade in the School of
Intellectual Education for Boys, and they
were selected intentionally from several
classes in the school, and their ages ranged
between (11-13 years). The sample was
selected according to the following criteria:
that the student has a mild intellectual dis-
ability, that the student's intelligence rate
on the Wechsler Test of Children's Intelli-
gence ranged between (55-69), and on the
Stanford Binet test in the State of Kuwait
between (52-68), the student's chronologi-
cal age should range between (11-14)
years, and the student should not have any
other disabilities associated with the intel-
lectual disability.

10. Research Tools

To achieve the objectives of the current
research, two tools have been used to
measure the impact of the program in de-
veloping creative thinking skills, and
measures for obtaining and analyzing in-
formation in the prepared research. The
tools used in the research are detailed as
below:
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10.1 Torrance Test of Creative Thinking
Shape (B)

This test aims to measure the degree
of creative thinking, and this test was pre-
pared by Paul Torrance and published in
(1966 AD), and it can be used for all age
levels, as the age range of the test ranges
from (6-60) years, and it can be used for
all levels of research, from the kindergar-
ten to the postgraduate studies. the test
measures four abilities: fluency, flexibility,
originality, and Elaboration. In (2008) the
test correction was developed to address
the different divergent thinking skills,
namely, fluency, originality, Elaboration,
Abstractness of Titles, and Resistance to
Premature Closure. The Torrance Shape
Test (B) consists of three activities: the
first activity (Picture Construction), and
the second activity (completing the lines):

The psychometric properties were ex-
tracted by referring to the Torrance Tests
of Creative Thinking (2008) manual, so
the stability coefficients of the creative
abilities of the Torrance formal form were
calculated as shown in Table 2. It is noted
that the stability coefficients for creative
abilities are high and statistically signifi-
cant, the reliability coefficients ranged
between (0.966-0.999).

The Torrance test, in its American
form, has different truthful connotations,
with Torrance referring to the availability
of the truthful content of the test, and also
in a study of Torrance and Gupta in
(1964).

Using the test of teachers' estimates to
demonstrate the complementary truthful-
ness of peripheral categories, the scale was
found to have a high ability to distinguish
between the upper and lower categories in
the test dimensions. (Fluency, flexibility,
originality), and in (1972) Torrance began
studying his followers to complete a sam-
ple of students that reached (236) students
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over 12 years, and when their achieve-
ments were linked to Torrance's test results,
they were reported to males. (0.59) and for
females (0.49), also in the (1974) Kruble
study, when a sample of students was
traced for five years and the correlation
between their achievements and their con-
nections in the Torrance test was found to
have reached. (0,514) with an indicative
level (0,01) is evidence of the predictive
honesty of the test.

Psychometric properties of the test on
the Kuwaiti environment

(Al-Tabikh, 2015) verified the valid-
ity and reliability of the Torrance test to
measure creative thinking on a sample of
the Kuwaiti environment, where the sam-
ple consisted of (45) male and female stu-
dents, including (22) male students, and
(23) female students from the class. The
reliability coefficient values among the
correctors were very high, indicating that
the Torrance test had very high stability
following the development of its correc-
tion method in 2008 AD. The coefficients
of the reliability coefficient value between

the correctors ranged between
(0.941-1,000).

10.2 TRIZ Theory-Based Enrichment
Training Program to Develop Creative
Thinking Skills

Caring for the educated student with
intellectual disability requires him to ac-
quire the knowledge and skills that form
the necessary scientific background for
him, which interact in himself and lead
him to search for other information further
and deeper, using his experiences and
skills, interacting with his environment
with all its variables, generating new
knowledge, which appears in various
forms. It expresses creativity, such as gen-
erating a large number of ideas, solving
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problems, or creating new ideas
(Al-Mutairi, 2017).

The goal of efforts to teach thinking
to students with an intellectual disability is
to improve their skills in creative thinking,
and thus train their students to take re-
sponsibility for integrating thinking skills
into their daily practices, not only in the
usual classes at school but in the various
aspects of their life activities (Nawfal and
Seifan, 2011).

TRIZ theory of innovative solutions
to problems included a group of (40)
strategies that can be used to find some
unusual solutions to educational problems.
These principles have demonstrated their
effectiveness in solving many engineering,
technological and scientific problems and
have also led to the emergence of a large
number of inventions in these areas. It is
assumed that the application of such strat-
egies in the field of education and educa-
tion of children with intellectual disability
may help to solve their problems inappro-
priate ways and lead to the acquisition,
development and improvement of their
many abilities, skills and strengths
(Al-Mawla, 2016).

11. Program Overall Objective

The overall objective of the program
is to develop creative thinking skills (Flu-
ency, Originality, Elaboration, Abstract-
ness of Titles, Resistance to Premature
Closure) for students with a mild intellec-
tual disability based on (TRIZ) strategies:
(Segmentation, Combining / Merging, In-
version)

12. Nature of the Program

This program develops creative
thinking skills (Fluency, Originality, Elab-
oration, Abstractness of Titles, Resistance
to Premature Closure), by integrating some
of (TRIZ) strategies into the science cur-
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riculum for sixth grade in schools of intel-
lectual education. The program includes
the application of three TRIZ strategies
(TRIZ) which is (Segmentation, Combin-
ing / Merging, Inversion).

The program consists of (48) training
sessions held at a rate of (10) sessions per
week, where the duration of the session is
divided into two lessons (35) minutes to
explain the daily lesson, and (35) minutes
to solve the problem in a creative way us-
ing the principles of (TRIZ) theory. The
program includes several educational ac-
tivities and activities to solve different
problems of daily life situations that the
student is exposed, experiencing a problem
in our lives and working to produce a crea-
tive solution by applying the creative
strategy used in the course through dia-
logue and discussion, brainstorming,
teamwork and feedback among students to
develop creative thinking skills.

This program will be applied within
the educational units of science for the
sixth grade in schools of intellectual edu-
cation, namely: Light and Sound - Human
and the universe - Human and Oil.

This program is based on training
students to solve problems in creative
ways through sessions that include several
diverse activities. Each session includes
the following:

12.1 Preparation:

Students are welcomed, asked about
their conditions, and given an alert before
the beginning of the lesson as an activity
or game that is related to the session,
within 5 minutes of each session.

12.2 Presentation:
In which the daily lesson is explained

and a group discussion is held with the
students and some questions are asked
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about the topic of the lesson within (10)
minutes, and thus the students are distrib-
uted to their selected groups to start pre-
senting the creative strategy, explaining it
and giving some examples around it, and
thus the problem is presented to be solved
using the creative strategy, explaining and
highlighting its aspects within (15)
minutes, and therefore the students engage
in dialogue and discussion to formulate
and identify the problem within (5)
minutes, and therefore the teacher asks the
student groups for cooperation and discus-
sion to develop an ideal solution to the
problem within (5) minutes, Then each
group proposes several suitable solutions
to the problem using the creative strategy
within (10) minutes. At the end of the
presentation, all the solutions proposed by
the student groups are displayed on the
smartboard using the iPad to evaluate them
and make a vote based on several criteria
to choose the best one, within (10)
minutes.

12.3 Final steps:

in which activity related to today’s
session is done, such as a stereoscopic de-
sign, a booklet, an awareness brochure, a
guide board, a brainstorming for creative
solutions, feedback on what has been dis-
cussed, and homework is given to students
related to the content of the session. within
(10) minutes.

For more details, a detailed explana-
tion of the session has been provided (Fig.
la, 1b, and 1c.).

13. Study Results
13.1 The results of the first hypothesis

The results related to the first hy-
pothesis, which states that "there are statis-
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tically significant differences at the level
(0.05) between the mean ranks of the ex-
perimental group's scores in the pre and
post-tests on the Torrance test of creative
thinking in the formal image (B) in favour
of the post-test".

To verify the validity of the first hy-
pothesis, the arithmetic averages and
standard deviations of the scores of the
experimental group on the Torrance test
for creative thinking were calculated in the
pre and post-tests, as shown in Table No.

2



O
() I J OSI M. B. MalAllah, M. 1. Alshirawi, etc / Int. J. Systematic Innovation, 7(2), 1-21 (2022)

Lesson Model
Session 11 Eleven
How do we hear sounds?

-

Educational methods and techniques used:
I pad
plastic cups
wooden box
Plastic Colored Balls
Pens

Animal pictures
- J

Teaching methods
Dialogue and discussion

ask questions
Brainstorming

Teamwork

. J

( General Objective Learn how to hear sounds \
Special Objective The student knows how to hear sounds
Strategy Objective That the students understand the strategy of merging /
linking
Thinking Skills Fluency, originality
Social Skills Communication, teamwork

K Day and Date j

Fig. 1a Lesson model

10
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Session

stet[;Isn aend Beléao\:los ral Activities and Procedures Skill "ll\“/i:tcll:;gg Calendar
A circular circle is made with the stu-
dents and the teacher greets them and
asks them about their conditions and Students' in-
the students  how their day was. The session begins teraction with
) be able to with a game that knows the number by the vame and
preparation  determine the listening only where the teacher puts Play the fccurac
correct several balls in a wooden box and Team- of their foch

5 Mins number makes a sound for the balls to fall inside work ik o th
through the box and ask the students to close mn no:vmg ¢
hearing. their eyes and focus by hearing how ggi‘rec fum-

many balls are in the box, the group that
guesses the most correct number is the
winner. (11-1)
e The teacher displays a group of
pictures on the smart board about the
the student five senses of the human being, in
recognizes addition to a picture of a child next to
how to hear him an alarm clock, and then a dis- Dialogue

Presenta sounds. cussmn.ls held with the students as and fhs' Studepts‘ in-

tion 10 follows: (11-2) ‘ cussion teraction .Wlth

Mins the student e What made the child wake up for the questions
knows how school? Ask asked
to maintain e  Which member of the head heard questions
the integrity the alarm?
of his ears. e How do we preserve this member

so that he does not get sick?
Problem: mocking people who can't
hear (deaf).
* the students The strategy used: the merge/link Dialogue  Students' un-
be able to : .
Presenta- strategy. and dis-  derstanding of
tion 15 understand cussion the merg-
. the strategy ] oS
Mins of merg- The teacher explains the strategy of ing/linking
ing/linking. ~ merging/linking, giving several exam- strategy.
ples about it in our lives, through a set
of illustrations that are displayed on the
smartboard. (11-3)
Defining the problem: The students sit
e Atthe end  in their predetermined groups, then the
of the activi-  teacher tells them a situation that hap-
ty, the stu- pened when he visited a school and saw
dent should @ group of students laughing at one of .
be able to the students and the student feels upset Dlalogue
derive some  and ashamed of the students’ attitude to and dis-  Enable stu-

5 Mins creative so-  him and has an inquiry with the spe- cussion  dents to iden-
lutions to the  cialist about the condition of this stu- tify the prob-
problem us-  dent, he said that he is a deaf person He Teamw lem.
ing the takes his lessons in a special class in- ork
merg- side the school (1 1-4)
ing/linking
strategy. Problem formulation: (11-5)

11
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Making fun of people who can't hear

(deaf).
recess The teacher allows the students to take
a short break of 5 minutes to drink
water and move around a bit in the
classroom
5 Mins
Fig. 1b Lesson model (continued)
Continued: Session Eleven (How do we hear sounds):
Session . .
Beh 1 . o ege Teach
steps and chaviora Skill Activities and Procedures eaching Calendar
it goals Methods
time
The ideal solution to the problem:
The teacher engages and discusses
with 'the students to develop an ideal Discussion Students are
5 Mins solution to the problem by using the able to find an
merging/connecting strategy. T " ideal solution
camwor to a problem.
Link the classes of all students in the
classroom and their collective partic-
ipation in activities.
Suggest appropriate solutions to the
problem of mocking people who
cannot hear (deaf people) using the
merging/associating strategy:
Meanwhile, the teacher moves be-
tween groups of students to motivate
and encourage them to suggest ap-
propriate solutions.
: Solutions that students can suggest: ~ Dialogue  paple stu-
and fhs' dents to gen-
» Integrate students with each other in ~ €USSIon erate as many
the classroom and sports activities. creative solu-
Brain- i
10 Mins fluency ] ] stormin t1onbsl to the
* Connecting (deaf) students with g probiem as
normal students in friendship with the possible using
aim of helping them, getting to know  Teamwork the

them closely and supporting them.

* Putting (deaf) students in one place
and a specific period when providing
counselling services and helping them
to solve their problems.

* Presenting the solutions reached by
the student groups under the name of
each group and writing down these
solutions using the iPad on the
smartboard.

merge/connect
strategy.

12



®
() I J OSI M. B. MalAllah, M. 1. Alshirawi, etc / Int. J. Systematic Innovation, 7(2), 1-21 (2022)

Final Design a speaker out of plastic cups
steps and a small open tube and ask the
students to distinguish the voices of Teamwork
. their peers without seeing them by
mines speaking through them. (11-7)
Fig. 1¢ Lesson model (continued)
Table 2. Arithmetic averages and standard The Table shows that the arithmetic
deviations of the scores means in all creative thinking skills in the
post-test exceeds the arithmetic mean in all
Pre-test test Post creative thinking skills in the pre-test
Arith stand- Arith stand-

tive skill metic ard metic ard . L.
creative skifls aver-  devia-  aver-  devia- To verify the significance of the

age tion age tion differences between the mean ranks of the

fluency 12.14  3.93 20.28 3.30 .

— pre and post-tests, the Wilcoxon test was
originality 6.57 3.77 10.00 2.70 d f he linked 1 h .
Elaboration 328  487.  4.00 _ 1.00 used for the linked samples as shown n
address ab- Table No. (3)

straction (Ab-

stractness of 271 1.38 5.28 2.13

Titles)
Early closing

. 4.28 3.25 7.57 3.55
resistance

Total 29.00 1034 47.14 8.82

Table 3. The results of the Wilcoxon test for correlated samples for the differences between
the mean ranks of the pre-and post-test scores on the Torrance test. Figure (B)

creative skills ranks ‘ Number ‘ Mean ‘ Total Z value ‘ significance ‘ ef.fect
Rank Rank level size
Negative* 0
00. 00.
fluency Positive** 7 -2.37 0.018 0.63
4.00 28.00
Equal** 0
Negative* 0
00. 00.
originality Positive** 7 -2.38 .017 0.64
4.00 28.00
Equal*** 0
Negative* 0
00. 00.
Elaboration Positive** 4 -1.89 .059 0.50
2.50 10.00
Equal*** 3
Negative* 0
address. ab- 00. 00.
( Aprnelion . Positiver 4 -1.84 066 0.49
of Titles) 2.50 10.00
Equal*** 3
13
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Negative* 1
) 2.50 2.50
Barly closing — p ivers 5 1.68 093 0.4
resistance
3.70 18.50
Equal*** 1
Negative* 0
00 00
Total Positive** 7 -2.36 .018 0.63
4.00 28.00
Equal*** 0
*post > pre **post < pre *E¥*Xpost = pre
Fol- which represents the percentage of vari-
post-test lotw-up ance in the creative thinking skills of stu-
est dents with mild intellectual disability, can
Aritn  Stand  Arith  stand- be explained through the impact of the ap-
creative skills metic dtrv(: “:levt‘c d:fa plication of the program. By calculating
mean on erage tion the effect size extracted from the previous

fluency 20.28 330  22.00 3.05
originality 10.00  2.70 12.42 3.10
Elaboration 4.00 1.00 4.85 377.

Abstractness
of Titles 5.28 2.13 5.57 2.29
Farlyclosing o, 355 gg5 401
resistance

Total Scores 47.14 8.82 53.71 9.48

The results are shown in Table (3)
showed that all the students with intellec-
tual disability in the experimental group
had higher scores in the post-test, fluency
and originality than the pre-test, where the
value of the significance level of the de-
gree was less than (0.05). The results also
showed that the difference between the
group averages in skill (Elaboration) and
skill (Abstractness of Titles) between the
pre and post-tests was not statistically sig-
nificant.

The effect size of the training was
calculated through the Z-value of the total
score (-2.36), where the effect size value,

14

equation, showed that the program had an
impact on all creative thinking skills, as
the effect size was medium, which indi-
cates that the program affected the exper-
imental sample in all creative thinking
skills.

13.2 The results of the second hypothesis

The results related to the second hy-
pothesis, which states that "there are statis-
tically significant differences at the level
(0.05) between the mean ranks of the ex-
perimental group's scores in the post and
Follow-up test on the Torrance test of cre-
ative thinking (Figure. B) in favour of the
Follow-up test).

To verify the validity of the second
hypothesis, the arithmetic averages and
standard deviations of the scores of the
experimental group on the Torrance Test
for Creative Thinking were calculated
(formal form (B) in the post and follow-up
test, as shown in Table 4.
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Table 4. Arithmetic averages and standard
deviations of the scores

Table No. (4) shows that the arithme-
tic means of the scores of the experimental
group in the post-test of the total score
equals (47.14) with a standard deviation
(8.82), while it reached in the Follow-up
test (53.71) with a standard deviation of
(9.48), where it turns out that the arithme-

M. B. MalAllah, M. 1. Alshirawi, etc / Int. J. Systematic Innovation, 7(2), 1-21 (2022)

tic averages in all creative thinking skills
in the follow-up measurement, the arith-
metic mean exceeded in all creative think-
ing skills in the post-test.

To verify the significance of the dif-
ferences between the mean ranks of the
post and Follow-up test, the Wilcoxon test
was used for the linked samples as shown
in Table 5.

Table 5. The results of the Wilcoxon test for correlated samples for the differences between
the mean ranks of the post- and Follow-up test scores on the Torrance test. Figure (B)

creative skills ‘ ranks ‘ Number ‘ 11\1/[:311: ‘ l{gt:li ‘ Z value s1gnllet;1,cezlmce
Negative* 0
00. 00. 2.401-
fluency Positive** 7 016.
4.00 28.00
Equal** 0
Negative* 0
00. 00.
originality Positive** 7 2.388- 017.
4.00 28.00
Equal*** 0
Negative* 1
3.50 3.50
Elaboration Positive** 6 1.897- 0S8.
4.08 24.50
Equal*** 0
Negative* 2
2.75 5.50
Abstractness of Title Positive** 3 552.- 581.
3.17 9.50
Equal*** 2
Negative* 1
1.00 1.00
Early closing resistance Positive** 4 1.786- 074.
3.50 14.00
Equal*** 2
Negative* 0
00 00 2.371-
Total Scores Positive™* 7 018.
4.00 28.00
Equal*** 0

* Follow-up > post
= post

** Follow-up< post

15
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The results shown in Table No. (5)
showed that all students with intellectual
disability in the experimental group had
higher scores in the Follow-up test than the
post-test, where the significance level val-
ue of the total score was (018.), and it is
clear that the difference between the group
averages in the skill (fluency) and (origi-
nality) between the post and Follow-up
tests, it was statistically significant in favor
of the Follow-up test, where the signifi-
cance level of the skill (Fluency) was
equal to (016.), which is less than (0.05),
and the significance level of the skill
(originality) equaled (017.), which is less
than (0.05), while it was found through the
results that the difference between the

14. Discussion & Interpretation of Results

The results of the first hypothesis indi-
cated that there are statistically significant
differences between the mean scores of the
research sample members in the pre and
post-tests on the Torrance test of creative
thinking, the formal image (B) in favour of
the post-test as shown in Table No. (5), and
according to the data recorded in the table, it
is clear The performance of the group im-
proved on the post-test over the pre-test, and
the reason for this is due to the existence of
the effect of (TRIZ) program on the sample
members and the development of their crea-
tive thinking skills than they were before the
start of the program.

The strategies used in the (TRIZ) pro-
gram had a clear role in improving students’
level of creative thinking and problem-solving
skills, which are (Segmentation, Combining /
Merging, Inversion), as these strategies
changed the students’ thinking pattern and
their interaction in creatively solving daily
life problems, developing this thinking and
motivating them to be creative and discover
their latent abilities, and this was also shown
by increasing the level of self-confidence
among these students that they are individuals
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group averages in the skill (Elaboration)
and the skill (Abstractness of Titles) be-
tween the Sequential and post-tests was
not statistically significant, as the value of
the significance level of the skill ( Elabo-
ration) was (058.), which is higher than
(0.05) and the value of the significance
level of the skill (Abstractness of Titles) is
equal to (581.), which is higher than (0.05),
and it was also shown through the results
that the difference between the group av-
erages in the skill (early closure) between
the Sequential and post-tests was not sta-
tistically significant, as The significance
level value was (074.), which is higher
than (0.05).

capable of facing and solving problems in
creative ways, as various teaching methods
were applied to work on extracting these cre-
ative ideas represented in dialogue, discussion,
asking questions, brainstorming, and posing
problems to develop creative thinking, team-
work, play, feedback, and homework.

In addition to, the use of various educa-
tional means to communicate and clarify in-
formation using the (TRIZ) program strate-
gies to develop creative thinking, among the
means that were used are the tablet (iPad),
explaining the lesson and the problem through
pictures, video, and the short story, conduct-
ing scientific experiments with students, and
deliver all the activities, tools and projects we
focus on in the daily sessions to the students'
homes. To provide all the requirements of the
daily session for them to interact and partici-
pate, in particular, spherical models of cork
were provided for the shape of the earth and
the moon, coloured clay and moulding tools
for making the different faces of the moon,
and coloured cardboard for the design of the
traffic light, and whiteboards for the design of
guiding and awareness means to save electri-
cal energy, to raise awareness of the safety
and security instructions at the petrol station,
a picture booklet, a gift box for decoration,
coloured beads, coloured ribbons, plastic cups
for making telephone headsets, wooden sticks

000060
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for making a compass shape, pens, wooden
and wax colours, glue and adhesive, and these
activities and the supporting means that were
provided to all The students contributed to the
development of the creative thinking skills of
the research sample.

And this has made the students more
creative, where the teacher explains the daily
lesson and asks questions, so we connect the
life problem to the lesson of the day itself,
and explain what creative strategy we're going
to solve the problem and explain several ex-
amples of it. The teacher, therefore, asks each
student to explain the examples of the strategy
so that they can be recognized and understood
as to how to solve the problem facing us and
to come up with creative ideas by solving the
problem with the strategy of the session. At
the end of the session, we make a concluding
activity related to the session itself to develop
creative ideas, such as”(making a stereoscopic
and adding Elaborations to it, developing
many diverse ideas for a topic or a shape,
making an awareness poster that includes
various creative ideas, and developing addi-
tional diverse solutions to today's problem
using the creative strategy, where These activ-
ities helped them acquire creative thinking
and problem-solving skills, which increased
their life knowledge and self-confidence and
changed their thinking style towards looking
at things.

The improvement in the level of students
can also be explained by the fact that the re-
searcher was able to have a good professional
relationship based on respect, acceptance and
understanding the needs of students with in-
tellectual disability. by creating and develop-
ing good manners among the students through
competition between them and helping each
other in solving problems, gaining the skills
of perseverance, self-initiative and developing
a spirit of teamwork and cooperation among
the students. This is what the researcher
sought during the formation of the profes-
sional relationship with the students and even
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during the daily sessions, where they were
encouraged to participate, initiative, coopera-
tion and teamwork, which boosted the stu-
dents’ self-confidence and this was demon-
strated through the subsequent sessions of
good interaction and expression of themselves
and breaking the barrier of shyness and fear
of learning Something new in their lives leads
to a high level of confidence and thinking
from the beginning of solving the first prob-
lem to the end of the program sessions.

What helped the students’ interaction
continuously was that the researcher activated
the enhancement by making a behavioural
contract with the students and making an en-
hancement board, where the researcher indi-
cated to the students that there is an honour
for them in the morning assembly after com-
pleting the training program, and the creative
student who will be honoured is the one who
has proven his presence in the program
through his interaction, and active participa-
tion, good behaviour and manners, respect for
the laws and ethics of the classroom, and the
rules of the training program. I called to them
the Creator Program, and they, in turn, called
it Creative Strategies. In addition to the be-
havioural contracting, the researcher used
various enhancements methods such as the
star enhancement board, where the student
who interacts during the session gets a star
and if he collects 5 consecutive stars he would
get a token gift at the end of the week, which

helped the students interact well and
strengthen them morally with words of en-
couragement, that enhance their

self-confidence. The researcher presented
their achievements to their parents who had
an important role in the program through co-
operation and participation in preparing the
student's tools such as a computer or tablet
(iPad) and entering the session on the Zoom
program, where the researcher trained some
parents on how to log into the program and
enter the daily sessions and giving instruc-
tions to parents to prepare the tools for the
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session and create the appropriate place at
home.

In addition, the success of the (TRIZ)
program in developing the creative thinking
skills of the sample members can be ex-
plained by range of topics that were presented
that were raised in the training sessions and
which were linked to the realities of students
with intellectual disability, in how to face
and solve daily life problems, through focus-
ing on training these students to be able to
identify and formulate the problem, to devel-
op an ideal solution to the problem and to en-
able them to, and enable them to develop
the largest number of creative solutions to the
problem using the TRIZ program strategies to
solve problems in creative ways, and thus
choose the appropriate solution through the
various solutions that they presented, and this
What was shown by the high level of students
in creative thinking skills in (fluency skill and
originality skill) in producing creative ideas
and solutions, and the high level of some stu-
dents in the rest of creative thinking skills in
( Elaboration skill, Abstractness of Titles skill,
and early closure resistance skill), as (3) stu-
dents were their scores are equal in the pre
and post-tests in the skills of FElaboration
and Abstractness of Titles, one student did not
raise his level in the skill of resisting early
closure, which led to the lack of statistical
significance in this skill. The results of the
current research in the total score indicate the
existence of an effect of the program ((TRIZ)
program), which amounted to (0.63). and in-
dicating the existence of a mean effect of the
program on the research sample are students
with mild intellectual disability.

This is consistent and agrees with (Cote
et al, 2010) study, which indicated that all
students with mild intellectual disability
learned how to identify the problem, how it
can be solved and find possible solutions, in
addition to generalizing and applying their
skills in solving problems, as well as con-
sistent with (Fard et al, 2014) study, The pro-

18

M. B. MalAllah, M. 1. Alshirawi, etc / Int. J. Systematic Innovation, 7(2), 1-21 (2022)

gram based on solving problem led to the de-
velopment of creative thinking skills in flu-
ency, flexibility, originality and Elaboration
among students with mild intellectual disabil-
ity, and the results of the current research
agreed with the study (Lant, 2019). Which
showed the positive role of the prob-
lem-solving strategy in integrating it with the
daily lessons for students with mild intellec-
tual disability, in addition to the role of sup-
port and encouragement for students enhanc-
ing their self-confidence when facing new
problems and it led to showing the creative
ideas and skills of the sample members.

The results of the current research
showed the positive role of the (TRIZ) pro-
gram in developing creative thinking and
problem-solving skills for students with mild
intellectual disability, as it added the results of
the current research with studies that applied
the strategies of the (TRIZ) program with dif-
ferent age groups and different groups stu-
dents with special needs, such as a study on
talented children, a study on children with
learning difficulties, and a study on students
with hearing disability in the educational field,
as these studies showed effective positive re-
sults in developing their creative skills and
abilities, proving that the (TRIZ) program is
not limited to a specific age or a category
without another, but any individual can be
trained on it to develop creative thinking
skills and solve problems in creative ways,
and this is done through the good use of
(TRIZ) program strategies and integrating
with the educational curriculum, and this is
what was done by integrating some of the
strategies of the (TRIZ) program with the ed-
ucational curriculum for science for the sixth
grade of primary school of intellectual educa-
tion in the State of Kuwait.

The results of the second hypothesis also
indicate that there are statistically significant
differences between the mean rank scores of
the research sample members in the post and
follow-up test on the Torrance test of creative
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thinking, the formal Figure (B), where the
follow-up measurement was applied two
weeks after the end of the training program
for the sample members, and it determines
that there are statistically significant differ-
ences between the post-test and follow-up of
the Torrance test of creative thinking (formal
image (B) in favour of the follow-up meas-
urement in the skill of fluency and originality
skill and the total score. on different types of
problems they face, and this is agreed with the
study (Karabulut & Ozmen, 2018) through the
positive impact of the problem-solving pro-
gram and the students’ acquisition of that skill
and its generalization to different types of
problems they face in their lives, and this can
be explained because of the continuing impact
of the training program which contained 24
various training sessions in solving problems
we face in our daily lives related to the sci-
ence curriculum, and also as a result of using
methods and different techniques and teach-
ing methods appropriate to the research sam-
ple and the age stage, all of this led to the
sample members retaining the skills they ac-
quired after two weeks of post-test and gener-
alizing these skills in their daily practices, as
the activities used in the training program
varied between fluency development and flu-
ency development activities. The skill of
originality in producing original creative ideas
and solutions, activities that develop the skill
of Elaboration in adding details to a problem
or a specific activity, and activities that de-
velop team and cooperative work, interaction
and communication with their colleagues.
People with intellectual disability are encour-
aged to change the programs offered to them
and the importance of those training programs
that develop creative thinking and prob-
lem-solving skills and integrate them into
their educational curricula.

15. Conclusions
In this research aims, TRIZ is applied to

develope creative thinking skills (Fluency,
Originality, Elaboration, Abstractness of Ti-
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tles, Resistance to Premature Closure) by in-
tegrating some of (TRIZ) strategies into the
science curriculum for sixth grade in schools
of intellectual education among male students
with mild intellectual disability, this strategies
showed that TRIZ program had a clear role in
improving students level of creative thinking
and problem solving skills, which are (inver-
sion / inversion), (merging / linking) and (di-
viding / segmentation), as these strategies
changed the pattern of thinking Students and
their interaction in solving daily life problems
in a creative way, developing this thinking and
motivating them to be creative and discover
their latent abilities, future research can also be
focused and discover that the TRIZ program is
not limited to a specific age or group without
another, but it is possible to train any individ-
ual on it to develop creative thinking skills and
solve problems in creative ways. It was im-
plemented by integrating some of the strate-
gies of the TRIZ program with the educational
curriculum for the sixth-grade science subject
for schools of intellectual education in the
State of Kuwait, and that what we need for the
educational field for people with intellectual
disabilities to change the programs offered to
them and the importance of those training
programs that develop creative thinking and
problem-solving skills and integrate them into
their educational curricula.
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Abstract

The issues of digital transformation and digital maturity have continued to be relevant over the past few dec-
ades. It is difficult to state that there is a universal digital maturity model (DMM) simultaneously applicable
for organizations, industries, regions, and countries. We have tried to develop a universal DMM. It is based on

the assessment of the digitalization level of the core business processes, including internal and external. The
model includes 5 levels. We tested the DMM on 126 organizations. The results showed that 45% of the or-
ganizations belong to the second level (“partial digitalization™). The advantages of the model are simplicity of

use, applicability for organizations of different sizes and forms of ownership, and a relatively high degree of
objectivity. Further testing of the DMM will be aimed at assessing the level of the digital maturity of indus-

tries and regions.

Keywords: Digital maturity model, digitalization, digital transformation.

1. Introduction

Digital transformation is a process that has af-
fected all sectors of our society (Galindo-Martin et al.,
2019; Shen et al., 2018). Most researchers consider it
as a tool for improving the efficiency of the businesses
by optimizing business processes, reducing operating
costs, increasing the understanding of the customer
experience, developing the professional competencies
of employees, and enhancing the level of the corporate
culture (Bellakhal and Mouelhi, 2020; Martin-Pena et
al., 2019; Nambisan et al., 2019). In addition, digitali-
zation forms a completely new approach to manage-
ment (Diaz-Chao et al., 2015; PwC, 2016). Digital
technologies have become the basic determinants of
competitiveness (Bertani et al., 2021; De Pablos and
Edvinsson, 2020) and help to increase the value of
companies (Salvi et al., 2021).

A lot of studies related to digitalization and digital
transformation have appeared in the last decade. The
number of papers on it has been growing rapidly from
year to year (Reis et al., 2018). The researchers explore
different aspects (for instance, the capabilities of dif-
ferent Information and Communication Technologies
(ICTs), digital skills, effectiveness of ICTs, new busi-
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ness models, etc.) and levels (for instance, digitaliza-
tion of countries, regions, cities, sectors, and organiza-
tions) of this phenomenon (Santoalha et al., 2021;
Ballestar et al., 2021; Kijek and Kijek, 2019; Kraus et
al., 2019; Yang et al., 2021).

Some studies try to evaluate the level of digitali-
zation and to provide a vision for future development.
In other words, the researchers try to measure digital
maturity. As a result, a large number of digital maturity
models (DMMs) have appeared in recent years (DESI,
2021; UK Consumer Digital Index, 2021; Grebe et al.,
2021; Dell Technologies, 2018; Berghaus, 2016; Frie-
drich et al., 2011; Westerman, 2012; Berger, 2015; Gill
andVanBoskirk, 2016; Valdez-de-Leon, 2016; Salviotti
et al., 2019; Ifenthaler and Egloffstein, 2019). The
models are based on the analysis of the certain groups
of the criteria. Each of them has its strengths and limi-
tations. However, several common gaps can be high-
lighted. Most of these models can hardly be regarded
as universal, i.e., at the same time applicable for or-
ganizations, sectors, regions, and countries. The other
limitation of some DMMs is the subjectivity of evalua-
tions and application complexity. Besides, usually,
DMMs have been developed by practice-oriented con-
sultants. As a result, this fact limits the existence of
their theoretical basis (Thordsen et al., 2020). Thordsen
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et al. analyzed 17 existing DMMs and noted that they
do not have enough measurement validity.

In this context, the study tried to develop a new
DMM which will be characterized by the following
features: universality (i.e., applicable for organizations,
industries, regions, and countries), maximum objectiv-
ity, theoretical basis and easy handling.

To develop the model, we made a literature review
in the context of (1) the theoretical understanding of
digitalization and Information and communications
technologies (ICTs), (2) the existing DMMs including
criteria for measurement, and (3) exploring the role of
business processes in the digital transformation of the
enterprises. At the next step, we designed our DMM
and tried to conceptualize it theoretically. We also test-
ed it on 126 organizations.

As a result, we concluded that the developed
DMM operated with only objective criteria — the fact of
the implementation of the specialized ICT in the key
business processes of the organizations. Besides, the
DMM can be applied for the levels of sectors, regions,
and countries.

2. Literature Review and Theoretical Background

2.1 The Concept of Digitalization

Currently, there are many variants of the definition
of digitalization (digital transformation). For example,
Stolterman and Fors (2004) have noted that digitaliza-
tion is a business model driven by changes associated
with the application of digital technology in all areas of
human society. Gassmann et al. (2014) have got the
alternative definition of digital transformation: it is the
ability to transform existing products or services into
digital counterparts and thereby create advantages over
tangible products.

In their literature review, Emily et al. (2015) have
identified four main aspects of digitalization: digital
capacity, business models, operational processes, and
ICT user experience.

Several scientists have identified key types of
technologies that underlie digital transformation. They
include cyber-physical systems, smart factories, digital
twins, the Internet of Things, big data, artificial intelli-
gence, and cloud computing (Liao et al., 2017;
Brynjolfsson and McAfee, 2014; Schwab et al., 2018;
Li, 2018; Xu et al., 2018; Roblek et al., 2016).

Rossato and Castellani (2020) analyzed some
companies and concluded that digitalization has the
following positive effects: increased efficiency of
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business processes, improved understanding of the
customer experience, developed professional compe-
tencies, and improved corporate culture.

Emily et al. (2020) suggested that such evolution
can bring competitive advantages to a company in the
form of more efficient business processes and, conse-
quently, higher performance.

One of the key features of digitalization is the ca-
pacity to change and transform an organization's busi-
ness processes and ecosystem (Legner at al., 2017,
Parviainen at al., 2017).

Much less research has been devoted to quantify-
ing the impact of digitalization on business develop-
ment. In particular, Calvino and Criscuolo (2019) con-
ducted statistical analysis for 15 different countries. As
a result, the researchers concluded that technological
factors provide positive dynamics for business devel-
opment with an average 40 percent. At the same time,
there are significant differences between countries in
the dynamics of high-tech industries. It is associated
with institutional and political factors.

Some researchers noted that digitalization has be-
come a strategic priority for many companies, but their
movement in this direction is rarely a simple process
(Legner at al., 2017; Zangiacomi at al., 2020).

The digital transformation is inextricably linked to
government policy. The most frequently mentioned one
is the German government program “Industry 4.0”. At
the same time, similar initiatives have been launched in
other countries. For example, “Made-in-China 2025” in
China, “Industrial Internet and Smart Manufacturing”
in the US, “Intelligent Manufacturing Systems” in Ja-
pan, “Factories of the Future” in the EU, and “Future
of Manufacturing” in the UK (Liao et al., 2017
Schneider, 2018). The underlying approaches and ideas
of these programs are at the intersection of many disci-
plines, including electronics, business and management,
computer science, business and information systems
engineering, and mechanical engineering (Lasi et al.,
2014).

Companies involved in digital transformation not
only gain opportunities to add value to their products
and services but, more importantly, bring radical
changes to their business models (K&bnick, 2020).

At the same time, the changes in business models
associated with digitalization lead to additional risks.
Thus, Kovaité and Stankeviciené (2019) distinguish six
types of such risks at the micro-level: technical, com-
petence, accepted by personnel, accepted by customers
and partners, financial, and data privacy and security.

Many organizations report success in their digi-
talization or at least declare their intentions to start the
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process (Galindo-Martin et al., 2019). Therefore,
organizations need to understand both their current
level of digitalization and to set the right goals for
moving forward on this path. We suppose it is the key
point of “true/real” digital transformation for achieving
more efficiency.

2.2 Review of Digital Maturity Models

Digital maturity is the term that shows the current
level of the organization’s digitalization (Chanias and
Hess, 2016). Thordsen et al. (2020) analyzed 17
DMMs. The authors noted a lot of differences between
the models. First of all the DMMs used different indi-
cators to measure the level of digitalization. Nine of the
analyzed models do not provide any theoretical base. In
most cases, developers of DMMs do not provide any
arguments in terms of the general logic theory.

In addition to the 17 DMMs that have been ana-
lyzed by Thordsen et al. (2020), we consider more
models.

In our opinion, the most comprehensive approach
to the digital maturity assessment is the Digital Econ-
omy and Society Index (DESI) (DESI, 2020). It is de-
veloped by the European Commission and used to as-
sess the level of digitalization of the EU countries. The
calculation of this index is based on the evaluation of
indicators included in 5 main subindexes: (1) availabil-
ity and quality of communications (including the level
of use of fixed broadband access and its coverage, mo-
bile broadband access, and the level of prices for
broadband access), (2) human capital (including the
level of digital skills of the population), (3) level of
Internet penetration among the population, (4) level of
ICT used by business, (5) level of public services pro-
vided in digital form.

For our study, the subindex (the level of ICT used
by business - Digital Intensity Index) deserves special
attention. It is based on the following indicators: using
information security systems in business, staff aware-
ness of information security requirements, maximum
Internet connection speed at least 30 Mb/s, using ERP
system, using at least one social network, using CRM
system, over 50% of employees use computer and In-
ternet at work, over 20% of employees use portable
gadgets in their work and sales in an online format.
Each of these indicators is calculated as a percentage of
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the total number of surveyed organizations, separately
for large and small-medium businesses.

Some DMMs characterize certain aspects of the
digitalization process. One of these indicators is the
Digital Capital Index (Ragnedda et al., 2019). The in-
dex is socially focused. It shows the readiness of the
population to interact effectively with ICT.

One more DMM is the UK Consumer Digital In-
dex (2021). This index has been used for the last six
years to assess the level of ICT usage by the UK popu-
lation. The Index is based on a structured survey of
residents of the country. The questions include 3 blocks:
(1) how a person makes payments, (2) how a person
uses digital services and products, and (3) how digital
technology is used in daily life. The Index values are
ranked in four levels: (1) very low (a respondent does
not use an email or a personal computer), (2) low (a
respondent uses an email and has a personal computer),
(3) high (a respondent uses online banking and uses
various online services), and (4) very high (a respond-
ent uses various online services and makes payments
online very often).

The Digital Acceleration Index (DAI) (Grebe et
al., 2021) measures an organization's digital develop-
ment in 36 categories, such as customer journey, digital
supply chain, and personalization of marketing. Unfor-
tunately, more information on the methodology of this
Index is not publicly available.

The Digital Transformation Index (Dell Technolo-
gies, 2018) is based on surveys of companies from
various business areas. Based on the results a respond-
ent can be classified in one of five groups: “Digital
laggards” (such organizations have no plan for digital-
ization, changes in digital technologies and investments
in them are very rare), “Digital followers” (investments
in ICT are not significant, there are preliminary plans
for digitalization), “Digital professionals” (they im-
plement a gradual digital transformation and there is
the planning of this process), “Adherents of digitaliza-
tion” (a detailed plan for digital transformation is de-
veloped, relevant investments are allocated) and “Dig-
ital leaders” (digitalization is the basis of corporate
culture). The DMM takes into account both the current
level of digitalization and the future development plans.
The model uses a mix of qualitative and quantitative
indicators.

We made a content analysis of the selected DMMs
by their core elements (table 1).
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Table 1. Content Analysis of the Selected DMMs

Name of the Dimensions of Criteria of the Method of Object of the | Source of the Result of the
DMM the assessment assessment the assess- assessment data assessment
ment
Digital 5 dimensions: Set of statistical | Quantitative Countries Eurostat data Total score
Economy and | connectivity, indicators cor-
Society Index | human capital, responding to
(DESI) (DE- use of internet, the dimensions
SI, 2020) integration of
digital technol-
ogy, digital pub-
lic services
UK Consumer | 3 dimensions: Set of questions | Structured Population Population four levels:
Digital Index | digital pay- corresponding survey very low, low,
(2021) ments, digital to the dimen- high, very high
services, digital | sions
technology in
daily life
Digital 4 dimensions: IT | Set of questions | Mix of quali- | Organizations | Management 5 groups: digi-
Transfor- strategy, digital corresponding tative and of organiza- tal laggards,
mation Index | future, competi- | to the dimen- quantitative tions digital follow-
(Dell Tech- tion, investment | sions (online-questi ers, digital pro-
nologies, onnaire based fessional, ad-
2018) on 6-step herents of digi-
Likert-scale) talization, digi-
tal leaders
Digital ma- 9 dimensions: 60 criteria (e.g., | Quantitative Organiza- Management 5 maturity
turity and customer expe- experience (online-questi | tions/ sectors of organiza- stages: promote
transformation | rience, product design, business | onnaire based tions and support,
report innovation, segment exten- | on 5-step create and
(Berghaus and | strategy, organi- | sion, strategic Likert-scale) build, commit
Back, 2016) zation, process innovation, to transform,
digitization, etc.) user-centered
collaboration, and elaborated
information processes, da-
technology, ta-driven enter-
culture and ex- prise
pertise, trans-
formation
management
Industry dig- 4 dimensions Volume of in- Quantitative Sectors Eurostat data Total score
itization index | (across business | vestments in (no detailed
(Friedrich et process): input, ICT, digital description is
al., 2011) processing, out- | services for provided)
put, infrastruc- customers,
ture value chains,
computing in-
frastructure
Digital ma- 2 dimensions: 3 groups: cus- Qualitative Organizations | Management 4 groups: be-
turity matrix digital intensity, | tomer experi- (interview) of organiza- ginners, con-
(Westerman et | transformation ence, opera- tions servative, fash-
al., 2012) management tional process, ionistas, digirati
intensity business model
Digital trans- 4 dimensions: The question: Qualitative Organizations | Management 3 levels: very
formation digital data, what is the (self-assessme of organiza- high, high, low
index (Berger, | automation, current level of | nt) tions
2015) connectivity, digital maturity
digital customer | of your organi-
access zation?
Digital ma- 4 dimensions: 28 questions Quantitative Organizations | Management 4 maturity
turity model culture, tech- (corresponding | (interview of organiza- segments: skep-
4.0 (Gill and nology, organi- to the dimen- based on tions tics, adopters,
VanBoskirk, zation, insights sions) 4-step Lik- collaborators,
2016) ert-scale) differentiators
25
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Name of the Dimensions of | Criteria of the Method of Object of the | Source of the Result of the
DMM the assessment assessment the assess- assessment data assessment
ment
Digital ma- 4 dimensions: 126 questions Qualitative Telecom or- Management 6 levels: not
turity model strategy, organi- | (corresponding | (the Delphi ganizations of organiza- started, initiat-
for telecom zation, customer, | to the dimen- method) tions ing, enabling,
(Val- ecosystem, op- sions) integrating,
dez-de-Leon, erations, tech- optimizing,
2016) nology, innova- pioneering
tion
Strategic fac- 10 dimensions: 10 questions Quantitative Organizations | Management Total score
tors enabling IT infrastructure, | (corresponding | (interview of organiza-
digital ma- human resource | to the dimen- based on tions
turity management, sions) S-step Lik-
(Salviotti, research and ert-scale)
Gaur and development,
Pennarola, administration,
2019) finance and
control, pro-
curement, in-
bound logistics,
operations, out-
bound logistics,
marketing and
sales, post-sales
services
Maturity 6 dimensions: 22 questions Quantitative Educational Management 5 levels: digi-
model of infrastructure, (corresponding | (interview organizations | of organiza- tally minimal-
technology strategy and to the dimen- based on tions ist, digitally
(Ifenthaler leadership, or- sions) 5-step Lik- conservative,
and Egloff- ganization, ert-scale) digitally
stein, 2019) employees, cul- pragmatist,
ture, and educa- digitally ad-
tional technolo- vanced, digi-
gy tally trailblaz-
ing

Thus, the reviewed DMMs considerably differ in
the following ways:

(1) By the approach. The quantitative one is
dominant.

(2) By the object. The level of organizations is
prevailing.

(3) By the vision. A combination of descriptive
and prescriptive visions prevails.

Researchers note the following advantages of the
models: (1) an objective performance assessment (i.e.,
maturity level) (De Bruin et al., 2005; Lahrmann and
Marx, 2010), (2) the base for a roadmap to increase the
digital level in the future (Mettler and Rohner, 2009),
and (3) comparison and benchmarking with other or-
ganizations (Berghaus and Back, 2016).

The disadvantages of the DMMs are (1) the lack
of suggestions to improve the current maturity level
(Berghaus and Back, 2016) and (2) the lack of attention
to human resources and too much focus on organiza-
tional processes (Poeppelbuss et al., 2011). Besides, we
note that there is some subjectivity in the most of re-
viewed DMMs. For example, when a respondent is
asked about a certain aspect of digitalization of his or-
ganization, the answers “we are planning” or “we have
just started” are taken into account. In our view, there is
a risk that the respondent may slightly “sugarcoat the
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picture” when, for example, the answer “we plan” will
be realized only after a few years.

That is why we plan to find more objective di-
mensions and criteria for assessing digital maturity.
And we hypothesize that it is the business processes of
organizations.

2.3 Digitalization and Business Processes on Mi-

cro-Level

The above literature review allows us to argue that
at the micro-level digitalization is inextricably linked to
changes in business processes. In particular, Gates and
Hemingway (1999) noted that ICT is a powerful tool
for business process management and business trans-
formation.

Appel et al. (2014) found that business process
modeling and execution are widespread in various en-
terprises. Business experts are simulating processes and
translate them into executable work operations.
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Davenport (1993) defined a business process as a
structured and measurable set of activities designed to
achieve an outcome for a particular customer or market.
It shifts a focus from the end product to an assessment
of work quality. In other words, a business process is a
specific sequence of work activities in time and space,
with a beginning and an end, and clearly defined re-
sources and results expressed in an action plan.

There are several classifications of business pro-
cesses in the literature. Usually, they have many com-
mon attributes (Earl, 1994; Edwards and Peppard, 1994;
Rockart, 1988). Thus, Earl's classification (Earl, 1994)
is the most capacious. It summarizes the main ideas of
other researchers. This classification identifies four
types of business processes according to their role in
the value chain:

1. The core business processes ensure the main
activities of the organization. They are directly related
to the service of external customers. Usually, they are
the main part of the value creation process.

2. Supporting processes include servicing internal
customers. They imply the performance of auxiliary
activities. Typically, these are processes related to the
administration of the organization's core activities.

3. “Business environment” processes go beyond
the organization. They involve organizing interactions
with suppliers, clients, and partners.

4. Management processes include planning, or-
ganizing, and controlling the organization's activities.

Singh (2012) highlights that a typical organization
should have no more than 15 core business processes.
They will depend, among other things, on the scope
and objectives of the organization.

Consulting company Achievelt (2014) identifies
three types of business processes: (1) management
processes, including corporate governance and strate-
gic management, (2) operational processes (for exam-
ple, in an industrial company they are purchasing,
manufacturing, marketing, and sales), (3) supporting
processes, including accounting, human resources, and
information technology.

Dickmann (2019) offers a similar classification.
He distinguishes three categories of business processes:

1. Primary processes, which include operations
such as production, marketing, and sales. These pro-
cesses are designed to provide an external customer
with an added value based on the delivery of products
and services.

2. Secondary processes do not directly provide an
external customer with added value. But they are vital
for the existence of the organization. They support the
smooth functioning of the primary business processes
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and contribute to the smooth workflow of the business.
Such processes are implemented, for example, in the
accounting department, human resources department,
and helpdesk.

3. A management process includes planning, mon-
itoring, and controlling the activities of the organiza-
tion. Examples of such business processes are internal
communications, budgeting, and infrastructure opera-
tions.

For further study, it is important to understand
what core business processes are. Thus, the Quality
Management System Standard ISO 9001 (2017) gives
the next definition: core business process (Core process)
is a process that is strategically important for the com-
pany. Core processes are characterized by the following
aspects: (1) they create value, (2) the external customer
is at the beginning and at the end of the process, (3)
they make a significant contribution to the success of
the company and customer satisfaction, (4) they are
directly related to the customer and have a direct im-
pact on the customer, and (5) the customer is willing to
pay for the result of the process.

Typically, the researchers identify five to ten ma-
jor business systems and corresponding business pro-
cesses. Among them are the next (The New Paradigm
Team, 2021; Bizmanualz, 2021):

1. Marketing strategy and customer relations.

2. Attracting customers (sales).

3. Development and satisfaction of the employees
(human resource management).

4. Information technologies.

5. Quality management, process improvement,
and change management.

6. Product manufacturing.

7. Logistics.

8. Accounting.

9. Financial management and management ac-
counting.

10. Strategic management.

Business processes materialize in various forms,
including technology, product development, employee
training, customer service, etc. (Dickmann, 2019).

As a result of the literature review, we conclude
that despite DMMSs variety there is no universal ap-
proach. Each model has some advantages and disad-
vantages. Each DMM assesses the stage of digitaliza-
tion at a certain level: company, sector, region, or
country. Models based on qualitative assessments are
more subjective because the results depend on the
willingness of respondents to show the real picture of
their business.
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According to these conclusions, we tried to de-
velop a universal methodology i.e., allowing to meas-
ure the digital maturity for organizations, industries,
regions, and countries. The model should be based on
the most objective dimensions and criteria.

3. Methodology
3.1 Design of the Digital Maturity Model for Or-

ganizations

As we tried to show above, digital transformation
primarily affects the business processes of

organizations. That is why our DMM is based on
an assessment of the implementation of the specialized
ICT in the key business processes. In doing so, we do
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not consider as specialized ICT widely used software,
such as Word, Excel, e-mail, etc.

The literature review helped us to distinguish six
groups of key business processes that are typical for
most organizations. Each of the groups includes some
relevant key business processes (appendix 1). We have
identified groups of business processes on a functional
basis. Together they include all types of business pro-
cesses according to the above-mentioned classifica-
tions.

The core element of our DMM is the specially de-
signed questionnaire (appendix 2).

During the interview process, we sequentially
asked the respondents a series of questions concerning
each business process. Each answer is transformed into
a point (1 or 0) (figure 1).

Is there a business process in your organiza-

process? (note: if ICT is installed but not
used, then nj=0)

No (N=0
tion? M)
\L Yes (Ni=1)
Are specialized ICTs used in the business No (nj=0)

N

Yes (nj=1)

Do the above-mentioned ICTs enable inter-
action with external stakeholders

!

Yes (Next=1)

y

No (Next=0)

Figure 1. Structured Questionnaire and Score for the Answers

Then we calculated the levels of digitalization of
the internal and external business processes separately.
We made it using the following formulas:

LODlnt— ZNJ 1':'0 /EI

LoDin — the level of digitalization of the internal
business processes in the organization;

n; — the key business processes that use special-
ized ICTs;

N; — the key business processes that exist in the
organization.

28

Y Next;
EN;
(1)

LoDecx — the level of digitalization of the key
business processes with external stakeholders;

Next; — the key business processes that use spe-
cialized ICTs in interactions with external stakeholders;

N; — the key business processes that exist in the
organization.

LODext: * 1':'0%



(2 ost

As a result, we can classify the organization into
one of the five levels of digital maturity (figure 2). The

5th LEVEL

DIGITAL ECOSYSTEM (comprehensive
digitalisation and more than 80% of business processes

with external stakeholders use specialized ICTs)

SMART ORGANISATION (comprehensive
digitalisation and 50% to 80% of business processes

" — alzedICTo)

3rd LEVEL

COMPREHENSIVE DIGITALIZATION (more than
80% of business processes use specialized ICTs)

2nd LEVEL

PARTTAT DIGITIZATION (30% to 80% of business
processes use specialised ICTs)

1st LEVEL

LOCAL DIGITIZATION (less than 30% of business
processes use specialised ICTs)

Figure 2. Levels of Digital Maturity of an Organization
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evaluation criteria are shown in table 2.

Table 2. The Evaluation Criteria for Classifying the Organization into One of Five Levels of Digital Maturity

Digitalization of the key business processes with external stakeholders

Less than 50% of the key
business processes with
external stakeholders use

50% to 80% of the key
business processes with
external stakeholders use

More than 80% of the key
business processes with
external stakeholders use

specialized ICTs specialized ICTs specialized ICTs
: g COMPREHENSIVE SMART ORGANISA.
2 : -
= % busmes_s processes use DIGITALIZATION TION DIGITAL ECOSYSTEM
s £ specialized ICTs
£ > S -
T 5 g | 30%to 80% of busi- | b\ priAL DIGITIZA:
= 2 ness processes use - -
258 ialized ICT: TION
45 2 e specialize S
= = & | Less than 30% of
< = :
58 :;;?aelsiiegrféises Y€1 LOCAL DIGITIZATION - ;
a
29
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3.2  Questionary Survey

The study was carried out from September 2020
to July 2021. We used a questionnaire (appendix 2) to
conduct structured interviews. The respondents were
the top managers of the investigated organizations,
responsible for the relevant business processes.
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126 organizations participated in the study. The
sampling was random and included organizations from
various business sectors: healthcare, construction, retail
and wholesale trade, manufacturing, mineral extraction,
education, activities of restaurants and cafes, etc. (fig-
ure 3). 76% of respondents are small businesses, 9.8%
- medium-sized businesses, and 14.2% - big business-
es.

35.00% — 31.60%
30.00% —
25.00% — 20%
20.00% —
15.00% — 9%
10.00% — 5% 5% 7:40% 4.80%
5 00%2_ 40% 2.40%2.40%2.40% I 2.40% 2.40% 2.40%
D-DD%_J II T T T I. I. I. T I. T I. T I. T 1
5 F P § L 5 o= % 5 P 5 % %
Q a = =) = @ = = = = =
£ % 5 % 8 ® 3 s 3 2 & 3% 3
8 E s £ § g °© i &8 § 2 ° =
% c ] 2 = ] a g %] w =
m [ = [¥]
YoE 2 =] 2 =
E At w m
3 g g £
3 2 8
g
=

Figure 3. Spread of Respondents by Industry, Percent of Their Total Number Organizations

4. Results of the Survey

The aggregated results of the survey showed that
57 organizations (45%) have “partial digitalization” of
the level of digital maturity and 26 organizations (21%)
belong to the level “local digitalization” (table 3). The

distribution among the small and medium enterprises
largely corresponds to the above-mentioned results
(table 4). Among the big businesses the third (“com-
prehensive digitization™) and the fourth (“smart digiti-
zation”) levels (table 5) dominate. We assume that the
reason for this is that such organizations have more
resources to implement new ICTs.

Table 3. Distribution of Total Respondents by the Level of Digital Maturity

Digitalization of the key business processes with external stakeholders
Less than 50% of the 50% to 80% of the key | More than 80% of
key business processes business processes the key business
with external stakehold- | with external stake- processes with ex-
ers use specialized ICTs | holders use specialized | ternal stakeholders
ICTs use specialized ICTs
, More than 80% of business pro- COMPREHENSIVE SMART ORGANI- DIGITAL ECO-
5 2 cesses use specialized ICTs DIGITALIZATION SATION SYSTEM
£ g 9.5%* 4.5%* 19%*
s % 2| 30% to 80% of business processes | PARTIAL DIGITIZA-
g2 2 | use specialized ICTs TION - -
£2e 45%*
-% Té 2| Less than 30% gf business pro- LOCAL DIGITIZA-
s = cesses use specialized ICTs
B8 TION - -
= 21%*

* the share of respondents, percent of the total respondents’ number (n=126)
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Table 4. Distribution of Respondents (the Small and Medium Enterprises) by the Level of Digital Maturity

Digitalization of the key business processes with external stakeholders

Less 50% of the key
business processes with
external stakeholders
use specialized ICTs

50% to 80% of the key
business processes
with external stake-
holders use special-

More than 80% of the
key business process-
es with external

stakeholders use spe-

ized ICTs cialized ICTs
o . COMPREHENSIVE SMART ORGANI- DIGITAL ECOSYS-
P More than 80% of business pro- DIGITALIZATION SATION TEM
E . cesses use specialized ICTs 5 504% 2.8%% 16.7%%
S % 30% to 80% of business processes PARTIA]I:I(I;II\IGITIZA- ) )
S 2 use specialized ICTs 52 80, %
R 5w }
S <3 , LOCAL DIGITIZA-
£ E § Less than 30% of business pro- TION
) =) iali - -
2 § g cesses use specialized ICTs 22.004%

* the share of respondents, percent of the small and medium enterprises (n=108 units)

Table 5. Distribution of Respondents (the Big Businesses) by the Level of Digital Maturity

Digitalization of the key business processes with external stakeholders

Less 50% of the key
business processes with
external stakeholders
use specialized ICTs

50% to 80% of the
key business processes
with external stake-
holders use special-

More than 80% of the
key business process-
es with external
stakeholders use spe-

ized ICTs cialized ICTs
. More than 80% of business pro- COMPREHENSIVE SMART ORGANI- DIGITAL ECOSYS-
£ . ° lized ICT p DIGITALIZATION SATION TEM
§ g cesses use specialize S PARTIii?;/I";TIZA 33 304 16.7%%
w o w»n -
°© =2 2| 30% to 80% of business process-
=< @« . TION - -
S 2 5| esuse specialized ICTs
R :
==
EE Less than 30% of business pro- LOCAL DIGITIZA-
5 & > O TION - -
A cesses use specialized ICTs 16.7%

* the share of respondents, percent of the big businesses (n=18 units)

We also have analyzed the digitalization respondents’ level of the separate groups of business processes (table 6).

Table 6. Distribution of Respondents by the Digitalization Level of the Separate Groups of Business Processes

Percent of digitalization

- 0% 1-30% 31-80% 81-100%
The group of busi-
ness processes
Human Resources 36 (28%) 24 (19%) 21 (17%) 45 (36%)
Product and Service Provision 40 (32%) 4 (3%) 21 (17%) 61 (48%)
Marketing 60 (48%) 15 (12%) 0 (0%) 51 (40%)
Logistics 33 (26%) 18 (14,5%) 18 (14,5%) 57 (45%)
Finance and Accounting 15 (12%) 0 (0%) 39 (31%) 72 (57%)
Other Support 18 (14%) 15 (12%) 54 (43%) 39 (31%)
cTe"sf‘e';y for the internal business pro- 3 (2.4%) 36 (28.6%) 45 (35.7%) 42 (33.3%)
Totally for the business processes of o o o N
interactions with external stakeholders 30(24%) 27(22%) 36 (28%) 33 (26%)

Thus, we note some findings.

1. 31% of respondents have a low or average dig-
ital maturity level of internal business processes (i.e.
2.4% and 28.6% totally). Despite it, the same organiza-

tions have a high level of digitalization of interaction
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with the external environment. For example, figure 4
shows a fragment of the distribution between the first
forty investigated companies.
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Figure 4. The Distribution of the Respondents by Internal and External Digital Maturity Level

2. Specialized ICT is most often used in the group
of business processes such as (1) finance and account-
ing and (2) product and service provision.

3. The following groups of business processes
have the largest capacity for further digital transfor-
mation: “Human Resources” (47.3% of the respondents

have a low or zero digital maturity level) and “Market-
ing” (48% of the surveyed organizations do not use
specialized ICT in the business processes).

3. We have identified some names of the fre-
quently used (by more than ten respondents) special-
ized ICTs (table 7).

Table 7. The Most Frequently Used Specialized ICTs

The group of business processes

Name of the specialized ICTs

Human Resources

E-Staff, Web Tutor, Olympox*, Oracle E-Business Suite (OEBS), Dropbox,
BOSS Personnel Manager*, 1C: Payroll and HR Management*

Product and Service Provision

Autocad Civil 3D, 1C:MES, 1C:Production management*

Marketing

Oracle E-Business Suite (OEBS), CRM, Bitrix24, amoCRM

Logistics

ISA-2010*, OEBS, SAR Ariba, ClientBase, 4logist, 1C: Transport Logistics*

Finance and Accounting

1C: Accounting*, OEBS, Oracle Hyperion Planning, Oracle Business Intelli-
gence, 1C:ERP, Bitrix24

Other Support

Kaspersky Endpoint Security, Ideco UTM, Trassir, Intellect*, Max Patrol §;
FortiCate Security Fabrrie, Directum, 1C: Document Management*

* - a literal translation of the Russian software

5. Discussion and Recommendation

The testing of the DMM showed the following
advantages:

- High simplicity of its implementation: (1) the
structured interview allows getting the necessary in-
formation in an average of about one hour and (2) the
specially structured xls-forms help to reduce the time
for aggregating results.

International Journal of Systematic Innovation
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- Top-management of the organizations can use
the DMM for self-assessment. In this sense, the re-
sults can further be the basis for developing the digi-
tal transformation guidelines of the organization.

- The model can be applied to businesses of dif-
ferent forms of ownership, sizes, and types of eco-
nomic activity.

- If we significantly increase the number of sur-
veyed organizations (i.e. ensure representativeness),
the DMM can provide the opportunity to create digi-
tal maturity rankings of industries, regions, and

http://www.lJoSl.org
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countries. And that is the main direction of our future
research.

- The DMM is rather flexible, i.e. if we expand
and detail the number of business processes, the
model will be able to reflect more detailed results.

Compared with some reviewed models, the
DMM assesses only the current level of digital ma-
turity and does not take into account the potential
(readiness) of the organization for further digital
transformation. On the one hand, this fact can be re-
garded as a disadvantage, on the other hand, it in-
creases the level of objectivity of the study. For in-
stance, some DMMs take into account the organiza-
tion's strategic plans. So, the respondents' declaration
of their plans does not always mean that these plans
will be fulfilled. That is, it is important to understand
that the presence of a certain “fashion for digitaliza-
tion”, may provoke respondents to embellish the sit-
uation.

In addition to this, in the case of repeated studies
(e.g., annually), shifting in digitalization levels will
indirectly confirm readiness for further changes.

The dimensions and recent criteria of most of
the reviewed DMMs (DESI, 2021; UK Consumer
Digital Index, 2021; Grebe et al., 2021; Dell Tech-
nologies, 2018; Berghaus, 2016; Friedrich et al., 2011;
Westerman, 2012; Berger, 2015; Gill and VanBoskirk,
2016; Valdez-de-Leon, 2016; Salviotti et al., 2019;
Ifenthaler and Egloffstein, 2019) can logically repeat
each other. It increases the likelihood that the results
of the study may be distorted (the same criteria are
counted in several dimensions). For instance, in-
stalling and starting to use specialized software
means the following: (1) appropriate investments
have been made and (2) this is done under the strate-
gy of the organization, (3) employees have been
trained and know how to work with this software, etc.
Our DMM operates only with facts answering the
question: does each existing business process use any
specialized ICTs or not?

We note that the question of what software to
consider in the proposed model is debatable. As noted
earlier, we proceeded from the fact that the use of
text and table editors, and e-mail is the basic (zero)
level of digitalization. That is why it is not consid-
ered in our DMM. In this regard, the next question
arises. What ICTs and from what time should we ex-
clude from the DMM. For instance, currently, the
model considers cloud storage services as a special-
ized ICT. But the speed of dissemination of such ser-
vices is quite high. Thus, perhaps soon, this ICT will
be perceived as a certain basic level of digitalization.
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We note that the developed DMM could be used
to upgrade some other DMMs as a part of them. For
instance, the Digital Economy and Society Index
(DESI) can use our approach to calculate the subin-
dex Digital Intensity Index (it shows the level of ICT
used by businesses).

For our future studies we are planning to in-
crease significantly the number of respondents. It will
allow us to make rankings of the sectors and regions
of our country based on the presented DMM.
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Abstract

Software defect prediction is an essential task during the software development Lifecycle as it can help man-
agers to identify the most defect-proneness modules. Thus, it can reduce the test cost and assign testing re-
sources efficiently. Many classification methods can be used to determine if the software is defective or not.

Support Vector Machine (SVM) has not been used extensively for such problems because of its instability
when applied on different datasets and parameter settings. The main parameter that influences the accuracy is
the choice of the kernel function. The use of kernel functions has not been studied thoroughly in previous pa-
pers. Therefore, this research examines the performance and accuracy of SVM with six different kernel func-
tions. Various public datasets from the PROMISE project empirically validate our hypothesis. The results
demonstrate that no kernel function can give stable performance across different experimental settings. In ad-
dition, the use of PCA as a feature reduction algorithm shows slight accuracy improvement over some da-

tasets.

Keywords: Kernel functions, Software Defect Prediction, Support Vector Machine.

1. Introduction

Predicting defect-prone modules during the soft-
ware development process is crucial because it helps
the quality assurance team put more effort into modules
with a high probability of defect-proneness. It also
helps the management team assign and distribute re-
sources efficiently during testing, thus reducing devel-
opment costs (Wang and Yao (2013), Xu et al. (2019)).
The process of manually reviewing the code usually
leads to a detection rate between 35% - 60% in most
cases, but this rate is in-creased when defect prediction
tools are used. Furthermore, the time needed to detect
defect-proneness modules is reduced (Tosun (2010)).

Software Defect Prediction (SDP) is performed by
extracting static code metrics from bug log files of pre-
vious versions of the program, then using these static
metrics for building models to predict the possible de-
fects in future releases of the program (Wang and Yao
(2013), Yang et al. (2014)). This process helps detect
the location of the parts of the program that are likely

to induce defects. It is used in a software system with a
limited project budget or too large to be tested ex-
haustively. SDP can be primarily used in two ways:
within a project or cross-project. The first approach
implies using the same data as training and testing
during the empirical validation process. In the second
approach, one release of the project data is used as
training, and the subsequent release is used as testing.
Both approaches are acceptable and depend on data
availability (Lie et al. (2012)).

Any SDP model comprises four main elements:1)
independent features representing static code metrics, 2)
output features representing the presence of a defect or
its absence. 3) The learning approach, and finally 4) the
performance measures that are used to judge the accu-
racy of the built learning model (Huda (2017)). The
current studies on SDP models focus on four research
aspects. The first aspect examines the importance of-
static code metrics for defect prediction and which
metrics are more predictive than others (Lie et al.
(2012), Bowes et al. (2018), He et al. (2015), Okutan
and Yildiz (2014). The second aspect focus on building
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defect prediction models from within data or across
data (Son et al. (2019)). The third aspect studies the
effect of imbalanced data on the accuracy of defect
prediction models (Wang and Yao (2013), Choei-
kiwong and Vateekul (2015), Sheppered et al. (2014),
Sun et al. (2012)). Finally, the fourth aspect focuses on
using ranking techniques to predict the correct rank of
the defected modules based on their number of defects
(Yang et al. (2014), Li (2011)). This study focuses on
the second research aspect and attempts to study the
performance of support vector machine with different
kernel techniques for software defect prediction prob-
lems. Support Vector Machine (SVM) is an efficient
machine leaning method that is suited for classification
problems, as in our case (Hassan (2009), Kumudha and
Venkatesan (2016), Chen et al. (2019)). The SVM has
not been studied thoroughly in previous papers because
of the instability of its accuracy over multiple datasets
and it is easily influence by the choice of kernel func-
tions (Ni et al. (2017), Ryu et al. (2019), Wei et al.

(2019)). This study attempts to bridge that research gap.

Different Kernel functions will be used to test the ac-
curacy of SVM for defect prediction problems
(Al-Jamimi and Ghouti (2011), Ryu et al. (2016)). This pa-
per aims to study the impact of different Kernel func-
tions in support vector machine for the problem of
software defect prediction. Six public datasets will be
used to empirically validate and test our hypothesis and
assumptions. These datasets were obtained from
PROMISE data repository.

The rest of paper is structured as follows: Section
2 presents related work. Section 3 presents datasets.
Section 4 shows methodology of our research. Section
5 presents results and discussion. Finally, section 6
presents conclusion.

2. Related Work

Sheppard et al. (2014) examined the factors that
affect the prediction of software defects. 42 studies out
of 600 studies were used for the meta-analysis. The
challenges were examined by the NOVA model so that
the prediction process was divided into the groups: (1)
Classifier family: in this group, the defect prediction
techniques were divided to 7 main sections; Decision
Tree, Recognition, SVM, Neural Network (ANN), Na-
ive Bayes, CBR, Search and Benchmark. (2) Data set
family: In this group, the Dataset had been divided into
24 this group, the Dataset had been divided into change
or static metrics. (4) Researcher Group: There are two
clusters of researchers; the most significant cluster is
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8-10 researchers. The meta-analysis revealed strong
evidence that current experiments in predicting defects
are in-adequate and ineffective. Okutan et al. (2014)
used Bayesian Network to find the relationships among
metrics and defect proneness in different datasets. The
PROMISE data repository used many public datasets
for this experiment, such as Ant, Tomcat, Jedit, Veloci-
ty, Synapse, Poi, Lucene, Xalan, and Ivy. The static
metrics used were LOC, CBO, LOCQ, WMC, RFC,
LCOM, LCOM3, DIT, and NOC. Each of these da-
tasets has a version number and instance number. The
results show that the Lack of Coding Quality (LOCQ)
has been evaluated as one of the best scores in the ex-
periments.

Son et al. (2019) studied the prediction of soft-
ware defects through systematic mapping and estab-
lishing a protocol for the mapping. The processes of
systematic mapping have been done in four stages :(1)
Application of Inclusion-Exclusion Criteria: this stage
is divided into two stages Inclusion Criteria and Exclu-
sion Criteria. Inclusion Criteria: In this stage of the
study, the defect predication used software metrics
provided by the analysis of statistical, search-based and
machine learning techniques. Exclusion Criteria: In this
stage study, the defect prediction does not use depend-
ent variable and non-empirical nature. (2) Quality
Analysis: at this stage, choose the evaluation meth-
od-ology used (3) Data Extraction: what kind of data is
used (4) Data Synthesis: involves the accumulation of
facts from the collected data during the data extraction
process. This experiment used the techniques: Decision
Tree, Support Vector Machine, Neural Network, Re-
gression and Bayesian Learning. The Dataset was taken
from different resources such as NASA, Eclipse,
Modzilla, etc. The result indicated good accuracy when
using a large Dataset with different metrics.

He et al. (2015) used the Dataset from PROMISE,
they selected 34 releases; each one has a number of
instances files and number of defects. This study used 1)
several independent variables which represent the in-
puts that will affect the dependent variable. The study
used 20 static code metrics including CK suite, Mar-
tin's metrics, QMOOM suite, Ex-tended CK suite,
McCabe's CC, and LOC. 2) Dependent variables:
which represents the outputs and effect, it was studied
to see how much it varies as the independent variables
change. It used different machine learning algorithm; in
order to evaluate the result such as J48, Decision Tree,
Support Vector Machine, Logistic Regression, and Na-
ive Bayes. The result showed that the simple metrics
could be helpful to predict software defect.
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Yang et al. (2014) proposed a new approach of
learning to rank using the rank task. The study used 11
different types of Dataset such as Eclipse, Lucene,
Mylyn, PDA and other data. The study used different
method (RF, RP, BART, NBR, ZINBR, ZIPR, HNBR,
and HPR) to Compare the results for the
11-datasetsusing three different metrics. The study used
10 Cross-Validation. The result showed two benefits (1)
learning to rank just do rank defects and does not need
to predict defects for each module (2) these expected
numbers were used to predict which modules are more
flawed than others in project. Wang et al. (2013) ex-
amined the problem of imbalance distribution, which
may be a problem or can help to predict defect in soft-
ware; through using 10 datasets from PROMISE; each
one of these datasets has different number of features,
different language and has a different percent of defect.
This Dataset uses in different techniques in two
top-ranked predictors machine learning. Naive Bayes
and Random Forest and compare the result with other
techniques PD, PF, balance, G-mean and AUC. The
result showed that the balance and G-mean is the best
result, which mean that it could use the imbalance dis-
tribution to help in predict defect.

Hassan (2009) used predict the defect of program
based on the change cod of complexity. There are many
processes that can be associated with code change, in-
cluding the pattern of source code modification, rec-
orded by the source control systems, and a log that
saves all dates that have been changed. Statistical Lin-
ear Regression (SLR Model) was built to predict faults
in subsystem. Different models and different applica-
tion were used. The result showed that complex code
change process negatively affects the software system,
and the more complex changes to a file, the higher the
chance the file will contain fault.

3. Datasets

To evaluate the effectiveness of defect prediction,
we are conducting experiments on a set of data availa-
ble on the PROMISE website and which have been
collecting data from NASA. The data from NASA
come from different project. These public datasets in-
clude the information on space craft instrumentation,
satellite flight control, and ground data for storage
management. In this research we will use six public
datasets that are most widely used in among research-
ers from this repository (CM1, JM1, KCI1, PCI,
Class-level data for KClversion 1 and Class-level data
for KC1 Version 2). Each of these datasets possesses
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several software modules with input as the quality met-
rics. the outputs of each models are whether the pro-
gram is defective or non- defective. The features are
divided into two main parts: McCabe and Halstead
measure. This measure defines "modules" as the
smallest functional units. All these datasets were de-
veloped in either C or C++ language as shown in Table
1. From Table 2, can be noted that, for all the consid-
ered six datasets, JM1, CM1, KC1 and PC1 have 22
attributes. Each of this Dataset have been including one
output attributes which represent the goal of filed (de-
fect as 1, non-defect as 0) other attributes represent the
quality metrics for the project acting as input attributes.
These attributes can be classified in to McCabe metrics,
9 Halstead measures, and 8 are derived Halstead

measures.
Table 1. Summary of Dataset
Dataset # Attributes # instances #defected | Language
JM1 22 10855 80.65% C
CM1 22 498 9.83% C
KC1 22 522 20.5% C+t+
PC1 22 1109 93.05% C
Class-level KC1 ver1 95 145 C++
Class-level KC1 ver2 95 145 C++

39

Table 2. The summary of code metrics

Quality metrics Description

loc (v) line count of code

v (9) Cyclomatic complexity
ev(g) Essential complexity

iv(g) Design complexity

loCode line count

loComment Count of lines of comments
loBlank Count of blank lines
loCodeAndComment | Count of code and comment lines
unigq_Op Unique operators
uniq_Opnd Unique operands

total_Op Total operators

total_Opnd Total operands
branchCount Branch count of the flow graphs
n total operators + operands
v Volume

| Program length

d Difficulty

i Intelligence

t Time estimator

Defect True/False
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4.  Research Methodology

In this paper, we will be exploring a solution to predict
the defect in software using Support Vector Machine
(SVM) with different kernel functions. The datasets
that will be used are taken from NASA metrics Data
Program, the number of features is 22 (4 McCabe met-
rics, 9 base Halstead measures, 8 derived Halstead
measures and defect variable as output) as discussed
before. Before using the Dataset, the Dataset will be
pre-processed and cleaned by handling missing values
and outliers. The datasets are divided to training and
testing data. In Software Defect Predication (SDP) the
selection of training data and testing data will be done
in two different ways; the first one, in the same Dataset
will be choosing the training and testing data randomly
(or may be sequential). In second one, the training will
be taking from Dataset as previous version and the
testing data will be taking from another dataset as next
version. We will use the first approach. The data will
be handled and cleaned before running experiments.
The proposed models will be validated using 10-cross
validation. After that, the SVM with different kernel
functions will be examined. The last step, the results
will be compared and evaluated using classification
accuracy measures such as: Recall, Precision, Classifi-
cation Accuracy, and Balance. The tools that will be
used are Rapid Miner for the implementation of our
proposed solution. The accuracy of each model will be
measured by the common accuracy measures: Recall,
Precision, accuracy, Specificity, F-measure and Bal-
ance. Software Defect Prediction (SDP) detectors can
be assessed according to confusion matrix or Error
matrix: is a table used to describe the performance of
classification model on a set of test data for which the
true values are known. It is showed the number of cor-
rect and incorrect prediction, where is summarized
with count values and broken down by each class. This
is the key to the confusion matrix as shown in Table 3
Shepperd et al. (2014).

Table 3. Confusion Matrix

Predicted as defective | Predicted as non-defective

defective TP FN

Non defective FP TN
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Where TP is True positive which means correctly clas-
sified as defective module. TN is True negative which
means correctly classified as non-defective module. FP
is False positive which means classifies non-defective
module as defective module, and FN is False negative
classifies defective module

which means as

non-defective module.

To correctly identify a defective prediction, the "Preci-
sion" is used to determine the defective prediction rate,
or the extent of the prediction is originally defective, or
not. Recall is also called sensitivity, probability of de-
tection (pd), or true positive rate (TPR). There are also
many measures called probability of false alarm (pf) or
false positive rate (FPR) which suggests the percentage
of false defective predictions. Based on what has al-
ready, an optimal predictor should achieve TPR (pd) is
1, FPR (pf) is 0 and the Precision is 1. When the TPR
and FPR are plotted, the result in Receiver Operating
Characteristics (ROC) curve and from ROC the area
under the curve (AUC) is to be measured. AUC is
measured between 0 and 1, with 1 being the optimal
solution point. Table 4 presents performance measures
(Shepperd et al. (2014)). The, the data must be cleaned
from missing value and outliers. The existing of miss-
ing values and outliers hinder the success of building
accurate learning models therefore researchers sug-
gested using some statistical tool to ignore these outli-
ers such as boxplot. The missing values can be handled
by either replacing them with the feature average of
ignoring them. In this paper we ignore missing values
because they are a few. The proposed algorithm must
be validated using robust validation procedure such as
cross validation and bootstrapping. During validation
procedure the data is divided into training and testing
subsets and training data is entered to learning the
model while the testing data is used to evaluate accu-
racy of the model.

5.  Experimental Results

This section presents the results of the experiment
study, which has been conducted to validate our mod-
ule. The evaluation has been performed on Support
Vector Machine (SVM) with different Kernel functions,
using public datasets obtained from PROMISE data
repository as described in Dataset section. To evaluate
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the performance of each proposed model, used
10-Folds cross-validation approach. This procedure
divides the datasets randomly into 10-fold equal size
subsets, where in each fold 9 subsets are used for
training and one subset is used for testing. This process
is repeated 10 times until all subsets act as testing data
as described in section 3. In each experiment SVM
model with different kernel function is constructed
under two perspectives: using all features and using
feature subset selected by PCA technique. Furthermore,
six kernel functions were used: Linear, Quadratic, Cu-
bic, Gaussian, RBF, Sigmoid.

Table 4. Performance measures
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Quadratic kernel function than the other five kernel
functions with all features in the CM1 Dataset.

Table 5. Performance results of the SVM kernel functions on
CM1 Datasets, using all Features.

sl 2| 3|ele|lz| 3| 3|2
S| 8| &/ 8| | 8| 3|35

il - - N A

=} = <
Linear 0.00 | 0.00 | 1.00 | 0.29 | 0.90 | 0.00 | 0.00 | 0.62
Quadratic | 0.16 | 042 | 0.98 | 041 | 0.90 | 0.16 | 0.02 | 0.64
Cubic 016 | 022 | 094 | 0.41 | 0.86 | 0.16 | 0.07 | 0.61
Gaussian | 0.00 | 0.02 | 1.00 | 0.29 | 0.90 | 0.00 | 0.00 | 0.57
RBF 0.00 | 0.00 | 1.00 | 0.29 | 0.90 | 0.00 | 0.00 | 0.50
Sigmoid 0.08 | 029 | 098 | 0.35 | 0.89 | 0.08 | 0.00 | 0.53

Table 6. Performance results of SVM kernel functions on
CM1 Datasets, using PCA

5.1 CMI1 Dataset Result

It can be noted from Table 5 that the Recall and Preci-
sion values are unacceptable for all kernel functions
because their values are close to zero. Specificity val-
ues are very good for all kernel functions, with rela-
tively similar values. Balance values are not very bad
with a range between (0.29 - 0.4). Accuracy values are
very good, as almost 90% of all kernel functions are
good. TRP and FPR values are unacceptable for all
kernel functions because they are nearly zero. "Area
Under Curve" is acceptable for all kernel functions
ranging from (0.50 - 0.64). With respect to all perfor-
mance results, better solutions are observed for the
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metric Definition of the measure
Sensitivity TP
o (%) w >
- S o 3 ® © § — -n >
TP+ EN BB 5|5 3| 2|8
- - S =3 @ K
Precision TP
- Linear 0.00 | 0.00 | 1.00 | 0.29 | 0.90 | 0.00 | 0.00 | 0.44
TP+ EF Quadratic | 018 | 041 | 097 | 042 | 0.89 | 0.18 | 0.03 | 0.71
" Cubic 0.20 | 0.28 | 0.94 | 044 | 0.90 | 0.00 | 0.00 | 0.66
False positive rate FP
Gaussian | 0.00 | 0.03 | 1.00 | 0.29 | 0.90 | 0.00 | 0.00 | 0.63
FP+ 1IN RBF 000 | 000 | 100 | 029 | 095 | 0.00 | 0.00 | 050
. Sigmoid 0.10 | 019 | 0.95 | 0.36 | 0.87 | 0.10 | 0.05 | 0.53
Specificity TN
TN + FP )
It can be noted from Table 6 that the Recall and Preci-
Accuracy TN + TP sion values are unacceptable for all kernel functions;
TN + FN + TP + FP specificity values are very good for all kernel functions,
with similar values. Balance values are not very bad
Balanced Accuracy M —pfl? + (1 —pd)Z .
1_ X P P with a range between (0.29 - 0.4). For all kernel func-
vz tions with a range between (0.86 - 0.95) the accuracy

values are so good. TRP and FPR values are unac-
ceptable for all kernel functions, because they're almost
zero. With all kernel functions with a range between
(0.50 - 0.71) the values "Area Under Curve" are ac-
ceptable. With respect to all performance results, better
solutions are observed for the Quadratic kernel func-
tion than the other five kernel functions considered
with selected features in the CM1 Dataset. It was little
improvement in all performance results when using
selected features in CM1 Dataset. This is because of
the features selected that were used.
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5.2 KCI1 Dataset Result

From Table 7 we can note that for all kernel func-
tions the Recall values and Precision values are ac-
ceptable. Specificity values are generally good, as they
are almost 96% for all kernel functions, with the ex-
ception for Sigmoid kernel that obtained of the 86%.
Balance values with a range of (0.32 -0.55) are fairly
good. The accuracy values for all kernel functions are
relatively good with range between (0.78 - 0.84); TRP
values are acceptable for all kernel functions except for
the Cubic kernel function. FPR values for all kernel
functions are unacceptable, as they are almost zero.
"Area Under Curve" values for all kernel functions
with a range between (0.66 - 0.81) are acceptable. With
respect to all performance results, better solutions are
observed for the RBF kernel function than the other
five kernel functions considered with all features in the
KCI1 Dataset.

Table 7. Performance results of SVM kernel functions on
KCI1 Datasets, using PCA

S| L) 5| S| g8 2| R|°
Linear 036 | 0.75 | 097 | 0.54 | 0.84 | 0.36 | 0.03 | 0.81
Quadratic | 0.37 | 0.69 | 0.96 | 0.56 | 0.84 | 0.37 | 0.04 | 0.73
Cubic 0.37 | 054 | 097 | 055 | 0.81 | 0.37 | 0.08 | 0.67
Gaussian | 0.37 | 0.74 | 097 | 0.56 | 0.85 | 0.37 | 0.03 | 0.77
RBF 0.36 | 0.70 | 096 | 0.54 | 0.84 | 0.36 | 0.04 | 0.66
Sigmoid 046 | 046 | 086 | 033 | 0.78 | 0.46 | 0.14 | 0.66

From Table 8 we can note that the values Recall
and Precision are acceptable for all functions of the
kernel. All kernel functions have very good specificity
values, with a range between (0.85 - 0.97). Balance
values with a range between (0.31 - 0.49) are accepta-
ble. Accuracy values are so good for all kernel func-
tions; as they are close to 84% except for RBF is 77%.
For all kernel functions, TRP values are acceptable;
FPR values are unacceptable, as for all kernel functions
they are almost at zero. For all kernel functions with a
range between (0.65 - 0.83) the values "Area Under
Curve" are acceptable. With respect to all performance
results, better solutions are observed for the Quadratic
kernel function than the other five kernel functions
considered with selected features in the KC1 Dataset.
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When the selected features used in KC1 Dataset,
all performance results were not improved except for
Area Under Curve. This is because of the selected fea-
tures that have been used, and we do not know how the
mechanism of selection entities in cross-validation.

Table 8. Performance results of SVM kernel functions on
KCI1 Datasets, using PCA

g 7|2 8| 8|8 53]z

> 3 §. g § S Fy) ) o
Linear 036 | 0.79 | 098 | 0.54 | 0.85 | 0.36 | 0.02 | 0.83
Quadratic | 040 | 0.72 | 0.96 | 0.58 | 0.85 | 0.40 | 0.04 | 0.73
Cubic 043 | 062 | 093 | 059 | 0.83 | 0.43 | 0.07 | 0.65
Gaussian | 0.36 | 0.68 | 0.96 | 0.55 | 0.84 | 0.36 | 0.04 | 0.69
RBF 0.35 | 0.66 | 0.95 | 0.54 | 0.83 | 0.35 | 0.05 | 0.65
Sigmoid 044 | 044 | 086 | 033 | 0.77 | 0.44 | 0.14 | 0.65

5.3 PC1 Dataset Result

From Table 9 it can be noted that the Recall values
for all kernel functions are Totally unacceptable. Preci-
sion values for all kernel functions are acceptable, ex-
cept the value for the Sigmoid kernel function. Speci-
ficity values for all kernel functions are very good as
they are close to 96 %. Balance values with a range of
(0.31- 0.49) are acceptable. Accuracy values are good
for all functions of the kernel; since they are close to
91%. TRP values are unacceptable, as they are almost
zero for all kernel functions with the exception of the
Cubic kernel. FPR values are insufficient for all kernel
functions, because they are almost zero. "Area Under
Curve" values for all kernel functions with a range be-
tween (0.53 - 0.73) are acceptable. With respect to all
performance results, better solutions are observed for
the Cubic kernel function than the other five kernel
functions considered with all features in the PC1 Da-
taset.

From Table 10 it can be noted that the Recall val-
ues for all kernel functions are totally unacceptable.
Except for the Sigmoid and Cubic kernel functions,
precise values are acceptable for all kernel functions.
Specificity values are very good for all kernel functions;
with the exception of Cubic kernel function, they are
close to 97%. Balance values with a range of (0.31 -
0.49) acceptable. For all kernel functions, accuracy
values are so good; with a range between (0.90 - 0.93)
except for the Cubic kernel function, it is 77%. TRP
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and FPR values are unacceptable, because they are
almost zero for all functions of the kernel except for
the Cubic kernel. "Area Under Curve" values for all
kernel functions with a range between (0.51 - 0.75) are
acceptable. With respect to all performance results,
better solutions are observed for the Gaussian kernel
function than the other five kernel functions considered
with selected features in the PC1 Dataset. There was no
improvement in all per-formance results except in ac-
curacy when we used selected features in the PC1 Da-
taset. This is due to a function of the kernel, the select-
ed features that were used and we don't know how the
process of selection entities in cross-validation.

Table 9. Performance results of SVM kernel functions on
PC1 Datasets, using PCA

o @D >

Sl =1 8] & 8 &
Linear 0.03 | 067 | 1.00 | 0.31 | 0.93 | 0.03 | 0.00 | 0.70
Quadratic | 0.13 | 0.32 | 0.98 | 0.39 | 0.92 | 0.13 | 0.02 | 0.68
Cubic 029 | 039 | 097 | 049 | 092 | 0.29 | 0.03 | 0.67
Gaussian | 0.08 | 0.55 | 1.00 | 0.35 | 0.93 | 0.08 | 0.01 | 0.73
RBF 0.08 | 067 | 1.00 | 0.35 | 0.93 | 0.08 | 0.00 | 0.54
Sigmoid 0.05 | 013 | 098 | 033 | 091 | 0.05 | 0.03 | 0.53

Table 10. Performance results of SVM kernel functions on
KC1 Datasets, using PCA

sl 2|2 €| E|E| 2|2
s | 2| &| 8| 3 S x| ™ O
=] =) @ <
Linear | 020 | 0.71 | 098 | 042 | 095 | 020 | 000 | 075
Quadratic | 0.12 | 043 | 0.9 | 0.38 | 0.93 | 0.12 | 0.01 | 0.63
Cubic | 040 | 0.10 | 0.83 | 050 | 0.75 | 048 | 0.22 | 055
Gaussian | 0.10 | 0.67 | 1.00 | 0.35 | 0.93 | 0.13 | 0.00 | 0.69
RBF 008 | 072 | 100 | 037 | 093 | 041 | 000 | 053
Sigmoid | 0.07 | 0.16 | 097 | 035 | 091 | 007 | 003 | 051

5.4 JMI1 Dataset Result

It can be noted from Table 11 that the Recall val-
ues are unacceptable for all kernel functions except for
the Cubic kernel function; it is 77%. Precision values
are acceptable for all functions of the kernel except the
functions Sigmoid and RBF kernel. Specificity values
are very good, as they are similar to one% of Linear,
Quadratic, and Gaussian kernel functions, becoming
nearly 90 % of RBF kernel functions and unacceptable
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for Cubic and Sigmoid kernel functions. Balance val-
ues with a range of (0.21 - 0.36) are acceptable. For
linear, quadratic, and Gaussian kernel functions, accu-
racy values are so good; as they are close to 81 percent,
but unacceptable in the functions of Cubic, RBF, and
Sigmoid. For all kernel functions except the Cubic
kernel function, TRP and FPR values are unacceptable
because they are nearly zero. "Area Under Curve" val-
ues are acceptable for all kernel functions with a range
between (0.51 - 0.75). expect for cubic kernel function.
With respect to all performance results, better solutions
are observed for the Gaussian kernel function than the
other five kernel functions with all features considered
in the JM1 Dataset. It can be noted from Table 12 that
the Recall values are unacceptable for all kernel func-
tions except for the Cubic and Quadratic kernel func-
tions, 40% and 61% are in order. Precision values are
acceptable for all functions of the kernel, with the ex-
ception of Cubic and Quadratic functions. Specificity
value is very good, as it is close to one for Linear, RBF,
and Gaussian kernel functions, as it is close to 82% for
Sigmoid kernel function and unacceptable for Cubic
and Quadratic kernel functions. Balance values with a
range of (0.29 - 0.49) are not that bad. Accuracy values
are so good for linear, RBF kernel functions as they are
nearly 81%. In Sigmoid kernel function is 77% unac-
ceptable in Cubic, Quadratic, and Gaussian kernel
function. TRP and FPR values are unacceptable for all
kernel functions except for the Cubic and Quadratic
kernel functions, as they are almost zero. "Area Under
Curve" values are acceptable for all kernel functions
with a range between (0.50 - 0.63) expect for Quadratic
kernel function. With respect to all performance results,
better solutions are observed for the RBF kernel func-
tion than the other five kernel functions considered
with selected features in the JM1 Dataset. It was im-
provement when selected features used in JM1 Dataset,
and no improvement in all performance. This is due to
a function of the kernel, the selected features that were
used and we don't know how the process of selection
entities in cross-validation.
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Table 11. Performance results of SVM kernel functions on

JM1 Datasets, using PCA
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Table 13. Performance results of SVM kernel functions on

KC1 v1 Datasets, using PCA

sl 2| E| €| B 8| 2|2 sz 3| €| E|E| 2| 5|z

> o §. g § g ) ) o > L §. g § S ) ) o
Linear 0.02 | 0.71 | 1.00 | 0.31 | 0.81 | 0.02 | 0.00 | 0.65 Linear 082 | 081|073 | 077 | 079 | 0.82 | 0.27 | 0.84
Quadratic | 0.09 | 0.54 | 0.98 | 0.36 | 0.81 | 0.09 | 0.02 | 0.64 Quadratic | 0.85 | 0.78 | 0.67 | 0.74 | 0.77 | 0.85 | 0.33 | 0.81
Cubic 076 | 019 | 021 | 0.21 | 0.32 | 0.76 | 0.79 | 0.48 Cubic 0.79 | 0.77 | 067 | 0.72 | 0.74 | 0.79 | 0.33 | 0.79
Gaussian | 0.10 | 0.61 | 0.99 | 0.37 | 0.81 | 0.10 | 0.02 | 0.62 Gaussian | 0.75 | 0.87 | 083 | 0.79 | 0.79 | 0.75 | 0.02 | 0.83
RBF 0.01 | 0.34 | 090 | 0.30 | 0.18 | 0.01 | 0.10 | 0.55 RBF 0.00 | 0.00 | 1.00 | 0.00 | 0.43 | 0.00 | 0.00 | 0.50
Sigmoid 0.06 | 028 | 059 | 0.27 | 0.19 | 0.06 | 041 | 0.54 Sigmoid 0.00 | 0.00 | 0.97 | 0.29 | 0.00 | 0.03 | 041 | 0.51

Table 12. Performance results of SVM kernel functions on
JM1 Datasets, using PCA

Table 14. Performance results of SVM kernel functions on
KCI1 v1 Datasets, using PCA

o ] > o o >

Sl =S| & 8] 2 Sl =1 8] & 82
Linear 0.01 | 063 | 1.00 | 0.30 | 0.81 | 0.01 | 0.00 | 0.63 Linear 084 | 0.70 | 0.48 | 0.62 | 0.39 | 0.84 | 0.52 | 0.77
Quadratic | 0.62 | 0.18 | 0.32 | 045 | 0.38 | 0.62 | 0.68 | 0.45 Quadratic | 0.78 | 0.70 | 0.52 | 0.62 | 067 | 0.78 | 0.48 | 0.67
Cubic 041 1020 | 060 | 049 | 0.56 | 0.41 | 040 | 0.50 Cubic 071 | 0.71 | 058 | 0.64 | 066 | 0.71 | 0.42 | 0.65
Gaussian | 0.09 | 0.60 | 0.96 | 0.35 | 0.58 | 0.09 | 0.04 | 0.59 Gaussian | 0.90 | 0.69 | 0.40 | 0.57 | 0.70 | 0.90 | 0.60 | 0.08
RBF 0.08 | 0.58 | 0.99 | 0.35 | 0.81 | 0.08 | 0.01 | 0.53 RBF 0.70 | 065 | 0.73 | 0.71 | 0.72 | 0.70 | 0.27 | 0.71
Sigmoid | 0.34 | 0.32 | 0.83 | 0.52 | 0.73 | 0.34 | 0.17 | 0.58 Sigmoid | 043 | 0.68 | 0.86 | 0.59 | 0.68 | 043 | 0.14 | 0.65

5.5 Class-Level Data for KC1 v1 Dataset Result

From Table 13, it can be noted that the Recall
values are acceptable for all kernel functions except the
RBF and sigmoid kernel functions as they are nearly
zero. Precision values are acceptable for all kernel
functions except the RBF and sigmoid kernel functions,
as they are nearly to zero. Specificity values are very
good, as they are near to one for RBF and Sigmoid
kernel functions, other Kernels with rang between
(0.66 -0 .83). Balance values are very good, as they are
nearly to 77% except in RBF and Sigmoid kernel func-
tions. Accuracy values are good as they are nearly to
77% in all kernel functions expect unacceptable in RBF,
Sigmoid kernel functions. TRP values are good as they
are nearly to 80% for all kernel functions except for the
Sigmoid and RBF kernel functions. FBR values are
unacceptable as they are nearly to zero for all kernel
functions except for the Cubic, Linear and Quadratic
kernel functions. "Area Under Curve" values are ac-
ceptable within the range between (0.50 - 0.84) for all
kernel functions. For all performance results, better
solutions are observed for the Gaussian kernel function
than the other five considered kernel functions in the
KClversion 1 dataset class-level data with all features.
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From Table 14, it can be noted that for all kernel
functions the Recall values and Precision values are
acceptable. For all kernel functions, specificity values
are unacceptable, except for functions in the Sigmoid
and RBF kernels. Balance values with a range of (0.57
- 0.71) are very good. Accuracy values are good for all
kernel functions because they are nearly 66%. All ker-
nel functions are good at the TRP and FBR values.
"Area Under Curve" values are acceptable with a range
of (0.65 - 0.80) for all kernel functions. For all perfor-
mance results, better solutions are observed for the
Gaussian kernel function than the other five considered
kernel functions in the KClversion 1 dataset class-level
data with selected features. Dataset used in class-level
data were improved in Recall, Precision, Balance, TPR
and FPR, there was no improvement in Area Under
Curve and another performance was getting bad in-
cluding Specificity and Accuracy. It is due to a function
of the kernel, the selected features that were used and
we don't know how the mechanism of selection entities
in cross-validation.
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5.6 Class-Level Data for KC1 version 2 Dataset

Result

From Table 15, it can be noted that for all kernel
functions, the Recall values are nearly 100%, except
for the sigmoid and RBF kernel functions, as they are
close to zero. Precision values are so good because the
majority values are close to 95% in order for all kernel
functions except RBF and sigmoid kernel functions.
Specificity values are unacceptable because for all
kernel functions, they are close to zero except for the
Sigmoid and RBF kernels; they are 100% and 87% in
order. Balance values with a range between (0.29-0.38)
are not that bad, except for functions in the RBF and
Sigmoid kernel, because they are nearly zero. The ac-
curacy values are so good that they are near to 94 per-
cent for all kernel functions except RBF, that it's nearly
zero. TRP and FPR values are as good as similar to one
for all kernel functions with the exception of the RBF
and Sigmoid kernel functions, as they are nearly zero.
"Area Under Curve" values are acceptable with a range
between (0.50 - 0.74) Cubic, Sigmoid, and RBF kernel
function, and other kernels are near to one. With re-
spect to all performance results, better solutions are
observed for the Gaussian kernel function than the oth-
er five kernel functions considered in the KClversion 2
dataset class-level data with all features.

From Table 16, it can be noted that the Recall
values are nearly to one for all kernel functions except
the sigmoid and RBF kernel functions, as they are near
to zero. Precision values are so good that for all kernel
functions, except for RBF and sigmoid kernel functions,
they are close to 97%,

because they are nearly zero. Specificity values
are unacceptable because they are nearly zero for all
kernel functions, except for the Sigmoid and RBF ker-
nels, as they are near to one, and in the Cubic kernel
function, they are 50%. With a range of (0.29-0.47),
balance values are acceptable except for Cubic and
Quadratic kernel functions, as they are close to 64 %.
TRP values are as good as near to one for all kernel
functions except for the RBF and Sigmoid kernel func-
tions as near to zero%. With the exception of the RBF
and Sigmoid kernel functions, FPR values are so good
with a range of (0.50 - 1.0) because they are close to
zero %. "Area Under Curve" values are acceptable for
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the feature of the Sigmoid and RBF kernels, as they are
nearly 50% other kernels, they are almost 85%. For all
performance results, better solutions are ob-served for
the Gaussian kernel function than the other five kernel
functions considered in the KClversion 2 dataset
class-level data with all features.

The comparison of the proposed classifier with the
Support Vector Machine (SVM) with different kernel
functions applied for the same NASA datasets in terms
of the performance metrics: sensitivity, specificity,
probability of false alarm, balance, accuracy, and area
under the curve. The results were different within the
Dataset because each Dataset has a different number of
entities, some data have 125 such as KClversion 2
class-level data, other datasets have 10,000 entities and
this affects the cross-validation selection process. For
some datasets the selected features perform better in
the same Dataset and in other datasets there is no im-
provement at all.

Table 15. Performance results of SVM kernel functions on
KC1 v2 Datasets, using PCA

wn

2 7|2 | 8| 2|8 2|zl

= 21 Q. Q. c

3 53 § g § § ] p) o
Linear 0.99 | 0.95 | 0.13 | 0.38 | 0.95 | 0.99 | 0.88 | 0.93
Quadratic | 0.99 | 0.95 | 0.13 | 0.38 | 0.95 | 099 | 0.88 | 0.92
Cubic 097 | 095 | 013 | 0.38 | 0.92 | 097 | 0.88 | 0.74
Gaussian | 1.00 | 0.95 | 0.00 | 0.00 | 0.95 | 1.00 | 1.00 | 0.89
RBF 0.00 | 0.00 | 1.00 | 0.29 | 0.95 | 0.00 | 0.00 | 0.50
Sigmoid | 0.01 | 0.50 | 0.88 | 0.08 | 0.06 | 0.01 | 0.13 | 0.51

Table 16. Performance results of SVM kernel functions on
KC1 v2 Datasets, using PCA

o > w z

| 81g| 3|33
Linear 099 | 096 | 025 | 047 | 095 | 099 | 0.75 | 0.81
Quadratic | 099 | 097 | 050 | 065 | 0.96 | 099 | 0.50 | 0.85
Cubic 099 | 097 | 0.38 | 0.64 | 096 | 099 | 0.63 | 0.83
Gaussian | 1.00 | 095 | 0.00 | 0.29 | 095 | 1.00 | 1.00 | 0.83
RBF 0.00 | 0.00 | 1.00 | 0.29 | 0.95 | 0.00 | 0.00 | 0.50
Sigmoid 0.00 | 0.00 | 099 | 0.29 | 0.94 | 0.00 | 0.01 | 0.50
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6. Conclusion

Software Defect Prediction is a vital task during
software development to help testing team to focus on
defect proneness modules. To support that, various
machine learning methods have been used to build
models that can predict faulty modules based on da-
tasets collected from software industries. Among them,
Support vector machine has shown good performance
for this problem, but there are no prior studies exam-
ined the performance of kernel functions for defect
prediction problem. Thus, this research we will exam-
ine the performance of support vector machine with
different kernel functions over different datasets col-
lected from software data repositories. The results
demonstrate that there is no kernel function that can
give stable performance across different experimental
settings. In addition, the use of feature subset selection
using PCA did improve accuracy of kernel functions
over some datasets. In CM1 Dataset, better solutions
are observed for the Quadratic kernel function than the
other five kernel functions with all and selection fea-
tures. In KC1 Dataset, better solutions are observed for
the RBF kernel function than the other five kernel
functions with all and selection features. In PC1 Da-
taset, better solutions are observed for the Cubic kernel
function than the other five kernel functions considered
with all features, but when select some features, the
better solutions are observed for the Gaussian kernel
function than the other five kernel functions. In JM1
Dataset, better solutions are observed for the Gaussian
kernel function than the other five kernel functions
with all features, but when select some features, better
solutions are observed for the RBF kernel function than
the other five kernel functions. In Class-level data for
KClversion 1 dataset, better solutions are observed for
the Gaussian kernel function than the other five con-
sidered kernel functions in all and selected features. In
in the KClversion 2 dataset class-level Dataset better
solutions are observed for the Gaussian kernel function
than the other five kernel functions considered with all
and selected features. The results were different within
the Dataset because each Dataset has a different num-
ber of entities, some data have 125 such as KCl1version
2 class-level data, other datasets have 10,000 entities
and this affects the cross-validation selection process.
For some datasets the selected features perform better
in the same Dataset and in other datasets there is no
improvement at all.
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Abstract

Recommendation systems are among the promising strands of machine learning that have revolutionized in-
formation retrieval operations. These systems are designed to make recommendations to users based on dif-
ferent factors.

The realization of a recommender system requires a study of the users’ needs and the metrics that may influ-
ence each recommendation, as well as the attributes that can be entered into the application but that have no
effect on the system's functioning.

In this context, SoftCentre! aims to develop a delivery recommender system using graph databases and relat-
ed algorithms, in order to figure out the best path for each delivery to its destination. In this context, the deliv-
erer will respect deadlines, specifications, and deduce the best itinerary to travel on.

Therefore, our project revolves around the design, modeling, and implementation of a recommendation sys-
tem based on these main phases: 1)Data collection and preprocessing, 2)Graph database creation, and

3)Applying recommendation and optimization algorithms.

Keywords: Recommendation system, process model, Hybrid filtering, Graph database, Neo4j, Cypher, Python

! organization that creates national champions in the software industry to improve Morocco's international attrac-

tiveness
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Introduction

There are many mobile (Jumia, Food on Demand,
Glovo, etc.) or desktop applications (E1 Morocco Club,
Best Restaurants, etc.) that present a wide choice of
restaurants, menus, meals, and best places to visit, as
well as suggest delivery services according to the cus-
tomer's profile, his budget, his preferences, and his
current geographical location. However, as a deliver-
yman, there is no system that considers orders' pref-
erences and availability, especially for independent
delivery people who have to do auto-orders. This ran-
dom process makes the deliverer lose time in navi-
gating and selecting deliveries, as well as allows him
to make an unfavorable selection with incompatible
orders and deliver a minimum number of orders across

a very long route.

Thus, the current method has several limitations:
deliverers suffer during the search from information
overload due to published orders, publications on sev-
eral sites, waste of time, lack of user experience per-
sonalization, and are shocked by the fact that the
amount of information they are confronted with is
greater than their capacity to process it. Moreover,
they always wait for a user's request to recommend
references. Indeed, there is a lack of informational
data from deliverers and customers’ requests. In this
sense, general information provides a lack of adapta-
tion to the user’s interest in recommending and valu-
ing contents such as deliverer metadata, customer
metadata, descriptive information about orders, new

deliveries, and funds that have historical value.

From a technical point of view, a delivery referral
system is effective when it meets the needs of func-
tional requirements. The system must take into con-
sideration the delivery customer's evaluation and build
a user model from the collected data, relying on re-

al-time data (current geographic location). Also, it is
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required to take into consideration non-functional re-

quirements.

The evaluation result aims to improve the per-
formance and quality of the functional requirements of
the recommended system. This is done by personaliz-
ing recommendations according to the deliverer pro-
file and availability of customer point of view as rec-
ommendations for any deliverer connected to the ap-
plication. In this sense, the deliverer has to respect
deadlines, specifications, and deduce the right itiner-
aries. Therefore, the deliverer has to respect the dead-
lines and specifications of each command and order
and propose the optimal delivery route. In this context,
we aim to create a recommender system that will work
as background of a mobile application. Thus, the focus
of this system is to provide real-time recommenda-
tions to each deliverer, about the best route path be-
tween two specific destinations, based on their geo-
graphical location, vehicle type, capacity, and availa-
bility, in order to reduce the total distance that will be
travelled/forwarded (the total cost). In addition, it is
rentable in terms of increasing the density of routes,
the size of the delivery points by grouping deliveries
according to location, proximity, delivery schedule,

and order specifications.

To resolve this problem, the key technology for
enabling real-time recommendations is the graph da-
tabase (Kamphuis, 2020), a technology that is quickly
leaving traditional relational databases behind. Graph
databases easily outperform relational and other
NoSQL databases in connecting masses of user and
product data (connected data in general) to better un-
derstand customer needs and product trends. The big-
gest advantage of using a graph data model is that
there is no need to connect entities within the data us-
ing special properties such as foreign keys. In a graph
database, it becomes very easy to understand relation-

ships between entities because the data structure is
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well organized and very noticeable.

In this paper, we use Neo4j (Zhu et al., 2019),
which is a graph database management system that
also provides tools to visualize and extract important
information from the graph database. This is done
based on the Neo4j's graphical query language that
allows users to store and retrieve data from the graph-

ical database (Cypher).

Cypher (Francis et al., 2018) is not only the best
way to interact with data and Neo4j. Cypher's syntax
provides a visual and logical way to match patterns of
nodes and relationships in the graph, which allows
users to build expressive and efficient queries to han-
dle the necessary creation, reading, updating, and de-
leting functionality. Indeed, SoftCentre? aims to de-
velop a delivery recommender system using graph
databases in order to optimize routes for each delivery

to its destination.

The reminder of this paper is organized as fol-
lows: The second section presents a literature back-
ground on existing recommender systems, techniques,
and algorithms. The third section presents our recom-
mended system architecture with an illustrative exam-
ple of its application. The fourth section summarizes

the paper and introduces future work.

2. Related Work

We will devote this section to presenting how the lit-
erature defines some key concepts and notions related
to our study. Thus, we will present how existing rec-

ommendation systems operate.

2 organization that creates national champions in the
software industry to improve Morocco's international

attractiveness
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2.1 Techniques for recommendation

Recommendation or recommender systems
(Karimi et al., 2018) are algorithms that suggest rele-
vant elements (movies to watch, texts to read, products
to buy or any other element depending on the sector of

activity) to users.

All recommendation algorithms are based on the

following concepts:

These algorithms aim to find entities with similar
properties and calculate their "similarity" measure
(Prasetya et al., 2018). For example, customers who
live in the same area, have the same age, or share
common interests can be "grouped". This requires the
analysis of customer choices. Indeed, it is possible to
propose suitable recommendations by taking into con-
sideration the executed activities of two similar clients.
These two steps of the recommendation process depend
on logical links between customers and between cus-
tomers and their purchases. Therefore, the faster we
can query and traverse these links, the stronger our
ability to provide real-time recommendations is. In this
context, there are many techniques used to make a
recommendation system, which are illustrated in the

diagram of Figure 1.

‘ Recommendation ‘

System
]
Content-based Collaborative Hybrid filtering
filtering technique filtering technique technique

I S

Model-based
filtering technique

Memory-based
filtering technique

l

technique
= Association
technique

recommendation

- Clustering
(item)

Based on the user ‘ ‘ Based of object ‘

= Bayesian network
= Neural network

Fig. 1. A summary of existing approaches to recom-

mendation systems

50



(2 vosl

a. Content-based filtering technique

The content-based filtering technique (Bharti and
Gupta, 2019) is used to analyze a set of items that have
been evaluated previously by users in order to generate

a prediction based on their evaluation.

To generate a complete sense of recommendation,
different types of models will be used to find the simi-
larity between documents, such as vector space models,
probabilistic models, and neural networks. With this
technique, we do not need a user profile, as it has been

done using machine learning or statistical analysis.

The advantages of this technique are as follows: a) it
provides privacy, b) there is no need to share the user's
profile, ¢) recommendations are made in a short period
of time, and it can recommend new items even if there

is no rate on them.

On the other hand, it has disadvantages, namely: a)
content-based filtering depends on the metadata of the
item, and b) it is limited and requires a detailed de-

scription of the items.

b. Collaborative filtering technique

This technique (Nilashi et al., 2018) cannot be de-
scribed easily using metadata because it is a do-
main-independent prediction technique. This technique
is used to build a database between a user and an article
as a performance table for articles written by users.
Then it is required to calculate similarity by matching

users with relevant articles.

The item recommended to the user depends on how
similar users rate this article. In addition, this technique
has two types: 1) model-based filtering techniques,
which depends on clustering, association, Bayesian

network, and neural network techniques; and 2)
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memory-based filtering technique like user-based and
item-based techniques. It also has some advantages,
such as the need for user evaluation to find similarity
between them for establishing recommendations; it
displays the recommendation items that an unknown
user likes or evaluates; a new item can be suggested
even if it has not been evaluated. On the other hand,
this method has a disadvantage for new users, where
recommendations will not be provided correctly, and
items will not be recommended if there is no infor-

mation to discriminate against.

c¢. Hybrid filtering technique

This technique (Parsian et al., 2017) is performed
by combining several techniques to avoid the systems’
limitations. Therefore, the result will be more accurate
than a single algorithm. Each technique has weakness-
es which can be overcome by combining them with

another technique.

There are different ways to match this combination,
such as implementing algorithms separately and then
combining the results. Thus, we can use the con-
tent-based filtering technique (Bharti and Gupta, 2019)
in the collaborative filtering approach and the collabo-
rative filtering technique (Nilashi et al., 2018) in the

content-based filtering approach.

2.2 Social media Recommendation systems

Currently, several recommendation systems are
based on graph databases. 1) hybrid video recommen-
dation system based on a graph-based algorithm
(Oztiirk, 2010); 2) book recommendation using Neo4j
Graph Database in BibTeX Book Metadata (Dharma-
wan and Sarno, 2017); and 3) the Impact of the
YouTube Recommendation System on Video Views

(Zhou et al., 2010).

Firstly, the hybrid video recommendation system
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(Oztiirk, 2010) is based on a graph algorithm using a
graphical algorithm called Adsorption. Adsorption
(Raj et al., 2020) is a collaborative filtering algorithm
in which logical links between users are used to make
recommendations. Adsorption is used to generate the
basic recommendation list. To overcome problems that
have occurred in a collaborative system, content-based
filtering is injected. Content-based filtering uses the
idea of suggesting similar items that match the user's
preferences, and the recommendation list is updated
by removing weak recommendations. Then, similari-
ties between items in the remaining list are calculated,
and new items are inserted to form the final recom-
mendation. Thus, recommendations are strengthened
by considering the similarity algorithm between items.
Therefore, the developed hybrid system combines
both the collaborative approach and the content-based

approach, to produce more effective suggestions.

Secondly, book recommendations Using Neo4j
Graph Database in BibTeX Book Metadata (Dharma-
wan and Sarno, 2017) consists of processing the book
metadata so information can be displayed to the user
who needs a book recommendation. By combining
BibTeX book metadata with Neo4j's graphical data-
base, the data and metadata can be processed. Then,
with an encrypted query, by entering the author or
book type parameter, the user can get book recom-

mendations based on their input criteria.

The result is exactly the same as with manual
processing of metadata in the relational database. Ac-
cording to this article, it takes 180 milliseconds to run
a cypher query with author criteria, and 184 millisec-

onds to run a query with book type criteria.

Last, the YouTube Recommendation System on
Video Views (Zhou et al., 2010) presents a measure-
ment study on datasets from YouTube. We find that

related video recommendation, which recommend
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videos that are related to the video a user is currently
watching, are one of the most important sources of
video views. Despite the fact that YouTube video
search is the top source of viewing in aggregation,
related video recommendations is the top source of
views for the majority of videos on YouTube (Lope-

zosa et al., 2020).

Furthermore, results reveal that there is a strong
correlation between the number of views a video has
and the average number of views of its most recom-
mended videos. This implies that a video is more
likely to become popular when it is placed on popular
video recommendation lists. We also find that the
click-through rate from a video to its related videos is
high, and that the position of a video in a list of related
videos plays a key role in the click-through rate. In-
deed, the evaluation of the impact of the related video
recommendation system on the diversity of video
views indicates that the current recommendation sys-
tem increases the diversity of video views in the ag-

gregation.

3. Our Proposed Delivery Recommender system

In this section, we will detail our recommended
system architecture, as well as the steps to follow in

realizing it.

Our recommender system uses both collaborative
filtering techniques and content-based recommenda-
tion (a hybrid recommender system). The collabora-
tive part is where a set of algorithms will be used. The
content-based technique is used to make recommenda-
tions in a short period of time, and it can recommend
new items even if there is no rate on them. Therefore,
our recommender system will be used to recommend
the optimal path for a deliverer to achieve its order

destination.
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3.1 Framework
a. Overview

The system involves several actors, either directly

or indirectly. These different actors are:

Mobile Application

«includes
-----
Search for deliveries
(7/- Receive Recommendations
% Select deliveries

Delivery Man Deliver selected orlers

L]

Fig. 2. Use Case

The administrator intervenes in an indirect way,
by managing the system and by having the right to act
through numerous actions, defined as follows: Log in
and log out; Adding a user or an order (command),
updating the system information, or deleting specific
information. The user (the deliverer or delivery man):
this is the main actor in the system. He interacts
through the following actions: logging in, accessing

his account, or logging out; He can update his profile
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information, search and view search results, as well as
receive delivery recommendations based on his pro-

file.

The diagram in Figure 2 models the use case of
the mobile application combined with our recom-

mended system for visualizing results.

b.  Exemplar scenario

Figure 3 presents a scenario that is defined by a
departure point and an arrival point. Throughout this
scenario, participants react to the system through sev-
eral actions. First, the driver must connect to the ap-
plication according to his detected geographical posi-
tion and the keywords of the search he makes. After-
wards, the system can propose deliveries that are in
turn defined by numerous metrics, namely the size, the
weight, the geographical points of pickup and destina-
tion, as well as the type of logical links between the
deliverer and the customer. This is based on the rating
that the deliverer gives to the customer. These static
and dynamic parameters (in real time) are the core of
our system, which affects the results of the recom-
mendation (Figure 3 shows this recommendation pro-

cess).

Detect the Generate Classity
Log ln’to the delivery man nearest d\ |a-§S| Y
application position deliveries eliveries

Start A

R E—

Update the list
of nearest
deliveries

A

Re

End

Mo

start delivery

caculate total calculate
weight available
weig e

choice Parametrs
e Selection Add to basket calculation
calculate
estiated 0
timeframe

End ofthe sub-process

Start the sub-process

Next activity of
the original
process

Fig. 3. Full Recommendation scenario with the parameters’ calculation sub-process
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3.2 Data collection

Our system is part of a project that develops a
mobile application dedicated to independent delivery
drivers. The delivery requests are published on the
application and can be defined by data and metadata,

which belong to the description of each request. This

Commandas -head(}
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data is generated by the mobile application, and it will
be considered the input data (output) of our system, on
which the recommendation algorithms of our solution

are based.

Heuge de

KCommande  Coatenu Cotégorie Woture  Tolle Date_de Wvrabon OISR Org lat Org_len Dea_lat Desi_lon Chenin
0 Myovoooooazg SHMACL L PWOUE Fagle  Poi HEDGAT  AE000 1ETTIN TO6IIe-ll WTIM  TT825  ALLEXCHEAD
1 WOVIOLZTH chist nn;;;:;g: Loerd  Mayenng 200637 1EI00 A2TEESIT FERTSINes01 128319 TOG594 DMREXCHEUX!
2 vVCVINO148z2 fedf  Chactiseenager  Lbgse  Palits MeD00-2F  ITET00 00MS00 TE7IZ21e07 MATH TOFNG  LUTGCCHEDS?
3 VCVIDOATAT  wetements Autss Fragile  Granss MEIE-2E MCATD0 13087438 131000%e+01 12230 TOG504 DMRAEXCHELRG
4 VEVODOIAT4H viia Aulsi Loard  Maysiing MRBE-28 MLTND0 (1TIISH0 TTEII25e+01 MEWE  THGI  LUTOCCHEDE
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0 VIEXHOSRT 12663500 78649870 T3cTafdT114b30712e6darobialvred 1 I
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2 GSTEXLAK1IQ 13.073856 80225780 19e4b6580201a%2ecdechbi4bediisn a a
3 ARVEXMNAMOS 12846885 79.950560 6585677c9Tb385a%be1TOTITESGdI51D 1 |
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Clients.head()
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1 DMREXCHEUX1 128319 T9.9514 Mak 20 1.00
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Fig. 4. Generated database (tables: orders, deliverers, customers, and vehicles)

In our case, the project is under development,
which means that there is no data to be generated.
Therefore, the production of false (true) data is re-
quired for the realization of the first step of our solu-

tion. To that end, there are many existing databases on

International Journal of Systematic Innovation

the web that contain data that is compatible with our
solution. Kaggle® is one of the platforms with rich and
varied content in the field of data science, and on

which there are different types of delivery request da-

3 https://www.kaggle.com
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tabases to generate useful data from this platform.

With the help of the Python packages, we can
easily resolve several problems with simple code. In
this step, we relied on the following two packages,
Beautifulsoup and Faker, to generate the rest of the
data, because we were not able to pull this data ac-

cording to the first scenario.

There are numerous platforms to generate data,
such as Mockaroo[2]. Mockaroo is a website that we
have used to generate realistic but entirely fake data. It
allows generating a wide variety of fake data from many
domains and with high volumes. Also, it can be used to
simulate the beta version of our API until the real APIs
are completed. All these methods are explored for the
data generation of a database that is made up of 4 tables
in CSV format (see Figure 4). The first table contains
information about orders (French: commandes), the
second table depicts information about deliverers
(French: livreurs), the third table contains information
about customers (French: clients), and the fourth table

contains information about vehicles (French: véhicules).

3.3 Data preparation

After database creation with specific metrics, we will
process these metrics to yield logical results by removing

noise.

Data preprocessing is a data mining technique that in-
volves transforming raw data into an understandable format.
Real-world data is often incomplete, inconsistent, and/or
lacking in certain behaviors or trends, and is prone to many
errors. Data preprocessing is a proven method to solve these
problems. To this end, we have based ourselves on four steps:
data cleaning, data integration, data reduction, and data

transformation (see Figure 6). For instance, the database con-
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tains several missing values (see Figure 5). This data can
negatively influence the learning results. To solve this prob-
lem, we have to re-encode some of those missing values. To
do this, we have used imputation, which means replacing the
missing value with any number. In most cases, the imputed
value will not be exactly accurate, but it usually gives more

accurate models than dropping the column completely.

Missing values
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Fig. 5. Exploring missing values

3.4 Graph database

After processing the database and exporting it into
new CSV files, we proceed to create the graph database,
on which we will apply all the algorithms of the rec-
ommendation process. Then, we derive a graph model
from a relational model, and we have to apply the fol-
lowing guidelines: a row is a node; a table name is a

label name; and a join or foreign key is a logical link.

a. Nodes’ creation

To create the nodes of our graph database, we begin by
importing CSV files that contain the tables of the relational
database. The output of each script gives the number of nodes
created from the CSV file, the number of properties, and the
execution time. e.g., 13759 order nodes, 6521 customer nodes,

and 6880 deliverer nodes (see Figure 6).
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Fig. 7. Our graph database

b.  Logical links and constraints creation the one hand, those that link the orders with the cus-

tomers, and on the other hand, those between the de-

At this stage, we will create logical links between liverers and the vehicles.

different nodes to obtain the graph of our database. To

do this, we need to start by creating the indexes and the The graphical representation of the database (see

constraints on the properties that will be the links be- Figure 7), based on the connections between the nodes,

tween the nodes. To successfully create the relation- is faster when dealing with large amounts of data, so it

ships, a constraint must be placed on the order identifi- is more efficient in the sense of searching for recom-

er, which must be unique. mendations based on the relationships that link the dif-

ferent entities in the database.
The goal of our study is to recommend a set of de-

liveries to a deliveryman, so the first relations are, on
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3.5 Implementation

After creating the graph database, it is time to ma-
Neo4j

nipulate its data using the algorithms of the

Database graph :E |

(orders,
customers,
deliverers)

- Jaccard
Similarity
-KNN

Algorithm

Nodes
~Centrality
scores
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Graph Data Science library (Needham and Hodler,
2019) as shown in Figure 8.

Recommendation of orders
that match the profile of
the deliverer, that are
closer to the delivery
person's location

sets of
orders that
can be
combined

-Node 1
Node 2
—Similarity
scares

Detection of
Louvain
community

All Pairs
Shortest Path

|

Orders that resemble the criteria
of the deliverer (Mobility, weight
and size)

Determine the nearest orders,
and identify the optimal path

Fig. 8. The process of applying recommendation algorithms to the graph database

a. PageRank and Similarity Algorithm

The first step is to calculate the centrality of the order
nodes using the PageRank algorithm (Xing and Alj,
2005). This algorithm calculates a score for each node
and then displays them in order. This allows us to have
the most important nodes in the graph that influence
the rest of the algorithms. Then, we will calculate the
similarity between a node of a given supplier and the
properties of the orders using the node similarity algo-
rithm based on Jaccard Similarity (Niwattanakul et al.,

2013).

The configuration of this similarity considers the
mobility and availability properties of the deliverer
along with the mobility of the order. These algorithms
allow the filtering of orders that do not match the pro-
file of the deliverer, which will not be counted in the

selection of recommendations.

b. Route Path optimization

To recommend an action based on route optimization,
we need to select the orders closest to the location of
the deliverer. The path taken by the delivery will be as
shown in Figure 9. In order to optimize this path, we
need to calculate the distance between the current posi-
tion of the origin of the order as well as the distance
between the starting point of the order and the order's
point of departure and the point of arrival. To do this,
we will use the Neo4j spatial library (Ashokkumar
Arunkumar, et al. 2018).

First, we need to convert the geographic (see Figure
9) coordinates and create a point defined by the latitude
and longitude. These parameters are used to calculate
the distance between two geographical points, which
are the origin of the order and its destination. The same
calculation is applied to the distance between the de-

livery and the origin of the order.
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Origin location of the order {
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Fig. 9. Deliverer route

After calculating the distances, we can apply the
shortest path algorithm (Gomez et al., 2019) to opti-
mize the route path (ALL Pairs Shortest Path Algo-
rithm). The result is illustrated as a ranking of the
shortest paths between a pair of nodes using the total
distance values between these aforementioned nodes.
Figure 10 shows the result obtained by applying the
shortest path algorithm to our database.

To define the closest orders to a given deliverer,
we used the Dijkstra Single algorithm (Permana et al.,
2018). This algorithm calculates the shortest paths be-
tween a source node, which is the delivery node in this
case, and all the nodes reachable from this node, which

are the orders. The application of this algorithm re-

quires the use of a fixed starting node, so that the result
can be represented as the distance between this node

and all other nodes.

After selecting the closest orders to the delivery
driver, we create a new group based on the nature and
content of each order. At this point, the delivery driver
can make multiple deliveries. To do that, we have used
the community detection algorithm, the LOUVAIN
algorithm (Zhang et al., 2021). This algorithm is used
to nominate groups that can classify general orders and
orders that belong to a specific group. The main idea
consists of using these groups to provide the set of
recommendations that will be displayed to the deliverer

(see Figure 11).
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gds.nodeSimilarity.stream( 'pfe )
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@ R N gds.util. ( 1 S Commande, gds.util.as (node2).name AS Livreur, similarity
RDER BY similarity DESCENDING, Commande, Livreur
VW 1 AUL row
E( n : Orgloc) n=row,
n.longitude =toFloat(row.0Org_lon),
@ n.latitude =toFloat(row.Org_lat)
spatial.geocodeOnce( ,{0OrgLoc , Desloc},@.1) YI location
| location, distance(OrglLoc,DesLoc) AS distance

rgLoc.name, Desloc.na
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Fig. 10. Recommendation algorithms’ application (Page rank (1), Similarity (2), Distance (3))
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Fig. 11. Optimization algorithms’ application (Shortest Paths (1), Dijkstra (2) and Louvain(3))

4. Conclusion

In this paper, a hybrid recommender system is
presented. The system uses both collaborative filtering
and content-based recommendation techniques. In this
context, we use a set of recommendation and optimiza-
tion algorithms. Therefore, our project revolves around
the design, modeling, and implementation of a recom-
mendation system based on the active filtering of orders
published in the discussed mobile application.

To that end, we collected a large volume of data to
create our relational database. Then, we converted the
resultant database to a graph database using Neo4;j li-
braries. Also, we applied a set of algorithms dedicated to
data manipulation, which allowed us to generate rec-
ommendations for a given deliverer using Cypher and

Python libraries. Furthermore, this helps the system

personalize orders, contents, and deliveries by exploit-
ing connections between data -all in real time- and
matching deliverers with orders based on their profiles,
preferences, and past online activities. In this context,
we opt for a hybrid filtering approach that combines
several algorithms and techniques. Therefore, the result
is more accurate than a single algorithm.

In further work, it is important to treat the ability
of process mining techniques to model uncertain be-
haviors of self-defined processes related to information
retrieval systems. This is in line with the objective of
achieving business process maturity and measuring how
effectively and efficiently the self-defined BP is work-

ing.
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Abstract

Although experts’ prediction that the global oil will be consumed in 50 years is not so sure, the massive consumption of
oil is forcing the search for new clean, effective, but high-cost energy sources. One of these is the liquid fuel produced
in the process of refining petroleum. Aiming at Taiwan's heavy dependence on gas barrels, this research proposes a new
liquid gas replacement for liquid fuel. The fuel is liquid at room temperature and is installed in a particular PE plastic
barrel. When in use, it is converted into gas through aeration and then ignited and burned for use. This product has al-
most exactly the same burning cost as liquid gas, and its higher flame temperature reduces the cooking time by 25%.
Moreover, it can be self-filled with liquid fuel. The pressure in the barrel is low, and there is no safety concern about gas
explosion. The technology has been patented. However, due to Taiwan's current habit of using liquid gas, this product
faces a marketing dilemma and cannot find an opening in the domestic market. This research intends to adopt a disrup-
tive innovation marketing strategy to solve the dilemma. For a market (such as Hong Kong) that needs the advantages
of this product but ignores the shortcomings, a functional analysis is conducted and identifies seven provocative ques-
tions, including contradictory problems. Then, we use brainstorming and the TRIZ 40 inventive principles recommend-
ed by CREXA to develop 13 marketing strategies, and use 4P to classify them.

Keywords: Disruptive innovation, 4P, aeration, 40 inventive principles, marketing strategy.

61


mailto:jdeng@mail.dyu.edu.tw

QP

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

HERBRH AT LG ER

.érs:u_-r_ l*’ff' ‘F_[ﬁ,.béf 2
A EAFpEFEE
2ERARAHS P

i€ 374 E-mail : jdeng@mail.dyu.edu.tw

#F &

BRAREL FARRI 2R BB Bt 50 £ LR 2T EIRNAEFE R 0 Fob 0k B 408 R AT eagciE ~ ok A
$$iﬁﬁﬁ$w*$$4ﬁmkoﬂﬂ—ﬁﬁ{ﬁﬁ%émﬁﬁﬂ%§4mﬁ VLo AP E 4 0
FLETH TR R R - AR AR BN RIS GRPE AT E T RRE > AR L_#'i-}%\rﬂPE
wﬁ+m7_@*%+@%+m*ﬁ“$wAw%%%@@woiaw—ﬁﬂié,W%$%w%
PR AVIGERBER AR 25% F 00 p SVEL U R AR *}é’ PRAETEFFRDE DR T
e AR AR ’*\n”v o AR AR X ATOY IR @ N AR ypwi'rw VS
FPHFER AL REY RBNAFTOEH K A R AR _\.%mnfszﬁumv A5 rmmhrm 17 4 (b
hod BEUERR)EEHAAITERL T BIRERAE 2P 2 79 FRA B FY %4 k2 CREXA
SRR NE A0 F P RIS 133 74 Kk 0 ¥ % AP A KF

E;_I;gr

o

Btz . RELNAIRT AP RA A0 F P RA 0 74 Rk o

R R ALY B 2R o R I A
?%%%%*;@’ﬁgﬁz%ﬂlmm4+cgy
BE PR F PR 1.8~95% it £ 0 8T
ViR ¢ A2 Y& R (Natural Gas Advocacy Pro-
gram, 2011) o d ** I 1l e 27 = F B vl > 2 H_
PRE A 0 S fEA - AT Fpt o R AR HRER

1. %2

it ,i‘fr@ﬁ%lm*\ Tt o RERRTRMP
Bre B 0 1395 Aydogan (2020)7F i3 Tk e i 0
50 & P 4538 o ¥ ¢k > 4245 Shafiee and Topal (2009):
R E A s P enicst & 8 Klass HEst 2 4R/

)
P o K N < SR RS AN -
oY j‘%\—g% 40&*PV%LGreene’ Hopson and RF AT ARLET > d LTS P IR FAE
: ey SR (6 -
L1(2.006)ﬂ5-1£! e I%M Fid et R (bl SR o v iy AR BEY: %-ﬂf B +filﬁ$§lu
7 oil sands,i% F # oil shale) » # 9 i 2+ 3] 2050 & P
. 2RTABA AL 2 F AT o BRI
ezt @R 2 TR AP LR PERRA 3 ‘ |
7o Tgﬁ")‘gib‘l%\ﬁ’%\”’";;w\i -
BB RAGE L T2 SR o BEART 7 T
i \llnt/h’lﬂl’fzi‘l“ 5 o B _TE—';";\ P?’mﬂ z A zgtzi%—l}go;/%%y? ﬁ‘T‘\A’""FlL}%L%
.1 s 4 B 2020 20/ é} s A 21
* z; umsac;nﬁ);#ﬂéqf: fﬁa %{ J},g“g‘g:é_ji-ﬂé}q 8900 + T 9900 = + 2 ¥ -
K g‘wf?'/ = e e m T {/F/r-'f‘“)’ui g;ﬁﬂf%ig%‘é‘igs,\,ls%,; EVJ'J\,j}EH?Fg?zli{i

Fenie R o blde T RoAn s S HRAL o RIBE i Renié ¥
B F A A o fRARB BHDY - B ;;3&{%9 i
SR PR AT A A nE W R TG senq ] o 2
’”ﬁaﬁ ?oeh- fER o
Boe AT R R TR F (R
it X #7> Liquefied petroleum gas % < #§ - LPG) - /% it
%M+ﬂﬂﬁﬁﬁﬂ@ﬁﬂ%ﬁ*mﬁ“ﬁ”%ﬂ€
Ao T AKENRT LGN S BRAL ISR

e B (Natural Gas Advocacy Program, 2011) ©
il’%f“%;@;ﬁﬁ?%f”*i’«*%ﬁ% AL EA2 =
EY “ﬁ‘i’ FPRDVEPFRE AL G A2 - F LR X
Rp Bl T g FEof &2 v fde 4 [(Natural
Gas Advocacy Program, 2011) ;& i* % £ 20 = 7 #
E =10,720 #F /o2 X20 27 =214,400 i+ > @
SEE T 214,400 FF = 9,000 H+ = 23.82 B

62


mailto:jdeng@mail.dyu.edu.tw

QP

'..s;;éfa’;&m;u 20 255 4i 8§59 633 & o
%i)i%l%1085m’«kr%1§’*%’$@**’10.85
= 32}3—259m§£?g4#w/;§wﬂ+2o>
T Lk LR

f‘g‘%{f{{iﬁfﬁg;&ﬁ ,\:’!ﬁ);l:é‘]59%°

MM
B

B

m

—E,Z‘J‘;E 7\$

1. XA RF &Rl T ehg & E{r§ & (Natural Gas
Advocacy Program, 2011) -
e g [ e
] e -1
piras
L B
G| 9090 11085 = | ge(shinshing
R Natural Gas
‘) Co., Ltd.,
2020) -
& 20 o7
& # 5 633
~  (Monthly
,j ;L (E 10.720 5165 ~ report on t'he
P . average price
S0T) of domestic
LPG in coun-
ties and cities,
2020)

E P A I S N
10,360 + + /=7 > HEAEH M0 i £ § 910,720
4+Mwu@{¢*aaﬂﬂ@%%T’ﬁ»%
T)c R A EU kil AELAL TR
oo FE 3 IER AT o 2 ke R 2_0.655g/ml >
39.8 ~/= 2 (Solvent price list, 2020) - PE #° ¥ 47 p %
AT R 16 T o FRER R s A g
16 = 7/(0.655 = DAN398 A/ H=972 = > A 4
g 16*10,360=165,760 G4 E AR A
170.5 ++ o Ap>t & L X R G A2 4 i
% 9000/10.85=829.5 + + » H & sxF 2 2 X R F
V4o g wﬁﬁ",. LA A R 10720 H+/
\Lr/3165m/ 3387 £+ 4 23T 12 %1 H +

+ 9T B e A3 ﬁ vk R X RTE & 1/338.7=0.00295
~ 5 2 =g & 1/170.5=0.00587 =~
(0.00587-0.00295)/0.00295=98.8% -
foo o RBERGE > Brwice aughe ko 7
=AFER 25 /0T oo hogt o AF AR RS A
RAEL ARG o F b Paafi A HTOIERR Y
800°C » m A4F & & *=en¥HER B Y 1000C > F1p > 7
12 &8 (1000-800)/800=25% 1% & PF R o

F—ﬁ?s,*,

m

EE G

DIt A

d e dzvw uw

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

¥

di
e
(r"r?

st w§1¢ » B Ak iR A
MRERT A1 E S ‘f}&ﬁkﬂf’ﬁ%aiﬁ-%—i 3
2% & > b4 - PCB TR R e o eHdEG -
Teha o g A K RIS AR
AR A G BT e e ke T U AT RRE
(Homogenous charge compression ignition, HCCI, en-
gine) er%: 4 (Aydogan, 2020) 35 R 51 8§~ fAAT
T B SIE v AT HF RS Far i &

3R ER L E A F e Rl
# (John's Journal - GM Makes HCCI a Reality, 2007) °
BEARE dmen®E A2xF A R R RF e 1/40F 2 mih
o e F e dm) zw»]zﬁ’fﬁmo;}%w, < H
Ry S I IR S )

E(Hsu and Hsu, 2009) > » & &-
B & 7 (Mega energy technology
debut, 2016) " 7 &1 » L@ 1 dxg_gpﬁﬂfig&tti?;‘,’%
P FRS ML FRFE &4 5% EFF
ARV~ %’Téﬁmic:c,aﬁkérzm PE # %45 » i * ‘%f
TR R R F & e R BT (T AT 04K
PE %% fid 3§ BGEH ~RF #fol i
“t & F 42 = (Hsu and Hsu, 2009) > A £] i #]
BN A E NS S F L S R
\J% FE B L RIFLERN R FEF
PRI - ;Jr:ﬁ’fr%%;ﬁéﬁfp’@%lla’%]-
LFERE R md R EREAFE S A
E % % +sm@4»LLM3pﬁwam@41«’*LL’%
- A R TR R A VHE-AF & B m L YHELEE S I ATR D
- TN = g% FEEAY -4 ﬁ’}@ﬁ’%i&?ﬁ S SR 8 R
e 2l £ PGB A A B R o dok % poig
BRI ZEBE T NE :fi:f&%? @ * o BT H X AR
R L RE L T NC N - T
Fut o bt e A SN RGE 2 FEY R H

BRI B R

BE AR R AR L E "F

bt
wolpof

&
o
¢
)
_r‘?-*m
o
pi

By
(<) w 3‘

4:\4- a\j b
AY 14:: ‘;{l\i

1o S i
‘E‘E ™3

A

H fm
is;

=g

¥
I

o

f xﬁﬂ‘hw? e }a i Bhdo
Tl EAFAE KRG h /402 AA S

éﬁﬁﬁiiﬁ‘rﬁ R ET ST (W
%ﬁﬁgﬁiwﬁmﬁﬁ°ﬁ
- BAF e 4 ﬁ\“éiﬁﬂﬂx

63



L J
4 |JoS| N
v J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

E—

BHBRFEFTIIRAGH-T A F)II S 10 EFR o4k
A2 R THRBHA KD FCERED L
Ao BN AE R S B BT R LS DR 3 K L
@ LPG s ASME 3 B 7 @ 40 4 T3 R (514
FTALFIZ 10w o BLELE t_fgé;F'“ ERCE Y
Wb 10F N o dok % EH B AMSE 3 E 0 &
B 7% %mﬁf"%ﬁ-i LR EHEF 10 E RO F(Murphy,
2012) 4pHTLPG Y % K F it L@ H - % 2
50 HrE- ik %r{ﬂxm? $%5 %%»ri
fgen® S - A RF AP g Boch o ips
Tjtf_»ﬁ‘ﬂglefﬁﬁ —‘JF’KI"__’FKg% Fier o rnzf.K*H&‘v ‘EF,T&’#
¥ & 4% LPG -
- ‘ FOREL DI RLEA it ? ok LPG £
- RF /@’Fllné’*%f’w'p » B e Hoap b
47%.%% 2 LPG i & eh &~ Z_[F % (Propane » C3Hg){r
7 %z(Butane > C4Hig) % LPG 2 % R b8 pF > % 2
e R (0.56~0.65)1 % (1) » Flut > 4ok § 4
SHEE 0 A RE A E R AT F 2 LPG A
“iﬁi’Wépﬁﬁ’ﬁﬂmehﬁigﬂﬁLE
Bl 1 X EMH - g\, Fooo r SRR 22%,;];0,,—#75[;;:3\ T oo dn i
B B R U (F AT F Y b)) 5% % 2
%;'f’*, g * L LPG % 2> o ¥ £_LPG s+ ik
%*“J" %(stf—gﬁi&r? Mk ET &2 a0x
mT) R HE225 R

Eif gl SAl

iémﬂiﬁﬁ - IRE 09‘3’;315232 /0910-480407

MTHR2 AR LS ﬁ;&')ﬁ%# B E. E
e AR AT R AIATA SehdF 0 1R e
¥in A S5 A A el o e g8 i f o
[T F1 HEATEE R T4 Rk 4P P o B =

Bz fepfed ARG 02 RALEAR S ROLHEH % 2.LPG # % 2§ ¢hi JLIE  (Murphy, 2012)
et o Bu BBk E A kPBY - FEER e I Y
FHBAE(ZF=1) |20 1.5 | 0.56~0.65
2. FEep B MR U(F | 1.8 22 |5
Whzg ool
it E o F (LPG)E - 87 i R Ll A BB EEL(F |90 10.0 | 15
AT ERREAKF G ) AR b0 d Whzf o)
LPG éﬁﬁi"if—"'—)f&%i‘é P HBIE ETE AR PR R #+ (MJ/md) 120 95 37741
H1FFEr (g HA g B gl &
B %m/@%lﬁ%{f;ﬁL I N NP E S B - dokf - fEUEF v G LPG % g gt
B E D HYE (Hsu, 2021)% 0k X R F ¥ i T2 B F et ;f’,s 545 QT L AR
R A

T 7
% % b Pl 3 ¢ % (Zhang, 2020) - LPG £ 7 * o (Hexane ’ C6H14)fc£'ﬁ
AN Ee §U RIS ¥ %o, 2 PR HPREP Aok 3o i MR AG) 3
B URSF AP > P gk(flash point) 2L ¥ M (-156°F) # £ (Density of gases, 2021) » F]t B %Z F % b v
(Is propane flammable? 2020) » % % %% o v &% B v TRMA L HFAEELPG 5 1.4~1.8 (L‘s’i}f*f# B X 7
6 'ﬁ"‘f‘}?ﬁ—r J‘EF"I GRS R A B AFMRAET EF 23 20 2) o R LPG & 42
FEAAET HRE G L VLA FRTFE 2 (Sun, &5 - B %,i‘«’éi&{iﬂ'%% (69°C) ; @ [ e d& it
Zhang, Lu, et al.. 2021) o d 3 LPG % X» Flde b % > F) 2L % % -42°C4e-1°C (Engineering ToolBox, 2003) - %]
A EH R S LPG LS £ AMSE 7 BAkGE Mo AR LPGE - S FadET @Y AR e
G OB F A e bl LPG @ E a2t o LPG B 0 A B F’sﬁ SURPEPA TR B R
Fo R F R B % PE ¥ RILITE o

International Journal of Systematic Innovation 64 http://www.lJoSl.org



QP

# 3. @ %=y 72 1 F (Engineering ToolBox, 2003)
S XN B J
FHBR(ZF=1 3.0

B MR (F B | 1.1

BRI B)
BB RERRU(F M| 75
B A Y

A+ (MI/m?)

3~

173.9

Christensen, Raynor and McDonald (2015) N
EEEgEhp ’5":L17'L/§‘rr'i£$'+ B RBUEAIZTA 5 o
RAM AR H]2 B0 G B Fehd %’r—)ﬁ d g
A *“ﬁfé P& RE S R E (LW S AR
%@"‘%ﬁ“@«% R A ARARGEREZ > MRE

EHHA Logis Pag o LG R
ﬁ'ﬂ,iﬂtrm—rfrm% Fg o R féé“fﬂﬁ;&

EFR LR PG 1\ » R B PER T s B
BL o 2R1S 5 AT rﬂ?‘ii—ﬂﬂ__‘ HEEHE o RiEL LT
24 Lo TP EFRKROER o F AR P
R A AT ii——%,‘ A S ?{E‘Li]*u’a}\ 47
(Christensen, Raynor and McDonald, 2015) - 5 7 P
REAIFTH > B PR EATE SR 4T o

\A\s«

Product Performance
\

. |
i

Bl 2. RALA|F7H-58 (Christensen, Raynor and McDon-
ald, 2015) -

%]

d B2 Tar g ow R E R Rt 0 A
ok B LR % R Bk e d 0 S e
FIERE L EF §HE ERENE Ao BE° S LA -
P R = (Blhe A 2 T A o) R B R
S ehd PR T R EATE] MR S g Rd g -
AR MBI & oo i3 F AT i)}Lj’L e L
FHB R GE (M E L E G o r.B fr A et
#E #H A FUREZ dod %-—*‘rﬂfl”,% P ® g

|

=

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

Foo HOTB LMD B sl 4 o e D g
5l e F m/\i;,%i 22V R SRl ok S I
¢ EE ﬂ/r&j\‘a— 95?;\ 3L A fe B ehfkjis @ (7
LA AR K S R Heng R RF #2xB g
A ew Menif e LMD Hod A FH A
BT B S rx A BT T8 AR A T B d R &
A MR AR S R LB F R A
WREBER PE R A, ¥ E G A
B endiFe pLpE > RELE S WD A o BT
§E S B R S LR PR E S
BB R H PR RRT %%'ﬁ%$ﬁ#rml%§
H oo AT $f f’“’rﬂtf#méw}% PR it A e
Bt A &ihi & 48kl @ MPV(Main Parameter
Value) = > I HAsc AL #2xBe

Bl4e @ Uber — A3 5 - AR AL FTIR
%> 24 2 &> F 5 > Uber - %ﬂ&é%&‘.{i’g‘-%%ﬁiﬁ H
At F(EEL 0 - BRFRIBFaED D H)
F E_MFES B0 g2SX Uber $ k- B R 2 App T
R AR D GRE L o & & B IR TR Uber
o F R FEPfoF > BT UH DB IIRIE T
oo i R AIRTHGE > KT R R A R T
En =t AT J_L_L“'K?l iv &3 #-Uber §i£ 5 RALIEA]
#7 PR 53(Christensen, Raynor and McDonald, 2015) »

AKa oo T4 A ] A4 R Minimill steel
making & - & R #2437 A 5 (Christensen, 2000) > v
B 42t 1960 & ¢ Hp o] T‘;'I{'iiéﬁ‘«f&%-%‘ﬁﬁ‘v [ERR R R
i 4R ) 4 va(billets) 0 2o 18 SRR
o BB EE A S 4 P (steel plate) ~ 4 7 (steel
sheet) ~ 4 ¥% (steel rod) ~ 4% i% (steel bar) & o v L&
= g R e A 2 AR R S Bv 2R
ARG AR S W EAREE S S
(slab) > £ (AR~ L RS2 X7 fe e 15 o
B i FoES R E R B B LW A
* 1 B Yp(blast furnace)e® < > X AR Fuihg e d +
) A g By oo B 1995 & ] Al 4k B 2 A — P (ton)
HFERO06AT PR S AR T R 2341 e

d ol ARG B ek~ ROR BB g 0 ]t o A )
e EHEE R TSR 0 WA Mg D
& & 0 Aok 55 (rebar) o ¥ A R R 30 4k 5T ALK
AR  &FRRDF - JIBKA 2 F &4 5 0%E
BRI RERET L F] TR R A o FlY 0 B £
AR R e B gl P L A ST B %
£ | A 4% By 0 B4 Nucor(The Nucor Story, 2013)4r
Chaparral » B4e% 4 s 3 &F > P FLF JIEBOE &
B OHEE o 4o 3 AroF 0 2 1980 & > @ T 7 90%

T 3

=Y

Loy 2R

— o {4

65



QP

b 85D BT P Pp G 30%:4k 1% (bars) ~ 4k % (rods)fr
& 4 (angle iron)® H- o d ATipd B HEA X GUA Ry @
TARF S FAIE & 1980&13«&%'??‘}_““ | AR
R Foe B PR 4 R 5T g 4 4 3 (structural
beams)e® H-o> T3 1995 &£ = 2rd o BB FIT 0B
b 4n & H 4k 4 (sheet steel) » T H_# 3574 # (cars) ~ #EEF
(cans)fr? % (appliances)’ iz & &-& f4&F s & &
(N R IR

BEAR A AR R A 2 e A S T B e A 1980
ERBPRRIFIR FlE Bk PRANF RS F o
B R-E R A BT R LR R 2 N KA KRR
FIiE o a4k By (Bethlehem Steel) & 1986 # 3w -
B iEE- -+ FF% (175 million) > # 1989 &
- Lw ¥ AQ24billion) i E F1 5 # PHFT I3 R
E AN REIK O AU o iy WP
PR D d A TWRREE AL g e

T OB 0 & 1987 & 4 R 4 4 1 %
(Schloemann-Siemag AG)# & — fa#Teh2 & HjiF > i
4 % 52 4%:% (continuous thin-slab casting) ° v &4k % (¥
NEIRT D AR FATEREBREYS B RR
L AR N8 92 S 4 #5 (coiled sheet steel)ik bt 1 sLe R
Wt grengon U Efod & 0 £ - sk
1R EE 2 /S5 FFF A (250 million) > 35 @ F @ AL
*T;'Jﬁﬁﬁvf{ﬁ L e S U G = 25§ gl 25
FART UGG 20% LA v - BB ASLG
ARTFAZBIFHTFIHEEET L SR
Foo @R EF AR RRELT W o B S S
P32 g fda RTOUE 0 FHER
(construction decking) ~ 4 ¢ (pipes) ~ i& /¥ (culvert)fr
% # ] £ (Quonset hut, 2020) - iz # &7 A% % 5 &
Foom aR R Bl Fundsg I - AUk R
#(disruptive technology) o i1 |24 fx 3™ 16 33 &
spEid o e ) A4k e Nucor 2§ % 4 A &R
ST ARG 1980 Ekie K- ma sk
A > B 1996 & Nucor & ¥ 7% % 4% # 7 > %%‘
FAERDEE @ PER 2L F T H 0 2003
£ D54k i 7 * 2L A (Bethlehem Steel, 2020) -

/E F‘. I’F‘;ﬁ':\:‘%/“

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

Sheet stecl
g > Structursl steel
g 5 Ofher bas and rods
Rebar
1975 1980 1985 1990
Year
Bl 3. /| A% 4% B e R B A 3732 B (Christensen, 2000) ©

BfRAPRIRAIRTRE 0 ¥ gﬁ A5 B S #cE T 4P
ff2iA- 101 < P hisd kst (Lee,
Wang and Trappey, 2015) > &z kizd 1k %e 101 eh
ENCY TN e e S g X ity T R = R g
fe {, R A EES D TG o B B ET
BREOREREFITICER > A d R R BT
R }éﬁ’” MR BHG PR o MR BTN/
o ATE R e B8 0 $ P R T M Bl gpRAR¢
SR RD 4o o d W iRd iz ¥ £ B3, B4 e
B5> @ FiTPRFF? & e % B3, B4 {o B5 ¢
- RFTRA Y EREEAFEIPINE S
A AT H{ AR SPRAF(RAF AL 35 > service
ﬂexibility)v;]%i% £ ¥ - BRI SE £ EE(E
BnEFREE)2S &2 A4 (PRIBF 2 4o s anF
B e AT NI HE N RS FELT 1450 S
B P R P 35,28 112 35,28,6,37 0 ¥ > #ini R
PR PRIREIFTI 5 2450 U % - g P k35,

28 lmAr T o

BrR e B4

gadi e

66



QP

# 4. TRIZ-based PR 3% £ #7 & B|(Chang and Lu,

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

2009) °
B B F T TR ﬁff}d’?fuﬂq
06. 5 % | a W-B2# |a F&IHEHN
s it R R B | 3-8 App ¢ (B
FUBBSED | el B RS
AR e B34 BB
b. @ % BB | =B kol #
283“?34 CUR R R BB | al ;ﬁﬂ éf’f"‘x»g‘a?'
1‘3‘3 Bk '*1‘5‘31’)‘,: S e SRR T je
b. 1% B3¢ ﬁamrw;aﬁf:
SRRk RS- TE B
L b. % #L chin @
C. RBELHL | B
Ao
35, 4 4 | a. &4l chde Bl B
g | IR % (40 0k é%ﬁo
B ERSRA) | b TEEREEo
b. tx g H i | &dig o
A2
c. ¥4k
37.# % | a. @ FOBEH | a. $HWELF
g L (#¢ % 101 4 pi)
b. 4 & @ % | - A FEE R
FOLEH R > ] | 52 Bl4eErF 101
¥ 5435 & EWIE | logo 4 B B
HAE(EF ARE | G5 >+~ F
WIE it ) | pe s 7/11 A% E
)0 2L ARA
% JRAR o

- ~gked fodic 35 TEEMRAE | P oA K1Y Sl 25
THB S igpl | > 7 Y IRIEAIZ

28

@i 7| 35 ° it chig

PFHERILRTr P ERE - RR
WRIR L et R ekt Mok d =% %
B N oo (@ e N F
Google map # EATehF & s 50 » e X 542 &

4
;»i°1_‘

o dr F - BETROATRET S

101 % #en 7T 3 5

s

I3

B B LA

¥ F B R i
’ }lf;/j—‘% %‘ FFH%;"

TR 35

MER
eva‘"L\‘

VAR
ENEC - S A

v A 5,
FEF R
o 28 BB oA L dp g g MR h D E
B oo A ()P NFT S
HoBThGHD

@7 28 1 BN R kA

Bofi R kG BB K BB T H)B N
PRk o AIRTE L et BT 2L R (K
RIS FR)BR GO T NARI Y I
B R LM g E o BB S o i~ 2
B ik d R SY (2 0 kS g b kA {rik g
Bipslied mp > A3 F RMagEd oG BES D
W??ﬂﬁ%%iwﬁﬁ uﬂ%@*“%ﬁﬁao
EFREFREBFL AP F R E Y
ﬂ%@ﬁ SR Y i E i m’@é&?4“vu

FAcsUsiRE - L b g0 p FojedTind b+
_’@&ﬁﬁlgiﬁ’@ﬁEWﬁ%%@ﬁﬁﬁﬂ
0 OF R 3R fY -

A RPAORIEG 0 FRIFA G AT BRE
Fenivid £ad 2 A2 R B o 2 2 gt dhet M
o FERBHBASEERS IS AT AN B
FiRP RS S oA Z A o B
e AT R Y “‘E\‘ R e S T A PR
IR IR & .‘oulmil_ & # it (Deng and Lin,
2013) - e §_> Terninoko, Zusman and Zlotin (1998)3 !
b A A AR ’T‘n—\ Fakig oHIAEP
F a2 - Bi&3 % (Primary Harmful Function,
PHF) = 2 & 3 * # i (Primary Useful Function,
PUF) o &% — @ B enf * Hisfod Tt
A2 0 {8 * — B R R &E I T et eh R 4E (provocative
question)(B ¥ 3 ¢ 734 ARA) R EF RN R A
i A 35T R BlAc B 4° A IR
FEF YDA T o B G E S
(causes) ~ i} “,% (eliminates) ~ % & (is required for) = & -
F-BHa g T SERFEPR LGS
R BT o BdedieF 1 AR Y # i0 PHF a0 42 #%‘E‘ ’
U dla RiE UF4 ™ > 50— By ,f .
¥ ¢ PHF ¢ /2 o 1b. 5 51 & _PHF JE B F 0 ;'é °
2a. #5 4 — fade & UF4 ® 5 ‘J}i"‘f ~ TR R4 HFL a0
> /é #r7 €3 = PHF < 2b. 35 3153 it UF4 07 2 < 2c.
D UF4 5% HF1 FE7 § i &
PHF o d *t 7 it 3 ens 78 % 50 | chA454p 0 > 287
TERPGERS RS Tmea D 606a 55 -
# & PUF e ¥r72 % & UF1 4r UF2-6b. #5415 it PUF
3 2 o i O R IRIMAIATE L F
(Chai, Zhang and Tan, 2005; Lee, Wang and Trappey,
2015)e% &

ﬁ*/i—‘:ﬂ’ ﬁ 5771 /2',:

67



QP

2 (UFg)| 222 PHF| 1
eliminates

4 (UFs)—== HF1| 3

5 8

7

BB 4. Terninko #* it 4 15 (Terninko, Zusman and Zlotin,
1998) -

BfFalKvg + 22 4P(A & Product, . Price,
il § Place, #& /& Promotion) ¥ 5 % 2
HBeniiak o 4P F_iikde o -+ 4 (McCarthy, 1960) 7%
1960 & a5 it g ¥ T4 o B¢ 2 R A A
e B AR A S R s B L e
% PPRIRE B vk o B Weg Adpsm 2 (R
Bt~ HAE W~ B4 B A ke
WEL F[B]40 % & Retail ~ ¥ 7 Intermediary ~ 4% 7 ra
wholesale]fr'? FAR)IH S NEE TR
E '% ~ e F'“r,‘ﬁ(z'}ﬂ B S FE)HBER wholesale‘
ik F % 3¢~ fedd 1B if (distribution channels) ~ * % -~ i
B e F 8 ﬁaﬁ} i~ 2 BF R 4 (delivery schedule)
Fedm v 35 #3K %5 (logistic infrastructure) & % o 42 R K v%
TR LCGEE M 12 FOER T YR
ARAH TR TH S AREEY  EHfrOoMES
IR -1 2 SHS 4P EHEN TR R Y
sl B SR BB > Fla p AT AU
% 4C(Lauterborn, 1990) (kg % %
needs, = * consumer’

e

F consumer wants and
s costs to satisfy that want or
need, {4 convenience to buy, # il communication)g
Lehg 2 e $pe ka2 B frz_ % (Yin and Li, 2015)
WEAP e E G WAL EA 4CPRIBFE - &%
> “r(arm CpROR R R SR HAT R
BB H(oit 2~ 48§ ST F
i 4P ﬁ\ﬁé FE Y o BE ARSI F(Hok -
BE~2RFRE)? 4C KL 22L& - Jr i i
(Yung, Lin and Lin, 2018):#-4P 1k * > %4t & 5.-¢
¥ &% Pen% & ¥ 5 Halim, Halim and Felecia (2019)
M- 4P g w T E R RR Jasht BT £ Ak
R ESY &G K% Jimenez-Asenjo
and Filipescu (2019)#-4P * *+ & $17 chj § iF)i7 41 71
PR e EBRMGsH F4 %065 ¥ ¢t > Halaj and

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

Brodrechtova (2018)34 TP 4o 7C * *r g =

B et
H? TP 7C A_4P fr 4C erzg @ o

3. #riEdRY

TS R U N T F etz HBEN A
Panfi AL 24Pl > T ¥ P L Ar MR A F R
BB F o BA R R RBAIFTEB A &AL
A
McDonald, 2015; Christensen, 2000) 57 3_% 71 0 78 B 25
R RIRTF A &0 5 — fFffeet g L2 v g
WA S Al B3 A B L7 B4d &?’Tm%
Foo AP RGP LA PRERRLMRE FR D
WEIEH EF # BRAFIL o 28 TERFid ¢
i - R E vk R eh B R DRE AT 4 TTL»{JL“)%
TETF R R ?éi% FRETH IR o 2 A AN AT AT
X RIATEG FORE Wemgrfr 2RFRAL
5~15% > % 'L Z-/E'v FERE 1.95~9%PF > AL LRSI
i € 314 RF(Gas explosions are mostly caused by
human negligence, 2010) o ¢ * & = 5 F# Fup fi ¥
HagfFirtimiez s &3 - kAR €5 R
o e Aa 3R of %A L 379 kg/m? (Density of
gases, 2021) > b 2 F RE o F|p > Wi S i b
SRFME AR o Aok RE LR BT %
GUR & P )eng % R (1.94~2.56 kg/md) 3§ hE
(Densrcy of gases, 2021) » 70 L 74 # F 5 4 F]
AT - kR - @I w)ﬁl)]‘ g€ A2 F R
Flt o JJ":??RF*% ATPEA S T o R B
mq‘%,{’ﬁz:r% R MURREG 0 F R F R T
LR F S EAE 0 B REFUDLPG X o e E
T F %R (379 kgmd) ez F o £ (127
kg/m*)(Density of gases, 2021) > % % & # & & 4% » &4p
HRPEZEPN ?'Ffé’ﬁ Eenid b TR A0S RS
i P/E‘l)&&@rﬁ moA A F R B H ES SOl 3 A
HE E%F’“%:a’ﬂzs%oifa%?g T AT Hw
< E’ e ehd ARG S TS - 4R
g RE o & i‘u%’gfﬁfq"—ﬁ? Bi% 7 s & 4F
SRS ERE ) £ SRR 2D SEEE
& ho
WA EAREE S GHRP > FRE 4o (T4 9 &
MRS A I S A K
(Cross-Strait Times: Mega Energy Technology Debut to
Reduce Fuel Costs by 15%, 2016,)#P? 7% ik X $renifdx
(EARE A - R o FNREA I Ry SO N
WP AR SR L A A SR

B i}
7F

Christensen (Christensen, Raynor and

68



QP

BAP R RS REERS 18 Ra
Rt E R G R RE - FR s B - i
q&mﬁlﬁﬂ H2 oo B 2D E REP LR
g‘;,ofgwgg—;ﬂ‘mq - \}%g’\cﬁ\ﬁ"f’uv S B R
2 {vd § 7 * o Riz(Liquefied petroleum gas, 2020) >
£ % 2 &% i X 27 Liquified Petroleum Gas(LPG)F|
FEF HRILEFER P R A EENEFRE R
ferad & o A2 fif]&?é BEFRF R R TR
BERLIEHLE o
#3245 Liquefied petroleum gas (2020) % i# 4 %] {7 <
- B @#F LPG (TR B g sl o w § > d 30
Town gas * X F = & e Yrfhsk @ (8 LPG chig * £
T 24% 0 T it LPG MEANET B ¥ *
R e P A A BN FICES ) A B
O RO S ARl A D ARE R P e Fl 0 &
Ak A LR EEFLFIE - LAY XK
o AN AR iiemiEr D)4k F5s 75
ToEAmod AREEL LT A% R LEH
=N ﬁdﬂm;‘%,z EdEyed > T E AT r o R
FIAFIAEF PR 2 ARV U AL D
wt@é«ﬁa’?fﬂl FRHMFE F s AF RS (B
FEFENR G ETTORF AL HFTEAASE T
Frnl o P EF A Ao o it A A E SR
ﬁ'—‘a@:lﬁrmiﬂ% P EEE R F eniEE o d AP
Rt &% & 37 b 2(Jimenez-Asenjo and Filipescu,
2019) » iEfBAE AT RE B A i BEd F 3 A BUT A i o
Flot o @RS E R 0 A EEY C H iR .
- Ay ;4“4,\%—1 MEeAET BN S g
Food SHEFBERLEVEIABEGFRETEL D
4 fe A 1T BIAc B S o

fﬁe

B S, iR R ahs

A

Bl5°¢chiks * i PUF Gy &
Bigmaol A%y T PHF £E 7 § »
o UFL A3 387 Gk - R |4 B o (7ot
AR L RdE s MRGEOVRF RIS 5%”

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

EREH o LR AERF o T EHZ B
T QR AR R e

la. #5 3 & UF1 ™ - TI??)J"? &g PHF e %o
Ib. 45 41— &7 1 d PHF & eh »ffw

2a. #5 1 UF1 e it > %4t 4376 L PUF e
= PHF -

2b. 3% 4138 iv UF1 73 ?-% o

2c. 4T A Ff% o UFL % & PUF fr7 ¢ i
PHF -

3a. - > % ki PUF 2 4r2 § & UF1 -
3b. 35 d13a iv PUF &9 % o

Lir 7 § i

DEE-E T P
las. F i PE %% od  PE % % Hi &SR » 7

”#ﬁ”ﬂ#%§#°lléﬁﬁWﬁK&ﬁ%a%
B L PE #MH P i ﬁ,]%? LR E ’f‘»‘iﬁ"[@
R

Ibs. d »+d PHF &7 hg m L8P R 2287 3

7 Al o R IF“T&FH’ * ok & 8 ¥ (lateral thinking) (De
Bono, 1991) k gt & % 5558 - § & » PHF £ § § >
APpEEHILIF B A EWA L RA
PR B RS FpEA f o T E R T X B g

FEREGHAEIT s Glde b0 F b i
BB g N RERS L VU o § 4 A

7{;@@%01“@%’4 G N SRR ,EﬁF'“;T‘L_{

E8 CRESYRE LI BT EABETT LGS

25%¢° B A e m b e “ﬁ’%iiééﬁ-xsb%mﬁ% > TR
T B AR G AR R B T )

LAk o

2as. ¥ A E¥Hid PE MM T T d JEXIHEC
Yo RUGHRAREFT A BFNFRELL R REE
# PE 'ﬁf“%{ﬁ AN
2bs. #-2 ‘xfr PE *
TFCH o

TR o REET R BEEY
2cs. RdpemE S ko g AR - BPSEER o 17
#5 Creax (CREAX Innovation Suite, 2002):¢ 125 5
A& Ty 44k 26 T i{ 4] Convenience ; » 2 4r &
%8 12 T &&= & Supplycost | » ¥ ¥ T 4 B
B J& B| 30(Thin and Flexible) ~ 2(Take out) ~ 3(Local
quality) ~ 5(Merge) ° 2c 548 b & s e S fic L pF R v
Eooad &l S A o L A Creax p &
HFREHED TEARE R e TR A, o BB
TSR, e TR A 24 PER
R Ele%m? Bk drd 5o 8F VR P
PPRRAISTD B aJR S 2t d SAE
dEDRIL 30 8 A B iE S SRR e

¥ ook

» oA sl o

69



QP

oo BB JIBBLA RS FRFOF A o d B R
B et DR AL > R RT R S 2 PR

B e pES TR ST
# &t

tERLA
BT R R R A
ERE TAESL AR ST -
FTEHETD P o

3as. @ W HBFHFIE FE
SR TE B S £
@mtﬁy@—%ﬂ%gw

}%-’~|—l?xft_
EF Y R R
B R Fod W ERLX 4 F PE

B4 5

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

Ak Fobs EHRILS L T
WE BRSPS A R AR P
B e R B R AR
BT ABEN RS
REL EI? AR 2P L 0F

& & e 5n

AP RLLBR

ERo W -E N

R TR

PR s A

?ll“ﬁl'&’ﬁ"fl[} PJ.?J‘/."{.%K&OF},?JJ{;‘%@‘

B Lo (el ) - gl 630
FeEE T oLzl g T Y
[: 3 fe”*iﬁfrhgf—n if P ‘;;a%%g’;

BAFE L A E ] K o

3bs. d e @ AR A

2
Vol

g B )
ehbe b b & TF k4
R g

3 gﬁq\‘ﬂﬁﬂﬂiﬁ?}i\:ff’ ES

%0 R A A AR o £ e B
i (&%

B)REREL A RERERL S 2o

%] 6. CREAX(CREAX Innovation Suite, 2002) & 325 5

4. 5. CREAX R34

i

#7 & P](CREAX Innovation
Suite, 2002) °

out provides several
functions of which
one or more are
not required (and
may be harmful) at
certain conditions,
design the system
so that they are or
can be taken out.

o (PP 14 B
RAE 9B
AN
8o (0 14 7
BB% 10 8)
EREC LA O Y
AR A
b E o

they act together in
time.

3.local | A.Wherean object | 1. # ' ¥ T FR

quality or system is uni- FIR o
form or homoge- 2. M 1 T pF
nous, make it oo
non-uniform. 3. FERpERE
B. Change things fF2b it e g
around the system oo
(e.g. the environ- 4. # TR E
ment)) from uni- e sl P o o
form to
non-uniform.

C. Enable each part
of a system to func-
tion in locally opti-

mized conditions.

5. Merge | A.Physicallyjoinor | 1. - & 3= 3] & ch
merge identical or PR ER o A
related objects, 7 —ﬁf 35 -
operations or func- K %4k o
tions. 2. BJRY oo
B. Join or merge 3. % 4Le o
objects, operations | 4. ™1 #5 & & 37 4c
or functions sothat | =* ;ViE {747 & o

P 4P SRLEEE- L G T4

BT L 4o e 13

R R #FFHL TR B 7

30.Thin | A.Incorporate flex- | 1. AR AR 2 306, ik SRR 3T AP A 5

and ible shells and thin # oo

Flexible | films instead of 2.8 5 F @ 4P S
solid structures. AR ERE o A& Product | 1.9 * 4 B EFNFREE | 4
B. Isolate an object | 3. &¥%> % & * o T UKIL ) R R PE
or system from a Pl - N A WA > R o
potentially harmful | % ¢+ 3§ o 2. ZEBHFNDp FHEEKL =R
environment using (MFB) BEEFERLL 4% >
flexible shells and 3. BB L iT- P4 Y
thin films. oz oo

2. Take A. Where a system 1. 37 B3R e % & Price 1.4 B du (T E ~ B SR

70



QP

Bul R E R VAL L - B4

Bl 24 BiR e s 4
r'mlm 31]}%\1*"% x‘&}i F’q\.ﬂ\\ﬁ

,f{ﬁ?k—s]gt:l_-_o
2. % Foul i f o
PEER RSy

Eﬁiﬁ?%?‘,,?
E b AT O R R

a%k’ﬁgzkﬁagﬁow
ol BT R £
mum<WWE TEE

3.5 PR AL R X BT A eh
RAEPER ¥ ks 25%
IR UE S Sk - IRl S

i Bt Place

r; 1\ o
2E RGBT T HEEL EEY
FREAST - b kB4 B

B (TR R 0T B o

A RfrP MR 2 dLFEkE
TAEFLTREESTF-FR
FRHEBFLTEED F o

4, AR BB FICEFP S REM
PBuAREBYER L EE P\ ﬁ
MNEEP L - b BF T

-\

B H o
R 1. TS 2DF 3 KPR
Promotion Pope b P g pEeE Egeh
Ak fd o 3 % 7 H‘"%T‘@%.ﬁ&hﬁ
o T RV B A P
B PR3 BEYEFIRR PR
’ft“’" 7 o
2. BTy (AR e PE 44 2 I B
SRR IR A LA R .
VU BHREE (R tsd
$ocii B ) B A
Cex A F o T T T

- % WA E L—gt‘af‘f’r-r'?ﬁ g
ﬁiﬂ%%ﬁoﬁ%&hmﬂ%bﬁ’mmiEwG
¢4 2§ 2320 F § A (Argus, 2021) » @ & % e
AE 73 175 F § 27 (Businesswire, 2021)° & % ¥
it LPG A& 1 0.55%  fxP & » ¢ @2 = 2B~ &
AN ERER DT RE
wﬁﬁﬁ~§w‘ﬁ9%wwﬁa~@
Blp g KRE AT e F] L -
oo gr T R 20T AL FL P T U |
BrGeEeds- X 28 % EE)2021 R afBbH
SRR SRR P AR R AT K 4

LPG - fe £ je¥e =t
RN

A AR

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

F(EBEY AR T5MEs 12.6M- 8 57
E 0IM -~ B 187M » 3% 39.5M) (Guangzhou
Resident Population, 2021) » 3% ii*u%“ RETik o 54
S H A g r LPG et b 8 25% (et % 2 2
# ) (Liquefied petroleum gas, 2020) | & & chg & &
40,000,000 * *0.25/4( A /= )*20 = 7/% /0.655(= 7/~
)12 0 /& /1,000,000 2 2 /2 #5)=916 Qﬁh‘ﬂw
2020 # LPG eh2 & € £ 44.48M =¥ > @ LPG {2

%ﬁméﬁﬁﬁﬁéimumﬂwam4§€“{
055% > Tl » ¥ e g tmenE 4 FF E 4448
M*0.55%=244640 2o « jpds 3 F B 916 2w » o

B3 EFY Frew ~ 7~ BPEFY Fick - R
- BABEP DT REDE KRG R A2
d 3 e e R AR AR s s R R A e
PRAr R e R R 2 T oud B Rk

4. BwekY

24 Blumsack (2020) 735 i Rt 7 € fp:Bh 2 A
21 R R g P B R PR @ et { 5K
FORF AU Blde D R oA s xHA e RAE D SR
Tt MR A o [BA R BT - BT A
AHP RO RBJMATE D B R R T san
SURERIE: S - i1 ’J#‘f—'i‘l—u—ka = o

A2 FE AR T e G A H R A o 3%
SORE K PE ERR P 0 5§ WD RFIER -
Hp A R U Br— 0 &G 25%:h3
B o il endF et o g PF £ R e MR
T oo LA F EPFRAGTIkgm) 7 F 9(1.27 kg/m?)
¥ (Density of gases, 2021) > 4% 2 = 5 et B % & %
FPodff RAAREBZFIENATR Sk T
RFARREE A AL F R /T»Jt"g‘\ni’f’& X ETF et
2§ E(1.94~2.56kg/m®) 0 % L gk bk oG b0 7
PEFFFRAR A FIEADE - 2R 0 -8
E] RS /m,j*z-g A2 F R F]# > 245 Christensen, Raynor
and McDonald (2015)4= Christensen (2000)#—3 Pyl

TE - BREMAFTA S o U enipEEE
Bz LR FRENDLPGE 2 X 0
HYAES AL R R BT o RPRERRS 25% - ¥

WA RS Y A o v B AR

BRH BB LRA B o BB R L AN R
PHG IER YR AR RER AT

71



QP

#2495 Christensen, Raynor and McDonald (2015)4v
Christensen (2000) R AIFTA ST Kk ad
gi’_ﬂ%? i%—’g}i ‘Lﬂ" I S G RS R =S S B o

J§w%§§’F*J”Qﬁ#ﬁW rEG
NEBERFLFRREERD FITRELT - 24 F 53

BRG] ERRR AR CBRAFE FUEMRDQ
Mo g g o

px %ii{”” R R A AL
JEd g jéﬁ%#mPEiﬁﬁwléﬁ#
wﬁﬁﬁoéi.ﬂ *ﬂ&%i.udﬂﬁ“ﬁg
T 8 &) % Eﬁ} HFenR 2o P

1i1§_’f‘—"f‘fﬁ 1 % @ Ejﬁx-iiﬁtrma‘ﬂ%lo
ﬁ¥’&%ﬁ&%—mPE Wﬁﬁlé%%%ﬁﬁ
¥ 7> % i% Terninko, Zusman and Zlotin (1998)# ! =
FHAAAN AN TR B 5 PR g
WHRFPA > RS> ROAIL DY o R AL
%ﬁcmmx%ﬁﬁkwﬁﬂﬁ4@@m&mqﬁw
FHFP RPENELR S o 208 > % 4P B2 E A
X EP 13 ik o BRAod 60
MTEFEH P 12 3 Ko o
L 7% i 2 PE ﬁfﬂ%ﬁ?w L) et 5 3
BN TRE A EA
Z@i*iﬁaﬁ'ﬂﬁﬁﬁﬁ
HERRL 4% Do
el BT B g R e S F- AR o
4. BB BFNERTE S FY CREPERERE R
e - BAERE 2 RHLRAEMEL R T EEw
B3R REERASS A FARE DA
5. T%“?c@]f}i%&o}%iﬁ’!%?p ’?uga$f§+§of;g¢
AT NERED AR FEIREERTR o B4
fd R T R 3 Y e g f (o PE § R o
6. MR EFEERELI DT E S Al > LR
FOURE 25% o
7. -%?'J*“*Eﬁé%#’g AR R e A o
B LHERWASTERAEPFHFRF DT
KRB F R EFD FRF D F o
TP AESFLEITERE TR BESFRE
RoP-FREFAERELEIED o
10. * 2 228 2D ﬁqé 3@«5‘;59 ;gsg.&b;}:ia =i
FEAF S L REORARME o X A RF T & T
i GERFEF FRALF R Y B A BER
jﬁﬁ%\wﬁﬁwﬂio
BT RARen PE R Il &
A A

-

b g enip M h 36

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

CEP M BEERGR AR B E N B e T)
T}Fﬁﬁfé o

Bt AR CAed A B R AL NFd T 2
R A wTt A E R gt RITL R AV
Kk @V R RES oA R 28K
SRIAT 0 F et o 4 T OLE MR ALY R A o de
Sow ot HER R 0 AT AR KR B~ R
Rl end iR B o

5. References - Chinese

Chang, H. & Lu, P. (2009). Using a TRIZ-based Method
to Design Innovative Service Quality-A Case Study
on Insurance Industry, Journal of Quality, 16(3),
pp-179-193, 20009.

Cross-Strait Times. (2016). Mega Energy Technology
Debut to Reduce Fuel Costs by 15%. retrieved from
https://www.youtube.com/watch?v=MWNKAVZe7
YO.

Deng, J. & Lin, Y. (2014). Analysis and Solution to TRIZ
Problem-Improvement of Dust Mask — Resolve
Contradiction, Int. J. Systematic Innovation, 3(1),
pp.14-25, 2014,

Gas explosions are mostly caused by human negligence.
(2010). retrieved from
https://www.mygonews.com/news/detail/news_id/1
619/%E7%93%A6%E6%96%AF%E6%B0%A3%E
7%88%86%20%E5%A4%9A%E6%BA%90%E8%
87%AA%E4%BAY%BAY%ET%82%BA%E7%96%8

F%E5%A4%BI.
Guangzhou Resident Population. (2021). people.cn, re-
trieved from

http://gd.people.com.cn/BIG5/n2/2021/0518/c12393
2-34730644.html.

Hsu, M. & Hsu, S. (2009). Liquid H fuel container, Tai-
wan utility patent, M350646.

Hsu, M., (2021). Exploration of LPG Safety and Envi-
ronmental Risk Management Technology, Industry
and Technology Forum, 20(10), pp.209-210, 2021.

Mega energy technology debut. (2016). retrieved from
https://www.youtube.com/watch?v=MWNKAVZe7
YO.

Monthly report on the average price of domestic LPG in
counties and cities. (2020). retrieved from
https://www2.moeaboe.gov.tw/0il102/0i12017/lpgpr
ice.asp.

Natural Gas Advocacy Program. (2011). retrieved from
https://www.youtube.com/watch?v=3rwKHMxTKc
k&feature=emb_logo.

Shinshing Natural Gas Co., Ltd. (2020). retrieved from
https://www.shinshingas.com.tw/shownews.aspx?ne
wno=33.

Solvent  price  list.  (2020).  retrieved
https://www.cpc.com.tw/cp.aspx?n=48.

from

72


https://www.youtube.com/watch?v=MWNKAVZe7YQ
https://www.youtube.com/watch?v=MWNKAVZe7YQ
https://www.mygonews.com/news/detail/news_id/1619/%E7%93%A6%E6%96%AF%E6%B0%A3%E7%88%86%20%E5%A4%9A%E6%BA%90%E8%87%AA%E4%BA%BA%E7%82%BA%E7%96%8F%E5%A4%B1
https://www.mygonews.com/news/detail/news_id/1619/%E7%93%A6%E6%96%AF%E6%B0%A3%E7%88%86%20%E5%A4%9A%E6%BA%90%E8%87%AA%E4%BA%BA%E7%82%BA%E7%96%8F%E5%A4%B1
https://www.mygonews.com/news/detail/news_id/1619/%E7%93%A6%E6%96%AF%E6%B0%A3%E7%88%86%20%E5%A4%9A%E6%BA%90%E8%87%AA%E4%BA%BA%E7%82%BA%E7%96%8F%E5%A4%B1
https://www.mygonews.com/news/detail/news_id/1619/%E7%93%A6%E6%96%AF%E6%B0%A3%E7%88%86%20%E5%A4%9A%E6%BA%90%E8%87%AA%E4%BA%BA%E7%82%BA%E7%96%8F%E5%A4%B1
https://www.mygonews.com/news/detail/news_id/1619/%E7%93%A6%E6%96%AF%E6%B0%A3%E7%88%86%20%E5%A4%9A%E6%BA%90%E8%87%AA%E4%BA%BA%E7%82%BA%E7%96%8F%E5%A4%B1
http://gd.people.com.cn/BIG5/n2/2021/0518/c123932-34730644.html
http://gd.people.com.cn/BIG5/n2/2021/0518/c123932-34730644.html
https://www.youtube.com/watch?v=MWNKAVZe7YQ
https://www.youtube.com/watch?v=MWNKAVZe7YQ
https://www2.moeaboe.gov.tw/oil102/oil2017/lpgprice.asp
https://www2.moeaboe.gov.tw/oil102/oil2017/lpgprice.asp
https://www.youtube.com/watch?v=3rwKHMxTKck&feature=emb_logo
https://www.youtube.com/watch?v=3rwKHMxTKck&feature=emb_logo
https://www.cpc.com.tw/cp.aspx?n=48

QP

Sun, B., Zhang, H., Lu, S. & Chen, W. (2021). Verifica-
tion of LPG Tanker Leakage and Explosion Acci-
dent and Numerical Simulation of Influencing Fac-
tors, Journal of Beijing Institute of Technology,
41(2), pp.137-142, 2021.

Yin, K. & Li, X. (2015). A comparative study of 4P and
4C marketing management, Journal of Huaihai In-
stitute of Technology, 13(2), 88-90, 2015.

Yung, 1., Lin, W. & Lin, B., (2018). Analysis of Market-
ing 4P of Taiwan Healthcare Food Manufacturers -
Take the Example of a Mungbean producer in the
Chinese Herbal Medicine Market, Operating Man-
agement Reviews, 13(1), pp.55-66, 2018.

Zhang, Z. (2020). Analysis of the Status Quo and Busi-
ness Model of the LPG Industry in the South China
Sea, Gas Enterprise = Management, 40(8),
pp-B38-B40, 2020.

References - English

Argus, (2021). An overview of the global LPG market
and its impact in Latin America, retrieved from
https://aiglp.org/aiglp2018/docs/overview-del-escen
ario-de-oferta-mundial-de-glp-y-sus-impactos-en-lat
ino-america.pdf.

Aydogan, B. (2020). An experimental examination of the
effects of n-hexane and n-heptane fuel blends on
combustion, performance and emissions character-
istics in a HCCI engine, Energy, 192, 116600.
https://doi.org/10.1016/j.energy.2019.116600.

Bethlehem, Steel. (2020). Wikipedia, retrieved from
https://en.wikipedia.org/wiki/Bethlehem_Steel.

Blumsack, S. (2020). Are we running out of o0il? re-
trieved from
https://www.e-education.psu.edu/eme801/node/486.

Businesswire, (2021). Global N-Hexane Market (2021 to
2026) , retrieved from
https://www.businesswire.com/news/home/2021071
9005300/en/Global-N-Hexane-Market-2021-t0-202
6---Featuring-Royal-Dutch-Shell-Exxon-Mobil-GF
S-Chemicals-and-Junyuan-Petroleum-Among-Other
s---ResearchAndMarkets.com.

Chai, K.H., Zhang, J. & Tan, K.C. (2005). A TRIZ-based
method for new service design, Journal of service
research, 8(1), pp.48-66, 2005.

Christensen, C.M. (2000). The innovator's dilemma,
Harvard business review press, Boston, MA.

Christensen, C.M. Raynor, M.E. & McDonald, R.,
(2015). What is disruptive innovation? December:
Harvard business review, pp.44-53, 2015.

CREAX Innovation Suite, (2002).
https://creax.com/.

De Bono, E. (1991). Lateral Thinking, Penguin Life,

from

England.
Density of gases. (2021). the engineering mindset, re-
trieved from

https://theengineeringmindset.com/density-of-gases/

J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

Engineering ToolBox. (2003). Gases - Explosion and
Flammability Concentration Limits, retrieved from
https://www.engineeringtoolbox.com/explosive-con
centration-limits-d_423.html.

Greene, D.L., Hopson, J.L. & Li, J. (2006). Have we run
out of oil yet? Oil peaking analysis from an opti-
mist's perspective, Energy Policy, 34, pp.515-531,
2006.

Halaj, D. & Brodrechtova, Y. (2019). Marketing decision
making in the forest biomass market: The case of
Austria, Finland and Slovakia, Forest policy and
economics, 97, pp.201-209, 2019.

Halim, K.K., Halim, S. & Felecia. (2019). Business in-
telligence for designing restaurant marketing strat-
egy: a case study, the fifth information systems in-
ternational conference 2019, Procedia computer
science, 161, pp.615-622, 2019.

Is propane flammable? (2020). TankTalk, the official
ferrellgas blog, retrieved from
https://www.ferrellgas.com/tank-talk/blog-articles/is
-propane-flammable/.

Jimenez-Asenjo, N. & Filipescu, D.A. (2019). Cheers in
China! International marketing strategies of Spanish
wine exporters, International business review, 28,
pp-647-659, 2019.

John's Journal. (2007). GM Makes HCCI a Reality, re-

trieved from
https://www.youtube.com/watch?v=FOKZBAJM18
0

Lauterborn, B. (1990). New marketing litany; Four P's
passe; C-words take over, Advertising Age, p.26,
1990.

Lee, C., Wang, Y. & Trappey, A. (2015). Service design
for intelligent parking based on theory of inventive
problem solving and service blueprint, Advanced
engineering informatics, 29, pp.295-306, 2015.

Liquefied petroleum gas. (2020). retrieved from
https://en.wikipedia.org/wiki/Liquefied petroleum
gas.

McCarthy, E. (1960). Basic marketing-A managerial ap-
proach, Richard D. Irwin, Inc., Homewood, IL.
Murphy, S. (2012). Liquefied petroleum gas (LPG) and
natural gas (NG) - fire prevention issues, Transac-
tions of the VSB - Technical University of Ostrava,

Safety Engineering Series, 7(2), pp.53-62, 2012.

Quonset hut. (2020). Wikipedia, retrieved from
https://en.wikipedia.org/wiki/Quonset hut.

Shafiee, S. & Topal, E. (2009). When will fossil fuel
reserves be diminished? Energy Policy, 37,
pp-181-189, 2009.

Terninko, J., Zusman, A. & Zlotin, B. (1998). Systematic
Innovation-An introduction to TRIZ, CRC Press
LLC, Boca Raton, Florida.

The  Nucor  Story. (2013). retrieved from
https://www.youtube.com/watch?v=31B_dGAiHSE
&feature=emb_logo.

73


https://aiglp.org/aiglp2018/docs/overview-del-escenario-de-oferta-mundial-de-glp-y-sus-impactos-en-latino-america.pdf
https://aiglp.org/aiglp2018/docs/overview-del-escenario-de-oferta-mundial-de-glp-y-sus-impactos-en-latino-america.pdf
https://aiglp.org/aiglp2018/docs/overview-del-escenario-de-oferta-mundial-de-glp-y-sus-impactos-en-latino-america.pdf
https://doi.org/10.1016/j.energy.2019.116600
https://en.wikipedia.org/wiki/Bethlehem_Steel
https://www.e-education.psu.edu/eme801/node/486
https://www.businesswire.com/news/home/20210719005300/en/Global-N-Hexane-Market-2021-to-2026---Featuring-Royal-Dutch-Shell-Exxon-Mobil-GFS-Chemicals-and-Junyuan-Petroleum-Among-Others---ResearchAndMarkets.com
https://www.businesswire.com/news/home/20210719005300/en/Global-N-Hexane-Market-2021-to-2026---Featuring-Royal-Dutch-Shell-Exxon-Mobil-GFS-Chemicals-and-Junyuan-Petroleum-Among-Others---ResearchAndMarkets.com
https://www.businesswire.com/news/home/20210719005300/en/Global-N-Hexane-Market-2021-to-2026---Featuring-Royal-Dutch-Shell-Exxon-Mobil-GFS-Chemicals-and-Junyuan-Petroleum-Among-Others---ResearchAndMarkets.com
https://www.businesswire.com/news/home/20210719005300/en/Global-N-Hexane-Market-2021-to-2026---Featuring-Royal-Dutch-Shell-Exxon-Mobil-GFS-Chemicals-and-Junyuan-Petroleum-Among-Others---ResearchAndMarkets.com
https://www.businesswire.com/news/home/20210719005300/en/Global-N-Hexane-Market-2021-to-2026---Featuring-Royal-Dutch-Shell-Exxon-Mobil-GFS-Chemicals-and-Junyuan-Petroleum-Among-Others---ResearchAndMarkets.com
https://creax.com/
https://www.engineeringtoolbox.com/explosive-concentration-limits-d_423.html
https://www.engineeringtoolbox.com/explosive-concentration-limits-d_423.html
https://www.youtube.com/watch?v=FOKZBAJM180
https://www.youtube.com/watch?v=FOKZBAJM180
https://en.wikipedia.org/wiki/Liquefied_petroleum_gas
https://en.wikipedia.org/wiki/Liquefied_petroleum_gas
https://en.wikipedia.org/wiki/Quonset_hut
https://www.youtube.com/watch?v=31B_dGAiHSE&feature=emb_logo
https://www.youtube.com/watch?v=31B_dGAiHSE&feature=emb_logo

L J
4 1)oSI N
‘ J. Deng, M. C. Hsu / Int. J. Systematic Innovation, 7(2), 61-74 (2022)

Biography

= R

p
A : / Dr. Jyhjeng Deng has been a profes-

sor in the Department of Industrial Engineering and
Management of Dayeh University from 2003 to 2021. In
2022, he was transferred to the Information Management
Department. His research areas include systematic inno-
vation, TRIZ, and computer geometric modeling.

Mr. Ming Cheng Hsu is an entrepreneur with a master's
degree from the industrial engineering department of the
National Chin-Yi University of Technology, specializing
in the development, manufacture, and sales of new
products. He is also an inventor with multiple patents.
One of the patents is the design and manufacture of lig-
uid hexane fuel gas barrels.

International Journal of Systematic Innovation 74 http://www.lJoSl.org



DOI: 10.6977/1J0S1.202206 _7(2).0006
W. C. Tsai, Y. L. Chen / Int. J. Systematic Innovation, 7(2), 75-87 (2022)

(2 vosi

Applying TRIZ Evolutionary Trends to the Innovative Product Design
of Refrigerator

Wen-Chun Tsai'* and Yu-Li Chen?

1 Department of Business Administration, Chung Yuan Christian University, Taiwan (R.O.C.)
2 National Chung-Shan Institute of Science & Technology, Taiwan (R.O.C.)
* Corresponding author E-mail: wctsai@cycu.edu.tw
(Received 8 July 2021; final version received 17 February 2022; accepted 28 November 2021)

Abstract

Household refrigerators have become an important appliance to family life. In recent years, the domestic brands,
facing fierce price competition, are difficult to increase the sales of refrigerator. The refrigerator market is also ap-
proaching saturation. To fulfill the needs of consumers, it is necessary to improve and enhance the innovative function-
ality of the product. Therefore, this study adopts the 37 evolution trends, the TRIZ tool proposed by D. Mann, takes the
well-known brands, including Hitachi, Kolin, Panasonic, Sanlux Sanyo and Tatung, as the research objects, and collects
the functional data of refrigerators according to the main purchase motivations of consumers. The four key motivations
are "convenient", "space design", "temperature control" and "appearance", used to categorize and demonstrate the re-
sults of the evolutionary trends through radar charts, offering an overall understanding of the current status and limits of
functional evolutions. With the application of 37 TRIZ evolution trends, some important contributions and conclusions
are described as follows: (1) this study helps to understand the current status of functional evolutions of refrigerators,
shown in the radar charts, and propose new concepts of innovative product design; (2) the 125 degrees of freedom and
130 design methods are key parameters with considerable potential in the evolution of refrigerator design; (3) the evolu-
tion results show that future products will have different usage modes according to individual user’s needs and embrace
the concept of refrigerator intelligentization.

Keywords: TRIZ, Innovative Product Design, 37 Evolutionary Trends
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