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Project Title: Development of Application Software system by the SECI Model and
Innovation-based learning to enhance thinking skills and Innovation for higher education
learners
Name of the Investigators: Assoc. Prof. Noawanit Songkram, Ph.D
Year: September 2017

Abstract
This study is research and development research purpose to develop
conducted on development of application software by the SECI model and
innovation-hased learning to enhance thinking skills and innovation for higher
education learners. The samples were sixty-five undergraduate students, Faculty of
Agricultural Technique at King Mongkut's Institute of Technology Ladkrabang by
purposive sampling. Instruments consisted of 1) Thinking measurement form 2)
Innovation’s evaluation form 3) observing form 4) satisfy Attitude questionnaire 5)
E1/E2 form 6) certificate form. Data was analyzed by descriptive statistic include;
frequency, mean, standard deviation and hypothesis that tested hy paired
sample t-test. The results that follow by research objectives as:

1 Development of application software by the SECI model and innovation-
based learning to enhance thinking skills and Innovation for higher education learners
consisted of process called 31+0 consisted of 1) Inspiration 2) Idea selection 3)
Invention 4) Operation and the sub systems for creating innovation comprise 1)
Resource and collected knowledge system 2) Knowledge sharing system 3)
Knowledge creation system

2 . Content validity of this software system calculated by three content
experts was  1.00 with adding design graphic and plug in which is SMART ED TOOL
3. The results of this study were 1) Undergraduate students who studied

with system had posttest thinking skills and Innovation average scores higher than
pretest average scores with significance level at .001. 2) Eight groups of
undergraduate students were evaluated innovation products by five groups were
excellent level and three groups were good level. 3) Behaviors of students when
used the system were in good level. 4) Students were satisfied the system in good
level. 5) The result of system efficiency by E/E2was 85.91/87.26



4 . The result of approved application software by the SECI Model and
Innovation-based learning to enhance thinking skills and Innovation for higher
education learners by experts in good level.
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! 3,
(Syropoulos et al, 2004)

( 2553, 2554,2555,2556,2557, 2558)



World Wide Web

Sharma (2010) (Schools in the changing

Times: Framework for Innovations in Schools, beyond Studies)

(Innovative activities)

(Sustain of innovation)
400

(Innovations at Activity Level: 1AL)

SECI Model Socialization
Externalization

Combination
Internalization



Tacit Knowledge

2554, 2556, 2557)
(Problem Definition)
and Selection)

Explicit
( 2553,
)
(Project Identification

2)

(Analysis)
, 3) (Design)
Form, Report, Dialogues, Interface, Files & Database, Program & Process
design 4) (Development)
Coding
Programmer 5 (Testing)
Test Module Unit test
module Integrate test module
System test
Acceptance test
user (2 Alfa testing using simulated data, Beta testing using real data)

(Deployment) Direct installation, Pararell Installation, Single location installation, Phased

installation

(Maintenance) Obtain Maintenance Request, Transforming

Request into Change, Designing Change, Implementing Change
Cloud Platform

SECI
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wu2AA SECI Model

1) Socialization

2) Externalization

3) Combination

4) Internalization

(Nonaka & Takeuchi, 1995)

JUnuUNMsiEEufduinngsy
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(Adrian & Michelle (2013).
Boag, P. (2013).; Nasution and
eistroffer, 2009)

3

(
2558; P21, 2007)
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1) (Planning)

(Analysis)
) (Design)
(Development)
3) (Testing)
4)
B) (Data Conversion) 6)
(Production)
1)
(Support)
SECI Model
(Tacit Knowledge) (Explicit
Knowledge) “SECI-Knowledge Conversion Process”

1) Socialization

2) Externalization

3) Combination

4) Internalization

Tacit Knowledge Explicit (Nonaka &
Takeuchi, 1995)



(Preparing learners for Innovation Creation) 1.1)

(Storytelling) 1.2)

2) (Innovation Creation)

22)

(Evaluation of Innovation) ( , 2554)
SECI

earch engine

12)

Real time
Chat ebboard

11)

13)

21)

13)



database 3)

21

Plug in
blog

3140

Blog entry

Chat!

3.1) Plug in

Moodle

3.3)
print out

Tag report

65

1

SECI

back- end

32)
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, 5 1

1.1 (SDLC) 1.2 SDLC 1.3
14 15
1.6 (Algorithms) 2
2.1 2.2 2.3 2.4
2.5 2.6
2.7 2.8
2.9 2.10 3
3.1 3.2
3.3 34 3.5
4 SECI Model 4.1
4.2 43
44 SECI Model 4.5 SECI Model
5 5.1 5.2
5.3 4
5.5 (Constructivists Theory)
5.6 (Constructionism Theory)
1 (Software Development Life Cycle: SDLC)
6 11 (SDLC) 1.2
SDLC 1.3 14 15
1.6 (Algorithms)

(Software Development Life Cycle: SDLC)

(ISACA, 2009; Kirmani, 2017 , 2551)



1

SDLC
Model
SDLC
(Quinones & Rusu, 2017; Sharma, 2017; Shyr,
2014)
11 (SDLC)
System Development Life Cycle: SDLC
SDCL
8
(Huang, Cervone, & Zhang, 2017; , 2551)
1 (Preliminary Investigation)
2, (Problem Analysis)
3, (Requirement Analysis)
4, (Decision Analysis)
. (Design)
6. (Construction)
1. (Implementation)
8. (Operation and Support)
SDLC
SDLC
SDLC
12 SDLC
SDLC
L
2.
(Identifiable) (Measurable) (Repeatable process)

3.



12

) (Nasution & Weistroffer, 2009;
gvarsky, 2017)
1.3
(System Analysis)

(System Design)

L (Basic System Analysis) 8
1.1 System Requirement

1.2 Context Description List of Entities, List of
Data  List of Process
1.3 Context Diagram 1.2
1.2
1.4 Process Hierarchy Chart
13
1.5 Data Flow Diagram: DFD
14
1.6 Process Description Process
End Process Root
1.7 Data Modeling Cardinality
Entities Data storage DFD
1.8 Data Dictionary Attribute Data Modeling
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2, (Advance System Analysis) 4
2.1 Database Design 17
1.8 Normalization Entity Relationship Model

Normal Form (5NF)
Boyce Codd Normal Form (BCNF)

2.2 Data Table Description Attribute Table
18 21
2.3 Output Design
3
2.3.1 (Data to Output: D20)
2.3.2 (Data-Process to
Output: DP20)
233 (Input to Output: 120)
Output Design
Attribute 2.2

2.4 Input Design

25 80
2
2.4.1
2.4.2 3
(Nasution and Weistroffer, 2009)
14
(System Development Life Cycle : SDLC)
(Logical Process)
(Adrian & Michelle, 2013; Boag, 2013; Nasution and Weistroffer, 2009)
(Phases)
(Planning Phase) (Analysis Phase) (Design Phase)

(Implementation Phase)
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(Steps) Methodology
( , 2556)

Management) '

1
1 (Project Identification and Selection)
2. (Project Initiating and Planning)
3. (Analysis)
4, (Logical Design)
5. (Physical Design)
6. (System Implement)
1. (System Maintenance)

(Scientific



15

15
1. (Boag, 2013)
11 (Assembly Symbolic language)
Hardware
Hardware
12 (c Language)
(Structure program)
C++, Java, C#
1.3 (Pascal)
Black-hox Real-time
Ada, Delphi,
Kylix
14 (BASIC: Beginners All-purpose Symbolic Instruction C
Visual
Basic Visual
PERL, PHP, LISP, LabView, Tcl/Tk, COBAL, FORTRAN, SQL
2.
[
Error
(Complied Code (Editor)
Algorithm, Flowchart and Pseudo code
1.6 (Algorithms)
(Algorithms)
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16

2 1 3 2
1
2. 1
3, 2
4, 1 2
B. 3
I>/ Algorithm
| vf:lf (Flowchart)
(Boag ,2013)
(Flowchart) (Adrian & Michelle, 2013)
W
1
o
" AL\MBC Flowchart
1 (System flowchart)

c
< 2. (Program flowchart

Program flowchart

Flowchart

(Pseudo code)

Detail flowchart)
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(Design)
(Development)
3) (Testing)

(Data Conversion) 6)
(Production)

7) (Support)

(Adrian & Michelle, 2013; Boag,
2013; Nasution and eistroffer, 2009)

2
2.1

(Invention) (Development)
(Pilot Project)



2.2

, 2550;

2

(2550)

19

( 2554
- 2544)

(Innovation)

(Development)
(Pilot Project)

2553 . 2552)

(Syropoulos et al., 2004)

, 2545;
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(Radical Innovation)
(Incremental Innovation Evolutionary Innovation)

[EEN
o

reengineering

4%

(Performance)



24

6

21

( . 2552: ,

2550; Rosenfeld and Servo,1991; Barker and Neailey, 1999; McAdam and McClelland,

2002)
2.5

McClelland, 2002; Soo, 1999)

2.6

(Structure)

(Alwis and Hartmann, 2008; McAdam and



22

2, (People) “Innovation is the use of
new knowledge to offer a new product or service that customer want”

3. (Process)
4, (Strategy)
) (Information Technology/Tool)

—
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2.7
(2558)
SECI Model
(1)
SECI Model (2)
SECI Model
)
3
550
1
SECI
Model
2. SECI Model
SECI
Model
SECI Model
05
3, SECI Model
x2 (82, =

387) =100.064, p= 0.09, GFl = 0.98 , AGFM0.96, NFI = 1.00, CFI = .00, RMR =0.01, RMSEA
=0.02
SECI Model 7000 77.00
(2553)



85)

8.2)

10

8.7)

(2556)

8.3)

24

272318



(2557)

(simple random sampling)

25

510
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19
)
025 091 2
045 079 021  0.89
KR20 0.23
1.
(Mean=3.78)
05 2.
(Chi-square=151.09
df- 138 p=0.21 GFI=0.97 AGF=0.96 RMR=0.02)
05
05
12
(2556)
(1)
2) 3)
3 20
(The one-group posttest -only design) (1)
4
16 (2)
3)



= 3.89)

40

21

(2556)
!
2
) 1)
b
!
= 4,18)
= 3.98)
= 2.36)
|
(2555) |

4 2555
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Sharma (2010) (Schools in the
changing Times: Framework for Innovations in Schools, beyond Studies)

(Innovative activities)

(Sustain of innovation)

400
(Innovations at Activity Level: IAL)
2 1
2
(Energy audit in school)
(Mountaineering long walks against child labour)
Lu, Yao Zheng (2013)
QFD Quality Function Deployment

4 (Innovation
learning ability) (Innovation knowledge foundation)

(creative thinking ability)
(Innovation skills)
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Smith, Courvisanos, Tuck ~ McEachern (2012)

3 1)
2) 3)
(Team- based work
organization)
Bercovitz Feldman (2011). The mechanisms of

collaboration in inventive teams: Composition, social networks, and geography

Creative Teams
(Development Product)
Solution
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2,380 2
. .1988 . 1999
60 1425

(Academic Members in Universities)

Ondercin (2010) the opportunity in higher education: How
open education and peer-to-peer networks are essential for higher education

Start-Up Company



3l

(Engines of Innovation)
(Open Learning Innovation)
Peer-to-Peer System Peer-to-Peer Networks

(Creative Economy) (Open Innovation)
Peer-to-Peer Networks

Open Innovation Peer-to-Peer System

(Complex Thinking)

Openness Peer-to-Peer
(Knowledge Society)
Openness Peer-to-Peer
, Openness Peer-to-Peer

(Evolving Culture)

Technologies Pedagogy
Open Education Paradigm
Open Learning  Open Innovation
Peer-to-Peer Network
Peer-to-Peer Network Server

Peer Client Server
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Peer-to-Peer Work Group

Peer-to-
Peer System

Kline  Schindel (2014). The innovation competencies -
implications for educating the engineer of the future

Kline  Schindel
(Team-based learning)
(Practice innovation system)
' v ' 3
1 Targeted System lab 2 System
of Education 3 System

of Innovation

(Outcome)
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2.8
(2557)
(Input) (Process) (Qutput)
(Feedback)
3
HiSou
weou
| uiAnssu anmuande
U
walulag
2 ( 2557)
1. 1
2.
3.

(Informal Learning)



1)
learning object
2)
3)
NAITUUINNGTY
2 il

2.9
Henard McFadyen (2008)
knowledge workers more creative

! Ayt

34

blog ebboard

Making



2

3

35

(Laue knoneaty)

Discovered Knowledge
concept

(Qeethe kroule)

| 3711700

(Exciting Knowledge)
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2.10
Preparing Implementing
/Evaluating\
1. (Preparing learners for Innovation
Creation)

11



12

13
2.

11

12
3.

31

(Storytelling)

(Innovation Creation)

(Evaluation of Innovation)

- 2554)

(Preparing learners for Innovation Creation) 1.1)

(Storytelling) 1.2)
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13)
)

Creation)

2.1)
2.2)
(Evaluation of Innovation)

( , 2554)
3
3
( )
)

and communications technology ICT)

3.1

(Data) (Information)

(Innovation
6
3)
3 ,
( )
(
(information
(Knowledge)



3.2

N O P Pl P B

39

(Content)
(completeness)
(relevance)
(accuracy)
(reliability)
(verifiability)
(Format)
(clarity)
(level of detail)
(presentation)
(media)
(flexibility)
(economy)
(Time)
(timely)
(up-to-date)
(time period)
(Process)
(accessibility)
(participation)
(connectivity)

(Management Information System)
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3.3

(Computer-hased information systems
CBIS) 6 (hardware) (software)
(database) (network) (procedure) (people)
(Hardware)

(Software)
(Database)
(Network)

(Procedure)

(People)

34
(Efficiency)

(access)
2.

(machine to machine) (human to human)
(human to machine)
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(Effectiveness)
1
(Decision support systems)
(Executive support systems)
/
/
/
2. /
/
3. (Competitive Advantage)
4, (Quality of Working Life)
(IT. information technology types)
4
L (Sensing Technology)
(image scanners)
scanners) (Sensors)
2. (Communication Technology)
(LAN)
3. (Analyzing Technology)

Hardware Software
4 (Display Technology)

(bar code
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3.5
4

1 Knowledge

Service
Enterprise Knowledge Portals (EKP)
(Knowledge Portals”
Knowledge Harvesting Tools
(Knowledge Contributor)
( )

2. Collaborative Computing

Tools (Groupware)
(Tacit Knowledge) Lotus Notes/Domino,
PlaceWare Electronic Document Management Systems (EDM)
EDM
( ordflow)
Search Engines

4, Knowledge Management Sui

(KMS):
(Storage) (A Single Convenient Package)
(Marquardt, 1996; , 2549;
, 2555; , 2555)
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4 SECI Model
SECI Model (Socialization,
Externalization, Combination Internalization Model) 5 4.1
4.2 43
4.4 SECI Model 45 SECI Model
4.1
( , 2545;
, 2546; , 2548)
1} n” 2
L (Tacit Knowledge)
2. (Explicit Knowledge)
L (Cultural Knowledge)
2. (Embedded Knowledge)
Michael Polanyi lkujiro Nonaka
2 Tacit Explicit Knowledge
Tacit Explicit

Explicit
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( 209% ) ! . 80%
Tacit) ( | 254T: | 2548)

know-what, know-how, know-why care-why
1. know-what

2. know-how
2-3

3. know-why

4. care-why

(explicit  codified knowledge)
(tacit knowledge) . " David Snowden
Cynefin Centre (Cynefin )

1. Artefact
2. Skills

3. Heuristics
4. Experience
5. Talent

5 ASHET ~ ASHEN
" " (explicit)
" " (tacit) 5



45

42

1 (People)

(Management

science) (Artificial intelligence) (Organization behavior)

2. (Process)

3. (Technology)
43

Nonaka
SECI Model
Pré - SECI . .1978
SECI . .1995

2 ' (Tacit Knowledge) ' (Explicit
Knowledge) 2 SECI Model
Model

Post - SECI .. 2001
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( . 2555;
2548)

The Nonaka and Takeuchi
Knowledge Spiral Model

4.4 SECI Model

(Tacit
Knowledge) (Explicit Knowledge)
“SECI- Knowledge Conversion Process” ( , 2555: 2548;

Nonaka & Takeuchi, 1995)
1. Socialization

2. Externalization

3. Combination

4. Internalization

Tacit Knowledge
Explicit



a7

Tacit Tacit
Knowledge Knowledge
0 Capturing  Organizing
= Socialization ~ Externalization ||
[
| F Interacting Formalizing
' 1 L
F Adapting |dentifying
Internalization  Combination J

Selecting ~ Sharing

Explicit Explicit
Knowledge Knowledge
: hitp:/lwww .usernem.com/site/Thailand/forum/151/130
4.5 SECI Model
1 Socialization ()
2, Externalization (E)
3. Combination(C)
4, Internalization ()
( , 2555 2548; Nonaka &
Takeuchi, 1995)
SECI Model
(Tacit Knowledge)
(Explicit Knowledge) “SEG-Knowledge Conversion Process”

1) Socialization


http://www.usernem.com/site/Thailand/forum/151/130

48

2) Externalization

3) Combination

4) Internalization
Tacit Knowledge

Explicit (Nonaka & Takeuchi, 1995)
5
(
, 2555; , 2556 2554, P21, 2007,
2903, , 2556)
5.1 (Creatively and Innovation)
11 (Think Creativity)
12 (Work Creativity with others) (1)

@
)
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5.2

2.1

(Dialectical Thinking)

2)

2.2

2.3

49

(Implement Innovations)

(Critical Thinking and Problem Solving)

(Reason Effectively)
(Inductive) (Deductive)

(Distinguishing Unsure Conclusion)

(Identifying Cause and Effect)

4) (Decision Making)

7) OPV (Other Points of View)
OPV
(Use Systems Thinking)
(Make Judgments and Decisions) (1)

@
)



24

KWHLAQ

50

(Solve Problems) (1)
@)

21 !

(ill structured)
I

(Well-defined)

(ll - defined)



51

K (Know)
(Want)

H (How)

L (Learning)

A (Apply)

Q (Question)

(non-verbal languages)

5.3 (Design Thinking and System Thinking)

3.1) (Solution-based
approach)

5

(Simon, 1996, Waloszek, 2012)

1 (Empathize)

2. (Define)

A ' Problem statement

(Humam-centred manner)
Point



of View

SCAMPER
4,

32)

(Holistic)

(Ideate)

(Prototype)

(Test)

Wholeness
2)

52

(Think outside the hox)

(Experience) Prototype
4
Feedback
)
(Networks)
3) (Hierarchy)

(Interaction)



53

(Assessment of 21st Century Skills)

5) (Boundary)
(Overlap) ~ 6) (Pattern)
1) (System Structure)
8.
(Adaptation)
(Self-Organize) (Feedback
- Loops) (Loops)
(Learning as a system)
L Causal loops
2 (Inquiry)
3. (Reflection)
4, (Advocacy)
5.4

21



o4

(Formative Assessment)
( ative Assessment)

21
(Portfolio) 21
21
(Partnership for 21st Century Skills, 2009; Klimova, 2015)
21
21
21
21 (Partnership for 21 Century
Skills) (2554) (2550)
(2546)
(Portfolio)

..1900
(Performance Assessment)

(Portfolio) (Rubrics)



( , 2550)
(Authentic Assessment)

(2554)

10

Assessment)

4.1
4.1.1
(2546)
(Performance Assessment)

(Product)
(2550 132)
1 |
2.
(2550 : 216)

59

, 2550

( . 2550)

(Performance

(Process)

(Practical Skills or Manual Skills)



412

11

12

13

(2546)

(Analytic Score)

56

(Rubric)

(Holistic Score)



5/

(2550)

1 1
2. (Performance Outcome)

(Indicators) (Job Analysis)
4,
b,

(Group-Referencing) (Self-Referencing) (Criterion-

Referencing)
(2550) 5

413

(2550)
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(Checklist)
(Anecdotal Record) (Rating Scale)

(Participation Chart)
2

2.1

2.2

2.3 (Rating Scale)

24
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4.1.4
(validity)
(Reliahility) ( , 2550)
1) (Validity)
2) (Reliability)
I
21
2
(Rubric)

(Authentic Assessment)
(Performance Assessment)
Constructivists Theory Constructionist Theory
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55 (Constructivists Theory)

(Constructivist Theory)

(Cognitive structure) (Schema)

(Constructivism)

Actively construct  Passive receive

Jean Piaget (Piaget, 1973) (Newman, 2013)
2
(Cognitive constructivism)
(Social constructivism)
L (Cognitive constructivism)

(Jean Piaget) 2

(Schemas) (Mental model)
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2. (Social constructivism)
(Lev Viygotsky)
(Vygotsky)
4
“Vygotsky” (Social constructivism)
L (Collaborative activity)
2
(Scaffolding)
3,

( - 2556; - 2550)
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1

2,

3,
5.6 (Constructionism Theory)

Constructionism Professor Seymour Papert
( . ) Constructivism Jean Piaget

Constructivism

Constructionism

Constructionism
Constructionism

Constructionism
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63

Constructionism

Constructionism

Constructionism



)
(Analysis) 3) (Design) 4)
(Testing)

64

SECI Model
2553, 2554, 2556, 2557)

(Problem Definition) 2)
(Development)



10

11
12
13
14

1.5

1.6

1.7

SECI

SECI

SECI

SECI

10

(Alpha)



1
(2558)
5
0.8
t-teat dependent
2.

Consistency:10C)
(2527)

66

SEC

(Content Validity)

112

Rating Scale 5 2

(2553)

(Index of
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0=
q =
IOC 05
3
3)
103-123
§2-102
61-81

40-60

67

1.0



(Rating scale) 5

. (1"

1.0

4.50 -
3.50 -
2.50 -
150 -

68

(Content Validity)

5.00
4.49
3.49
2.49

1.00- 1.49

0.854

1.0

(Content Validity)

1 2538)
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| X
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A
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1

. 2556)

65



1.0

4
41
5

450 -
3.50 -
2.50 -
1.50 -
1.00-

4.2

5.00
449
3.49
2.49
1.49

10

SECI

(Content Validity)

SECI

SECI



4.3

i

(Released)

SECI



SECI

SECI

SECI

SECI

(Support)

)
SEC

(Software Development Life Cycle: SDLC)

L

3. (Testing)

SECI
4
(Planning)
2, (Design)
(Production)
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4.1
Huang, Cervone, & Zhang,  Adrian & Michelle (2013).;
2017; Boag, p. (2013).; Nasution
, 2551 and eistroffer.2009
L L L
(Preliminary Investigation)  (Project Identification and (Planning)
Selection)
2. L 2. 2. (Design)
(Problem Analysis) (Project Initiating and
3 Planning)
(Requirement Analysis) 3. (Analysis)
4, 4, (Logical
(Decision Analysis) Design)
o} (Design) (Physical
Design)
6. 3. (Testing)
(Construction) (System Implement)
1. 6. (System
(Implementation) Maintenance)
8. 4,
(Operation and (Evaluation)
Support) D.
(Production)
6.
(Support)



3
2
3
L
, 2557)
(Input)
(Feedback)
)G
1

14

(Process)

(Qutput)
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Nonaka

(Tacit)

11
12
13

2.1
2.2
2.3

3.1

3.2
3.3

41
4.2
4.3

ECI

Takeuchi (1995)

EC! Model
Inspiration

Idea selection

Invention

Operation

2

5

3
2)
ECl
SECI Model
1) (Explicit) 2)
SECI Model
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SECI
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3

63.13/62.29

EVE?2

I0C  1.00

7

9

711.79/70.28

EVE2
(

30

80.56/81.62

Gamification
Plug in
Student Social Externalization Combination Internalization
{contributog)
. Discussion +| Contribution fe Project Examination
| I presentation |
! (Realtime board  (Wiki based project ‘  (search, (Video conference)
! - Six Thinking Hats, ; - Collaborative ! Knowledge base)
! Brainstorm | technique) :
| technique) ; |
£ Teacher s s T |
. | I
& (monitor N ! N !
:% Reviewer Reviewer . | Reviewer ]
2 counselor accept ? || accept?
£ ty by v
g |
- Monitoring [
E and Perform 1 Perform ‘ Evalustion
c . review review |
c Consulting |
1 i
(Feedback) + (AAR) | l (PPR) | (Update contributor
N | i N | i
Article 0.K.? LB [eresentation N profile)
{0.K.? .
v Y i v Y ‘
Notify to Notify to |
student student

(Assign a project)

{Assign an exam)
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2.01 -
2.51 -
3.01 -

2559

-3.00

4.2

2.50
3.00
3.50

1207

4769

62.07

18

SECI

SECI

301- 350

16
49

15
31
19
65

23
36
40

15.38
29.23

68.97

24.62
75.38

23.08
47.69
29.23
100.00

39.66
62.07
68.97
12.07
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11,

43

9

SECI

4.55

3.03

1.52

4.55

3.03

6.06

6.06

3.03

15.15

152

1.58

28.79

37.88

2121

43.93

10.61

2121

197

197

18.18

28.79

2121

65

43.42

39.39

59.09

303

48.48

48.48

53.03

56.05

50

42.42

37.88

4.3

16.67

19.70

15.15

16.67

31.82

22.73

18.18

197

1.58

21.21

303

44

6.57

3.03

4.55

6.06

1.9

3.03

1.9

9.09

3.03
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13.

14,

15,

16.

17.

18.

19.

20.

21,

22,

23.

24,

80

4.55

4.55

4.55
1.52

9.09

3.03

9.09

22.13

6.06

3.03

3.03

1.9

1.52

22.73

25.76

21.21
30.3

16.67

25.76

12.12

19.7

15.15

10.61

15.15

15.15

45.44

53.02

39.39
21.27

43.93

45.45

43.94

42.42

51.51

53.03

59.08

34.84

56.06

197

13.64

25.76
30.3

25.76

2121

30.3

22.73

18.18

24.24

22.73

31.88

2121

1.58

3.03

3.03
10.61

4.55

4.55

4.55

1212

4.55

4.55

4.55

10.61

6.06
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11,

12.

13,

4.4

81

1.54

1.54

1.54

1.54

1.54

1.54

1.54

6.15

1.54

3.08

4.62

1.54

3.08

1.54

1.54

4.62

1.54

3.08

35.38

10.77

3231

24.62

38.46

43.08

30.77

20

23.08

26.15

18.46

16.92

30.77

41.69

55.38

50.77

58.46

49.23

32.3

55.38

63.08

55.38

55.38

58.46

43.08

55.38

9.24

3231

123

10.76

10.17

20

1231

15.38

20

13.85

21.54

35.38

1231
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15,

16.

17.

18,

19,

20.

21,

22.

23,

24,

82

154 3.08

4.62

1.54

3.08

3.08

4.62

154 615

1.54

154 3.08

15.38
21.54

21.69

26.14

23.08

18.46

10.77

16.92

35.38

10.77

3231

58.46
55.38

46.15

44.62

56.92

56.92

50.77

46.15

41.69

55.38

50.77

(X =301

(X341 =8
(X =41,

(X=401, =112

=105

21.54
23.08

26.16
24.62

18.46
21.54

35.38
32.31
9.24

3231

123

=71



4.26,

4.5

=

83

(X =4.07, =102
1.09)
01
K ( =65)
X
24 3.06 0.71
9 2% 0A
§ 301 071
7 324 08
0l
65
idea selection (X-3.75,  =.66)

Operation (X=3.94,  =.52)

(X =
paired t-test
45
( =65) MD  SDmd t
X
410  1.05 1.04 090  9.36*
400 112 16 091 9287
400 12 107 0% 8%~
42 1090 102 0% 80"
(X =3.85, =.63)
Inspiration (X =3.83,  =.60)

Invention (X=3.89,  =.63)

4.6
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4.6

L. Inspiration

1.1

1.2

13
2. Idea selection

2.1

2.2

2.3

Invention

3.1

3.2

3.3
4, Operation

4.1

4.2

4.3

(X =3.98, D =.63)
3.90 - 4.08
(X =408, =59
(X =3.99, =58)
=.59) (X =393, =64

390, =.79) 41

3.83
3.85
3.77
3.86
3.75
3.65
3.12
3.88

3.89
3.80

3.92

3.94
3.94
3.89
3.88
4.05

3.85

.60

64
15
15
66
14
16
88

63
69

85

13
92
99
16
69

63

(X =408, =64)

(X =397,
(X =



11
12
13
14

2.1
2.2
2.3
24

31
3.2
3.3
34

41
4.2
43
44

5.1
5.2
5.3
54

6.1
6.2
6.3
6.4

47

Inspiration
|dea selection
Invention
Operation

Inspiration
|dea selection
Invention
Operation

Inspiration
|dea selection
Invention
Operation

Inspiration
|dea selection
Invention
Operation
?
Inspiration
|dea selection
Invention
Operation

Inspiration
|dea selection
Invention
Operation

85

4.08
4,02
397
414
4.22
3.99
394
3.83
4,03
417
3.97
392
3.18
4,03
415
4.08
4,08
3.94
4.20
412
3.93
3.80
392
3.94
4,06
3.90
3.65
391
4.00
4.05
3.98

SD.
99
14
15
10
14
28
A7
84
13
16
29
14
16
19
69
64
82
85
19
18
64
83
89
15
13
19
93
9
94
84
63
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110

117

23

111

113

115

98

102

48

11
12
13

14
15
16
17
18
19

1.10

2.1

2.2
2.3

2.4
2.5
2.6

31

32

3.3

17 1 113

115
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5 6 17 8
1 ( 2)
11 6 6 4
12 6 6
13 /
6 6 4 6
14 6 6 6 6
15 6 6 6 4
16 6 6 6 6
17 6 4 6 4
18 6 6 4 6
19 / 6 6 4 6
1.10 / 6 4 4 6
2, ( 2)
2.1 6 6 4 6
2.2 4 6 4 4
2.3 6 4 6 4
24 6 4 6 6
2.5 4 4 6 4
2.6 ' 4 4 6 6
3, ( 3)
31 9 9 6 6
32 9 9 6 6
33 9 9 6 6
17 11 98 102
= 3.83, SD. = 0.61)
1) Invention =391 SD. =
0.63) 2) Operation - 3.90, SD. = 0.52) 3) Inspiration =

373, .. =060)4) dea selection = 3.70, S.D. = 0.66)
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12
13

2.1
2.2
2.3
3.1
3.2
3.3
41

4.2
43

88

4.9

Inspiration

[dea selection

Invention
Operation
£1£2 £l
4 20
30

EVE2  85.91/87.26

80

3.73
3.12
3.86
3.74

3.10
3.64
3.70
3.88

3.91
3.80

3.92

3.93
3.90
3.94
3.96
4,04

3.83

SD.
60
64
15
15

66
14
16
88

.63
69

84

52

99

16

69

61

£2

SECI
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/
4
481, SD. = 0.40)
Inspiration 2)
SD.=000) 4
411
L
2
3
L. Inspiration
11
1.2
1.3

2. ldea selection

Idea selection 3.

89

H
4,467/5,200
85.91

SECI

SECI

= 4,81, SD. = 0.40)
=5,00, SD. = 0.00)
.= 0.55)

E/Ez

Invention
=480, . . =045

4.80
4.60
4.60
5.00
4.73
5.00
4.80
5.00

4.80
5.00

€2

1,702/1,950
87.26

SD.
0.45
0.55
0.55
0.00
0.46
0.00
0.45
0.00

0.45
0.00



2.1
2.2
2.3
3.1
3.2
3.3
4.1

4.2
4.3

Invention

Operation

90

4.80
5.00

4.60
5.00

5.00

4.40
4.80
4.80
4.80
4.60

4.80
4.82
481

0.45
0.00

0.55
0.00

0.00

0.55
0.45
0.45
0.45
0.55

0.45
0.39
0.40
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3.2
3.3

SECH

SECH

SECH

SECI



2.1
ECl

internet

92

2553, 2554, 2556, 2557)

Thailand 4.0

SECI Model
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2.2

2.3
3. SECI

SECI
31 SECI
EL/E2 ( , 2556)
80/80 87.5/85.5
3140 SECI model
3.2
(LMS) Moodle
plug in
Active learner Innovator

3.3



search engine

(validity)

search engine

94

SECI

SECI

SECH

SECI

(reliability)
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(text) (painting) (drawing)
(diagram) (photograph)  (sound) (midi)
(movie) (animation)
(pattern recognition)
3
L
1
2
(Boolean Logic)
WIKIPEDIA
W ikiri.D iA
English Y
2, (Advanced Search)

AND OR NOT NEAR BEFORE AFTER
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Plug in
1 Database Database
2 powerpoint ft' a
(g7
eTcitail «
2 Interactive interactive Content (H5P)

Content (H5P) interactive content  video clips

Quiz
4 Questionnaire Questionnaire
el
vy 4
I /\
Page Page web page
Wikipedia Wikipedia
WiKIiPEDIA
LK ifkima
Séareh
7 Search forums Search forums forum
Moodle

RO SN

8  Grades Grades



Chat

plug in

m FOUT

Cha:

® Mindmep

Grader report

Al participants: 32/32

9%

Real time

Chat

Forum

hack- end database
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Plug in
1 Forum Forum
e msmmmimm
Advanced search —
2 Chat Chat
5“‘_'“:':' o __WERETEEETY e
3 Advance Advance Mindmap
Mindmap
® « m
« figv
4 m
4 BigBlueButton BigBlueButton
S = .
8
5 Wiki Wiki

Mart BOB*
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6  Checklist Checklist

mnfiTiMiwwttfiftn)Strirdiju

\ *Squiau
o HBALE 3wl
[futlflag £{{ '

i }l%nvi.'itigfﬂ%[ifdlﬁ%'IE!I &

7 Workshop Workshop
( phase) Setup phase, Submission

phase, Assessment phase, Grading/Evaluation phase  closed

X
3
Plug in

INNO ED TOOLS (2558)

1 Plug in blog Blog entry
Moodle

2, Tag report

31+0
print out

plug in
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?lug
1 Blog Menu Blog Menu
2 Blog tags Blog tags (tags)
W SLOGIRGE < et S
lier
3 Inno Ed Tools Inno Ed Tools
( , 2558)
Plug
Plug
(Engagement)
1 Stamp Stamp collection
collection
visible groups ~ Atparttooants «
Page: 2 (Nex)
first name t 4-/ Surname 140
£y o S S

E-} alen Ausdeglayar 3 ﬁ a a
2 Certificate Certificate

Blog



3 Level up

4 Badge

103

CERTIACATE of AHEVBVENT

Hus slo certify that

Admin -
has completed the course

Operation

Level up
(Activity, Resource ~ Event)  Moodle

fu o iihrenasnuitfifl SO a :fiJu-Ufin
|!uu‘|‘||TIou’I%n«]|n|oBJ|«Tmtna.mTf|Bus.uIBn‘lmK--.lh:
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&)
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Nam# -

@ Badge«l

Badge «2

Xk %

0

Description

" . IStrie description of Baapc fr
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plug in INNO ED TOOLS

REPCRT BY OVERALL

Report for tag type ‘Overall’
Suparoek Chootongchai
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Report settings

Report settings

f C
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|
0(0%!
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Blog entries about Invention

Blog about this Course
S:“g aaadannrnIIuasadst Tweni (Invertion)
Baed wvannes Busacs
Anyone on this site
. Mmsa « *
Smoothfiemm$
2. ® « ®
Smooth
3 w ®

Invention

3 Plug in 18 Plug in
4 22 "1 ' Plugin
SMART ED TOOLS FOR TPIINKING AND
INNOVATION SKILLS ~ SET-TIS
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12

13

1.2

Inspiration

106

brainstorming

individual



2. o Idea selection

2.1

2.2

2.3

107
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3. Invention
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4.2

43

Operation

109

EL/E2



no

ECI

3140
11
L Inspiration 0 12
13
o0-
21

2. Idea selection 0 2.2
23

3.1

Invention 0 3.2
3.3

41

4 Operation 0 4.2
43

2. ECI

(X=385, =63
Inspiration (X=3.83, =60) Idea selection
(X=3.75, =69) Invention (X =389,  =63) Operation (X =
3% =5



EC

11 ECI

12 ECI

13 LMS
plug |

21

2.2

2.3

SECH

(Assessment for learning) (Formative)
2. (Assessment of learning)
(Summative)



SECI

31+
1. Inspiration
1.1
1.2
1.3
2. dea selection
2.1
2.2
2.3
3. Invention
31

3.2
3.3
4, Operation
4.1
4.2
4.3

0C 100 Plug
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SMART ED TOOLS FOR THINKING AND INNOVATION SKILLS

SET-TIS Plug in 18 Plug in 4 22

3. 1
01 2. 8 5

4,
)
85.91/87.26

4, SECI

SECI 1.Socialization

(Tacit to Tacit)

| 2.Externalization

(Tacit to Explicit)

3.Combination
(Explicit to Explicit)

4 Internalization
(Explicit to Tacit)

L. Inspiration 11
1.2 13
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Socialization Externalization

Moodle

(Collaboration)

Intellectual Clinic
(Waldman, 2016)

(Barber & Buchanan, 2015; Christie &
Jurado, 2009 Clarke & Fournillier, 20 12; Msonde & Aalst, 2017 ; DeSchryver 2016;
Waldman, 2016)



2.2

Explicit

DIY

DIY

115

Idea selection

Externalization

2.3

Combination

YouTube

2.1

SECI

Explicit to



116

(Hedvicakova &
Svobodova, 2017; Khoroshko & Vikulin & Kvashnin,2017; Pastuscha & Sokolov & Ryahova,
2012; Vanecek, 2011; Klimova, 2015)
3, Invention 3.1
3.2
3.3

SECI
Socialization Externalization Combination

Brainstorming Alex Osborn
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Applied Imagination .. 1953

2 1

2, '

1
2,
3.
4,
1
2.
3,
(

1 Inspiration) Individual brainstorming

mind map
4,
5.
1 6.
1 30 8
9.
(
4-9 2-3  2.dea selection  3.invention)

(Bazsova, 2016; Karyotaki, 2016; Klimova, 2015; Christie & Jurado, 2009; DeSchryver 2016;
Pastuscha & Sokolov & Ryahova, 2012; Vanecek, 2011)
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4, Operation

4.2 4.3

Internalization

ECI
generalization
3140

SECI
(Knowledge conversion)

1) |

4 Socialization:

Externalization:
knowledge)
Combination:
Explicit

Internationalization:

Tacit knowledge

41

Combinational

Tacit knowledge

Tacit knowledge Explicit knowledge

ALY tacit knowledge (2)
explicit knowledge

Tacit knowledge
(Tacit

(Explicit knowledge)
Explicit knowledge

Explicit knowledge
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(Rampai,2016; Bazsova, 2016; Hedvicakova & Svobodova,2017; Khoroshko & Vikulin &
Kvashnin,2017; Pastuscha & Sokolov & Ryabova, 2012; Klimova, 2015)

SECI
1 31+0
1) earch engine
L,
2.
(Advanced Search)
AND OR
NOT NEAR BEFORE AFTER
2)
LMS ' Moodle erver
Cloud system
Marquardt( 1996) (2549)
(2555) (2555)
Knowledge Service
Enterprise

Knowledge Portals (EKP)

(Knowledge Portals)
Knowledge Harvesting Tools
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2. ' Real time Chat
Forum
Cha?
back- end database Auernhammer and
et.al(2001) (Knowledge Sharing)
3 1)
2)
3)
(Share)

(Boag, 2013)

3,
Plug in
SMART ED TOOLS FOR THINKING AND INNOVATION SKILLS ~ SET-TIS
1. Plug in
blog Blog entry  Moodle 2.
Tag report
3140 3.
print out Kline  Schindel (2014).

The innovation competencies - implications for educating the engineer of the

3 1 Targeted System lab



2 System of Education
3 System of Innovation

3
3
1.
11
1.2
1.3
4.0
2
2.1

2.2

121

Kline

Schindel (2014)

2

SECI



- (2546)
2544
- (2550)

(547).
2

- (2543), - 2

. (2551).
analysis and design:
. (2549). (Knowledge Generation). (
http:/lwvwv.fisheries.go.th/train-gr
. (2546). ]

, . (2550).
http://school.obec.go.th /sub_br3/t_I.htm.
, . (2542).

, . (2549).
N ) http://school.obec.go.th/sup_br3/t_Lhtm,

- (2541).

= Systems
6
)
( )
8 (. .2540-2544)


http://wvwv.fisheries.go.th/train-gr
http://school.obec.go.th
http://school.obec.go.th/sup_br3/t_l.htm

123

(2548). (System Thinking).

.. 2548 29 3710

(2530).

- (2549).

- (2550).
(2553) A

- (2556).
1 7-19.
. (2554).
- (2553).

- (2548).
. (2'550).

(2546I).

. (2554).
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(2553) )
(2555)
4 2555
- (2544),
(2556)
- (2550) )
- (2550),
- (2551)
. (2553). 1)

- (2559). |



2558

125

. (2554). ] !
. (2554).
. (2554). X
. (2555).
2555
. (2556). :
L
. (2557). : A
(2558)
21
( 2558) ()
. (2558). 1 1
SECI Model
. (2543). : ) . RS Printing.
. (2527). ' '
(2548). A

. (2553). 4 19119
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- (2545).
- (2556).
1
2556)  98-114
- (2556).
- (2551).
- (2547),
(2552).
- (2549). . 4
(2556). - .
- (2546).
2542,
. (2555).
- (2550)
. (2549).

(2557)

. (2556, 10 ). . 12
2557, http:/lth.wikipedia.orgiwiki/


http://th.wi
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. (2555). 21,
. (2533).
. (2550). . 6.
. (2549). N ) '
http://www.kmi.or.th/document/rech KM .pdf
. (2545).

(Web-Based Instruction : WBI). [OnLine] Available:
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