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Abstract

The purpose of this study was to analyze for process of capstone design class based on ISO in
engineering. Based on results from literature review, this study clarifies a theoretical ground for ‘process
of capstone design class based on ISO’. Initial items to measure this concept were verified by content
analysis and then finalized. After a pilot test done with 887 college students, gathered data were analyzed
by item selection and exploratory factor analysis to verify their validity. Next, the main test implemented
with 1,228 college students was analyzed with exploratory factor analysis using the method for rotation
based on maximum likelihood analysis and direct oblimin for validating the final items to measure
‘process of capstone design class based on ISO’. As a result, the scale for ‘process of capstone design
class based on ISO’ consists of 40 items to measure the following four factors: reflective observation,
reflective abstract, active experiment and experiential awareness. Criterion-related validity were performed
at last to check this scale’s theoretical construct. In conclusion, this study concluded that the constructs
for process of capstone design class based on ISO could be generalized and applicable to other samples.

Key words : ISO, Capstone design class, Process, Collaboration, Creativity problem solving
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<Table 1> Deriving elements constituting ISO-based capstone design class process

ISO-based Capstone design education
model
(Yang & Park, 2020)

Kolb’s experiential learning
(Cho, 2010)

Application cases of
Dewey’s reflective
thinking process (La,
2005; SW Park, 2018)

Elements of
process of
ISO-based
Capstone

design class

Presentation of the subject of a
learner-teacher-company team
project

Concrete experience: The learner

Monitoring: Monitoring from the
viewpoints of teacher, company,
and learner

Defining the problem: perceives and accepts Stlmu.h from Experience through the @ .
. the external environment without . . . Experiential
Idea search, marketing - . emotion’ of enjoyment
search using the process of logical awareness
thinking or analytical verification.
o Collabo ; :
Designing and ration  Reflective observation:
planning: Setting a Understanding the meaning of 5 phases of a reflective
community’s goal what’s coming from the thinking process @
through collaboration, surrounding situation or Reflective
and designing and environment. A process of @ Suggestion observation
marketing during the thinking while paying attention to () Intellectualization
course of goal setting the surrounding environment.
Conver
gence  Abstract conceptualization: Making
thinking Tules and forming concepts. The 5 phases of a reflective
Preparing training: learner performs an analytical thinking process 3
Emphasizing prior function and manipulates abstract .
. N Reflective
knowledge or prior symbols. The learner analyzes a (© Leading idea,
. ) . abstract
learning new idea or a new way of hypothesis
thinking more elaborately and (@ Reasoning
logically.
Active experimentation: A process
Phase of result evaluation: The ™ which internal symbqls or 5 .phi')ses of a reflective @
. . concepts are converted into thinking process ;
4 evaluation of results helps raise . . Active
the degree of completeness external experiences, using the ©beriment
' psychological mechanism of (®) Testing C pel %
transformation. (Evaluation

of results in
each phase)

(Cho, 2010; La, 2005; Lee et al.,, 2020; Oh, 2013).
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<Table 2> Demographic variables of preliminary and main investigation
Mejor preliminay - main Mejor preliminary - main
mvestigation 1nvestigation mvestigation 1nvestigation
Computer Engineering 118 188 Civil Engineering 75 89
Software Engineering 81 135 Architectural Design 77 80
Information Security 62 94 Chemical Engineering 56 74
Information and Communication 88 116 New Materials Engineering 46 68
Electronics Engineering 67 98 Metallurgical Engineering 24 48
Mechatronics Engineering 83 95 Electrical Engineering 32 56
Architecture 78 87 ToTal 887 1,228
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<Table 3> Content validity verification for sub-elements of ISO-based capstone design class process

Sub-elements Initial Deleted Modified Final

of algorithm

Explanation

items

items

items

items

Experiential
awareness

-In this phase, learners perceive and accept stimuli from
their surrounding situation or environment without using
the process of logical thinking or analytical verification.
-Learners’ experiences are aesthetic experiences in and of
themselves.

-Learners’ sensory response to perception implies that
they are open and positive towards change. So they can
obtain information through communication with other
team members.

12

12

@
Reflective
observation

-A process of converting external stimuli or situations
into internal representations or symbols by using the
method of connotation

-A process of changing concrete experiences into abstract
concepts or theories

-Understanding of a phenomenon in which new meanings
are generated

-Searching for new ideas and thinking about how to
apply new ways of thinking: A process of constantly
asking a question, such as ‘Is there any other way?’
and ‘How could this be seen from a new perspective?’

12

®

Reflective
abstract

-A process of producing a hypothesis or a concept based
on the result obtained from examining the meaning of a
situation or an environment, while exploring the
possibility to apply new perspectives or ideas, by using
analytic and inferential methods

-A process of developing principles and forming concepts
to produce a hypothesis

-A process of performing intellectual activities to logically
analyze ideas, systematically formulate plans and
understand specific situations (setting an idea or a
hypothesis autonomously)

12

@
Active
experiment
(Evaluation
of results in
each phase)

-A process of converting internal symbols or concepts
into external experiences

-Inducing a new change by applying a theory or a
hypothesis  derived through inference to concrete
situations, that is, verifying a hypothesis in the reality
through inference

-Verifying a hypothesis in the reality to achieve goals by
evaluating results in each phase

12

12

Total

50

48
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<Table 5> Structure coefficient matrix and credibility of final standard of process

Question Items Fl1 F2 F3 F4
re4 1 tend to convert external stimuli or situations into internal representations or symbols. 797 220 238 248
re3 I try to change concrete experiences into abstract concepts or theories. .789 257 246 198
re5 I try to find a reasonable reason or grounds for an issue. 779 223 219 268
re7 1 constantly ask myself a question, such as ‘Is there any other way?’ 772 217 249 283
re2 1 explore the possibility to apply new perspectives, ideas, and ways of thinking. 762 250 235 134
rel0 I sometimes find a solution from information that seems unrelated to the problem. .760 209 217 272
rel2 To solve a problem, I try to use new ways instead of existing ones. 743 186 232 281
re6 | improve what comes to mind first and develop it into a good idea. 723 263 267 283
rel I try to solve problems in new and different ways. .698 263 249 313
rell I try to find a clue to a complex issue. .693 210 242 304
co2  To solve a problem, I classify and analyze collected knowledge and information. 113 764 250 .080
col I analytically classify and structure complex and difficult problems. 112 750 231 037
co8 I establish a hypothesis or a concept by using analytical and inferential methods. 125 732 137 .080
coll I formulate principles and concepts to establish a hypothesis. 073 725 176 113
co6  To solve a problem, I imagine a range of specific alternatives in my head. 232 713 .091 250
co7 1 try to clarify a problem by finding the pros and cons of a given issue. .200 .699 202 226
co5 I find clues to solve problems as if doing a puzzle. 284 .691 211 .103
co3 I search for a solution after dividing an analyzed problem into steps or procedures. 282 652 235 212
col2 zl(t) ersri);t\i/f/e:.n issue, I examine strategies, considering the consequences of several 254 637 171 37
col0 I actively seek knowledge and skills that can make a good idea practicable. 294 .610 123 310
co4  Even if there is a complex problem, I try to find the essence and core of the problem. 354 .606 221 165
ex10 I like to experience new knowledge or skills myself. 153 269 728 283
exll 1 learn best when I participate in an activity and push through to the end. 205 .306 721 230
x9 ii tll?adt?gr?s .new changes by applying theories or hypotheses I experienced to specific 344 268 202 301
ex3  Whatever it is, I learn well by doing it or experiencing it myself. 236 293 701 301
oxd ;clue\;a::lv .best when I have a lot of opportunities to practice what I’ve learned in an 336 229 696 356
ex]12 I try to find a solution to a problem according to steps or procedures. 216 313 .687 184
ex8 I can clearly explain a solution to a problem I came up with. 408 229 058 372
ex5  When I have performed an activity task, I like to check the result immediately. .369 210 .655 351
ex6 1 learn best when I can test activities myself. .367 238 .630 364
ex7 I like to turn a hypothesis in my head into a real action. 445 188 .606 352
ap4 I am interested in learning and obtaining new knowledge. 260 209 288 728
ap7 It is more effective for me to work collaboratively than alone when performing a task. 344 220 344 .696
ap8 glntgggigho? él;:iv(;’ y&tazitls unfamiliar to me, I want to perform a new task with the 300 e 386 693
apl2 i a;{ryle tic;SIrgpect the opinions of other people who have different perspectives on the 409 188 349 667
ap3 ixtgﬁg c(;:(-)ncentrate on an activity itself with the emotion of enjoying a new 297 241 39 664
apl0 I communicate with others to find a way to solve a problem well. 326 213 388 .662
ap2 I try to accept new issues with a flexible attitude. 352 237 268 652
ap5 | try to participate in new experiences with an open attitude. 457 .168 344 .624
apl I am willing to share new knowledge or information with other people. 288 308 378 534
Eigenvalue 8338 6907 6708 6.076
Variance Accounted (%) 20.844 17.268 16.771 15.190
Accumulated Variance (%) 20.814 38112 54.883 70.074
Coefficient .962 929 957 953

Note: Factorl=reflective observation, Factor2=reflective abstract, Factor3=active experiment, Factor4=apprehension
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