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FE s Fal HEoAT] dZel, o] dAE el AHe AdS
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olul HlolEE st HAdol B2 AEVY FA Hed RERFC
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= Zojtt. o] & T A&l A HEE HS &F
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S Yeh}r) = 3 (Godau, Vogelgesang & Gaschler, 2016). L&#jA =
o 2ejzE yekd o #Jddo] AA yEyRE syl faid= =Y
A3 &S ¥A @olof dt}(Pentoney & Berger, 2016). B EXE Y
Ae Fg9=E 8% e Ax, Z/]X]T Hol M= Fov; A3t
oly 845 1 zolE WEatA ]ﬁx] E3ths EAE At
ek AlZEstE @ oo Abgste AES F, HFE 9 doluv &9, 1
Aol 57 sol A E AME FoE ]%qu]: gkt w=gk Al Zts)
of X3t¥= HARIF AFEAFIA &3, AbRE To HAgAA JIFS A=

4 B %AN AGHA GHUES FHEREA @A mUHo

7 2 5 tH(Epp & Bull, 2015).

T HAE gEAY FEd sHE ekt Alzbstd ARE A4
shAl siAE 4 dxEE sofF st Aotk (Newman, Scholl, 2012;
Belia et al, 2005). g5+ 47 & 59 A% 48 zha
aL, #E dlolHol] thEk o]siut AlZFEt Apmell gk o]s o] Aolst
ok 27wl FgFAe] TEA FHoE VWo R ke g A
Me AR Z23EE B o R Moy #AE 2 oAt TRt
(el oA, Am 7, 2014). A3 Ao mEH JAAH FFo] =2
AR EE Al EtE R gk oA ARE AR olsfstal A st

e e ws Ae Ao et (Newman, Scholl, 2012;
Spiegelhalter, Pearson & Short, 2011). watA A4 ZdHo|y o2 &
< sAste FEol & ATHEE AZE oAl F7HAQ] dAE Al

AU wAke] 2AEY S A Aled Bark AthH(Wise, 2004).
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o WA Ao wet FFFIE A
Drakeé Burns =&, MSTE ¥, STEME o] <l

Drake®} Burns(2004)= ©tsha4d =3 =
o7 E3to Hy¥S& Ao gshE® 5 (multidisciplinary
integration)> 3t}e] FAY TAE TAHCE oy wyE &83to] 7}
2x = ol s wae] ZyAgo]l AL, Z wde] Ao
So] APt 7+etE2 E3H(interdisciplinary integration)S o #] o}
TAHeR wSAAHS AxHshs YHoR,

AA Agets Aotk 7 mast FEEHE 8

= =93 R
ARt AxAs $F ugow ALY F s dFHHAE dA =
Aol EAoltt, 23HEA & F(transdisciplinary approach) WAFE 9]
Ao BAAL B FAE FHoE wsHAES AxHseE oz 7
wel &5 slEa WEs Tt wSes Aot wdEts Jids
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g4, $eved 359

F&Tdol F5S vy A A2 1980 FRE wl ol A gk
S i 7w HEy AN A ZAE SFHoE JEAH Bz &)
= STS(Science, Technology, Society)ZS % 3§34 HEf o]t} 1990 tf
o = 7]lwal&o 3t Tl MST(Mathematics, Science, Technology)
7F AlRHHA 7Eunss TAHOE 3 A5 AHFHSE PHU
t}, o]%F  w IR HNSF)S MSTel 3 3HEngineering)S © 3
STEM(Science, Technology, Engineering, Mathematics)o] @ &o]& A}
ot = AAdE 3, 38 AN HAETE vE =7kl Bl E]
Sokeldel HEY U olFAE VIVt dAe]l UEUAL, ol =
Bata I/ EAE S FolEe Weto® STEM 48 A7, 3244
o7 A7l AlFEA el £, 2012). Yakman(2006)> STEMel ¢
= (Art) 845 FUlsto] oAt AN ofg A XEs Adshd
stAth oluf Arte v, St 22 FFds ¥ oolyg, w, o,

AA dE AEA Ve T4 BRE BokE EFee WS WY vl

Y

(AR, 2012). 282 337]E T4 STEMY= € STEAM
ok gol= BE Hofe o E WUt gddE & Jde 7o #HE
= WE3ta & 5 Atk STEAMeIA = AiArS] 7F B3Faf Ao o
St S wA Holl wep AL FAVE E3FH ol thkgk shEitof
o] #HAHo Q= FAS wgen. BiEo] e AAE T A9
A AAe HAsta alS G&ste] AEg wA M TS AA
a ¥ e s HAoE gt wdbA §RTH SHAA A4S
o] BXAE HAARZ g AAAA ALY F3e AFsts Fol Fast)

(Johnson et al., 2014; Shaffer & Resnick, 1999; Cross, 1990). &3 &
AEs H2T o 24 sfAdst7|Boes Bgs Foko AlgE s
HH o2 sfAdsioF st7] wiel, 8T SHAAARE o] & whdste] 8
49 9 T o] FEAE JAH\_%

HAHA AdggFs gste= A=
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AAAY, 2012, HH4 9, 2012; Radziwill et al., 2015; Brown, 2008).
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Abstract

Creative Convergence Class
Using Data Visualization

— Focusing on abductive thinking —

Kim, Myung Shin
Department of Education

The Graduate School

Seoul National University

With the rapid development of various technologies, the world is
in the age of innovation called the fourth industrial revolution, an era
in which digital technology 1is transforming the underpinnings of
lifestyles and human existence. In this era of innovation, the ability
to create new things and solve problems through cross—disciplinary
collaboration and integration 1s highly required. To this end,
convergence classes and inquiry classes are recognized to foster
creative capabilities. Convergence classes refer to classes conducted
using curriculum reorganization and curriculum integration in the
context of studies in all fields. As to dissolve the boundaries between

multiple academic  disciplines, students integrate knowledge,
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techniques, and expertise from multiple subject domains to solve
real-world problems and learn the core principles of each domain
efficiently. On the other hand, the inquiry-based class allows students
to develop and evaluate hypotheses and go through an abductive
thinking process. Abductive thinking is a form of logical inference to
the best explanation from the observations. One can understand
abductive thinking as creative thinking that can form new ideas
utilizing students’ internal knowledge and given clues. Abductive
thinking 1s an essential competence for fostering creativity and thus
students should have learning experiences that can naturally acquire
abductive thinking through the exploration process. Among many
ways to support students’ abductive thinking, data visualization and
utilization are found to be effective ways to enhance students’
abductive thinking. Students can present a large amount of
information efficiently and recognize information intuitively through
data visualization and presentation. It also allows students to
understand the relationship among data and generate intuitive
reasoning or new ideas. Furthermore, it facilitates students’ divergent
and convergent thinking while dealing with data, which in turn
improves students’ creative capabilities. Although earlier studies
provided diverse findings related to the current research topic, there
1S a lack of studies on data visualization as a hypothesis evaluation
method, to improve creative capability, focusing on abductive thinking.
To address such limitations, this study developed design principles
and detailed guidelines for creative convergence classes that utilize
data visualization as a hypothesis evaluation method in the large
framework of convergence classes that support abductive thinking. In
addition, the developed design principles were internally validated

through expert review, and the effectiveness of classes was evaluated
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through field application. The research questions that guided the
present study are as follows:

1. What are the design principles of creative convergence classes

using data visualization?

2. Is the design principle of creative convergence classes using

data visualization valid internally?

3. What are the effects of creative convergence classes using data

visualization?
To solve such research problems, research was conducted according
to the methodology of design and development research. First, we
developed the initial design principle through a literature review. And
the internal validity of design principles was verified through the
expert reviews of three experts. Next, 81 second-year middle school
students and 4 teachers were given classes applying design principles
and evaluated the effectiveness of the classes. In the «class, a
hypothesis was created on the topic of the cause of more COVID-19
infections per population in Jung-gu, Incheon than in other regions of
Incheon. Then, the hypothesis was evaluated by visualizing the data
with a visualization tool. Applying test papers on creativity, abductive
thinking, data literacy, and content knowledge before and after the
class, a survey on the interest of the situation and class satisfaction
was conducted. I interviewed 20 students and a teacher who
conducted the whole class for a more detailed evaluation of the class.
Among the collected data, the quantitative data was conducted by
descriptive statistics, paired sample t-test and two researchers
analyzed the qualitative data in the order of initial coding,
categorization, and topic drawing according to the qualitative analysis
procedure.

The study produced 16 detailled guidelines and seven design
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principles of actual problems, support for convergence of subject
knowledge, promotion of cooperation and interaction, customized
scaffolding, abductive thinking support, data visualization, and
continuous reflection. Pre-test and post-tests showed significant
differences in students’ creativity, abductive thinking, data literacy,
and content knowledge, and the survey results on situation interest
and class satisfaction also showed positive responses. As a result of
the analysis of student interviews, the self-directedness of students
improved after class, the acquisition and utilization of convergence
knowledge took place, and their capacity for abductive thinking and
data literacy increased. Also, the practice and transfer of COVID-19
learning contents, which were the subject of learning, took place.
However, it was limited in use due to a lack of time for activities
and a lack of data to be used to evaluate hypotheses, and there were
opinions that there was a need for support for students who
passively participated in learning. After analyzing the teacher’s
interview, the students showed an emotional and positive response to
the class. And the acquisition and utilization of convergent knowledge
emerged, and abductive thinking and data literacy capabilities were
increased. However, he mentioned that it was not an environmental
structure that could cooperate, that there was a lack of various data
sets for hypothesis evaluation and that it was difficult to implement
convergence classes.

This study is distinguished from previous developments in that it
allowed learners to experience the entire process of generating and
evaluating the hypothesis through long breathing, used a new
visualization tool called Tableau, and used data visualization data to
evaluate the hypothesis. The design principles developed in this study

suggest specific ways to implement creative convergence classes
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focused on abductive thinking by utilizing data visualization. It i1s also
a meaningful example that shows that it 1s possible to use
visualization using new visualization tools in hypothesis generation

and evaluation for middle school students.

keywords : Abductive thinking, Data visualization, Convergence
classes, Development research, Visualization tools
Student Number : 2020-23522
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