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Analysis of the Effectiveness on Instructional Program by Water
Circulation System Device

Jung Su Kang' - Hyoungbum Kim*
(‘Chungbuk Namshin Elementary school - *Chungbuk National University)

I ABSTRACT

The purpose of the study is to visualize the concept of water circulation in elementary school students
through science behavioral system. Elementary school students found it difficult to understand concepts
related to the water cycle. Most of the elementary school children think it rains because the clouds are
heavier. It is most difficult to explain invisible concepts to elementary school children. Also, experiments
in current textbooks are likely to disrupt scientific concepts. Accordingly, conventional water cycle, dew,
fog, and cloud experiments were integrated into one system. The researchers then developed a device that
allowed students to see the water's circulation at a glance. It is intended to enable integrated thinking on
evaporation, condensation and precipitation. In addition, a instruction program to guide students using the
system has been developed to demonstrate its effectiveness. Employing a quasi-experimental design, the
participants were measured on their concepts of evaporation, condensation, and water circulation before
and after participation. The findings indicated that the experiment is more effective in changing the
concepts of evaporation, condensation, and water circulation than in previous experiments. Also, the
optimal conditions for making use of the device were found, and there were no various experimental
parameters, such as condensation.

I Key words : circulation of water, concept, integrated thinking, science behavioral system
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Table 5. Results of scientific concept of pre- and post-test on evaporation process

o AR AL AR AAE
e Agu S Agw S
Most 4 5 7 5

(16%) (20%) (28%) (28%)
Less 11 8 13 9

(44%) (32%) (52%) (36%)
Miss 10 12 5 9

(40%) (48%) (20%) (36%)
i 25 25 25 25
B (10079 (10079 (10079 (10079

Table 6. Independent samples t-test on differences of pre- and post-test about evaporation process
N M SD t D d
B9 25 .04 .33852
- 2.306 0.028 .54
A 25 .32 69041
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Fig. 4. The answer sheet of K student on evaporation process
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AR AL AF A
3
A EA Agu EA
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N M SD ¢ D d
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2.317 0.029 .65
Ay 25 .32 .69041
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Table 9. Results of scientific concept of pre- and post-test on the condensation process
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%%

At A\t At A\t

5 7 9 6
Most (20%) (16%) (36%) (24%)

L 8 7 11 8
(32%) (28%) (44%) (32%)

‘ 12 13 5 11
Miss (48%) (52%) (20%) (44%)

o 25 25 % 25
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Table 10. Independent samples t-test on differences of pre- and post-test about condensation process

N M SD t j3) d
BA 25 .19 40311
4.447 0.000 .88
Ay 25 .61 .55638
Table 11. Results of scientific concept of pre- and post-test on condensation factors
o e AR A AR AL
o A At A A
Most 3 2 6 2
” (12%) (8% (24%) (8%)
L 15 16 14 13
s (60%) (64%) (56%) (52%)
M 7 7 5 7
1
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Table 12. Independent samples t-test on differences of pre- and post-test about condensation factors

N M SD i D d
AR 25 .02 .27689
2.138 0.043 43
A 25 .16 37417
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Fig. 5. The answer sheet of P student on condensation factors

Table 13. Results of scientific concept of pre- and post-test on fog

. AR A A AR

e A =A% A A

Most 8 9 18 16
(32%) (36%) (72%) (64%)

Less 7 8 3 5
(28%) (32%) (12%) (20%)

Miss 10 8 4 4
(40%) (32%) (16%) (16%)
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Table 14. Independent samples t-test on differences of pre- and post-test about fog

N M SD t j2) d
bkl 25 -.16 47258
1.445 0.161 .64
A 25 .08 .27689
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Fig. 6. The answer sheet of A student on fog

Table 15. Results of scientific concept of pre- and post-test on fog and cloud

o A AR A% AN
e Agu A g A
Most 5 7 9 18

(20%) (28%) (76%) (72%)
Less 17 15 5 4
(68%) (60%) (20%) (16%)
Miss 3 3 ! 3
(12%) (12%) (4%) (12%)
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Table 16. Independent samples t-test on differences of pre- and post-test about fog and cloud
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N M SD t D d
ZA 25 -.04 .35119
2.377 0.026 72
gt 25 .36 715719
Table 17. Results of scientific concept of pre- and post-test on the process
o s AR AL AFS- A
o g A g A
Most 3 5 18 5
(12%) (20%) (72%) (20%)
Less 7 5 4 5
(28%) (20%) (16%) (20%)
Miss 15 15 3 5
(60%) (60%) (12%) (20%)
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Table 18. Independent samples t-test on differences of pre- and post-test about the process of rain
N M SD t D d
A9 25 .28 -1.445
.032 161 .79
Ak 25 .61 2.281
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Fig. 7. The answer sheet of O student on the process of rain



w
=
o
ox

e
o

>

)

offt

[e]

AN

X

e

:Oé

(o]

o

-

)

o

>,

o

Mo

ﬁf

30 1 fo o & 3L oox

%0
Ko
i
oL
>
oo
o
)
(e}
to, T
oo
o ®
bl
SN
o & M
3o
N
_>|JJ -
°, o

o iy,
ol
ol

ih)
o

y

i

-

o

il

o

(=]
(=]
(@]
=
=
¢
N
=
M
2
> ofo

@,
o

>
o 3 =

o

4 N
ifl}

4
¥0,
)
BT
=
it}
1o
FO Hr
oy I

o, Oof

1N
S

iyl 7HL:](ZHLJ4_%
el &2t it 1
e AEE (AT,
o 2y T el 1 2 237t et
A gtk s mHq 2@y AvE it
A MEoR A0, 2 AGEE ST
£ £LAAAE A3 D
Qg & ek o, B9 %
# A)28) z}xu Felzeage 44 54 A
2 A go] 7]_.401.5_7_ oA 2 GAAES ol E =
& & gith b Be) £8 A2 4AE 2015
WY W&l A Eol ofF =]ld whE A3
717E 2 7heAdel wa e oY Ha
9]. 561—24 /\]_J*L*E:l S /\]x]—}\] =1 /\ o]r/].

o{o o o
ro,

T

oo ol
0 Y

ruﬁ (S
olo
iin)

Hoon
N
N

X, fo
”:
U =2

THEE o Q7o ARE o3 Peh A,
@A wAel AN BY #8 PAE 25t
e mgag $Ee 4ge PPk ek A
B9 $FL A8 BANA F 05T H43 a1
FHROIE A8 & 4 Y AN Adeln
BAe 715 374 E Be 179 49 4
7h 8 Zolth, A, o 7oA AL ol £
A2 BT T 9RO et £ e A
A e PR oL T BAES HA <o

Jo] ATE ol¥o] Y 4 Yt HPOIE 33
2 5 Sirk Ao A9 B 9ol AR 9w &

e A7 Helsl Fiel T A3k 52 s

oY o ot
ol
ok,

\J
Aeto 2 01 AT @ﬂr
e 7t o s,lggi F3d %‘t‘iﬁ}%—
TF7F ol Aol & Aoz AR HTL

ECg=t
o
e

P

=g 7HL§% olafetr|gt 44 gor, el =
Y=L 750l ¥ 7471 Mzl vzt Wele
2] ﬂrﬁm ol ohd edE 7R Stk
3 A uaA e dPE2 48/l ¥ &9
’“% MEEol AEstEo] SHte A HdE
Aeted oews & 7heAdel ¥lad = u
A o] Aol w3 W o, W R T

52l AREE Bl B2l &0 A9 B A

oﬁ‘, H
O_u

M oop
al:
y

;Qﬁm&,%%%gﬁmﬁmﬁ |
o o g
o oo
1"1 Euﬂ,
— M
m
R
it}
)y
i
lo,
=
et
o
>
[
o
Y
o
il

=

References

FH37)E52011). Heta Wby, wSve)
7] A A2011-3613 [HH 9).

WE(20152). H3} WA, WL 34 A
201745 [tﬂﬂ‘ 9].
S52015b). Z-55 8l ul
A A2015-80% [ 1

AAA(2009). T3 38hd A E] 1E7E T
o S S 13, A, 25(1),
275-288.

k13

, R

N

K31y FE WA
1

o

o o
i ri
o]

AZIH(2003). =9 & HA gk =53]
A} s Wt oigk At EH ST
8fal AJA}ELS] l&%’:

FH014). EFHSFRENA A A 2H 2
JoS B A a5 Eaad
2 AgEsh daATASA, 10),

J—?‘J

HFAF(1996). 58k SR Tkl g A
e A7, 2, 152). 215-222.
A7, 2189, Potvin, P.(2014). B wlE AU

S5 T ATIAEY ga =8l U 4

pud



=9 =8 AMAE FX| Y

F HE] N B4 A T3, 3503),
192-202.

o]1(2001) UAHH EANIS A& A
o] 2589 F71¢k =9 &8 ' g5
HAE 9 S dishal AR =

o] &4, A&7(2012). ¥ 7|9k STEAMS] <4 <}
8 AL BFo] o)A Alar B oA AL
a1 g o)A Qe wiAe & oA T3}
Shul58H8]#]. 5(2), 204-212.

o] &5, o]Adn|(1998). ZGstul AE] Ty}

<A el digk A 2T, 17(1),

e
@ NgWs 59 2 9T Aeagstn
A9 =,

A7, A7,

Assaraf, O. & Orion, N. (2010). System thinking skills
at the elementary level. Journal of research in
science teaching, 47(5), 540-563.

Clark, J., Marks, J., Haden C., Bell, M., & Hungate,
B. (2012). The Carbon cycle game: A regionally
relevant activity to introduce climate change.
Journal of National Earth Science Teachers
Association, 28, 9-13.

Cohen, J. (1977). Statistical power analysis for

2 U 40 IR S 24 35

behavioral sciences (revised ed.). New York:
Academic Press.

Johnson, J. K. & Reynolds, S, J. (2005). Concept
sketches-using student and instructor generated,
annotated sketches for learning, teaching, and
assessment in geology courses. Journal of
geoscience education, 53(1), 85-95.

Kim, H. & Chae, D. H. (2016). The Development and
Application of a STEAM Program Based on
Traditional Korean Culture. 12(7), 1925-1936.

Osborne, R. J. & Cosgrove, M. M. (1983). Children’s
conceptions of the changes of state of water.
Journal of research in science teaching, 20(9),
825-838.

Mayer, V. J. (1995). Using the earth system for
integrating the science
education. 79(4), 375-391.

McNamara, C. (1998). Applied systems thinking,
Proceedings of the 42nd annual conference on
systems sciences, In J. K. Allen, et al.(Eds.),
International Society for the Systems Sciences,
Atlanta, Georgia, USA, 1-26.

Shadish, W. R., Cook, T. D., & Campbell, D. T.

(2002). Experimental and quasi experimental

curriculum.  Science

designs for generalized causal inference. Belmont,
CA: Wadsworth.

Wolf, F. M. (1986). Meta-analysis: Quantitative
Methods for Research Synthesis. Beverly Hills,
CA: Sage.



36

N
ogr
0%

P
O

o
oz

Appendix 1.

BO 15 op A

G 2 B9 Mey g I 331?(1 }Mﬂ. ERTS I

F‘iﬁi
]
M
L

2% UE G280 £ iF N

&
JH
=
I+
L

SE SZE 20 @9 & QU KAt

OIM | goy BE L2822 B9 oF JEE 48 ¢ U0
o 4 SE:HTEN S50 4EB gNEl
ES EOSELEE 99
5 = 1A

=0 20 =5
ARE EE

ie

=

i
HE
L
i
B
m_l
I
uES
=
k]
o
=
fee
Az
e
N i
J
»
1[4
=

EEE ','iJESI-I JI-IJE
Jo ox #I'I.IEI% ==}
El
=
o g
e
e
o
b
i

b E
P =2 5%

g .
AP | saye _{_!EHEEMP":

e SH| RYES)
[TEW |55 =)1|W 2200 OF 538 N 2200 08 528 A5 | =0 [wees |
FE | -wS0ks »FNE  -SYSaLD TH |
20/ 0o 28 KEML-Z & 52 0EmaUn | LA TR
27 | m
WEs S0 205 T =& 252U
[T 11 .
< |WEE EE &R TR L ke BE oK Ak
tha gE|| T ¥310 ¥ =& OBAEH|
aM ony || E EE2: Y =3 LHD|
E £E2: £ 2R
Y | TEE= (WEE: 29 2E (HED] L E=: =9 =8 (Ih% SECR
€@ | FH |- 59 28 UF §D - -20U 349 50 ZEap| Sy 4R
(I5Z) | <BE1> | U482 23§ =23 80 | £02 e
<0 28 Y
 TeEl
WIsE p
¢ 20 =2 -
- B0 1 £ A2 20|

b

i
]
o
"
i

il -
e Ve
(EED W E5: 32 28 4830

Fl#

—
=
7 | uat
[T
L |
v

O]




29 &8t AAR FX| L 2 Y T2 St 24 37
sachy = @ n+8g 9F gojous | UK %
(ARD | sraug D4yE sos 2484 goEa)

- 30| 28 oi= 358 g8 -20) =aa~m S50 5| ALY [RPFT
# BN i 4 #BVIE0 30l 28| €T
0l B P*D z2 E
G20 SHIUE EO=
[ 01 B0 BeSLID,
TED (WS Y 28 ) 020 B8 29 22 O 02| IH |
| B iz
-4 S04 ENGis 29 & -URE0 BN YU 20| agn
& IEH OSA 00D S0 U, W
FE EHEAL (-=J| 822 FwE 20 lle
0l B0f REC
| -LIRMA B8 20/ DAl H
| S0 B
{-BAUNM BB 20| HEY
-
Sy &8 LEN 9B 258 29 28 T12Y 28 S
202cE : 0 d2Lict.
-UI0e Ny 220 2SN
-
NS |95 Sel|m ealEy O Teusse TED
Hg 018 AIZHH= OF BB B -2 SEDIEN OH e W L
(9 Lig? L oyeln w7 oF
D8 AZH HE =2 mal -ma 428 04 B ¥ aa'm“ ez =
HES A 8 o dDEm. B0 s sz
ﬁa‘ﬁ:]_ : = O
o 2842 2uE)07 | 20 a3ac =27 : u
N ® EE
RTAIGZ w0 7iAlG2 gl EEnE
- 18 AZH= 2 }" -gAELL. 255U =20
SR OF ==J =.u
=0 & NS 2RI 2 £ Q0L &
b | DOt UE | B9 28 DHES &% 4= AOL £ 6= 520 04 #3060
S0 22 JES 2L 23D, 4EH- SHC 4 SEH0 3t





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /KOR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005BACE0D574C0C1B3C4005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


