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The Change of Elementary Science Gifted Students’ Perception about
Engineers and Engineering Practices through Science and
Engineering Integrated (SEI) Lessons

Nuri Han and Younkyeong Nam*

Department of Earth Science Education, Pusan National University, Busan 46241, Korea

Abstract: This study is to investigate how science and engineering integrated (SEI) lessons affect science-gifted students’
perceptions about engineers and engineering practices. Twenty elementary science gifted students participate in this study,
and they reflect what engineering practice means such as managing limited time and budget. The SEI lessons with 24
hours class time are used as an intervention. The main data are collected with ‘engineer and engineering drawing test’,
open-ended questions and interviews about the drawing, and focus group interviews about the lessons. The transcribed
interview data are analyzed using mixed methodology of quantitative (descriptive and paired t-test) and qualitative
methods. The result shows that the SEI lessons have positive impacts on the science-gifted students’ perceptions about
engineers and engineering practices such as engineering design. After the lessons, the students perceive engineering and
engineers in a desired way such as engineering as a social practice that many experts work collaboratively, the interaction
between engineering and society, and the importance of ethics and social values in engineering practice.

Keywords: Drawing engineers, engineers and engineering image, perceptions of engineers and engineering, science and
engineering integrated education, STEM education
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| Procedure ‘ | Method ‘

I Defining research question and design

!

Literature review

Perceptions of engineers,

drawing a scientist/engineer test

!

Choosing research method and measurement tools

Selecting drawing an engineer test instruction and

interview questions

!
Collecting drawing an engineer test and
Pre-test

individual interview data

!
SEI lessons (24 hours) ‘ | Implementing SEI Lessons

!

Collecting drawing an engineer test,

post-test individual interview, and
focus group interview data

!

Data analysis and finding result

Coding and t-test

Fig. 1. Research Process and methods.



278 &2 - He

Table 1. Science and Engineering Integrated (SEI) Lesson Topics

Lesson Topics (hour) Final product of engineering design

Earthquake and earthquake proofing method (3) Designing a earthquake-resistant building structure
Designing a simple water purifier (3) Designing a water purifier filter with simple materials that can be easily found at home

Designing a world travel route by considering circulation of atmosphere and ocean

Design a world travel route (6) current to save fuel budget

Mars lander design (3) Designing of a falling structure that minimize the effect of gravity

Light and security device design (3) Designing a laser security device by using the principle of light reflection and refraction

Wind turbine design (3) Designing a wind blade to make wind power generator more effective

Apartment complex design (3) Designing an apartment complex layout for seasonal solar altitudes change
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Table 2. Focus group interview questions

. Which activity (topic) do you think the most interesting? Why?

. Do you remember any successful experience with satisfying results? If so, what was the factor for success?
. Have you had any difficulty to work with team members? If so what were the difficulties?

. What are important things or processes in doing engineering?

. Have your idea about engineering changed after the SEI lessons?

. What kind of personal characteristic or mind set is important to be a good engineers?

. How engineers’ engineering practice is different from science inquiry practice of scientist?

[or N e R R T A S I

. Which personal character you have would be similar with engineers’ personal character?
Anything you want to improve to be a good engineer in terms of personal character?




Table 3. Open-ended question items in the drawing engineer and engineering test

. Explain the place where engineer(s) is working in your drawing.

1

2. What kind of clothes is engineer(s) wearing?

3. Explain what the engineer(s) is doing in your drawing.

4. How long will engineer(s) take to complete their project?

5. What kind of tools does the engineer(s) use in your drawing?

6. Does the engineer(s) in your drawing need any help from peoples or tools to get a successful result?

7. What kind of knowledge the engineer(s) uses in your drawing?

8. What kind of help do we get from the engineer’s work in your drawing?

9. What kind of difficulty or challenge do engineers face when they solve problems? How do they overcome the difficulties?
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Table 4. Analysis result of ‘the number of peoples in engineering practice’
Pre (N=20) Post (N=20)

1 person several people 1 person several people

the number of responses 15 5 9 11
percentage 75.0% 25.0% 45.0% 55.0%
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Table 5. A paired t-test result of ‘the number of peoples in engineering practice’

N Mean SD t p
re) the number of people 20 25 444
(pre) peop -2.854 .010*
(post) the number of people 20 55 510
*p<.05
Table 6. Analysis result about ‘the places of engineering practice’
Pre (N=21)
research center  laboratory home outside others (inside) design room office
the number of responses 11 4 2 2 2 0 0
percentage 52.4% 19.0% 9.5% 9.5% 9.5% 0.0% 0.0%
Post (N=22)
research center  laboratory home design room office others (inside) outside
the number of responses 7 6 2 2 2 2 1
percentage 31.8% 27.3% 9.1% 9.1% 9.1% 9.1% 4.5%
Table 7. Analysis result about ‘required time in engineering practice’
Pre (N=20) Post (N=20)
hours  days weeks months 1-2 years more than hours  days weeks months 1-2 years more than
3 years 3 years
the number of 1 3 7 3 5 0 0 1 5 1 13
responses
percentage 50% 5.0% 15.0% 350% 15.0% 250%  0.0% 0.0% 5.0% 250% @ 5.0% 65.0%

o= fojuldt o)1= -2.854, p<.05)2 BTk o (Lee & Park, 2010)8} Th2 Azjolr},

(o)
4
SEE @A A, 19 A% 0, el Pg a8

= =
A9t 12 SHAEE ol RSN, B4 A% 3) 39 $50] sese AL
L ogysel T §F £UL B T4 BE B BEL sew Ago] Aokt AWl o
o BN she o] oheh ofd Ais WAske ) ARISH AFRAIA $EE e Table T2 2

FHgolgke Yo R WsRleS HolErt

(e}
t}. Table 8% Table 79 AFEE o]&ale] JSHE ¢

AR & Aseln, G APg o, WA 1, B
2) 28 5ol oot g 20, W AYE 3, 120 4, 3 oS 5
FEATL ol TRBES F2 Sfebel B 2 S0UEE S0,
Ago) tial SIS AVHs AT SR ARAARINE B /jge] AUt she shisel
A= Table 634 2Tt ARAZAIA HA S T 7P BoktH35%). 2y ARARIA tiRe] 8t
‘AL, Aol TP 2 HIES AAPIL(G24%),  AEO5%)°] FAEES shedl 3d o)de] A8 A
A FHEPlo] 1 TR o R E=9krH(19.0%). AR olgtal siltt. Al7to]l e Ael= ool diel gt
AN S APZARL sdaA ATa, A7
"(31.8%)9} A4, y,]-é‘_ll—/\e“(27_3%) FAZ =& H Table 8. A paired t-test result about ‘required time in engi-
5 HAAth TE3 AREARIA R okt neering practice’
A 9.1%)2 AR (9.1%)°] HOl ARFHAL N Men SD t P
oA MZ F71EUct |2 ML AR ALSEA (pre) time 20 325 1410 087 008+
}\]—Oﬂ}ﬂ %’—i}—x]—%% F=2 /:‘__h,Hoﬂ/ﬂ -g'r—ﬁ_]— %1—%:% ?l-]j- (post) time 20 430 1.031

T Qe S gRolgon o) HaAT  p<05, Hp< ol



BEL T AT 54, F wEA dAs ¥
7)o ARtEstel g9 Y 52 o= S0 4

X2 Wy} 12 Pes k= Tovin et 2 Hen
& of 2U5kn X B sten B 2 M 2
20IR00| HA| ZRMES UnfEE LI ASAIM A
S| #Cie). Bt 2.3 HE ASMEHASZAL )

“glef DISPRILE OfE FHO| M TSl ARISS BF
C OIS AT & % T AIMSRE T 340l soksts
01| U2 I3 BE UESS A TN BSH J2
OfRHl TiE SRHISSID mRIND 22 MnE Wi

108 2CH Of 92f 22 S5 U1, i B B0l 42
[ 24 HE B 25 U2 H 20le" -BEHAEZAL
)

AS} B AREAAL A9 QIEIH ulgell &
Aol AAl & AAHIES skl Hékehs 2]
oy W ksl Bt ohe thE AlgEw

7 SAA o] o] A E AXY] Wi ¥
dgol 2 @y o Auta si9ict. #skyst

3 FAS B3l ] 7 ¥ BEel 485
Azl Tk Q14]e] Wish= Table 83} 7] 7

b xjo)(r= 2987, p< 01 BT

w

A
e
=

AN

>

I'|I' I-_I

o|.

o o o o>

2

2 oo 4

o
o
o
=)
ol

4) FSAE S Sl @ ob

SIS o| AR AR AAA 28 ZER|Eo] B}

BEFAS(500%), T1A(154%), ANHA,
AFE(11.5%), A (11.5%)2] A2 1231
Y Fole 2, AFAE(35.5%), AHAI'(14.7%),
A(14.7%), UA, B73°88%)2] A= HelT),
AR A B 2, AFAT ) 1Y B vl
S AABIL Yo AR H]3] AFFoME 1A}
HA71AR}E, AFE Y }\H:Hﬂ ] go] =450,
AR Ao 28142 nm dRIEo] 0=
IR} Bkl Y o) s} Y B 1370014
L7TAZ 30.8% Z718lt. &, Baap} sk e
ol h3k SHAES <o) § etk &
Atk 2 Az ouix], 87, AE°, TIelFER1]

AR 9 2E 57 AEA UM s ' F
itk E3] Table 1091418} 7o) Aym ool th3t
S USEE Egos BN3 AdkSH=1, ¥
SH=0), AR Fevd Zpol7t AT = -
2517, p< .05).

Fig. 29} Fig. 32 AR ARl Feart sl &
o] WF7F gE S dolth ARFel 7 s 2
T 3L ake AR AW T WEs Fdst

5.

Table 10. A paired t-test result about ‘engineer’s profes-
sional field’

N Mean SD t p
(pre) biotechnology 20 .00 .000

_ -2.517  .021%
= 3% &5 THE T4 W& Table 97 2 (post) biotechnology 20 25 444
oh FhEel 48 59 Aol Fokel Hojol sl %peos
Table 9. Analysis result about ‘engineer’s professional field’
Pre (N=26)
eleztnriiclty chemical, ene
robots, AI  mechanical . design nano, new  architectural nersy, biotech. others
electronics, . environment
materials
computer
the number of 5 4 3 3 2 1 0 0 0
responses
percentage 50.0% 15.4% 11.5% 11.5% 7.7% 3.8% 0.0% 0.0% 0.0%
Post (N=34)
electricity chemical
robots, Al design biotech. enerey, and_ architectural nano, new others mechanical
environment electronics, materials
computer
the number of 5 5 3 2 2 2 2 1
responses
percentage 35.3% 14.7% 14.7% 8.8% 5.9% 5.9% 5.9% 5.9% 2.9%
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Table 11. Analysis result of ‘objects needed in engineering practice’

Pre (N=69)
human objects
. expetri-
. . . materials, books,
CXPerts 1N experts 1n secretary, COMPLIETS, machu.qe, com-  papers, mental semi- . safety  blueprint,
the same the other R robots, tools  electronics, tools, internet k
- assistant .. ponents, office . conductor supplies models
field field Al 3D prints . micro-
sensor  supplies
scope
the
““r;‘}’er 10 5 2 13 1 9 8 5 3 2 1 0 0
responses
. (1] .. (] .. 0 o 0 .. 0 0 o 0 . 0 . 0 .. 0 K (] 0 (1]
14.5%  7.2% 2.9% 18.8%  15.9% 13% 11.6%  7.2% 4.3% 2.9% 1.4% 0% 0%
percentage . iman total, 24.6%) (objects total , 75.4%)
Post (N=77)
human objects
. experi-
. . materials, . books
experts in experts in computer, _ mental machine, ? . .
the same the other S::Srlestgny; robot, gr?:lts tools tools, electronics, pjﬁpiecr:, co?ledm(l:tor ssafeltiis bﬁz%r:ll:, internet
field field Al P ? micro- 3D prints . . 1pp
sensor supplies
scope
the
n“r:?er 15 8 1 12 10 8 6 5 5 2 2 2 1
responses
fag 19.5% 104% 13% 156% 13% 104% 7.8% 6.5% 6.5% 26%  26% @ 2.6% 1.3%
percentage

(human total, 31.2%) (objects total 68.8%)
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Fig. 4. Post-test drawing of Student F

ofellAl T F& ololtoE AFEE & dv AE diE o dedsiA QAL e & 5 sdth AR
7t 9 ol #AE ARl A4 8 A A Al S/ F A ke o] & |
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7F GRSt ARAAARIA =7 FSTE, (192%) T BA7I%) B £AR =S v
2R, AT (188%), FT(159%), TV, A & BT ARARIME AR, dibe] SR
7171, 3DZHE(13%) 59 £HZE 7P desita o] A4l S8 F 324%E 7PY ggton), Ao
AL eH, ARFHAIME FHFH, 22X, 7 24.3%, ‘WJ, Bao] 135%2 1 v ¢AE

DA (15.6%), AF, =7, F4E, AN (13%), = Bo Aol wis) ARl Ak, 53] <olib
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Table 12. Analysis result about ‘difficulties that engineers experience’

Pre (N=26)
trial and constraints trouble, i:]lflack. of no more  lower all(’) S}i/z:lo " a physical lal;nrclin‘;lg agomszeu:i abuse disagree-
error  (budget) loss  idea demand £ problem purpo ment
resources problem product use
the
number of 11 5 2 1 1 1 1 1 1 1 1 0
responses
percentage 42.3%  192% 7.7% 3.8% 3.8% 3.8% 3.8% 3.8% 3.8% 3.8% 3.8% 0%
Post (N=37)
constraints trial and  trouble, 2 laCk.Of no more disagree- lower a pS}TChO_ launching agonizing a physical
information, . logical ~ a new purpose of abuse
(budget)  error loss idea ment  demand problem
resources problem  product use
the
number of 12 9 5 4 3 2 1 1 0 0 0 0
responses
percentage 324%  243%  135%  10.8% 8.1% 5.4% 2.7% 2.7% 0% 0% 0% 0%
Table 13. Analysis result about ‘benefits that engineering gives us’
Pre (N=24)
. . . transport .
convenient rescue, place of doing risky . : .. sustainable
. ; . information and ~ medicine
life exploration lives work . technology
things
the number of 12 3 3 ) ) ) 0
responses
percentage 50.0% 12.5% 8.3% 8.3% 8.3% 8.3% 0%
Post( N=24)
. L transport
sustainable convenient life reseuc, doing risky medicine place of lives information and
technology exploration work .
things
the number of 7 5 5 5 5 5 1
responses
percentage 29.2% 20.8% 20.8% 8.3% 8.3% 8.3% 42%
of FEEe T FA@ ogel © £ ze
UTH= olell7l ot & 5 glnk o#@ 1Y F: M= Ole J3H Q8P 47t o = oE &S0
o) wiske 2424009 Astgsl g5 Tl FolR M OIS 2l SI-I7t ofAle] FRMS MU,
2kt ezl A7k Helld 2AE ddske 25
A & 5 Qv v S0l ik B 7) 3] feolAl F& E%
F 2GolM AL ofF =S H¥sk= diste] A AP ARFAALIA 0] Fe1 A)31 RS 3l

olet. Sjo] el offl =9 FEAd W S

-
o] 912} Folugith. Table 13& 1 &S B4
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(.52 AN SIS0l ‘FEto] Sl F= =
E: 71 GIAL CAK 2ol el SEE W & Ago] Hese A
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Table 14. A paired t-test result about ‘benefits that engineering gives us’

N Mean SD t p
(pre) convenient life 20 .60 .503
2.666 015*
(post) convenient life 20 25 444
re) sustainable technolo; 20 .00 .000
® ) & -2.333 031*
(post) sustainable technology 20 35 671
*p<.05
Table 15. Analysis result about ‘the gender of engineers’
Pre (N=20) Post (N=20)
Male Female both no idea Male Female both no idea
the number of responses 14 2 3 1 13 1 4 2
percentage 70.0% 10.0% 15.0% 5.0% 65.0% 5.0% 20.0% 10.0%

AA S T 292%= 7P B2 SEol UL A
o] AZ’(20.8%), AWT=x, BAP(20.8%)F TL
g HIEE I O oAl 1A

SIS ARAAIA AR FEto] 9g
Ags el slEr . Bdsh e Aol

WE-S AFsA &k 23y ARZALIA 33
BA, Alolw] WF Ay, 2134 ouiR] A, E%
Mg 53 o] Foto] Ao zA 92 A
=71l ARSEstA 02 T]ojshs YakEel il A
Ho|aL FAAR Weke: A&t FHH 71E =M
st olg ek Wslke AR, AR SRR t A
Aol Fefmlgh xfol2 YePThele=0, A& S
of wEl=1 & 2). ARl H|g|] AgolAs Ao
AE SES M F= FouskA £9oH
(t=2.666, p<.05), A&7} #Hd 71 FolsH
S7Ht= 2333, p<.05)3I%THTable 14).
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Table 16. Analysis result about ‘engineers’ outfits’

Pre (N=28)
experiment gown ordinary clothes  safety clothes  safety supplies working clothes hair bands
the number of responses 10 9 4 3 1 1
percentage 35.7% 32.1% 14.8% 10.7% 3.6% 3.6%
Post (N=33)
experiment gown ordinary clothes safety supplies working clothes — safety clothes hair bands
the number of responses 13 9 7 2 1 1
percentage 39.4% 27.3% 21.2% 6.1% 3.0% 3.0%
Table 17. Analysis result about ‘engineers’ personal characters’
Pre (N=32)
. task - .. scientific - .
personality commitment sociality creativity  carefulness process skills artistic sense ethics
the number of responses 11 10 3 3 3 1 1 0
percentage 35.5% 32.3% 9.7% 9.7% 9.7% 3.2% 3.2% 0.0%
Post (N=55)
comt:;ltinent personality  sociality creativity  carefulness przzieesztifllccills artistic sense ethics
the number of responses 13 12 10 8 5 4 4 3
percentage 23.6% 21.8% 18.2% 14.5% 9.1% 7.3% 7.3% 5.5%
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Table 18. Anaysis result about ‘required knowledge and skill to be an engineer’

Pre (N=47)
robots  science al())itl}ilteiizs com/;:;tﬁs, engrillz;eeri Zﬁf:t;tiggi}zs math  architecture erzg,?tn- technology medicine  design «ill
the
number 9 7 6 4 3 3 2 1 1 1 1 0
of
responses
percentage 19.1%  19.1% 149% 12.8%  85% 6.4% 6.4% 43% 2.1% 21% 21% 21% 0.0%
Post (N=53)
science a‘:))itlli]teires mzlm robots engrigeri lezccttlrigﬁs math technology design nﬁggﬁw‘ er;zgr(l)tn- architecture medicine
the
““T}’er 13 11 6 4 4 3 3 3 2 2 1 1 0
responses

percentage 24.5%  20.8% 113%  75%  7.5% 5%  57%  57%  38%  3.8% 1.9% 1.9%  0.0%
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Fig. 5. Pre-test (left) and post-test (right) drawing of student G

Table 19. Analysis result about ‘how engineers solve problems in engineering practices’

Pre (N=23)

get help from keep alternate

other people challenging  products mind-control ~ sell, ads  various tests  funding communications searching

;?ere‘;;“;‘f:ers 10 6 4 | | | 0 0 0
percentage  43.5% 26.1% 17.4% 4.4% 4.4% 4.4% 0% 0% 0%
Post (N=27)
chall(IZflI; ing g(ftth};:h;)i;rlz various tests  funding ;lrtoe(ri?;tt: C()czlt?(l)lrlllsli- mind-control  searching sell, ads

f;er;;“;‘f;rs 8 3 2 1 1 1 1 1
percentage  33.3% 29.6% 11,1% 7.4% 3.7% 3.7% 3.7% 3.7% 3.7%
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