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Abstract

In this study, the effect of a sustainable energy design project on academic achievement for

engineering freshmen at Virginia Tech in fall semester 2006 in the United States was examined by
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experimental method. The department of engineering education at Virginia Tech was opened in 2004.
In this experiment the population was approximately 1200 freshmen, and 5 classes were sampled.
Subject name is engineering exploration, a theme of the instruction is sustainable energy design, the
project was performed throughout a 6 weeks period with one by 50 minutes lecture conducted by
faculty and one 90 minutes workshop conducted by GTAs (Graduate Teaching Assistants) every
week. The statistical results using SPSS (ver. 15.0) are as follows: A paired-samples t test analysis
was run on the pre- and posttest to determine academic achievement, the results indicated a
significant increase in 4 classes of mixed gender at .05 significance level, but there was no
significance at 1 group of female class. A paired-samples t test analysis was run on the pre- and
posttest to get an attitude score, the results showed, the posttest scores decreased for s groups
even though it was not statistically significant. Finally, in responses to an open-ended question about
students' perceptions of their improvement in skills, the 3 most frequently identified skills were
teamwork, design process, knowledge.

FAo. A Yeld, Feg S, FEgEF, ZRAE A& oAYR], AAAE, HE, t A%
Keywords: Virginia Tech, Department of Engineering Education, Engineering Exploration, Project,
Sustainable Energy, Academic Achievement, Attitude, t test
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neering), 3}8t& 83 (Chemical Engineering), E&% % 3743 83(Civil and Environmental
Engineering), #HA3E #8r¥H(Computer Science), 7] ¥ FAFE &7 Electrical and Computer
Engineering), &% xS 3} (Engineering Education), -&3%t¥st % <3dt3}(Engineering Science
and Mechanics), 2+ @ X ~€ 38t} (Industrial and Systems Engineering), A &3}3F @ F&}h
F}(Material Science and Engineering), 7173 8% (Mechanical Engineering), 3¥4F 2 3&E-33}
#H(Mining and Mineral Engineering)7} 2l
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2003).

The engineering curriculum must prepare students for engineering practice culminating in major
design experience based on knowledge and skills acquired in earlier coursework and
incorporating engineering standards and realistic constraints that include most of the following
considerations: economic, environmental, sustainability, manufacturability, ethical, health and
safety, social, and political.
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<E 1> THRTF wAEe) 59 i) AL
- A =; &9 (504 24F (90%)
Course introduction Workshop introduction
1 Aug 21-25 Design comparison ‘Deep Dive' video
Design activity(hands—on)
Aug 24 Tablet PC Presentation (7—9 PM) | * Attendance is required *
Aug 28— Sep Engineering profession & ABET
9|1 Engineering of 2020 Team building activity (hands—on)
Design example
Aug 31 Computer Orientation (6—7 PM) * Help Session is optional
Problem Solving
3| Sep 4-8 Engineering method Sketching activiry (hands—on)
Sketching
Sep 11-15 Computer Aided Design(CAD) Planner Activity
4 Sustainability CAD (hands—on)
Sep 14 Tablet PC Special Pres. (7-9 * Attendance is required *
PM)
Sustainability Graphing(hands—on)
5| Sep 18—22 . Sustainability activity (hands—on)
Graphing . . .
Assignment of sustainability project
Graphing MATLAB Graphing
Sep 25—29 .
6 MATLAB graphing Water tower (hands—on)

Sep 18—=0ct 17

Departmental Information Sessions

* Must attend at least 4 sessions

abil
7 | Oct 2—6 Sustamabl'lty Mechatronics I (hands—on)
Mechatronics
8 | Oct 9-13 No lecture Mechatronics. I‘I (hands—on) or
Fuel cell activity(hands—on)
Ethics
. . . . Ethics Project
9 | Oct 16—20 Globalization of engineering practice ICS. ro?ec .
* Ethics video (VT website)
Study Abroad
Syst .
10| Oct 23-27 s e.mS .. Systems activity (hands—on)
Sustainability
) Fl harti hands—
11| Oct 30—Nov 3 | Flowcharting OWC. ar -11.1g ( a§ s—on) .
Sustainability project demonstration
Fl harting & intro. t .
Nov 6—10 owehar 1.ng Htro. to Programming (hands—on)
12 programming
Nov 9 Sustainable Design Fair(7 PM) Location : to be announced
13| Nov 13-17 Programming —Methods/Functions Programming (hands—on)
. P i hands—
14| Nov 27—Dec 1 | Programming rogramming (hands—on)
Workshop wrap up
15| Dec 4— 6 Course Wrap up
F. 1. o] & 20061 7R e A Y-S Qokste] Al A9
2. Y4kl A problem solving &< 27 1450 AAA nj5 AA|g
3. A8 1 (Sep. 21), A& 2 (Nov. 16), 7% A3 (Dec. 14).
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= o] o] 30999 ool ARt F8t Fopsh= dE] T I ool A AT thd A
Al Virginia Tech® 9423 A& FAHAURB) wal AL AHvolunteer) S iAo =2 AbAH 7
Abel ARS HALE AAE = A7) witelth 53] Jd G5 A= AAVE Ao m A
o] et AF HAb 3 A F7F vhE JaEt wlg A9 279 TS Levene A
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2. A& A4l

o] A<= Virginia Tech &3t &stufate] Ay 2 /e AA A oA A F2A &
sttty wakse] g NS el flstel AAlskglen, ofE flste] ZrAEWor WYF 5
el A&7bs oluA] AA WEel ek =4 aE 2487 91 Aok o3 avtE Uopr
7] fstel [29 1139 22 AF A7 28-S AREssith AP -AR-AAL dAgtae Fes g
ek M Al (one-group pretest posttest design)7h gk kel tisto] A FAReE A F
Abel 4= ApolE Hlalsh= 74°1ﬂﬂ Hlgto], o] ddrolA el AF AA B2 50 vF HdS A
gate] st sk (34, 2005).
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o] Ag AA A 01, 03, 05, 07, 09+= A AAPela, 02, 04, 06, 08, 010 AFS- FA}e]
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o] AgA ZAH ARESE AL AAF 2 AL ALY F g e 4 207001t o] F 147
T2 g AT AAS SAHE Aola, 57 T8 HEE SHste oy, 1 T3
ZZAE 0o & 7|5 &g 7ldte] g /W3 (open-ended) AEOZ FAFATHE 3
d2). 4714, FIAFHE AAE A THES A ST oluXA o] tig XA o] Ygo=
TAEReH, HE HAFE 98t 3852 A&7Fs olyAd tigh Q14 -&n] 5o Ugo=z 4
At

o] AgollA 34 HAEE FAHsH7] HAst =
Software (2006)°4 #|&sl= EIdE o Aslo] A ZbslAoy. Tk
SAES] HEE 4317 Y8t 5719 3= R 2 YIAE 53 A= F
gatelom, mg- FAFHERDAAFE v S5t & A0 7 A e &
SAol AFEI T 13 Bl AR E8el W3k FA H42] 4AF E(reliability)E SPSSZ 7|
Fo1=H Cronbach a A5 0.704°]th. agte] oFF Al W& o]f+= ¢] A7 o] pilot study®]
2 % AR E3o] 57IE A7) wiEed WA diigde] ot 2k slo R Ayzteit). 53] A%t
20719 BE E3lo| 3t & ElFE(content validity) S R 37 938, GTA 1093} &3}

S5} % 3WoRVEH HES Wl vEusle] AY Fgo| g 24T F, Z4o At
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A 24X AR vt ol A&rbsAel HE FUL 37 Aste] FYEL 3~4%0] @ &

FOoR AANYL, 655 N9 2 wEER Teass) Aygsgion), sy BEe) AA, A7)
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AARE el wet B ARE 7YY F UES FugIelA 3 BEd 1099y A9t

gtk o] uwl 7} mEe] AAselof ki A&7k ol AA) FAlL e, HRY, F, vl
ovlze] 47bA) FolA AAFES itk AW AN AF 67 Fobe] TaAE 5 A

<GE 4>9F
b Bwol HF Baxet ZRAE Ay vhE AR gAF 115 A AEHJaL, 2E 7
woll digte] g4 Alzkell &5 953 GTAZE H7Fskdinh. A9 1200019 2] 4070 ol A

#10% B15% 2007F 38 67



Z T 2=(Jinsoo Kim), Jennifer Mullin, Vinod Lohani

AE 713 T3 & T3 v (%)
A4k 7 Individual Research Paper and Proposal Nl 15
24F 8 Team Research and Proposal paper = 10
L4k 8 Individual Sketch of Group Design Nl 10
22k 10 Team Prototype = 5
AAE 11 Team Log g 10
24k 11 Team Demo Workshop = 10
LAk 11 Team Final Report g 40

F AR AAEE 2 13FAFY A7) Wt 5(7-9 PVl AR EAE

Z 300017l9] #EEe] LRAE AER AFHAon, 7} oA g gk Ho| A x| o]
AAB]ell= 4078 AFo] EFHAT 2E AASE= g4 13574 A9 7TAIRH A EAEE
THOE 1, 2, 359 ZFol AAH AtE alvh A A4S 7er] flste] 2R Al
Ab AR ES e wEe] o) 9 gAks Ay @detA] ¥ F 67 (] w37, Wl
ol AR 19, dEgdA 2oz FAFEHJY. [2¥ 2]+ 23EF A A E(Sustainable Energy
Design Showcase)oll &% % 4071 2HF T2 shtEA SS9 255 Awd diste] AARIYEE
o] 7S L i EFolth o] A= ZRAE 9]o] wix|ut AatEA B T AJAE

Fem =]
o] Ao R AE 4918 viralaglr)

6. Atz 24

o] =LA E A AT WS ARSI oH, Ao 42 A5 F4E 5t Ve B
(descriptive statistics) ¥ 2] %7 (inferential statistics) W8-S AF&3FTE o83 EA4S ¢
sho] Abg-3F T2 e WINDOWSE &3 SPSS(ver. 15.0, 20061 )& AH&33ar, 54 A5

Al 9] 2 052 3t 4 AFS sded, s T2t A5, 59 FE ¢
7%, Scheffe 7AZ9] W o7 BEAEYHL. o] == t AEE 98t p 3t A2 value

approach) W¥S AFE3}

-
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1. st MF =2t B0 tist 7| S
<GE 5> [ad 1]9] A9 AA 2ol oste] Ak 570 Al ¢ 4H =
Absh ALE AR ARl B4 AskE ebd glelth A A "5l Fatgte] b
G3=A 59.1470lv], AL AL Mol Fagtol MY we P GARA 71387
[Z18 312 <3 5>ENE ot A=) the Abd FAbeh AR ZiAbe] gk
W] ®7) skl JEbd Aotk [17 3]ellA] Bz wkel 2ol dhel A el gk ALF ALY

Nuﬂoﬂﬁ

l
7‘% A Hl

<E 5> 57 Awel S AASd AP AR AAs AF A4 27

B ER N M SD
1 AR A AL 26 52.58 12.30
AFEZAA 26 59.81 10.39
o AHd At 25 57.56 10.38
AL AL 25 69.72 9.78
s AR A AL 22 59.14 15.08
AL AAL 22 69.41 9.53
c AR A 24 56.13 12.33
A AL 24 71.38 11.78
s AR A AL 15 54.00 13.40
AFEZAA 15 63.93 13.01

60"

uesiy
3

20

60"

Bars show Means

uesi\
8

20=

Pre— & Posttest Pre— & Posttest
[29 3] &9 AAZA @ AR FA AF AAe) I 7 =
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B 57 BE QuelA] A Al ARk Stk AAS Bighe <E 5>el el
lom, thg Aol At 7 Jerde AR AALS ALE Al AEel de Fel BA 24 A
g AR oz AN

El

o Z4zhe] eirell gk AR AARSE AR ALY A AaE vERd Aol
| 9138 k4] A== ALL-3k ) A}xq AA A=) wtzro]
Hee GhEA 4.23% 01, AR AAF 9] Batgko]l 7P e Jde G5EA 3.33

4] <F 6>0RFE eikol ek AR dAbek AR HARe] gl S-S G v e
ato] veRbd Zojtt. [1¥ 4100A ®i= miel gho] BjImo thdh AR fARS] gk 570

<E 6> 57 Aske] Eol W A BAsk AF A A3}

g A N M SD
1 ARR A} 26 4.02 0.64
AL A A} 26 3.74 0.81
o AFA 7 A} 25 3.82 0.60
A} A} 25 3.75 0.38
63 AFA AA 22 3.81 0.60
A}E A} 22 3.76 0.62
G4 AV A} 24 4.00 0.44
A} A} 24 3.73 0.49
- A} A AR} 15 4.23 0.47
AP A} 15 o) 0.92
1 2 3
4= .
S-I I
5
z ]
1_ .
4 5
4= <
N | o
=
g | | Bars show Means
1 d

pre— & posttest pre— & posttest

(23 4] e = 3t A Ak AF HAe] A T3 vl
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A mFoq 938 A 4t ol ZRAEES A3 Fof glioo] Ik ALF A} A
F7F Al Z1ddd ANE 48 4 gldd Aoz yelhd Zoly, Mot 1A% 99 Soll o
slols A Aol dFol 27 I (focus group) S AJYAERRE FASI] AF WHES 3
3o 1 AEES B4 Fo] vt Mullin et al, 2007). o] A3 d=wale] 2007 715-8H7] 9]
Tl g o v Aot vhg dollAs 2 e E AP AR AR ALY A
FEd tg Fg A AHE FAHSE AA AT

2. 571 ROl et 8 E=2 t 45 Zut
<GE 7> 570 At zhzhe sk}l AdF ol tiake] AR Akl AR Ake] saEgke] Zbolel o

o] S ZE(pared-samples) tAS3 A3S Yeld Aot} <& 7>°ﬂ/\1 B npe} o) G,
G2, G3, G4 FelA = 3ty AF =l ek b dAe Ha7t 79 = 0501]*1 Frefu) st
S7He Ao yEith 2R o] AFtdA e A &Ik oA “74]4 2AE FLE
AAA Ge] e A= HelA aarh ddva B S ok ey G5°ﬂ/‘1 e A=
of thg AFS Akl H7E 9.933%F S7FEIAINE fo =F 05904 F-ov|aksict (t<14) =
-1.923, p = .075). o] sty o zul A vk GholA = & A 1’415]' A2 F5ol ¢

A okzt BEF Ho| 9l Aoz AzIEH olo] UEt 2E sl Wes Aoz AzE. 1;]—
G5 F kel diaste] o]e} frAlgE Ayt FoA % thA] YeERA] HARE o] 3] ofo] tigh a4
A2 AR B F o ® g A YA o HH, HA Ame] FHFH 2d 9§
1= Virginia Techoll A $83 A1AALe] el A= obA g #Ql sfAs} A8
T HAZ G772 Sl 58] 9 A8 S T A Aele €4
PA| T4 shET oA S GhollA A=Ae] A B3SO 5 dddn 2 ERE o] FE
‘415}01% AT AE B $ske] A4 A (qualitative research) el 93 F5 A7}
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8>9— 570 @% Z4zke] e seoll thato] AR ARG AFS HARS] Hatgke] xfolel hate] of
4% tH5 e Adfolth, <3 8>l A Hi= npel o] G1, G2, G3 el A& HEo] digk AL
IRF o] = 05904 frojml ek 2fol= fidth 1oyt G4, G5ellA]

o] gk AR ARl "t o Wol A4Sl o= 1o 5 05914 Frefn| gk gro =
o]/de] L zulol] fJate] LR AE o] APEflon, Goe= oy

2 FAx). <E 7> <HF 8>9 AE BW Soldk Ho] vE}

<E 7> 50 B9 F A= Wi HS ZE PS5 AH
. ol-§ o]
et o AL M D t df D
G1 AV A A= AFE A AL —-7.231 15.066 —2.447 25 .022
G2 AL AAL—AFE A AL —12.160 13.996 —4.344 24 .000
G3 AV A A=A A AL —10.273 17.841 —2.701 21 .013
G4 AL AAL—AFE A AL —15.250 16.796 —4.448 23 .000
G5 AR AAF- AL AL —9.933 20.005 —-1.923 14 .075
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<E 8> 5/ A "HEe g RS EE tAF 2
o -8 Aol
A -5 A i D t df D
G1 ARG AL = AFEAH AL 0.277 0.995 1.420 25 .168
G2 AP A=A A A} 0.064 0.765 0.418 24 .680
G3 AP A A=A A AL 0.045 0.868 0.246 21 .808
G4 AP A=A A A} 0.275 0.618 2.180 23 .040
G5 AP A A=A AH AL 0.893 1.074 3.221 14 .006
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3. =Mdstgnt odstZol et S=EEE t 43 2o

(29 119 A3 AA 28 Gl, G2, G3, G4E o] A &Foln Goe oA dhgolth
YRR G49 Ghol Y &adE Blashy] flste] & Wel L 2arl ZRAE #48 1833
a1, sk AFH =} HE H5ol tiste] F FAdS e 59 #E(independent-samples) t 7
S5 AAEelh

<GE v &4 99l G4s) o4 el Ghe] 7 Fwkel diste] &) dFH L] AR A A
Foll tiste] 5§ BE (158 A9E UeRd ol <X 9>olA Binke} o] B4 sk G449
o9 AFE Hrgk> 71.380]aL, oA Sh GHe] I AFE Wik 63.930.24, =4
o] A47F 7.45% =A YEtETh o714 F Hde] &) AHE Fgkel e 59 22 115 S
AAGE AT, o] = 05914 Fou) s Afol= gl Ao R YENT (tan = 1.845, p = .073).
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t

<E 9> EA4 5 G4¢t A FF G5 Y A= W Y 1 tAF 2

et N M SD t D
G4 24 71.38 11.776 1.845 073
G5 15 63.93 13.008
CE 10>& 4 sHEel Gast o4 el Goel T duel thate] Bee] ALE AL el )
st 59 & 745 295 YElA Folth <E 10>90A4 B blel go] T4 g5 G49] H=
B 373013, o4 S G5Ol HE e 33302M, B4 el fE Wt 58 Wl
0.4 %A e, o714 T el AE Al 08 SY LR @S ANT 2 ol 4
= 05904 fFrejmg 2ol gle o' YEtTHiey) = 1.731, p = .092). o= A&E7Fs oY
Al A g Z2AE S AAISHH AolF oo HE 1 wofzke] Ao gk xfo) 7t

<X 10> 4 I3 G49 94 FF G5 Hxo dF 59 IR HT 23
At N M SD t p
G4 24 3.73 493 1.731 .092
G5 15 3.33 922

olabo| Ao} o] <F 9> <F 10>& BEW oA Fd G59 ot AF =9 =
hul o

ohdl Zlelt}. o] e ato]o]

4 mRHME 2900 o8t Jls BHAlel JltiZol it HuE TRo| S A
o] < 3>llA AT vk} o] AbH AR B ARS HARA o= Y dito] 3 i
HAdrh AE W& A&7k dyA A ZRAE £45 Fsto] sl 7gske 7]
(improving skills)o] FSeXE T2 AE My} T2 AE Jo ZAE3HTE [13 5] A
Aol tigk A S & HERA F0]
o] Wy Aol thete]l FHEetA ¥ fi'“g%E AL SHE FAE o, FH3H

20. Having completed the “Sustainable Energy Design Project,” I think my skills

have been improved. Some example skills include:

teamuncte kil have dzﬁ_m’kly Mpowed, a5 well o

Cscarel g ape— win vesearch) oA lerowled. ,
=AML Ahantns- T geduse

e s s

[Z9 5] 71s 339 Z1dztel ag /Mg AF AAAS &7
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Froll w=7] A8H8] (ASME) 9F W)= 3} 8 A tHINSF) of] A
2 ZAgE vhof] ofsti, &8t el Yoo Al 85E = F
thinking, sketching, communication, design reviews &
11>8 o]83F A} Anrele gA}eh wabd ol = 2t 7]
a9 el Fasttia Az

g8t wge) AAA VEAES uide
I T teamwork, creative
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<E 11> 57l Aol dste] Z2AE S 3 75 FE] Jd3 A &7 25}

Aot G1 G2 G3 G4 G5 Al

715 AR | ARS | ARR | AR | AR | ARS | AR | AR | AR | AR | AR | AR
Teamwork 11 16 11 13 7 7 11 16 5 3 45 55
Design process 5 7 4 4 6 1 4 7 2 3 21 22
Knowledge 7 2 3 2 3 3 8 24 7
Critical thinking 1 1 3 2 1 2 3 3 1 8 9
Sketching 1 3 2 1 3 1 3 9 5
Building 1 1 2 2 4 2 1 5 8
Communication 2 2 2 1 1 2 2 5 7
Reporting 2 2 2 1 1 1 4 8
Problem solving 1 1 3 1 1 1 1 5 4
Creativity 1 1 3 1 1 1 1 6 3
Researching 1 2 1 2 1 4 5
Innovation 1 2 1 1 1 2 4
Leadership 1 1 1 2 1 4 2
Others * 4 6 5 3 3 3 4 1 13 16

=

F. 7JEHx)0] SH3F Y82 time management, organization, budget management, awareness, concentration, brainstorming,
cooperation, practice 5]t}

V.22 A He
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