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Effects of Promoting EVM and Iterative Process
in Scenario Based PBL for Software Engineers
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We have developed a PBL(Project-Based Learning) course for master course
students to give them experiences and opportunities to evaluate the common
software engineering processes, in the Leading IT Specialist Education Pro-
gram of MEXT. The theme of the PBL is to develop a pair of Robots by
using Lego Mindstorms. The project team composed of three students try
to develop the system for six weeks (about a hundred hours per team), and
the developed software had about thousand lines. Although the major PBL
scenario is given by teachers, designated iterative curriculum requires learn-
ers to manage the design-implementation traceability and cost performance
by using EVM(Earned Value Management) methodology. As a result, stu-

dents succeeded to collect fundamental data of the project and report their
design-implementation traceability and cost performance of the project based
on numerical data that is collected by themselves.
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Fig.1 The auto transportation system: a project goal.
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TLAEBEL TRy NOBEEZT AN RRIEL, o0 - REFOR LEL 2w 5. FEE
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72—, REBEEE TV 2l bR VAV MERT—THY, ZOT7x—X
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nix, =X P22 b ERNEERFFSHFICTE L TR 52 VIR E BT 5720 Th
. Zx—XULEFAFICEH L TUIEEHOBEKRGVREL 2D, FEE TRV A LV MR
BlEFTED. Z9LTC, Z72—XLI1IE, vFV AL hOFEEORGALOEE % T
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AT, AROFETHS EVM OFEA L, Fit-EED b L—H U7 ¢ BEHZ oW
T, TNENOREELIELFIH LY — o TR %,

2.4.1 EVM QEAIZDWT

EVM OZEEBS TOFRMICE L TIE, Y7 b7 =T BRICHRD 2 2 M3 AT T

£1 %35 PBLOV)¥=25 4

Table 1 Curriculmn of the proposed PBL.
Tx—RX1: MIABRT 0T T IV T« ROT R b O
%108 (180 43) : MEEEFIEA & BB E
#2[E (180 %) : BrickOS (2L AMiAH T v 7T 2 v 7 L HIKT A |
553 (180 47) : /~N— KU = 7 ORHERRFE IR
F4ml (180 4r) : REEBET VORGEFLEE, TA L
#5650 (180 ) : WEEBET L OBE LK, T2 b
7 =— R 11 : @&t 7 vt A OKER & G
#6E (180 47) : UMLAFIM LicEY 2 — N orElofkE
%718 (180 43) : UMLZFIH L7=E ¥ 2 — L 5f & F2ak
#81H (180 43) : EVa—NHERT A b
=Xl #HAEEEE 7Yy h~x VAL |
FOMm (180 4y) : t— AL —A & BRATEREER
#1010 (180 43) LA Y —T —F 77 F ¥ 2L DHkEr
H11lE (180 43) : Fm¥=/ b~V A ML EVM IZ L DS 0 ik
12 (180 4) : #EIC -~/ 7B Y=y MET GEBWE)
130 (180 4y) : B~/ T v P =7 MET GEBEWE)
%14\ (180 47) :dtHEICIA-T=Tm Y=y MET (EREE)
#1500 (180 %)) TS LvErTF—varbEl
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Fig.2 Instructional phases mapped into the V-model.
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EVM@%Aﬁ%KH,HT@EKﬁﬁ%ﬁ@iﬁﬁﬁﬁﬁb
o MINTEXTWVDLTETHDN (PV : Planned Value)

o FOLHLVORR (A ) 0T TRo72h (AC @ Actual Cost)

o FHEIXLEDLS Tho7h (EV : Earned Value)

Zo k%, EVORBFECOWTIE @Y OFEEHRF L%, —HEARKES L EBbh
% THRE A=t b RS VEI 21505 X988 5. FRFC, Es EV OR
HIZ X ERE 72 WBS(Work Breakdown Structure) B3 Th5H Z &5z LT, 4BED

LAV ECREAME T 5 L O ICHBE T 5.

EVM Oftdk & ot Dicd o> —ix, KA Y 7 bE2FIAT 5. 2, ko7 =
Vx ARV AL MYV, B ﬁ%?%fﬁ%?é@#@%fiﬁm:k&l JH [#]
Tl 4y TEHTED LW EREWMAETY 7 U= TR0 80 ) BRI

%ﬁﬁ/7%%ﬂﬁ#é_%tofi,@?%#@%_ﬂﬁ?%é,%%%ﬁr/7v—
FEHELEZ. TORNA A—YER3ITRT. ZOTrFL—REFHL, FHmEE T
WEAANC WBS Z A L, ARIC PV ZE I LICALSE 5. EERERHCEOED AC,
EVZANT2E, EVM#EEF vy — F3MERIND. 3ETRTF vy — ML, ZoY—u
EHALIZbLOTHS.
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&
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27 B 30 30
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Fig.3 Spreadsheet for EVM.

AC OWFEITEANCHCHETH D, RO EMICEET DL I ET 5. 2o
L&, EAZ L DEEMSNTEIT OB, L TE DA Z TR MR % 5 2
TRNWZ EERKRLTWD.

2.4.2 BRE-EEOLL—HEY T AREIZIDOWNT

A PBL TlE, fREFAEBEICKMEINRNE N ZERRNE DI, FE-FEED M L—
VT 4 ORFHIHOWT, 72— ATHET S, 72— L ILIZBWTIE, FLEDLE
LERLE2—LT, ABICBEL L, FERKDbo D TRERED LS E_Tx \Z3o T2
2] EVHEETHERIED.

72— AMIIZHENWTE, RERLEEOEHREFELTEL, oL IHEETS. Z
DE X, FRETONEICBET DRHEIIAHIC B EE T, REEEREOIERS & T 0K
BIriHMlioxG L0 b Z L2 FREIExD. V—Aa— ROFHIZONTE, Tx—
XM 6 HEAT D CVS OFHEHIRE O E LTCEEEZIIND. AN RT—2 L L
T, a—RA RNV RZED0MEITD L 21 ET 5. APBLIZBWTIE, CEiEHO
Y — L CBEOIBER G FTREZ: Source Monitor'® #FIH L7-. #EHEEH D CASE v —/Lit
JUDE #FIH3 5. #%CRESEHTE 2 X5 ICiREE T A72HEFEHET 5 L 5 /g
T5.

3. HITKER

QETHRA-BREAEEL, BHEAEM L. AETIE, 72— XU OfERETL LT
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3.1 EBRREL IO FOBE

HE 1T 2008 GBI I Z bz, MBUTFIE R R FEFEE AR O IT 222 ¥
YA Ra—2EL1FEA64THY, FEEITRLET, 238 TORELTRETHFEET
%ok.7m—fLﬂmﬁwf,%E TFR\T 60-180 43 FEFE OB INGEE R AL E Th -
727, BRMIITIZIETEEY ([T L.

7:—fﬂlékmf W7 2= XEET L2 6 4% 2 F— AT CF— LMK L,
TuaVxl FREENTZ. Tl NOEBT 42 ELH TR 2 ITRT. 2F—24
IEENENFAE 34D DA S, 1000170 7 v =723 6 @ GE~SK 100 FEHE)
DT CBRRE Shiz. BR(LERE, 77 2%, 7 A MEHIZOWTHIZIERBEOHK E 720
RN EORKERIZ OV T HH 50%D a2 X i L 2> THY, ThLEETH-T-.
oM, EEOFIAKE LT, FELDIC, HUARNLIBICHY MIe BN 2T 5
Ni-. Z#BoOEELAT v /7r— MZBWThH, MR EIREF TH T,

3.2 7x—XIII: 7ASIY FIRT AV FDBEND

AEITIE, 7Pzl b=3 VAL FOBRNLT 0P =7 FOME EFEBREIZONT
FELSMEITT 2. £9, EVM OT—X %2R L, TOBRFEZL DT — X 0Bz R~d.
3.2.1 EVM 7—4

£, TRV r FORRINORRARZ MR 5729 :,mmént2%~A(ABe¢
%) OEVM#i 77 7284, @577, liF—bEbIZ, EVAPVICIZE—ETD
%&ﬁofwé.:h@,éﬁwxﬁ%mz&yiwwmvxv%/k%ﬁof,ﬁEL

®2 Tuvzs hORMET—4
Table 2 Fundamental data of two projects.

F—HLA | F—24 B

FALK 3 3
B (17) 1334 959
FRAAEE (p) 16 14
77 A 12 18
a7 A hEA% | 33 34
EVM | PV 4235 4000
(47) AC 5980 6035

EV 4235 4000

*1 AR T D W T — & OHALE 53] AT~ LT A,
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WAl oY gV > AT N P v g
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Fig.4 EVM line chart for TeamA.
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WAl Al oY gV > AP N @ (gl
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B5 F—24B®EVM #EF+—
Fig.5 EVM line chart for TeamB.

WD, WP SN AMEORENSE LN AR LTS, =L, 2 X MAELVIZD
WCIEEHK, FE - TAMDOE 72— XTBNWT, Bl TELBELTND

Wi, TREMNOTFEBOEREZR 6, B TIRT. ThETho7rey=7 MIBTHT
BOSEITERRe DO T, BT cER20n, 77X MORMED U BARE S, FER
DRIEIZRFES 0 2T 2B O TIE, 2F—A L bRkE o7z, FROGMT - 545
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200 o e, BERT A M oIl E i TETRELT, VAT AT AP TIT 10 fFU o= X b
i o0 - EPFTHEETE RN LV RRLE ote. MATAMUERT AL, MATFART
e b WIKT A NS5 PV & LTHARS, fhrx T — ik LA ST
o = o1 1 \ R BERE AL LB NG, PEDT Lk, ox ML SEOREY, Wi

Tt e %o % A %%?g? ™, CHEMET A N OEINEE I LRI L RO 5D LB TE D,
5, ‘ R o A, BRIGEEMET LM, BEODLLEL TRIEATT. £O7ED, &
> - BHITEE>TVDA, FERELLARY, 3 X FbE<RoTLES &) BN

(by processes). (by processes). 7T, BET A M3mEfERbO LD, aX MbEBELTLEST.

INHOFNG, FEEEI T 27 FOFBERIZONT, EEMRBLED LN ELT
WV, A RMEWHHIFIEBZE LIRFHOELELICE L TOSIT bITo T D Z & MHH
AL %.
Sy mAG 3.3 7z—XIIL: VI FIzT7HRIADHERNS
Bev AETIE, Y7 b THFOBENL T B Y 27 FOBE & FEREICOWT, YT b
DT ARV IRA, BIOBRHEREDORREE W) FT—F 2T, FERZEDT—HE2ED
E2EHt LW s Rt
B8 F—u AOTELR IEEH) B9 F—i B OTELE (%L 8:3.1 A= KX RYTATH
Fig.8 Plan/actual comparisons for TeamA Fig.9 Plan/actual comparisons for TeamB 207Vl hOa— R NI ZAOFHERER 3 ITRL, 20T —XIZxd 5, F
(by developers). (by developers). BT KD HRER OB 2 LT IZHIET 5.
o v UTL—va RN -FEMTHY, BBOBEOTITIIHMETHS. Zhudik

2500 2500

2000 2000

1500 1500

Opy BAC
1000 BEV 1000

500 500

&, ERIBOFPRICENRLNLNI LICB LTI, YEIRICO WL, HETEcHE

L TN THD. £3 oA LU REMESR

Ftziz, PIFEROT RO REZE 8, 9IIRT. TOT—HIZBWTIE, 2T Table 3 Measured code metrics.

A ARIERSEC T X MBI LSRR L Ao Tn, BHED A LI AER B 2 k137 = T

7
<, %_Ag_yi<ﬁ$ﬁ\i§&)%hf::k%ﬁ'i—\‘b‘(b\é :@%%GCO%T, "?QEEE’% AT T 635 399
b, THEAVINC PV AR E L, [ JEWERREL T o7z LHPILTWD. IACRE 30.7% | 32.4 %
s _ — A TrAN (FY 2—) K 25 30

3.2.2 REFICKEZT—2OHH B 57 50

AHITRLTERLYR VAL M T =23 T 5, FEREFEIZL D000 FRRICHIET S, B/ 27 v 7 12.9 7.4

o A MEBOKIKE LTIiE WBS {ERRIICT A FOFEMICa X hEHE D ENNTH S Hl;: ; 2.82
Mol=Z & (Fav=7 FEEPVIZEBITHT A NPV OEIAEIX11.7%) B—FDJR YA s a~T 4y 7 rry | 3.92 2.47
FTHV, 2AMERUCTL2HEVFEELT AN BRI-AMTIToCLEST. £0D Bk X |9 v
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RBOBBRL N2 ERFRERTH - 7.

¢ VIARATLDAY y REELTHRKNETHLDIZTZ TAALBTHY, TNENSMHT
B, —ODITRIZHDHAY v FEELTURRLTEL L, ZNHD 7 7 A~HEE
O3 L LldhneEBEIoNS.

o BARWHNZLEN, a AL RN LTS, FFHEOBLENDL L YD LERL Ta
VN EEIRERDD.

FEEO LR — R TIE, BOBOOT—ZIZH LT, 29 Liz/midmz bt Tingd. Zosy
WHZBE LTI, BIEOBRE BT 272012, #HRTHFE LA M) 7 ZEHOBERAEFH~E
LT LW BB R T .

3.3.2 FREDHHT

207Vl MORFEROLEOMBRETR 4R, TOT—XIxT D, FAICK

Dok R OB & LU TIZHZET 5.

o KU T A~DEEHGEN @ FEEH YL/ T D mail_watcher.c ~DIEREIBINISZ o 7=,
ZORKE LT, Bl EMEEOARRICONT, IERM & OFMRGTORSE, ZEN
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Table 4 Record of the design changes.
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