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Abstract

This research objectives are: 1) Developing a model to recommend the selection of
major elective courses based on academic results of major required courses of information
technology program using data mining technique. 2) Using three data mining techniques, i.e.,
Decision Tree, Random Forest and Gradient Boosted Trees, together with choosing important
features. 3) Comparing the model accuracy using 10-fold cross validation method. In this
research, the student academic results of major required courses in information technology
program, faculty of business administration and information technology, Rajamangala University
of Technology Tawan-Ok that graduated from the academic year of 2016 to 2019 in the past 4
years, total of 276 students will be used. The features consist academic results of 16 major
required courses and 2 elective course groups which are Database and Network. The Cross-
Industry Standard Process for Data Mining (CRISP-DM) with RapidMiner Studio program was the
methodology and tool used in this paper. From the research results, it can be seen that the
Random Forest technique gave the best performance when selecting 10 important features
with an accuracy of 87.27 percent. In conclusion, a recommendation model for selecting major
elective courses using Random Forest technique has the best performance. The model can be
used as a guideline for recommending students to choose major elective courses based on

academic results of major required courses in the future.
Keywords: recommendation system, major elective courses, data mining, random forest
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o '
o A

NI¥UIUNSITEUTRaAaT AsuiiaunUgynianand AudnyurvestayavaiulIrAeIgnaniiuiy

1 ) LY

awngisnsiienaudnvaziddydmsunsiisgrideya (endns, 2557) 8199 (Suna uag 23wy,

2561) MnsiseuiguseansnmvesdanaiiulunisvinuneuazandnwasNlsonadug nan1ens
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Seuvastinfnwen®ifnw nevimsinudeyatindnwseaulsenmateinTivdn lagldmatianis
Juuntoya 3 nada laln Decision Tree, Naive Bayes hag Rule Induction fun1sidenananyue
WuINIsldmada Decision Tree sen1siianAmMdnsie IA1AUGNADIUINGR AD Touay 83.08
annsayunada Decision Tree lUlHlunsiueradugninianisisou wasiBuuuimslunisasy
iesursaiuzwmnliiutinAnwisely

meideedell TefunruAnlunsimedamiiodeyauiauuuudas i suugiiinig
Wennguindnidenlidvindnwiaiviivinalulagasawne uminersemalulagd svuena
ariusen i olfiduuuamalunisdadulalunsidenssunguindndenmuasnunalulad
asauwme lngasisuuinaessnewmeallamilestaya 3 natla Aa Decision Tree, Random Forest k@
Gradient Boosted Trees iflasnidumeaiawilosdoyalunssuundeyaiifinnumnzas 16sua
Doslunuidefiiendos uasiiaranuuduglunsneinsal Gsdna uaz qINGY, 2561; uaend, 2564
Hong et al., 2018; Gonzalez et al., 2015) W%@@Jﬁ’umﬁtﬁaﬂﬂmé’ﬂwmzﬁﬁwﬁzyﬁamiﬁmuﬂ L ov

wallanduseansamuniian laeldlusunsy RapidMiner Studio

WANLUNTIY
nuidedidunisimuinuudiasaiowuziinisidenssunguividndenliiudnd nw
a = a Y = 9 A 9 va v a
anuIvmaluladansaung wninerdemelulagsvasaangJusen weldiuiuimalunsdadula

lunsideniseunguivdmdenaiuagnumalulagasaume FeUsenauaiengu Ivdniaanau

N

1Yoya (Database) hagnquIvAmaoNA1ULATEYIEABUNIADS (Network) Iagdiianiunisniy

e B

2e

umaumwﬁmﬁaﬁagmwu Cross-Industry Standard Process for Data Mining (CRISP-DM) (t8n

a

a5, 2557; Chapman et al., 2000) sildunousaaluil

1. vianudlanuteyn (Business Understanding)
vhanudhlafnfulassairvdngnsinermanstudin avivunaluladaisaumna wans

Souvesindnw wazandnuureindndsduiiinadensdeniseunguindmdenvosindnw

sufsdnwienansuaruiseiiisades madansduundeyaiiieuuziinsidenngaivdnidend

WLNEANAULN AN

2. viansndrladeya (Data Understanding)

doyathinldlunmsifod udoyananisdouneininiureaindnyaisivimealulad
g1sauma AnrUTMTTINALAzImAlLUlagaNTawna urnInenduwmaluladsivienang Tuesn Ing1we
Fnanswnausa Fdnfamsfnudauilinisine 2559-2562 founda 4 U $1uau 276 Au a1ndiin
duasudviniswazaunsideu uminerdemalulagsnvuenangiuean Usenaunionudnuae

SHATNANY HAN19L38UTIETVITNTIAY 16 518739 wasAnaNwsgTMuNT 2 Aaa Usenausme
. _______________________________________________________________________________|
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a \a I~ N Y v a I a = a v A
AaEN 1 ﬂQNU%W%WLa@ﬂﬂqu;ﬁqu%@%a (Database) Larmalan 2 ﬂq@JU%W%WLaBﬂ@WULV’]i@GU']U

ABLALADS (Network) Snazidenndiandly Table 1

Table 1 Attributes used for model.

No Attribute Description

1 StdiD Student Code

2 Assurance Securel Grades of Information Assurance and Security 1

(A, B+, B, C+,C, D+, D)

3 Com Platform Grades of Computing Platform Technology

4 Database Grades of Database

5 Data Structure Grades of Data Structures and Algorithm

6 HCl Grades of Human Computer Interaction

7 IM Grades of Information Management

8 ITSM Grades of Information Technology Services Management
9 Network1 Grades of Computer Network 1

10 Network2 Grades of Computer Network 2

11 Programmingl Grades of Computer Programming 1

12 Programming2 Grades of Computer Programming 2

13 SA Grades of System Analysis and Design

14 SE Grades of Software Engineering

15 Social Ethics IT Grades of Social Issues and Ethics for Information
Technology Professional

16 Web Technology Grades of Web Technology
17 Web Programming Grades of Web Programming
18 Group Groups of major elective course

(DB = Database, Net = Network)

3. w3gudaya (Data Preparation)
3.1 v11ANare1nteya (Data Cleansing) tielvideyaianuauysainauiiluinsiey lag

AntunsnTvaeudeyamAang (Missing Value) 1381379 Uagvinnisaulntayaniausnnaia uag

) NAA o =

ANINVOUANTYOU NTUNLUNANWIAMLULUIILIVININAIMLIATI WU 518391900 F B395183917

aamellgu Re-Grade Betayailandannd1uns Cleansing 1913 220 Lsarsa JaUsznaumenaia

I a = = ¥ ¥ o 3 I a = = ¥ =) ]
NQNITITNLADNAIUTIUVDLA (Database) 37u3U 112 L5AABDSIA LaEARFNHUITITNLABNATULATDUNY

ABUNILMDS (Network) 37U3U 108 L5ARBSA
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6

3.2 Yudsuguuwuuteya (Data Transformation) tielvideyaisuwuuduiusiunsinsg
Tagandunisuvasivdadugiuuy csv iiielaunsadnludimszvidoyalulusunsy RapidMiner
Studio sialy

4. @519uuuinaee (Modeling)

msadauuudiassutssanidu 2 funeu tiud 1) afruvusiassuusimadonngsivodn
Henanuanisiseuivdndadulagldinatiamilestoya 3 wmaia leun Decision Tree, Random
Forest wa¥ Gradient Boosted Trees f3glUsunsy RapidMiner Studio 9.10 lagadunisiiiteys

Tuguuuulng csv wazvinisivun Role womnstndsiaindne (StdiD) 1ukuu ID uazrivua Role

s Ia =

weansTadnguindnideon (Group) Wuwuu Label 2) ldwadadis 3 FEnseunisidenamudnvuzyes

9

wonn3Uae (Attribute Selection) lnamatialunisidontennstadldlaiaisimes Optimize Weights
(Evolutionary) @ nsumuIuA1NMtinTeennstifng o sesunaziennstiflazidonuennstisni

NS Y] ' ' s 0% o = = o W S @ =
LRUNT N Im&lmmu’muﬂaqizmw 0-1 99A1UNUN 0 AU 13J3Jﬂ’ﬂllﬂ'mfy BAZAIUINUN 1 KUY

o o A o a ¢y =~ ! a a Aa
GH ZUWE;W LLag‘Vﬂfﬂi'}Lﬂﬁ’]gﬂﬂ@%aLW@ﬁqﬂqﬂigﬂWﬁﬂqWW@aﬂ

o 4

5. Useliudseansninwwuuanasy (Evaluation)

a - o a d a a o o A I a IS
N15UTELUUNALN DN INTUT UMY UMUTLENTNINVDILUUINABA HUSUINTILABDNNGHIVITN

a =)

denlngldinafiamiiesdaya ¢7875 10-Fold Cross Validation tnevitnisuuadeyaeanidu 10 yawi

o U 14 ¥

q fu warldtoyadmnivasawuudiaenduganisiseus (Training Data) $1uau 9 YA Toyadinsy

Y Y

nagoukvuTaenluganaaeu (Testing Data) $1U3U 1 ¥ a9 NTUUTINITIUTOUTINIY 10 SOU
Inewdsuganageulides o uasu Fadeyarisnun §1uiu 220 Lsaresa wuteanidu 10 yndeya 39
a ) v ¥ = Y1 < v ! b o = ) a a

Andudnsdeyaiseuisedeyanaasu Wudnsidiu 90:10 MnUwimsUTeueuUszansamees
LUUTIA09A8AIAUYNABY (Accuracy) ATAINLLUUE (Precision) wagA1A1UTEAN (Recall)
(Mohammed et al., 2014) Ingtuudtaesniiauszansamasan drludszyndldanulugluuures

a v o = = L a A A = a A v o Y o

ngiteldiduuuimslunisuugiinisideniigunguindnidonannnanisiseuivndndedulvnu

Y

Jn@nwmald

NAN1599Y

n9Ijeilldteyanansiseusigivdndefuvesindnwaivivinalulagasaume 91U

a

276 \3anesn lnglavayaniauysaindaiiun1s Cleansing 91u3u 220 1sAADIA FUTENOUAIEAANA

Y

I a IS A 4 4 [ s Ia IS = ¥ = 1
nauIvAnaeniugIutea (Database) 31U 112 15AARSA LavARIANGUIINENAUATEUY
ABXTINDT (Network) 311431 108 L15AADTA UTENDUAIEAMANYMENANISIEUTIEIVTNTIAY 1

16 518391 tunldlunisairsuudnassuugiinisidennguindndeniagldineliamiiesloya 3
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waila nFeuNTeNANANYEUBILaANIUIR (Attribute Selection) LitelUIguligulsEaNSA1NYDS

WUUTNEDY bAKanadl
1. nansienAuanyMLYaLaANIUN
HansaswuuIaeen1sitinadamiosdoya 3 wallads laun Decision Tree, Random

Forest uag Gradient Boosted Trees wiaun1siienAaanuizvakonvistg A4 Figure 1

Attributes Selection

1.2
1.0
‘E
& 08 \
= a
g \_ \
N
E 04 AN
| - — %,
o] 0.2 V\
0.0
Programming Web Programming  Assurance Web
SE Database M SA Metwork2
2 Programming 1 Secure Technelogy
el RF with AS 1 0.87 071 065 061 044 043 041 0.38 0.24
el GET with AS 1 075 044 040 035 034 0.12 023 013 0.22
DT with AS 0.91 0.83 0.22 041 013 027 046 053 008 004

Figure 1 Efficiency attributes selection results

911 Figure 1 uanwman1sidonaudnuaziid Ry lunsaauuuiansiuiu 3 wadeds loun
Random Forest with Attribute Selection (RF with AS), Gradient Boosted Trees with Attribute
Selection (GBT with AS) way Decision Tree with Attribute Selection (DT with AS) L‘ﬁaﬁ’]mmmﬂ'ﬂ

)

Ut (Weight) 983uean30a9n19 9 uazusazimaliaisidentennstidndiAylunisasiauuuinasy
WANFAU WANITINE WU oA TIRNNALEIAY T1UU 10 weanitagd lagvinnisisesaaule
il Programming2, Web Programming, SE, Programmingl, Assurance Secure, Database, IM, SA,

Web Technology tag Network2 suansu

2. NaN15UIEUBUUSEANS ANV ILUUDIADY

Wgueuuseans nnueakuudiasanle3d 10-Fold Cross Validation kagyinn1suiAAIny
gnfes (Accuracy) A1AMMLAIUET (Precision) kagA1AINTEaN (Recall) ialUSeuLieuUsEansaImn

YDIKUUTIADY NAKARIAY Figure 2
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Compare Algorithms

90.00 88.50
87.27
86.09
85.00 83.36
81.43
80.00 80.91 79.09 79593
76.18

75.00

70.00

65.00

Accuracy (%) Precision (%) Recall (%)

| Random Forest 87.27 88.90 86.09
W Gradient Boosted Trees 80.91 81.43 76.18
W Decision Tree 79.09 79.93 8336

Il Random Forest g Gradient Boosted Trees g Decision Tree

Figure 2 Results of the model performance efficiency

310 Figure 2 kansNan1siUseuieuUsEaninmuasuuInaeauuziinIsdennauisdmaen
Tagld 3 wmAdads nieunsidenaadnuazveauenyi3dod namside nuin wuudiassdisiuszansam
gefian Ae wATAIS Random Forest wieunsidenamudnuay fiAiAugnees (Accuracy) 87.27%
sesaalaun madals Gradient Boosted Trees uazinAdals Decision Tree lngilA1Ai1ugnaes
80.91% Uag 79.09% MUA1FU duN1TMIAIAINLLIUEN (Precision) WuilmATATE Random Forest
fifinAnuusudmndign 88.90% sesasunldun maliads Gradient Boosted Trees wazinainis
Decision Tree lngdlAnadnuuaiugn 81.43% uag 79.93% M1ua16u wagn15viaA1A1useEéin (Recall)
wuinnafiais Random Forest fiAnAINsEANLINTAGA 86.09% Fe3aslaun naiad3 Decision

Tree wazimAAIs Gradient Boosted Trees lnglA1ANusyan 83.36% way 76.18% ANUATGU

3. naNINAgaUNISHUEINSIEINNaNIVITNEDNGI8MATIATS Random Forest

nansinUszansamvssuuudasaiiowuzinsidennguivInden sonsldailumens
Confusion Matrix ileUszifiunadndnisuusiinmadenngy uasnsIeudisuiuaaiessuudiass
fliAnAugniesgsan Ao uuudiasaneinaiais Random Forest nipunsidenqudnvay M
wansly Figure 3

Criterion ©) Table View () Plot View

accuracy
precision
recall accuracy: 87.27% +/- 5.16% (micro average: 87.27%)
AUC (optimistic) true DB true Net class precision
AUC pred. DB 99 15 86.84%
AUC (pessimistic)
pred. Net 13 93 87.74%
class recall 88.39% 86.11%

Figure 3 The confusion matrix of a Random Forest with Attribute Selection
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Inemsudarananguividmdenaenidu 2 aana Usznaume aand DB Ao nguisndwiden

I a IS

Augudeya (Database) uag Aand Net Ao naalvITnidenduATaT eneNiines (Network)

9

310 Figure 3 WUTIHANITUULINANINTNFDNAIUFIUTOLA TIUIU 99 15AADTA WATKHANT
wuzinguirdndandiuiasetisnauiiames §1uau 93 saresa sadu 192 15ARB3A 91NTIUIY

Tayanavda 220 L5AADSA NENIVTNABNAUATEYIEABUNILABS UA1AULIUGaIEn 87.74%

Y

naIvINFRNAUF TR UANAINTEANGIEA 88.39%

4. NANITAUNILUUINADINNZEY
HANISAUNILUUTIRDWN sl uzINIsideniSounguIv1dnidenagmalamvilesiaya

4' = ° ° a I a A oA Y a aa o
NLWRUCHN AD LL‘U'U"\]']a@Qﬂ']iLLuguqﬂqﬁLa@ﬂﬂqm?%qﬂjWLa@ﬂ@’J?JLWﬂ‘Uﬂ'—Jﬁ Random Forest W3aun1g

a a 1

WenAuaNYy JallusgAnSamaiian da1augnaes warAuLIug1I1NNI1 WATAIS Gradient

q

Boosted Trees Wag Decision Tree laga1u1sauiuvudnassluussendldaunslusluuurang

nsdndulamuransteugivInTiduresiteu daivetanglu Figure 4
Tree

PragrammingZ = B+
Database = B: DB {DB=0, Net=0}
Database = B+
| Assurance_Securel = B+ MNet [DB=0, Net=1}

| Assurance Securel = C: DB {DB=1, Net=0}

|

|

|

|

| Database =C
| | Web Technology = B: Net {DB=0, Net=1}

| Web Technology = C: DB {DB=Z, Net=0}

| Database = C+: Net {DB=0, Net=1}

| Database = D+: Net {DB=0, Net=1}
Programming2 = C

| Sh=4

| | Assurance Securel = B+ Net {DB=0, Net=4}
| | Assurance_Securel = C: DB {DB=1, Net=0}
| SA=B

| Web Programming = B: DB {DB=3, Net=0}
| | Web Programming = C: DB {DB=4, Net=0}
| | Web Programming = C=: Net {DB=0, Nat=2}
| SA = B+: DB {DB-1, Net=0}{
| sa=cC

| | Programmingl = C: DB {DB=1, Net=0}
| | Programmingl = D: Net {DB=0, Net=3}
| SA=Cs

| | Database = C Net {DB=0, Net=1}

| | Database = C+: DB {DB=2, Net=0}

Figure 4 Example tree of recommend the selection of major elective courses by using Random

Forest technique
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#3UNan15Y
msidetl FifeldtanwusaeuusniniadennguivIndenanuansBouis iy
avnivnaluladansauna anruImsgsnakasinaluladansauma unIngrdumalulagsviena
Ay iueen INgURINTNLYIUITH InellnadnuurUsenaumienan1siieus1eINIndsdu 16 51839
nazAuaNwMEAlTIIu 2 Aana Uszneuse nawivTwidensugiudeya (Database) uazng

a s

a IS I~ v P} ! o a = a a o ¥
JrdndendunIedieaouianes (Network) vinsiuTeuliisuusgdnsnmveswvuitaeslagly
Lmﬁﬂmﬁaqsﬂ’ayja 3 wmATdAIS lewn Decision Tree, Random Forest wae Gradient Boosted Trees
% = o o o aw J ° o a a A - a aa
wipuMsienAudnvueAd1AY Nan15338 WUl wuudiaesnduszd@nianAigade wailads
Random Forest wiaun1sidenaadnuugNd1Asy 31U 10 audnvae laun nan1siseusedndn
SRR Programming2, Web Programming, SE, Programming1, Assurance Secure, Database, IM, SA,
Web Technology wag Network2 Iﬂaﬁmmmgﬂéfm (Accuracy) 87.27% AnAuLkiUg (Precision)
88.90% uazA1AU5EaN (Recall) 86.09% a3uladn laluudnassiuziinisidennguividnidonsiy
wmalia Random Forest wiaun1sidenananuaeddy Niaussansamanniigaiaduuuimigly
o A a Ia IS A a a IS L Y U = |
nsuuzdinsideniseunauividnidenanuanissewivandsdulviuinfnwsely
Torauakurn15iIdeaswell Asdunadamieayadu q 1asiuuudnaes Wy wedle
N15658U3 370U (Ensemble Learning) WagAIsL AT 1UIUT DY AYANITLTBUS LAUINT U LT

[

UsganSnnnisyinuienndu

AnRNISUUIZAA

N

Weveveunm drtindaaiiivinisuazaumeley wnInerdewmalulagsvinang Jueeni

e

linueuATgiteya wazAanIsgarv Ivimaluladansauna anzuimsgsiakazmalulad

ANTAUNA UNINBENALULAESYLAARZ NN MAANUSNEIUNSATRLNWIT8lUASIH

LANE151984
3 =) Ql a a o o r-:l' LY
waend luagal. 2564. n1sideuiiisudssansamuuudiasinisinueanudsalsaiilawas viason
denlaglddaneifumiiesdaya. 21sa15Ineraraasuazinalulad un1ine1de
WWE1IANY 40 (2): 137-147.
= = Y a a o = = a a ° v
Jam 11389, I35y wausy war alls1y dewdey. 2564, msTeuiigulssaninmnisduundeya
Wovhuwewuuivseuvesin@nwnamvimaluladasaune angmaluladuazn1sannig
2AE1NTIY UM Inerdemalulagwszasuina mssuasivie Ingnunusiduus.
A13ENTIVINIATANAATYNENNTIN Wiz NTTUATWTRD 12 (2): 136-144.
v 6 a 6

WU @auna, lnlua Wased, §a138 uasandani wae st Jusiv. 2662. n1sasiuuTaesdmsy

AaTevTeIveniilnanensiiennguiy avnivivelulagansaume unInedesug
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U35ud lneldwmeallasuliidnduls, u. 27-34. Ty n15Us2uIVINTTILAVBIA WIINeae

]

pA 1
L = v

ANNYAUYT ATSN 4. WM INFYTVAYNYIUYT, NYIUYA.

v

v A

TUNG NAATU LAY T WAUIIY. 2561. N1SLUSUULNBUUTEANS ANEaneTNuLaENISARLA DN
AN mgaui onsiunsradugrinenisdeuresinAnus sfueda@nun.
2156135998 A Inedemalulagsiyuenadyys 17 (1): 1-10.

T9AnA Woudu uar qIney iivdvig. 2561, nsdnvunadanginsalondnd miuinAnuisedu
UTyeyrnsanvineuimes lasldinadamdoatoya. 2119615378 INYIAIAAT

UMNINGNRYIIBAYA1UN 3 (1): 9-23.

g |
a o v &

gndnwal dqnes, Mveydll Aalwuians, 531 9%aNa war IANUG 83ana. 2560. WUUTIRBINIAREUL
lun1sidenngudndmsuinAnwarviivimalulagdaisawne. 15815 IeAaasuay
wialulag UNIINBIBURIAITAIY 36 (6): 668-677.

d1376y 1WA, 55 013931903 war A¥ny UaUTI. 2561. NMsAnwImATianeINIaloINEMTUTNANY
seaulIgynsatvineuiames tagldinadamiiostaya. 1158153911150153AN1S
walulagasaumatasuinnssy anzmaAluladasaume NINgIaesIvAYUMIE1TAY
5(1): 164-171.

Snsma waatan uay a3 uauTw. 2562. MaAnwadanensainsldsuiadeiugiudnifeusnay
vouiniSpulsauseuinnszu (Ussryasied) mewedawmileadaya. 2113e815nenAans
WSV INGNAEIIVAYNYTUT 16 (2): 1-10.
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NN WasaeAdnA1. 2557 n1sAawian feature (feature selection) #2833 Information Gain.
Wia 99 U1 http://dataminingtrend.com/2014/data-mining-techniques/feature-selection-

information-gain, 16 AuLNLUY 2564
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