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## 6370238021 : MAJOR INDUSTRIAL ENGINEERING
KEYWORD: Customer Preference, Discrete Choice Experiment, Choice-Based Conjoint
Analysis, Latent Class Analysis, Kano Model
Mookarin Thongoiam : Applying Conjoint Analysis and Kano Model to Identify
Target Customer Needs for Master Degree in Industrial Engineering . Advisor: Assoc.

Prof. NARAGAIN PHUMCHUSRI, Ph.D.

Student satisfaction has become a key factor in strategic work of many institutions
towards the increasing competition regarding student recruitment. This research presents a
systematic approach to identify student needs for a Master’s Degree Program in Industrial
Engineering based on target student needs in the view of new product development. The
approach consists of two methods: Choice-based conjoint analysis and Kano Model. Conjoint
analysis is used to explore important scores of each attribute of the program, i.e., specialist
concentration, class period, research type, teaching language, teaching format, and tuition fee.
Also, the popularity of levels in each attribute are identified. Latent class model is used to identify
different clusters of target students. The result indicates two different segmentations of different
preferences. The heterogeneity of preference is characterized by different attribute selection such
as levels of specialist concentration preference and tuition fee. Other attributes such as
interdisciplinary, cooperate program, work experience requirement and group (with
presence/absence option) are analyzed by Kano model to identify their categories and it is
found that they are not very important to target students. This research contributes in the
literature as a pioneer in applying these two methods to gain student perception insights about

new Master’s curriculum development for education industry.

Field of Study: Industrial Engineering Student's Signature ...........cceeeevereennne.

Academic Year: 2021 Advisor's Signature .........ccceeeeveeveennnnns
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Choice Sets for Automobile Profile

your current automobile needs to be replaced.

If the following automobiles were the only ones available, which one would you choose?

Automobile 1 Automobile 2 Automobile 3 Automobile 4 Automobile 5
Brand Honda Accord Ford Taurus Volvo C30 Ford Taurus Ford Taurus
Price $£21,000 541,000 $26,000 $31,000 $26,000
Doors 4 door 2 door 2 door 4 door 4 door
Engine 8 cylinder 8 cylinder 8 cylinder 6 cylinder 4 cylinder
Transmission Manual 6 speed Automatic 5 speed Automatic 6 speed Automatic 6 speed Manual 5 speed
O 5] o 5] 5]

If the above automobiles were the only ones available, | would delay my purchase.

Choice Set 2

If the following automobiles were the only ones available, which one would you choose?

Automobile 1 Automobile 2 Automobile 3 Automohile 4 Automabile §
Brand Mitsubishi Lancer Chevrolet Malibu Volvo C30 Mitsubishi Lancer Ford Taurus
Price 36,000 536,000 $41,000 $21,000 536,000
Doors 4 door 4 doar 4 door 2 door 2 door
Engine 4cylinder 8 cylinder & cylinder 6 cylinder 6 cylinder
Transmission Automatic 6 speed Manual 5 speed Manual 5 speed Automatic 5 speed Manual 6 speed

[5] 5] o a 8]

If the above autamobiles were the anly ones available, | would delay my purchase.

[=]

31N WA 4 A29819UVVTDUNIN Choice-Based Conjoint Analysis

(ﬁm: Raghavarao et al., 2011)
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a d
MIvNUVVUAZINTICHING Choice-Based Conjoint Analysis meldsunsu R

ﬁiﬁﬂuﬁmﬂﬂ idefix W1 1Q8 Traets et al. (2020) Lzazuﬁﬂmﬂ poLCA a1 18 Linzer and Lewis (2011)

1. dwlsvesnadnyuziazm

FTAUVDINANN UN

# Attributes and Levels Information

attributel <- Tist(
time = c("Full-time", "Part-Time"),
research = c("Thes“s", "Is"),
Tanguage = c("Thai~, "English™),
teach = c("Class", "On-1line","Hybrid"),
price = ¢("100,000", "63,500", "33,500"),
specialist = c("sP","Ms","BDA","HFE™))

Tevell <- ¢(2,2,2,3,3,4) # 6 Attributes with levels each.

2. Mnuagduuudinls vagms

@314 Full Factorial Design

coding <- c("e","e","E","E","E","E") # Effects coding 6 attributes
Profiles (lvls=Tlevell, coding= coding) # Full Factorial Design

3. miﬁ%}N Prior Coefficient

# No. of variables = (level - attributes) + 1 (1 = no.choice)
priors <- c(0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) # (16-6)+1 = 11
s <- diag(length(priors)) # Prior variance with Matrix Diagonals

4. MIMHUANIDENGUIIN

Normal Distribution

sim <- MASS::mvrnorm(n = 500, mu = priors, Sigma = s)
sim <- Tist(sim[, 1:11, sim[, 2:111)
#1 List: coefficient of the opt-out alternative
#2 List: rest of the coefficients

5. ﬂﬁﬁ%lN!HJUﬁﬂUﬂnJ

Choice-Based Conjoint

set.seed(1234)

alt.cte <- ¢(0, 0, 0, 0, 1) # 4 Choices per qt + 1 No option

d12.5<-CEA(TvIs=Tevell, coding=coding, n.alts=5, n.sets=12, alt.cte=alt.cte,
par.draws=sim, no.choice=TRUE, parallel = FALSE, max.iter = 1000 )

di2.5

CBC <- d12.55%design

] 1 YA 9
6. MIUINNYNALIIUAIY

Latent Class Analysis

# Latent Class Analysis with find the best class Toop
max_II <- -1000
min_bic <- 1000
for(i in 2:10){
Tc <- poLCA(f2, data2, nclass=i, maxiter=3000,
tol=le-5, na.rm=FALSE,
nrep=10, verbose=TRUE, calc.se=TRUE)
if(1csShic < min_bic){
min_bic <- lcthic
LCA_best_model<-Tc

H
LCA_best_model # result of best 2 classes

a 9
7. mimmmmzuﬂmﬂmga

(Reshape) 910UUUT1529

#E###### Reshape Data to Long Shape #######

resC2<-read.csv(file="survey_se_class2.csv" ,header=TRUE) # 56 respondents
resp = nrow(resC2) # Number of respondents this class
choices = 5 #Number of choice (Including none-option)

## Note: 56 Respondents with 5 concepts and 12 tasks
data<-resc2[2:ncol(resCl)]

personid<-rownames (data)
personid<-as.integer(personid)
data<-chind(personid,data)

data<-melt(data, id.vars = c("personid")) # 45x12
data<-rbind(data,data,data,data,data)
data<-datalorder(datalpersonid, dataSvariable),]
nrow(data)

x<-nrow(data)/choices

alt<-rep(l:choices,x)

data<-chbind(data,alt)

cs<-rep(1:x, each =choices)

cs<-sort(cs)

datal<-cbhind(data,cs)

Tengths (datal)
redata<-mutate(datal, choice=ifelse(value =="A" & alt=="1"
value =="B" & alt
value =="C" & alt
value =="D" & alt =="4"
value =="No" & alt =="5
survey<-read.csv(file = "designthesis.csv" ,header = TRUE)

final_class2 <- cbind(redata,survey)
lengths (final_class2)
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a d
MIvNUVVUAZINTICHING Choice-Based Conjoint Analysis meldsunsu R

ﬁ’ﬁml‘ﬁﬂmﬂ idefix W1 1Q8 Traets et al. (2020) uazuﬁﬂm% poLCA a1 18 Linzer and Lewis (2011)

A P 9 . #ESHE S Conditional Logit Model
8. NTAUATIENHNANIY Conditional Tibrary(survival)
. # Read Reshape data file
Loglt Model class2 <-read.table(file = "final_class2.txt", header = TRUE)

CLMclass2<-clogit(choice~alt5.cte + varll + vardl + var3l + var2l +
var22 + var6l + var62 + var63 +var5l +var>2 +
strata(cs), data = class2)

CLMClass2 = summary(CLMclass2)

CLMCTlass2




personid

alt5.cte

“  variable

Varll Var4l Var31
0 1 1
0 -1 1
0 -1 -1
0 1 -1
1 0 0
0 -1 1
0 1 -1
0 -1 -1
0 -1 -1
1 0 0
value alt s choice
C 1 1 0
C 2 1 0
C 3 1 1
C 4 1 0
C 5 1 0
D 1 2 0
D 2 2 0
D 3 2 0
D 4 2 1
D 5 2 0

alt5.cte

Var21l

OO0+ HOFKF O

Var11

Var22

Vard1

Var61

O FHFHEHFEOOOR M

Var31

Var21

Var62

OO O0OHOOOO

Var22

Var63

OO OO0+ OOO

Varé1

O OO+, OO OO

Var62

{ ) 9
gﬂm‘wﬁ 26 N17 Reshape L1 Long ﬂlﬂﬂﬂlﬁ]yjﬁiﬂﬂﬁﬁiﬁ]

call:

Var51

JUNWA 25 AedramaLLUdoUN N CBC 718 D-Efficiency

Var63

coxph(formula = Surv(rep(1, 6060L), choice) ~ alt5.cte + Vvarll +
vard4l + var3l + var2l + var22 + varél + var62 + varé3 + varsl +
var52 + strata(cs), data

final_se, method = "exact™)

n= 6060, number of events= 1212

alt5.cte -0.
Varll -0.
Var4l -0.
var3l -0.
var2l 0.
var22 -0.
Varél 0.
vareé2 -0.
vareé3 0.
var51l -0.
Var52 0.

coef exp(coef) se(coef)
0.85455

15718
13703
00624
05134
03085
07548
26278
43190
84053
28427
16134

signif. codes: 0

HFoNnNOoOHOHOOO

87195

.99378

94996

.03133

92729
30055
64927
31759

.75256
.17508

0.08364
0.03845

[=NeNelelelelelele]

.03730
.03550
.05135
.04897
.06110
.07554
.05286
.05199
.04925

-1.
-3.
-0.
-1.

0.
-1.

4.
-5.
15.
-5.

3.

Ger? QOO ‘¥E' 001

exp(coef) exp(-coef) Tower .95

alts.cte
Varll
Var4l
var3l
Var2l
var22
varél
vare2
Vare3
Var51
vars2

0.8546
.8719
9938
.9500
0313
9273
3005
6493
3176
L7526
L1751

HoNmoHOHOOO

Caoncordance= 0.69
Likelihood ratio test

wald test

score (logrank) test

(se

1.1702 0.7
1.1469 0.8
1.0063 0.9
1.0527 0.8
0.9696 0.9
1.0784 0.8
0.7689 1.1
1.5402 0.5
0.4315 2.0
1.3288 0.6
0.8510 1.0
=0.012 )

253
086
237
861
326
424
538
599
895
797
670

385 on 11 df,
360.6 on 11 df,
402.9 on 11 df,

Z
879
564
167
446
601
542
301
718
901

P

ri>lzl)

0.060227

o]
0
0
0.
0
1
1

.000366
.867136
.148085
547970
.123191
.70e-05
.08e-08
< 2e-16

468 4.54e-08
276 0.001054

Cg?

0

upper
1.
. 9402
. 0691
. 0184
.1405
. 0207
. 4660
.7529
L5706
L8333
L2942

HONORHRPRREO

.05 YT oLt

.95
0068

p=<2e-16
p=<2e-16
p=<2e-16
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Call:

coxph(formula = Surv(rep(1, 2700L), choice) ~ altS.cte + Varll +
Var4l + Var31l + Var2l + Var22 + Var6l + Var62 + Var63 + Var51 +
Var52 + strata(cs), data = classl, method = "exact™)

n= 2700, number of events= 540

coef exp(coef) se(coef) z Pr(>|z])
altS.cte -2.19636 9.11121 ©.27171 -8.084 6.29e-16 ***
Varll 9.03434 1.03494 ©.05049 0.680 0.496470
Vardl -0.08071 9.92246 ©.05164 -1.563 ©.118090
Var31l 0.01948 1.01967 0©.04825 ©0.404 0.686449
Var2l 9.03249 1.03302 ©0.06987 ©0.465 0.641925
Var22 -0.04173 0.95913 ©0.06439 -0.648 0.516874
Var61l 0.50434 1.65589 ©.07770 6.491 8.53e-11 ***
Var62 -0.13535 ©.87341 ©0.08779 -1.542 ©.123147
Varé3 9.16562 1.18012 ©.07825 2.116 ©0.034308 *
Var51 -0.24916 ©.77945 ©.06960 -3.580 0.000344 **x
Var52 0.09561 1.10033 ©0.06750 1.416 0.156651
Signif. codes: ©O “**%*> 9.001 “**° 90.01 “** 0.05 .2 0.1 ¢ 1

exp(coef) exp(-coef) lower .95 upper .95

alt5.cte 0.1112 8.9922 0.06529 0.1894
Varll 1.0349 0.9662 ©.93742 1.1426
Var4l 0.9225 1.0841 0.83367 1.0207
Var31 1.0197 0.9807 ©.92765 1.1208
Var2l 1.0330 ©.9680 ©.90082 1.1846
Var22 0.9591 1.0426  ©.84541 1.0881
Var6l 1.6559 0.6039  1.42198 1.9283
Var62 0.8734 1.1449 0.73535 1.0374
Var63 1.1801 0.8474  1.01232 1.3757
Var51 0.7795 1.2830 ©.68005 0.8934
Var52 1.1003 ©0.9088 0.96397 1.2560

Concordance= 0.696 (se = ©.016 )

Likelihood ratio test= 221 on 11 df, p=<2e-16
Wald test = 138.2 on 11 df, p=<2e-16
Score (logrank) test = 184.3 on 11 df, p=<2e-16

~ A P T YA A v
g‘].]ﬂ’]W“V] 28 WAaN1IIILAIIEH CBC ﬂqn@liﬂu“ﬂ 1 ﬂ?ﬂjﬂﬁllﬂiﬂ R

call:

coxph(formula = surv(rep(l, 3360L), choice) ~ alt5.cte + varll +
vard4l + var3l + var2l + var22 + var6l + var62 + varé3 + vardl +
vars2 + strata(cs), data = class2, method = "exact")

n= 3360, number of events= 672

coef exp(coef) se(coef) z Pri=|zl)
alts.cte 0.92237 2.51525 0.10926 8.442 < 2e-16 ***
Varll -0.44355 0.64176 0.06943 -6.389 1.67e-10 ***
var4l 0.09664 1.10147 0.06138 1.575 0.115353
var3l -0.21216 0.80884 0.06156 -3.446 0.000569 ***
var2l -0.03228 0.96824 0.08499 -0.380 0.704110
var22 -0.18660 0.82978 0.08225 -2.269 0.023289 *
varél 0.07564 1.07858 0.11260 0.672 0.501699
vare2 -0.98799 0.37232 0.16298 -6.062 1.34e-09 ***
vare3 1.64257 5.16841 0.09079 18.091 < 2Ze-16 ***
var51 -0.48130 0.61798 0.08678 -5.546 2.92e-08 ***
var52 0.27733 1.31961 0.08102 3.423 0.000620 ***
Signif. codes: 0 ‘%' Q.001 ‘**’ 0.01 ‘*' 0.05 ‘.’ 0.1 ¢ ' 1

exp(coef) exp(-coef) lower .95 upper .95

alts.cte 2.5153 0.3976 2.0304 3.1159
Varll 0.6418 1.5582 0.5601 0.7353
Var4l 1.1015 0.9079 0.9766 1.2423
Var3l 0.8088 1.2363 0.7169 0.9126
var2l 0.9682 1.0328 0.8197 1.1437
var22 0.8298 1.2051 0.7062 0.9749
var6l 1.0786 0.9271 0.8650 1.3449
var62 0.3723 2.6858 0.2705 0.5124
var63 5.1684 0.1935 4.3259 6.1751
var51 0.6180 1.6182 0.5213 0.7326
var52 1.3196 0.7578 1.1258 1.5467

Concordance= 0.785 (se = 0.013 )

Likelihood ratio test= 547.5 on 11 df, p=<2e-16
wald test = 357.4 on 11 df, p=<2e-16
score (logrank) test = 528.4 on 11 df, p=<2e-16

~ a 7 YA A v
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Fit for 2 latent classes:

number of observations: 101

number of estimated parameters: 97
residual degrees of freedom: 4
maximum log-Tikelihood: -1595.411

AIC(2): 3384.821
BIC(2): 3638.488
GA2(2): 2272.43 (Likelihood ratio/deviance statistic)

> LCA2Spredclass
[1J]1111111211211111212112121121211111121111122
[44] 1112111221221222212112212222222212222221222
[B7] 21 2221222222222
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