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A Method of Predicting Service Time Based on
Voice of Customer Data®
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B Abstract &

With the advent of text analytics, VOC (Voice of Customer) data become an important resource which provides
the managers and marketing practitioners with consumer’s veiled opinion and requirements. In other words, making
relevant use of VOC data potentially improves the customer responsiveness and satisfaction, each of which eventually
improves business performance. However, unstructured data set such as customers’ complaints in VOC data have
seldom used in marketing practices such as predicting service time as an index of service quality. Because the VOC
data which contains unstructured data is too complicated form. Also that needs convert unstructured data from
structure data which difficult process. Hence, this study aims to propose a prediction model to improve the estimation
accuracy of the level of customer satisfaction by combining unstructured from textmining with structured data features
in VOC. Also the relationship between the unstructured, structured data and service processing time through the
regression analysis. Text mining techniques, sentiment analysis, keyword extraction, classification algorithms, decision
tree and multiple regression are considered and compared. For the experiment, we used actual VOC data in a company.
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1. A &

a4 48] (Voice of Customer, VOC)& 174
O ZHE Atd oy} & B uAe A3®
55 7]s(description) ¢t Ao]thLee et al., 2014b).
kAl VOC dlolEl= 74 o] Aju| 2o tjste] 2t
I e ARAY] 7S 7HA AL Qo] A B
zAol gk 723k dlolHof AT &
v 2y 2 gt o] AdE ) mEbA 719 E
VOC dlelg et 719 Wl A9 AsEs Adste] 7]
ol AIE =ol7] $%k A ¥Hinsight)S L+=d)

fr&3tA A3 4 JAtHChow-Chua, 2002). 1
HB 2 VOC "olH+= L%ol A 7”«1 s

PENE M@ & sl 2 48 Aot
HE 5 203 Agrdozaje] Ay Asks
3k gr.

2014) VOC EﬂolE‘]L A 54 w9} 7ol Ay
Aol = ¢Jo1H(Sharma, 2014), Y¥kz oz

= a7 EsxEy AN S LHE oA =
HAE 2858 245wl VOC dlo]g o=
TE oe] M dorp £85 0] 7|k s, A4
gAelA] & oo} 2o AA|oj= oAt ot
A = oA FF EAste] wl$- EHd ¥
2 W} o]He uAEA doleE AAH3 A
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el VOC HolHzRE 83 4ng =l
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249N = VOCIIA o] BaEvtold g8 o
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VOC# g} &4 715olut o, §AE vA|
A & aAste] YArAE 7] F o] tHSubramaniam
et al., 2009). Olﬂ%ﬂ VOCoﬂ 3k J&E]“: NS

osfatar 74|
atol o F& 317 %al kg ;%gfa A

=L 5 A

VOCE A9 tﬂolEi?Jr A A9 ufe o
AR, AR o] =
Az~ PANA f 21 oA ule {83
4]
o

uA#eE Jr7F E 4 i (Subramaniam et al.,

2009; Lee et al, 2015). Z1¥1d] VOC A5& H]
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AbRE Sl UEEAE sl ulg B =Y
B} H]go] A2Q¥tHGarcia-Moya et al, 2013).
utztx] VOC dlole] el 17 sjote] f-&3F 4
= %3}“ AYE Hdgh A-ssta|oF sk o]
= Euntolyd 7ol f& gk tigte] ¥
%D}(Kozmets 2002).

i gl aEntoldogh AR A HAE
el 5471 sigelu 54, #A4 55 s ¢
3 HAES B8 WS Do (Text mining

refers to the detection of trends, patterns, or

of,

o

T

I

similarities in natural language text.)(Shahnaz
et al,, 2006, p. 373). HxEvnto]y 7|HE A& =
o] 93 Alg] 27 "o A B EE Ao} nlAE

5ol AdthLee et al, 2014). o5 HAE A &
FZ 93 54 (annotation) ©]“HSubramaniam et
al, 2009). TF-IDF oFe]% 58 288 apue)
(Godbole, 2008; Kim et al., 2015; Oh et al., 2015)
9 ol ’\}3301%‘3}

7] w3l E“iE“}O] 3 ]‘?3% ggste] 74, o
Solu HAztE F38T  A

3 H B F3E 2 AlEe g 2R &
Ask= VOCO] gt elxEutoly B2 (Zakaria,
2014; Lee et al., 2014), ¥ 2]Hol st &4
(Misopoulos et al., 2014)0l] ElAEmnto]yd 7]

L9317 AAEon BAE B B (M1sopoulos

SolA 1A kg A EH] flg 7Hd @ ol et al, 2014), AZ3E Fot 2 #e] AlF(Saitoh,
A& 83 oz WolEax|al glow, A 2014) T 83 7|He YL Sovta 3l
-4 B (document classification), ©o] 3] 3} o2 <Table 1> VOC #45 3] dxEu}o]
(word clustering), 2132~ o] (sequence-mining 9 7HE 83 g B3l V& dFEot) ol&
algorithm), X+ 7+4(dimensionality reductlon) S VOC Hlo|HZRE F&3 JR=2 BRHsld 5
74 B4 (sentiment analysis), 4] F=(topic mi- AL 71 o9k SAo] e gyt o3 a1
ning, topic extraction), ©1% 4] (opinion mining) NP BEF 4 ) =3 FAS 7HA o3
(Table 1> Text Mining Analyses for VOC Data Analysis
References Description Data extracted from Content of
P VOC data prediction
. Developing emotion word dictionary to find the .
Kim and Jeong, | .4y of VOC data and hence real time VOC | ) ocabulary with VOC polarity

2013 classification

polarity(noun, verb)

Godbole and Roym,| Classifications of C-Sat feecback VOC using
2008 learning data set labeled in a mannual manner

Vocabulary with

. Customer satisfaction
polarity(noun, verb)

Choi et al,, 2013 visualization by sentiment analysis

Frequency analysis, caual analysis, and

Vocabulary with

- Customer satisfaction
polarity(noun, verb)

Misopoulos et al.,

Sentiment analysis of categorized words in

Vocabulary with Customer satisfaction

2014 VOC data set polarity(noun, verb)
Lee et al. 2014 Extracting knowledge from VOC data by applying| Vocabulary without Knowledge
N KDT(Knowledge Discovery Techniques) process polarity(noun) (patterns and rules)
Oh et al, 2015 Extrac.tipn of sentences from Tweet text in Keywords Effgct of
advertising (e.g brands, events) advertisement

Coussement and

Poel, 2008 LSI(Latent semantic indexing),

CV(Cross—validation)

Keyword extraction from VOC text using

Keywords Summary of VOC

Saitoh, 2014

Map(SOM)

VOC visualizartion using self-organizing

Keywords Summary of VOC
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A= Anz gl 22 VOCe o7 A4S gk Zolth o]9o = VOC Alel o) ko= %
shetaty] 98 Aol FH BHolv, 719 =+ VOC AT A BEEE oSshs AR VOC #e
W&ol gt /e s QoketAL AZtststo] Aleat A= Fasit
2 Ao] H2Ql 497k Bokth ®g VOC dlo]
B el WAl o= 5 3 AAE FE5H 3, W=
= 545 AYe A7 5 AATHLee et al, 2014).

71 Aol Hlgte] B dAte tge] F M 31 dEF =2y
SHAA AT 5715 /W AA, 71Ee AT
= ARl VOC &datel] ofste] 117 3 Al AT 8AF 1 BEHEe F83F 9919
golBgs uA MEEE A1 BHae w4 e M2 2eAIRKelEE AR ARhel g3k
< wWEtHGodbole and Roy, 2008; Misopoulos S 3 = 9le S A QS VOC Hlol
et al, 2014). ol Hl3] & AF= uA9 HolE A Za 1 3R Rl fiE] AAR 24 81l
g flole Au| 29 A& o Sateal st &4, HeAE HEshe Aotk a8y 1 SRS
At o8 FEHoR HelEdg 1A v A{A 0w SAAY T Fokrhd A
of 9&tA ¥al, VOC Hlo|HZ5E 1A vhEx} H| 2~ "HE(customer service delivery)?] thE ¢l
TG o35 FEFE VE AFE BN A ZEA(proxy)l AH|Z AZFOEA ] HEAT
WA A S VOC g3l Az 83o] oy A 28 AlZke 2 A (Conway, 2015) 454
Ao Ao 1 HEEE S48 7 A3 7] E S g s Aotk a9 Aoyt A4 u
e Fo= FefstEe ATolth &, Al AlA 9 FE AE, A, 2 gk A7t $uEE Al
a7 wETE FA(estimate)(Kim and Jeong, AR 28 %= AA Al7olt) o] AJzke] Ao
2013; Oh et al, 2015; Lee et al., 2014) =& A] AW Ao]d4E aAL Aqu)A Poz A5t
Z+3H(Choi et al., 2013; Saitoh 2014)3t=dH H< A 9 EBrks dskA € Aotk

(Table 2) Independent Variables

Category Variables Operationalized definition and data types
VOC code(VOC_TYPE) Category of incoming VOC(dummay)(Misopoulos et al., 2014)
; ID of the department where VOC data is incoming(dummy)
Strg;tttzllred Department(DEPT) (Hsu et al, 2015)
Group number of the employee who is in charge of VOC(0, 1)
Employee(EMP) Hsu et al, 2015
Theme polarity(POL_TH) (-1, 0, 1)(Godbole and Roym, 2008, Choi et al., 2013)
Content polarity(POL_CN) | (-1, 0, 1)(Godbole and Roym, 2008, Choi et al., 2013)
Number of words in the VOC theme(integer)(Godbole and Roym, 2008;
Length of theme(LEN_TM) Choi et al, 2013)
Number of words in the VOC content(integer)(Godbole and Roym, 2008;
Unstructured Length of content(LEN_CN) Choi et al, 2013)
Data

Intensity of theme(INT_TH)

Average intensity of the words in VOC theme(real)(Semantria, 2015)

Intensity of content(INT_CN)

Average intensity of the words in VOC content(real)(Semantria, 2015)

Critical nouns(NOUN)

Frequency of nouns appear in VOC theme(1 if top 1%, otherwise 0)

(proposed in this paper)

Critical verbs(VERB)

Frequency of verbs appear in VOC theme(1 if top 1%, otherwise 0)

(proposed in this paper)
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3.2 H|¥Y Hilo|E{of chet Yyt

VOC dHlolH & HgASd Heus 52 o
FAQ1 v18d dolEoltt RIAE dHolE e 54
S HW WA 2SR F2 WAooz gy
Aom HAE Qho] el 7o} vk
I B¥ 5 o] B9l wgk iAol Al 9l
o] 3t o]t FAARIAC disIME et 4
A= otk o] A% HolHEFH 9w 9=
WAME FESt] A davt stk AFse
ohe ) 22 S ARt

AR, A HeEAEL Weo] Fi dE S5
Aol Axe} i (strength) = 71£9 L9y
vlolyd =91 SemantriaZ A3

o}
Fojt}. gh=o], o], Y
o], olggolo] 9] 67] =
AgA oz eajote] 2~ H
& A8t At} Sementriadl A A Psk= 7

A& o]gste] EAHe dols T} 4
2 o] 219 20](log odds ratio), & £
B gs ARt A At Al
3 ZFE(strength)E= SemantriaZS £38to] &
| HwkeE SAE Fe] AT ek 7hbe2
UeEl Al ek 24, JeAE 2 89 do
Javall RollA #|&-st= APIY Zlo]lP# g & o
&3to] A =& ¢ Qlvh AN, HeAER A
FUEA A2 AIZE d S0 ou] e WALE
AAe7] flellA= <Figure 1>3 22 £ME 4]
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Step 1: WA A5 EE Qe AAH0R
Palel el wolg 2%
Step 21 F%H WALE 71431 oI5 @ wo(Stop-
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T e T A= n = 1R 8k

4398

¢

~

HE



202

Step 4: 3

717kl A=A e HeAE e VOC
o] £ WE(gHE) S TE. o Theme
T HEE el e 44 Heudd
&8k 1 thoje] Nl e] AoA vgvE VOC
A58} & Content
Step 5: A7t3t € @7 =rt GatsbE 7w
Bt m% ol Bow -1, goz i3}
e L A= BT i B P RS QoA
m% °] How 12 d3gsti Ynx
= Oi_i ?_i%‘f_#(-ﬁ— Aol M= m = 20 Qe
o2 3fo] B35S
Step 6: oJAC® -1, 0, 1Z AFFH doj7} &
HrAsE 25 J4Fulgeds € My 5
gateipel w11 13y 5 kst ojuf 1
o] HEAE WAL = Aol WA g sshe
= 4% A=
& 5o thy <Table 3> Z-& JFA% o Al

AFugelA B S5,

Jeonghun Kim - Ohbyung Kwon

Step1. Extract theme and content of incoming VOC data

Step2. Remove stop words

Step3. Select top n% frequently used words

Step4. Compute the normalized frequency of used words

Step5. Encode the normalized frequency

If short term freq >> long term freq= -1, short term freq >> long
term freq = 1, otherwise =0

data

Step6. Sum up the total encoded values for an incoming VOC

<{Figure 1> Overall Procedure

(Table 3> lllustrative Examples of Unstructured Data

in VOC(written in Korean)

“Uidell dAEs TEdEtarIAY

APz g dhstol e g

“ehdshAl e, idel sxEtarIAY
7ISAHAZIAE ol Bl AR
Qe JEAoR v H=A] A
o= du AU A5 @ Y2 opd
2L, ARAREe] Wol sold Alew
Holrs 7]gAt Ego] Ads = Ao

obgyek”

= {Wd/1, e28SAA7IAL, 7154
/2, A7IAE/, A/, /1,
/1, AFARYL, B/, A8/

1—1?; HhAl de odut %Zo]'oﬂ/ﬂ‘: ul—o]

I 5
stropping wordebal dkA}. 1,
= (B2YBWAIWE, 7154, 471N

= (FRYENIIAL, 7154, 471418

)

3y, AFAE, 299, A1)

)
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o ek e HEAE L g0 E das 2
He Bdlln = 1, % 49 1%2 NS5 o] 2
Ay Aot b 2ok sk o)A 1
91 1962 79 o4k 285 Aol g B
o] B WACIIINE) I, —1e 39l 1%

0~6Y Alo]2 AQ¥E AH|2oA TS Ho] &
= )& 9nsit) 181 0L 1
2]o] HALE E=3th(<Figure 1>9] Step 5 3aL).

HAlE = {715AH+1), 271G, £2(-D}
Hrllg = {ZIAHED2), A71A13(+1), AlH
AFH0), BEE D)

2 AFg A A ZEYR b xEwnfo|]d
o5t WA golEle] Aasrt VOCH e g
ARE %43 Al Tl eAE AFE)
o8l AP et A¥S o8 Hws o
e vk 2k
& 1 A HolE &Aoo o=
28 2 Y Holg Ao o=
238 3 48 dolg $43 wA4F volE %4

& Adsto] o5

WA 28 18 HEZ=AGAIZ AKX 7ol tsA

o2 2 ()3 2& thgka)o] Hr}
T= 3 WX M
VjES
S A% dloE &4 0ol xi : VOCH S
SIASS AERA, xy 0 AEEA

w9 2 AFALARF 44 7ol vaA A
(29} e QAo .

=Wy @)

vies
&, Uiz 01739 lolel &4 giolvd, v, A
72101, yo @ A8, vy ¢ Z‘j-}FZﬂ%@E va i AT
, V5 ATAES ]

Xé‘é, y7 ¢ AFHE AL vs ¢ ﬂ*iﬂi Akl

Ny
T
PH

BAA v

7o taiA 2]

y&4do , 3 535,
Vs - AFAETHEAA, ve o HFNEITHEAA, vr o
BEUE WAL ys ¢ AEAE_WAL

ozt 5§§(confu51on matnx)% =3 4 %L?-_r(Pre*
cision)# A AERecal) & B3Ik 28] A
3EN AHAES A3 2 A gol AREE=

F-Score® 47 SA4& 39tk

{Table 4> Confusion Matrix

Prediction
Positive negative
Positive | TP(True Positive) | FN(False Negative)

Real

Negative | FP(False Positive) | TN(True Negative)

Accuracy= (TP+ TN)/(TP+ FN+ FP+ TN)  (4)
Recall= TP/ (TP+ FN) (5)
Precision = TP/ ( TP+ FP) 6)
F— Score = Precision X Recall (7)

A&

NS 9E A8 golHE WA AdsA 70%
of a5 dlolElo} 30%8] A% ol o] 4
Astgon, olzld dlolg £a e 1203
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1€ 299714 $3% 1395719 #ZAE ALg3t
Ak TEUTE HAFTH Ao R ] Hojr}

e R e A, 9, 2 a2t
FEHE AR 2a8E A Azttt Sy
S 4Y HelH(VOC F93E, A5, Aoe
st 0 3Y delEl M FEE SYCEFAS
TR, AFNEFRAA, BBl B
$20], BFUEHE, FABYE, AFAE_H

A, A5 S_WA, AN S E AHgsiarh

AAZ FHE dolg e o= <Figure 2> #t}
4.3 &1}
A3 dlole] 2 HdE dlo|E| 9] AH|~ HA |zt
=9 #AAdA Y FF SAE Y3 £ ATolA

el OEFARA Y T 7l o
sholet. A, 944 el ok 2
Az 228 98] WA HEAAHT)

9% o3 pacT

Mo @ o rif &
st
tlo
>
>

N ° 3 a
=T T=4E R4 T=AS B4 gEds @

of VOC Data Used in the Experiment

= 0)Z o|*Fskdiscretize) 3}l o™, RollA #-5-3}
= C45 €agE5 AHEsksth C45 dagss
Feste] <Table 5>9 2 A3E AUtk Re-
call, Precision, F-Score®} A4 AL T&=
Hol A 28 12 714 A5 28 29 2d 3
< A A e 7HE AoE YEN
gy BY 2¢ FRslor @ Sy gt
17/NBETE AHojA oL A &

{Table 5) Prediction Performance of the Models
Using C4.5

Overall
Accuracy

59.2%
73.1%
73.2%

Recall | Precision F-Score

475%
74.4%
73.9%

29.6%
A.2%
54.0%

62.3%
72.8%
73.0%
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£ AR 9 g Agtez BRsl lsdTt wi ACE ol AEAE vlgel TaHol
= oot} ¢ o] BFe FAY EFI} ol AT w7 Folelukel] ofsl] AHelAlzte] frefst
Aglalol sk @A AfRelMe ERolth A Aelrl Ui A wAE & ek @ A5
T3 VOC F83EE 10%9] F-953d04 A7 5o et &9 o E fFott o]fE AHFAITE
Aol GHE F3 ATk LR <Table 7> 9 2o ARUAS veple o] T2 Buk)
g 2~Euloldo 93t TEH HAHTHEY 2)0 o] F5 o|F A A9 AFo] A AAx=
2 IAENE Fd 2945 BoFa ok A Hol 9l ul ¢f W] Hesr] e Aoz
S AZol} 8ol dole] Sk AN B AF & Atk @¥, <Table 8> 4 dolels}

(Table 6> Multiple Regression for Model 1
Estimate Std. Error t value Pr(> [tl)
Intercept 3.2% 0.702 464 0.00™
VOC_TYPE 1.196 0.760 2.08 0.038"
DEPT 0.742 0.526 141 0.158
EMP 1.474 0.220 6.70 0.00™
F-Value : 21.2™, R-squared : 0.044™, Adjusted R-squared : 0.042™
<01, “p < 0.05 "p < 001
(Table 7) Multiple Regression for Model 2
Estimate Std. Error t value Pr(> tl)
Intercept 5078 0.246 20.67 0.00""
LEN_TM 0.025 0.072 0.35 0.727
LEN_CN -0.018 0.027 -0.65 0515
INT_TM -0.623 0.28 -2.18 0.029"
INT_CN -0.107 0.099 -1.08 0.279
NOUN_TM 1.444 0.074 19.43 0.000"™
NOUN_CN 0.586 0.078 753 0.00™
F-Value : 945™, R-squared : 0.290™", Adjusted R-squared : 0.287"
<01, “p < 0.05 “p < 001
(Table 8> Multiple Regression for Model 3
Estimate Std. Error t value Pr(> It
Intercept 5.060 0.647 782 0.00™
VOC_TYPE -0.716 0.500 -1.43 0.153
DEPT 0.1% 0.451 0.43 0.665
EMP 0.927 0.191 485 0.00™
LEN_TM 0.019 0.071 0.27 0.785
LEN_CN -0.016 0.027 -0.61 0.543
INT_TM -0.594 0.284 -2.09 0.037"
INT_CN -0.108 0.098 -1.11 0.269
NOUN_TM 1.428 0.075 19.11 0.00™
NOUN_CN 0.549 0.078 6.93 0.00™

F-Value : 672, R-squared : 0.304™, Adjusted R-squared : 0.299

ook ok

e

p <01, "p <005 p <001
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