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Abstract—A housing equipment company under consideration typically receives about 110000 phone calls per month at three
call centers. The resulting data, called VOC data, involve a variety of contents including complaints about products, requests for
product information and questions about maintenance services. In this paper, we analyze the VOC data for the month of March
2015, through text mining combined with other data mining techniques, so as to assess the corporate image of the company
collectively perceived by the callers. Focusing on calls related to toilets, bath modules, sash windows and bathroom sinks and
further eliminating meaningless data such as sentences too short, 22838 calls are extracted for the study. Then 1956 calls are chosen
at random, each of which is evaluated by three people along the following binary axes: 1) sales potential; 2) negative attitude; and
3) urgency. Using 1304 calls as a learning data set and the remaining 652 calls as a testing data set, an algorithmic procedure is
developed for establishing a special dictionary and quantifying the three scores of each call. The procedure is applied to the entire
VOC data, thereby enabling one to capture the corporate image of the company represented by the VOC data.
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1. INTRODUCTION

Since the beginning of this century, the advancement of information technologies surrounding the Internet has been
evolving with amazing speed, represented by a variety of mobile devices, SNS services and cloud computing services, to name
only a few. Because of this, it is now affordable for many corporations to have accesses to massive amounts of digitized texts
that come from all sorts of different sources. However, it is not an easy task to establish a path from insights to values in the
sea of the massive data for deriving useful managerial implications. In order to overcome this difficulty, the most prevalent
analytical approach has been the automated categorization of texts into pre-specified categories based on machine learning,
where a general inductive process automatically produces a classifier by learning from a set of pre-specified documents. The
reader is referred to Sebastiani (2002)[1] for further discussion of automated categorization.

Applications of automated categorization can be found in many different areas, including automated learning of decision
rules by Apte, Damerau and Weiss (1994)[2], anti-spam filtering with e-mail messages by Androutsopoulos et al. (2000)[3],
trends recognition in journal papers by Terachi et al. (2006)[4], e-government research by Heeks and Bailur (2007)[5], Irani,
Love and Montazemi (2007)[6], and Evangelopoulos and Visinescu (2012)[7], among others. Furthermore, the automated
categorization approach also has been applied to study various markets, represented by Das and Chen (2001)[8], Dave,
Lawrence and Pennock (2003)[9], Hu and Liu (2004)[10], and the like.

The purpose of this paper is to analyze a set of VOC (Voice Of Customer) data, recorded at three different call centers and
then digitized subsequently, where VOCs are categorized into three groups: 1) those with sales potential; 2) those with
negative attitude; and 3) those with urgency so as to assess the corporate image of the company collectively perceived by the
callers.

The structure of this paper is as follows. In Section 2, the data set provided by the company would be described in detail.
Furthermore, a procedure is presented for specifying a subset of VOCs of interest for the study so as to conduct the necessary
text mining analysis with speed and efficiency, but still sufficient enough to extract useful managerial implications. Section 3 is
devoted to development of a segmentation algorithm for classifying VOCs which satisfy certain pre-specified conditions. In
Section 4, the segmentation algorithm is applied for identifying VOCs with sales potential, those with negative attitude and
those with urgency. Numerical results reveal that the segmentation algorithm performs excellently, thereby demonstrating its
efficiency and accuracy. Finally in Section 5, some concluding remarks are given.
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II. DATA DESCRIPTION AND SPECIFICATION OF A SUBSET OF VOCS FOR THE STUDY

In this section, we describe a set of real data to be employed for the study. This data set is provided by the company with
which we have been conducting a joint research project. The core of the data set consists of VOCs (Voice Of Customers)
collected through a call center of the company during March 2015. VOCs were recorded first, and then documented
subsequently. A unique ID is attached to each VOC, along with the following items: 1) a type of the caller; 2) reasons for the
call; and 3) product types of the major concern for the call, among others. The number of VOCs for the study is 112618, which
is somewhat too large for conducting text mining analyses in an efficient way. The purpose of this section is to specify a subset
of the VOCs, which is small enough to allow us to conduct data mining analyses with speed and efficiency, while it is large
enough to provide a sound basis for extracting reliable implications valid for the entire set of VOCs.

In Table 2.1, the composition of the whole set of VOCs is given in terms of Types of Callers. One finds that the largest
source of these VOCs is End Users with 52.9 %, followed by Local Construction Companies with 23.6 % and Contracted Sales
Agents with 6.5 %. It should be noted that End Users constitute general consumers, while other types of callers consist of
professionals in the related business fields. Since the purpose of this study is to assess the corporate image of the housing
equipment company among general consumers, we focus on End Users in this paper.

The composition of the VOCs in terms of Reasons of Calls is summarized in Table 2.2. The majority of the VOCs are
called because of Consultation, which amount to 80.8 %. The next two major reasons are Repair Request with 5.9 % and Parts
Request with 4.5 %. From the point of view of our purpose for the study, it is natural to focus on the top reason, that is
Consultation. Out of 59531 VOCs made by End Users, 76.5 % of them happen to call with reason of Consultation, resulting in
45566 VOCs.

In order to narrow down the subset of VOCs further, we next pay attention to the composition of the VOCs in terms of
product types of concern for the callers. Table 2.3 shows that the spread of the VOCs over different types of concern for the
callers is rather wide, where Toilets is the top concern with 29.3 %, followed by Kitchen, Sinks and Counters with 9.0 %, Bath
Modules with 8.6 %, Exterior Walls and Gates with 6.5 %, Sash Windows with 6.2 %, Bathroom Sinks with 6.1 %, and
Floorings with 2.8 %. Because of this wide spread, we focus on products which constitute in-house facilities, that is, we focus
on Toilets, Kitchen, Sinks and Counters, Bath Modules, Sash Windows and Bathroom Sinks. Through this selection of product
types, the size of the subset of VOCs for the study is reduced to 29777. By eliminating incomplete VOC data from these, the
final subset of VOCs to be employed for the study now contains 22838 VOCs.

Table 2.1 Composition of VOCs by Types of Callers

Types of Callers No. of VOCs %
End Users 59531 52.9%
Local Construction Companies 26603 23.6%
Contracted Sales Agents 7295 6.5%
Design offices 4355 3.9%
House Makers 2271 2.0%
Discount Shops and Home Centers 2132 1.9%
Reform Companies 1391 1.2%
Group Companies 864 0.8%
Competitors 217 0.2%
General Construction Companies 179 0.2%
Others 7780 6.9%
Total 112618 100.0%
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Table 2.2 Composition of VOCs by Reasons for Calls

Reasons for Calls No. of VOCs %
Consultation 91023 80.8%
Repair Request 6603 5.9%
Parts Request 5107 4.5%
Other Request 2109 1.9%
Catalogue Request 1867 1.7%
Complaint 826 0.7%
Appreciation 154 0.1%
Others 4929 4.4%
Total 112618 100.0%

Table2.3 Composition of VOCs by Product Types of Concern

Product Types of Concern No. of VOCs %
Toilets 32956 29.3%
Kitchen, Sinks and Counters 10176 9.0%
Bath Modules 9655 8.6%
Exterior Walls and Gates 7336 6.5%
Sash Windows 6970 6.2%
Bathroom Sinks 6908 6.1%
Floorings 3134 2.8%
Others 35483 31.5%
Total 112618 100.0%

III. DEVELOPMENT OF SEGMENTATION ALGORITHM FOR IDENTIFYING VOCS SATISFYING CERTAIN CONDITIONS

Let v be a typical VOC and the set of VOCs under consideration is denoted by ¥OC . This set contains 22838 VOCs.
WithinVOC , of interest is to identify three types of VOCs from the rest: those VOCs with sales potential; those with negative
attitude; and those with urgency. In what follows, we describe a segmentation algorithm for achieving this goal in a generic
form. Although the segmentation algorithm does depend on what types of VOCs ought to be separated to some extent, it can
be readily applied to the three different cases discussed above in a similar manner.

Let D be a subset of VOC consisting of those VOCs judged manually whether certain conditions are satisfied

(represented by /(v)=1) or not (represented by /() =0). It should be noted that such conditions are set differently for
each of the three classes. Consequently, each v€ VOC may take different values of /(Vv) for different classes. In order to
employ those VOCs in D for machine learning, the subset D is further decomposed into two subsets: a set of VOCs for
learning, described by LD , and the remaining VOCs in D for testing, denoted by 7D . The purpose of this section is to
develop a segmentation algorithm for judging whether or not an arbitrary ve VOC \ D has the value 1.

For this purpose, the first step is to establish a score of a word measuring the likelihood of that word being used in V with
I(v)=1. In this paper, we focus on meaningful nouns, adjectives, adverbs and verbs for text mining. Such words used in

more than three VOCs in LD are first extracted, using a text mining software package named MeCab and a computer
language R. Then meaningless words such as numbers and symbols are eliminated, resulting in 1286 nouns, 48 adjectives, 262

adverbs and 51 verbs with total of 1647 words. The set of these words is denoted by W . Let W (V) be a set of those words in
W contained in v and define 7#(W) for each we W by
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|{ve LD:we WW)AI(v)= 1}|
r(w) =
{ve LD :1(v) =1}

Here, |X | denotes the cardinality of a set X . As shown below, a score of we W , denoted by ws(W), can now be
introduced for representing the likelihood of we W (V) for some ve LD with I(v) =1 at three different levels.

0<r(w)< ; ws(w) =0
% <r(w)< 2 ws(w)=0.5
% <r(w)<l ws(w) =1

The next step is to evaluate a similar score for ve€ LD based on ws(w) for we W (v) . For we W(v) and ve LD,
let n(W,V) be the number of appearances of Win v and define N(v) = Z

e (V)n(w, v) . Furthermore, let 7F'(w,V) be
the term frequency for we W (V) and ve LD defined by

TF (w,v) =%

We also define the inverse document frequency, /DF (W), as

IDF (w) =log |LD| +1
2 |{ve LD :we W(v)}|

The reader is referred to [1] for further details concerning TF(w,Vv) and IDF(w). We are now in a position to
introduce a score of an arbitrary v€ VOC \ D, which we denote by vs(V) , defined as

vs(v) = Z ws(W) X TF (w,v) X IDF (w)

weW (v)

The next step for developing a segmentation algorithm to identify whether or not /(v) =1 for each ve VOC \ D is to
employ the logit model approach for evaluating the logit value Logif(v) based on vs(V). It turns out that a single variable

logit model is sufficient for our purpose, as we will see. More specifically, let ,B(x) = ,50 + ,le and define

p(x)
log £ 5 =A00)
so that
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eﬂ()f) 1

p(x)= "

Using the data set LD for learning, we estimate ,BO and 161 by solving the logit model, resulting in ,Bg and ,31*. More
specifically, one has

(5. 8)= arg min | Y - pls) ]
If we define ﬂ*(x) and p*(x) by

. * " * 1
B)=8+px ; p (X):l

+ e_ﬁ (x) ’
the logit value Logit(v) for each ve VOC \ LD can be computed as

Logit(v)= p (vs(v)) .

In order to identify whether or not /(v) =1, one has to convert Logit(v) into 1(V) by specifying the threshold value

Z* so that

1) = {1 if Logit(v) >z

0 else

The threshold value z* may be determined based on LD , where its appropriateness would be tested through 7D . More
specifically, given a segmentation level z > 0, let (V| z) be defined for each ve LD as

1 if Logit(v)=>z
0 else

I(v|z)={
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Since ve LD , the value of /(V) is known. By comparing the computed value /(V|z) against the manually determined

value /(V), one can obtain the following confusion matrix.

I(v)
] I

Toml

X (2)]|xq(2) | X ,(2)

I(v]z)
x4 (2) x11(2) X, (z)

o [7,(2) | ¥,(2) [V (2)

Here, x,(z) means the number of sessions in LD which are judged as i € {0,1} but, its true value is j € {0,1},
thatis, x;(z)={{ve LD:I(v|z)=i,I1(v) = j} .

Two important measures of interest in data mining are Recall(z) and Precision(z) defined by

x,(2)

X, (2)

Recall(z) = (2 Precision(z) =

1

It should be noted that Recall(z) represents how many sessions with the true value 1 are judged to have the value 1,

while Precision(z) describes how many sessions are judged to have the value 1 correctly. In general, Recall(z) decreases
as Z increases with Recall0)=1, while Precision(z) increases as Z increases. In this paper, we set z so that

Precision(z) is maximized subject to Recall(z) = ¥ for some y€ [0,1], that is,

z" =argmax [ Precision(z) subject to Recall(z) > y]

z

In the next section, we will apply the above procedure to identify VOCs with sales potential, negative attitude and urgency.

IV. SEGMENTATION OF VOCS WITH SALES POTENTIAL, NEGATIVE ATTITUDE AND URGENCY

In this section, we apply the segmentation algorithm developed in Section 3 so as to identify three classes of VOCs in
VOC \ D : those VOCs with Sales Potential; those with Negative Attitude; and those with Urgency. The first step is to

prepare a dictionary by text mining all VOCs in LD , where those nouns, adjectives, adverbs and verbs, which are
meaningful and appear in three or more VOCs, have been selected, resulting in 1286 nouns, 48 adjectives, 262 adverbs and

51 verbs with total of 1647 words. This set of words is denoted by W as in Section 3. For each of the three classes and for
each we W , the two word scores 7(w) and ws(w) together with the inverse document frequency IDF (W) are then

computed.
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In Table 4.1, these scores are exhibited for some adjectives with objective of identifying those VOCs with Sales Potential.
We note that those words with higher values of #(w) and ws(w) tend to have low values for the number of appearances in

LD . VOCs containing such adjectives as terrible, bad or not bad may indicate Sales Potential since revenues are also
generated from repair activities.

Table 4.1 Sample of Word Scores for Sales Potential

Adjective r(w) ws(w) No. of appearances in LD IDF (w)
amazing 1.000 1 3 9.764
warm 0.750 1 4 9.349
terrible 0.800 1 5 9.027
excellent 0.833 1 6 8.764
hot 0.667 1 6 8.764
plenty 0.364 0.5 11 7.889
good 0.391 0.5 23 6.825
bad 0.633 0.5 30 6.442
acceptable 0.569 0.5 51 5.676
not bad 0.523 0.5 88 4.889

Once the values as in Table 4.1 are available for each we W , the values of n(w,v) and TF(w, V) can be computed
for each ve LD , which in turn leads to the VOC score vs(Vv). The logit regression can then take place. Table 4.2 shows

the estimated coefficients ﬂg and ﬂl* , which are determined with confidence level at 0.001 for each of the three classes of
VOCs.

Table 4.2 Estimated Coefficients ( with confidence level at 0.001 )

* £
i 2
value z - valuc value z - value
Sules Polential -14.468 =17.70 20,225 18.17
Negative Attitude -10.473 -13.58 19.430 13.51
Crgercy -0.753 -17.20 17.489 17.25

With the estimated coefficients /3, and ﬂl*, the logit value Logif(v) can be computed for ve LD , which in turn
provides the segmentation judgement through /(v |z) given a segmentation level Z . Accordingly, the confusion matrix is
obtained for each z € [0,1]. We determine z* so as to maximize the precision subject to the recall being greater than 0.8. In

Figures 4.3 a), b), and c), the recall and precision are exhibited as a function of Z for the three classes of VOCs, where z s
determined at 0.63 for a) Sales Potential, 0.53 for b) Negative Attitude, and 0.44 for ¢) Urgency.

© IEOM Society International 551



Proceedings of the 2016 International Conference on Industrial Engineering and Operations Management

Kuala Lumpur, Malaysia, March 8-10, 2016

B S —
—_
0.9 —
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Lo zTrLAamea YR TLYOES QUEERR22S88 8 0
L2 288888R8335i888ceEgERT 28888 %
£ d s S < Sdsdddsssddddsd s $ &2 <2
—Recall Precision
. *
a) Sales Potential: z =0.63
1
—
0.9 \\\
0.8
~_
0.7
0.6
0.5
0.4
0.3
0.2
01
0
R Y R
LT 2839y IigigeeenTRIggs gy
=g sS4 238 ddsSsdssss%822 22
—Recall Precision
. . *
b) Negative Attitude: z = 0.53
A

00 \\\

S
S

G ® = T L2 ;oW e 3EMe e e nywo® - TE R 2 o2 oo @

£2EEZ2=23 883888335200 T8EREIRIREE LS

33ss 3 LIRSS R e S - S P = R - = S s 33
—Recall Precision

Fig. 4.3 Recall and Precision as a Function of Segmentation Level z

¢) Urgency: z =0.44

© IEOM Society International

552



Proceedings of the 2016 International Conference on Industrial Engineering and Operations Management
Kuala Lumpur, Malaysia, March 8-10, 2016

For the class of VOCs with Sales Potential, Tables 4.4 a) and b) show the confusion matrices with z =0.63 for LD
and 7D , respectively. Naturally, Recall ( 0.806 ) and Precision ( 0.889 ) for LD are higher than those values ( 0.771 and
0.755 ) for TD , since z' is determined based on LD . However, the values for 7D are also quite high. If one chooses
ve TD at random, for example, and guess /(v) =1, the probability of the guess being correct is 380/652=0.583.

Accordingly, the probability of having 293 or more correct guesses out of 388 randomly chosen samples would be next to
none, in comparison with 0.755 of Precision, correctly judging 293 out of the selection of 388. Consequently, the testing of
the selection algorithm for Sales Potential is quite satisfactory. This claim is also supported indirectly by the figures in Table

4.4 ¢), where the application of the segmentation algorithm to the set YOC \ D results in judging 12698 VOCs with Sales
Potential out of 22838 VOCs in VOC \ D, or 56.8 %. This figure is close to 55.6 %, the same ratio judged by actually
reading those VOCs in D . The results for the class of VOCs with Negative Attitude are similar, as shown in Tables 4.5 a),
b) and c), having Recall of 0.836 and Precision of 0.749 for TD , and 42.6 % against VOC \ D in comparison with 48.1 %
in D . For the class of VOCs with Urgency, the segmentation algorithm works somewhat less effectively, as can be seen in
Tables 4.6 a), b) and c). The corresponding figures are Recall of 0.785 and Precision of 0.407 for 7D , and 51.2 % against
VOC \ D in comparison with 41.9 % in D . Perhaps this is so because it is difficult to figure out how desperately a caller
feels Urgency by reading the content of the VOCs. Accordingly, the judgement of /(v) =1 by actual reading for the class of
VOCs with Urgency may not be accurate.

Table 4.4 Confusion Matrices for VOCs with Sales Potential

a) Confusion Matrix with LD b) Confusion Matrix with TD
I(v) I(v)
LD Total Precision D Total Precision
0 1 0 1
422 155 577 177 87 264
I(v|z) I(v|z)
81 646 727 0.889 95 293 388 0.755
Total 503 801 1304 Total 272 380 652
Recall 0.806 Recall 0.771

¢) Portion of VOCs with 1: D vs VOC \ D

I(v\z) 56.8%
I (v) 55.6%
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Table 4.5 Confusion Matrices for VOCs with Negative Attitude

a)  Confusion Matrix with LD b) Confusion Matrix with TD
I(v) I(v)
LD Total Precision D Total Precision
0 1 0 1
606 123 729 277 82 359
I(v]z) I(v]z)
83 492 575 0.857 48 245 293 0.749
Totl 689 615 1304 Totl 325 327 652
Recall 0.800 Recall 0.836
¢) Portion of VOCs with 1: D vs VOC \ D
I(v\z) 42.6%
I (v) 48.1%
Table 4.6 Confusion Matrices for VOCs with Urgency
a)  Confusion Matrix with LD b) Confusion Matrix with TD
I(v) I(v)
LD Total Precision TD Total Precision
0 1 0 1
491 125 616 264 39 303
I(v]z) I(v]z)
175 513 688 0.746 207 142 349 0.407
Total 666 638 1304 Total 471 181 652
Recall 0.804 Recall 0.785

¢) Portion of VOCs with 1: D vs VOC \ D

I(v\z) 51.2%
I (v) 41.9%
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V. CONCLUDING REMARKS

This research has been conducted in collaboration with a housing equipment company. While the company has been
attempting to analyze the contents of VOC data gathered through its three call centers, laborious works necessary to extract
meaningful information has prevented the success. Recently, the company developed an automated documentation system so
that recorded voice calls could be converted into digitized texts, thereby opening a path for conducting the text mining
analysis in an efficient manner. A joint task force team involving members of the company, and professors and graduate
students of Keio Business School has been working together to take advantage of this opportunity. The joint collaboration
has produced a variety of useful results, including the segmentation algorithm presented in this paper.

As demonstrated in Section 4, the segmentation algorithm enables one to identify those VOCs with sales potential, those
with negative attitude and those with urgency with speed and accuracy. According, the company can select VOCs to be
manually read and analyzed out of the massive volume of VOCs, thereby substantially reducing the cost necessary for
extracting useful information from VOC:s. In this paper, the analysis is restricted to casual callers. Apparently, it is of interest
to expand the analysis to include professional callers. This expansion is in progress and will be reported elsewhere in due
course.
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