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Future Prediction and Trend Analysis by Ensemble Learning of
Call Center Log Introducing Caregiving Facilities
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Abstract: In this paper, we analyze the trend and predict the future with the recorded data at a call cen-
ter which introduces caregiving facilities to residents who will be living in. We exploit ensemble machine
learning in order to get useful knowledge for three parties, who are “the call center”, “caregiving facilities”
and “prospective residents”. Although there are many data analysis research to solve the problems in the
caregiving field, they focus on when living in the facilities. In this paper, we analyze the recorded data at
a call center to introduce caregiving facilities. The recording data are matrix data of 7,685 rows and 106
columns, with one row for one client, and each column represents the attribute such as “gender” and “degree
of care”. In the analysis, first, we changed the explanatory variables to binary. Second, we visualized the
importance of attributes and the correlation between positive or negative values for objective variables at the
same time by using ensemble learning. As a result, we obtained about 10 findings such that the customers
with missing recorded data tends not to contract with a facility, the accesses to facilities are important factor
for the decision, the accuracy predicting “whether to observe” achieved 96.8%, and the factor of the decision
is not “caregiving service” but “cleaning”, “impression”, “distance”.
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Table 1 Major categories, in the analysis data (Examples of factors shown in the paren-

theses), ADL means Activities of Daily Living (CM = a care manager, MSW

= a medical social worker).
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Table 2 The benefits of analysis to people related with call center introducing the
care-giving facility (rows show characters, columns show analysis content).
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Fig. 1 Overview of the analysis.
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Table 3 Customer number and progress when finishing the contact between the oper-

ator and the customer.
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T4 HHEBEBUR Xeow CLEWEOI Yy 72 —Ya vy~ ) v 7R

Table 4 Confusion matrix when attribute count X,¢, is the explaining variable.

B2 | R L) 0 | i Lz ) » | REREAEM S (0) MMEEE (1) » | B EA & (0) 2EEE (1) »
FHMfE—~ | 0 1 0 1 0 0 1
Ef#E = 0 | 6,687 107 748 0 1,201 0 152 0
EfifE = 1| 193 696 108 33 364 44 26 30
K5 BEHEHENTE Xgar ICL2BAEDIY 72—V ary< by R
Table 5 Confusion matrix when word pairs group Xiaar is the explaining variable.
AMZE | R L) 2 | B Lz L) » | REREAER S (0) MMEEE (1) » | B st & (0) »EEE (1) »
FHMfE—~ | 0 1 0 1 0 0 1
Ef#E = 0| 6,794 0 748 0 1,201 0 152 0
EfffE = 1| 886 3 115 26 398 10 49 7
F6 HILEBEHESEZD Xnerge LB EDI Y T2 —-Var~v by s R
Table 6 Confusion matrix when Xperge is the explaining variable.
B2 | R L) 0 | B Lz &9 » | REREAER E (0) MEEE (1) » | Bfiidss s & (0) »EEE (1) »
FillfE—~| 0 1 0 1 0 0 1
Ef#fE = 0] 6,675 119 748 0 1,201 0 152 0
EfflE = 1| 208 681 97 44 374 34 30 26
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Fig. 2 The result of the triple cross-validation evaluation (In

7381}

the x-axis, from “a” to “d” mean accuracy, from e to h

mean BCR, blue means Xiaqf, red means Xgactor and
green means Xmerge- 1he horizontal axis shows the ob-
jective variable and the accuracy index. The vertical

axis shows accuracy (%).).
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Fig. 3 The important factors and correlations when X,¢, is
used as an explanatory variable to whether observation
was done (objective variable: that whether the obser-
vation was done, explanatory variable: other attribute
items Xa¢r, vertical axis: attribute name, horizontal
axis: importance, pink attribute of the bar graph shows
positive correlation, blue attribute shows. negative cor-

relation).

FIHMNED ] DIERIT X, ZHIILKRE L72SGE
96.8% L EHWIEETH L. LaL, BCRICLDFHNIZE S
&, Xiar TBIZEHE LG EORBENS TA>TLE-
Twb, ZORMELT, £42/02E, RoMftEx L
TWAIZEWghb., 2F 0, HEREDIFHENRY ML
7o, (a) [RFET A0 OHFIRIFEAL [REL
] EHEESNTLEIERICH S L\ ) 2 LAnhs.
T/, HZEEDS (b) [T 2089 5] & (d) [ R
HIENEMNE (0 2EER (1) ) OBEOREIEH
Lok &, 3203 MEBEDTXTH BCR EEI KW 2
LD B

F72, HHEHD Xnege DWE L, TNTND Xigar
E Xotr EOWEZET DL, Xigar D Xmerge P EH H DD
FBENEVWEWIRERIZ R >TWS,. 2F 0, Xipar &30
HZEB LD, Xow DBEFGTEHLRTVEW) 2 L5550
b, B2, (a) TRFZET D E) B % () [zl
AL T, Xy 220#ET LI LEHLVEV) 2L
ARV

L72h%o T, EERNTIHHOWHALIIE, Xigar & Xate
D2 ODHWEKD A TORREE A5,

4.2 REZELEHLESH
Wep L7z &) & b8BT 208 it L7z,
4.2.1 #E8
REL7) e HWERE L, #HBAZHT X, &
Xigar W TEZBEEOTEULGT 21TV, KHEREZE 3

© 2018 Information Processing Society of Japan

—ANELL-#ELW
R - v

R - 20
et - LW
%ﬂ_ [FAYAY
HEE - 20

Tl -EELW

e A%
MR EE W - T
RRE - 1F LW
HRE - N

- R
S-S50
k- LW
R - 20

3A - FEW»

W< - K
BAERERBE - BV
SER - R
NEd - D ipn

006 —

0.00 —
0.01 —
0.02 —
0.03 —
004 —

] N
c °
[s] o]

4 [RELZ2EI 2] IS LT Xipar ilBAZEKE L2 &
DEZENFEME 2R LM (HWERK B L) P,
FUHZER TR 7 % A b AR L 72X 7 HEEFT S
Xiiag, #eHl : mtkss, i BEE, By 7o¥r a0
BUEASIEOMBIR L, HEOBESADOHME TH S Z 2R
Tw5)

Fig. 4 The important factors and correlations when Xigqs is
used as an explanatory variable to whether observation
was done (objective variable: that whether observa-
tion was done, explanatory variable: word pairs matrix
Xifiar made from “Consultation background” text, ver-
tical axis: attribute name, horizontal axis: importance,
pink attribute of the bar graph shows positive correla-

tion, blue attribute shows. negative correlation).
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Fig. 5 The important factors and correlations when Xg, is
used as an explanatory variable to whether contract
was signed (objective variable: that whether contract
was signed, explanatory variable: other attribute item
Xatr, vertical axis: attribute name, horizontal axis: im-
portance, pink attribute of the bar graph shows positive

correlation, blue attribute shows. negative correlation).
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Fig. 6 The important factors and correlations when Xigq¢ is
used as an explanatory variable to whether contract was
signed (objective variable: that whether contract was
signed explanatory variable: word pairs matrix Xiaar
made from “Consultation background” text, vertical
axis: attribute name, horizontal axis: importance, pink
attribute of the bar graph shows positive correlation,

blue attribute shows. negative correlation).
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Fig. 7 Comparative chart of care degree and whether contract

signed was done (the horizontal axis shows whether con-
tract signed was done the vertical axis shows the num-
ber of samples, and the color of the bar graph shows

the degree of care).
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Fig. 8 The important factors and correlations when X, is
used as an explanatory variable to the type of observa-
tion facility which can be either “with nursing care” or
“residential type” (objective variable: facility type ei-
ther “with nursing care” or “residential type”, explana-
tory variable: other attribute item Xa¢r, vertical axis:
attribute name, horizontal axis: importance, the yellow
color of the bar graph shows the correlation of “with
nursing care”, and the green color shows the correla-

tion of “residential type”).
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Fig. 9 The important factors and correlations when Xiqar is
used as an explanatory variable to the type of obser-
vation facility, either “with nursing care” or “residen-
tial type” (objective variable: which is the observa-
tion facility “with nursing care” or “residential type”,
explanatory variable: word pairs matrix Xiaqr made
from “Consultation background” text, vertical axis: at-
tribute name, horizontal axis: importance, the yellow
color of the bar graph shows the correlation of “with
nursing care”, and the green color shows the correla-

tion of “residential type”).
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Fig. 10 The important factors and correlations when Xy is
used as an explanatory variable to the type of con-

tract signed facility “with nursing care” or “residential

type” (objective variable: which is the contract signed

facility “with nursing care” or “residential type”, ex-
planatory variable: other attribute item X,¢,, vertical

axis: attribute name, horizontal axis: importance, the

yellow color of the bar graph shows the correlation of

“with nursing care”, and the green color shows the

correlation of “residential type”).
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Fig. 11 The important factors and correlations when Xiqqr is

used as an explanatory variable to the type of con-
tract signed facility “with nursing care” or “residential

type” (objective variable: which is the contract signed

¢

facility “with nursing care” or “residential type”, ex-
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attribute name, horizontal axis: importance, the yel-
low color of the bar graph shows the correlation of
“with nursing care”, and the green color shows the

correlation of “residential type”).
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