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Empirical Analysis of Relationship between Internet Communication
Network Quality Characteristics and Customer Satisfaction using
Regression Variable Selection Procedures
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Customer satisfaction becomes one of the important managerial concerns associated with corporate
competency in current competitive environment for Internet communication service companies. Hence, it
is demanding to improve a company’s customer satisfaction through the total quality management
perspective. In practice, engineers as well as the management hope to find major quality characteristics
with Internet communication network that is closely related to customer satisfaction, consequently aiming
to the raise of their company’s customer satisfaction. This paper presents an empirical relationship analysis
between network quality characteristics and customer satisfaction on Internet communication.
Methodologically, the relationship analysis framework is based on the regression variable selection
procedures. In this framework, it is implemented that; 1) iterative model building; and 2) consistent
criteria application to statistical tests for selecting significant variables. A case study shows that; 1) the customer
satisfaction on the network connection seems to be more closely related to the network quality characteristics
compared with the customer satisfaction on the network speed; and 2) the download disconnection rate has
relatively evident relationship with the customer satisfaction on the network connection.

Keywords: customer satisfaction, quality characteristics, regression variable selection procedures, internet
communication network
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Figure 1. Empirical relationship analysis framework.
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Vector and matrix

Expected signs for

Relationship Vector and matrix . Regressors Data unit estimated regression
size
coefficients
x % -
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X % +
Ve X c
X3 % -
X, 44x5
Xt % -
9, 44x1 Xq Kbps +
V— Xs X kbps +
X, 44x4 xg msec -
x % +
2, 4015%1 °
X % -
R X c
X3 % +
X, 4015%5
X % +
2, 4015x1 xq kbps -
R X s X kbps —
X, 4015%4

Xg msec +
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Table 4. Summary of stepwise-type procedures for 5 — X _ relationship

Regressors in

Procedures Cutoff values Model Statistics Stepl Step2 Step3 Stepd
Intercept Bo 65.158
Stepwise =015 B -L644
regression aoyr="9-15 Xy ty -5.280
p-value 0.000
VIF
Intercept Bo 65.158 65.584
B -1.644 -1.062
v t -5.280 -1.990
p-value 0.000 0.053
Forward selection apn=025 VIF 3.0
By 7.571
Xu 4 -1.340
p-value 0.189
VIF 3.0
Intercept Bo 52.310 65.235 65.584 65.158
Ba -7.946 -8.035 -7.571
. t -1.290 -1.410 -1.340
“ p-value 0.204 0.166 0.189
VIF 3.4 3.0 3.0
T
o t 0.040
p-value 0.967
};{ackwa_fd topr=0.10 VIF 1.4
elimination ,BCS 1545 1538
t 0.920 0.930
X3
p-value 0.362 0.356
VIF 17.5 17.3
B, 22213 -2.194 -1.062 -1.644
t -1.570 -1.660 -1.990 -5.280
X
! p-value 0.125 0.105 0.053 0.000
VIF 20.3 18.3 3.0
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Figure 2. Plots of statistics versus p regarding yo— X, relationship; (a) R Zp; b) R Zp; (O MS,(p);and (d) C )
Table 5. Summary of all possible regressions for y_— X relationship
Number of R © Model ) —,
regressors in model b cgressors 1 Aode S5S5x() R, R MS(p) G
1 2 Xy 56.874 36.8 35.3 1.1632 3.7
1 2 X 85.874 4.6 2.3 1.4292 26.0
1 2 X 3 58.736 34.7 33.2 1.1822 5.1
1 2 Xy 54.126 39.9 38.4 1.1352 1.6
2 3 XX 55.481 38.4 35.3 1.1632 4.6
2 3 XX 54.245 39.7 36.8 1.1502 3.7
2 3 P 51.868 424 39.6 1.1242 19
2 3 X X 3 52.073 42.1 39.3 1.1272 3.0
2 3 XXy 53.894 40.1 37.2 1.1462 3.4
2 3 XX oy 53.284 40.8 37.9 1.1402 29
3 4 X X o 53.960 40.0 35.5 1.1612 5.5
3 4 X X ¥t 51.866 424 38.0 1.1382 3.9
3 4 X 1% 5% oy 50.760 43.6 39.4 1.1262 3.0
3 4 X X X oy 52.928 412 36.8 1.1502 47
4 5 X 1% 9% 3% oy 50.758 43.6 37.8 1.1402 5.0
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Table 6. Summary of stepwise-type procedures for y — X relationship

Regressors in

Procedures Cutoff values Model Statistics Stepl Step2 Step3
Stepwise regression al 0(')115 5 et AZ? : e
Qoyr =" Bg -0.148
4 -2.480
Forward selection =025 o p-value 0.017
VIF
Intercept ’Bo 63.335 69.653 67.063
By -0.003 -0.001
t -1.340 -0.850
T p-value 0.187 0.400
VIF 44 1.9
By 0.002
e]izi:z:in aOUT =0.10 Xy to 1040
i p-value 0.305
VIF 6.4
B -0.139 -0.197 -0.148
t -1.390 -2.370 -2.480
o p-value 0.172 0.023 0.017
VIF 2.8 1.9
Table 7. Summary of all possible regressions for 5 — X relationship
regrg:):bierrl (r)rfo &l b Regressors in Model SS(p) R? R 2 MSE(p) c,
1 2 Xy 88.921 26 0.3 14552 6.7
1 2 X 83.544 8.5 6.3 1.4102 3.9
1 2 Xy 79.602 12.8 10.7 13762 1.8
2 3 XX 79.855 12.5 83 13952 3.9
2 3 XX 78.219 14.3 10.1 13812 3.1
2 3 XXy 79.597 128 85 13932 38
3 4 XX oXg 76.166 16.6 10.3 1.3792 4.0
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Table 8. Summary of stepwise-type procedures for z_— X relationship

Regressors in

Procedures Cutoff values Statistics Stepl Step2 Step3
Model
Intercept Yo 2.505 2.479 2,510
Y 0.371 0.341 0.352
_ , apy=0.15 t 14.180 12.000 12.280
Stepwise regression —015 X3
@our =" p-value 0.000 0.000 0.000
VIF 1.2 1.2
Y 0.063 0.080
t 2.640 3.250
Xeg
p-value 0.008 0.001
VIF 1.2 1.3
Forward selection ay=025 }d -0.347
t -2.820
Xl
p-value 0.005
VIF 1.1
Intercept ;’0 2.766 2,510
Ya -0.348 -0.347
to -2.820 -2.820
Xl
p-value 0.005 0.005
VIF 1.1 1.1
Y -0.003
t -0.210
X2
p-value 0.832
Backward elimination aoyr="0-10 VIF 1.0
Y 0.352 0.352
t 12.280 12.280
X3
p-value 0.000 0.000
VIF 1.2 1.2
}64 0.080 0.080
t 3.230 3.250
Xeg
p-value 0.001 0.001
VIF 1.3 1.3




AR5 AGEAE o) $ YHUEAMEN L FAZAA DAV BAAZEH 26
Table 9. Summary of all possible regressions for z_ — X relationship
Number of _
i 2 2
regressors in model b Regressors in Model SSx(#) R, R MS(p) Gy
1 2 X 8107.843 0.0 0.0 1.4212 213.7
1 2 X 8110.756 0.0 0.0 1.4212 215.3
1 2 X3 7724.480 4.8 4.7 1.3872 14.0
1 2 X o 7987.740 1.5 1.5 1.4102 151.2
2 3 XX 8107.235 0.1 0.0 14212 3.0
2 3 XX 7716.090 49 4.8 1.3862 11.6
2 3 XX 7985.084 1.6 15 14102 151.8
2 3 X o o 7724.310 48 47 1.3872 15.9
2 3 Xk o 7987.728 15 15 14112 153.2
2 3 X3 ol 7711.060 49 49 1.3862 9.0
3 4 X X o s 7715.800 49 438 1.3872 13.5
3 4 XX ¥ oy 7985.052 1.6 L5 14112 153.8
3 4 X X o o 7695.810 5.1 5.1 13852 3.0
3 4 X 0% 5 ot 7711.030 49 49 1.3862 11.0
4 5 X X X X o 7695.730 5.1 5.0 1.3852 5.0
15 15
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Figure 4. Plots of statistics versus p regarding z2.— X, relationship; (a) R 2/); b) R 2/); ©) MS(p); and (d) C "
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Table 10. Summary of stepwise-type procedures for z — X _ relationship

Regressors in

Procedures Cutoff values Statistics Stepl Step2 Step3
Model
Intercept 3’0 0.306 0.393 0.347
7 -0.005 -0.006 -0.005
o 4 apy=0.15 t 112.250 -14.910 “11.660
pwise regression —015 xs
Qour="- p-value 0.000 0.000 0.000
VIF 1.1 1.6
;/Sl -0.00004 -0.00005
ty -9.440 -7.230
X1
p-value 0.000 0.000
VIF 1.1 2.9
Forward selection an=025 }52 0.00001
i 1.630
X
p-value 0.103
VIF 3.8
Intercept %o 0.347 0.393
;/Sl -0.00005 -0.00004
t -7.230 9.440
X1
p-value 0.000 0.000
VIF 29 1.1
Yo 0.00001
Backward elimination aoyr="0-10 t 1.630
X
p-value 0.103
VIF 3.8
’7\/&3 -0.005 -0.006
t -11.660 -14.910
X3
p-value 0.000 0.000
VIF 1.6 1.1
Table 11. Summary of all possible regressions for z_ — X relationship
Number of . 9 —
regressors in model b Regressors in Model SS(p) Ry R MSx(2) Ch
1 2 Xg 38.758 0.5 0.5 0.0982 225.1
1 2 g 38.900 0.1 0.1 0.0982 240.6
1 2 xg 37.539 3.6 3.6 0.0962 91.9
2 3 XX 37.942 26 25 0.0972 138.0
2 3 XgXg 36.723 5.7 5.7 0.0952 4.7
2 3 XoXg 37.177 45 45 0.0962 54.3
3 4 XX oXg 36.698 5.8 5.7 0.0952 4.0
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Table A.1. Least squares estimates of all possible regressions for

v,— X, relationship

4R -

Table A.3. Least squares estimates of all possible regressions for

z,— X, relationship

Regressors in

Regressors in ~

Model 7:’0 ng 7302 ’Bcﬁ 23)c4 Model 70 A?’d A?'cz 3’& ;’c4
Xy 65.863 -16.768 Xy 2810 0.160
X 528.800 -4.650 Xo 3.591 -0.008
X 65.532 -1.962 X 2505 0.371
X4 65.158 -1.644 X 2.692 0.176
XaXem — 339.000 -16245 -2.734 XX 3487 0157 -0.007
Xaxes 65895 -10.382 -0.956 XX 2531 -0.249 0.384
XX o 65.584  -7.571 -1.062 XX o 2.707 -0.143 0.185
XXy  49.800 0.157  -1.971 X ¥ o3 2.855 0.004 0370
XXy — -55.800 1.211 -1.704 X ¥ o4 2.805 -0.001 0.176
X%y 64832 1336 -2.658 X 3 oy 2.479 0341  0.063
XaXeXeg 202900 -11.124  -1.371  -0.806 XgXeoXe 2995 0251  -0.005  0.384
X X 92X o 79.900 -7.672 -0.143 -1.047 X X 90X o4 2.862 -0.144 -0.002 0.185
XaXgxy 65235  -8.035 1538 -2.19%4 XXk 2510 -0.347 0352 0.080
XXXy  -86.000 1510 1441  -2.813 XXk — 2.633 20.002 0341 0.063
XX eXaky 52310 7946 0129 1545 2213 X XoXaXy 2766  -0347 0003 0352  0.080

Table A.2. Least squares estimates of all possible regressions for

y,— X relationship

Table A.4. Least squares estimates of all possible regressions for

z,— X, relationship

Regressors in

Regressors in

Model By Ba By By Model 70 Vs 72 £
Xg 62.031 0.001 Xq 0.210 -0.00002
X9 58.167 0.001 Xy 0.155 0.000008
Xg 67.063 -0.148 Xg 0.306 -0.005
XgXe 54.903 -0.003 0.003 XgXg 0.051 -0.00007  0.00006
XgXg 69.653 -0.001 -0.197 XgXg 0.393 -0.00004 -0.006
XoXg 66.765 0.000 -0.144 XoXg 0.461 -0.00003 -0.006
XX X 63.335 -0.003 0.002 -0.139 XXX 0.347 -0.00005  0.00001 -0.005

regressions 3] 7] 2 &8 o] A )53 X (least squares estimates)7}
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