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Abstract

This paper proposes the CPW-fed spiral resonators with Hilbert slot configuration in
defect ground structure (DGS) for a bandpass filter (BPF). For comparison, three CPW-fed
spiral filters are fabricated and measured. To obtain low insertion loss (—0.81dB/—0.87dB),
high out-of-band rejection level (—38.22dB/—42.74dB) and wider bandwidth (22.8%/36.3%)
of 2.4/5.8GHz frequency responses, the CPW-fed slot spiral resonators with cross line are
applied for WLAN dual-band systems. The design procedure for dual-band filter is presented.
The proposed filter is successfully simulated and measured to obtain the agreeable frequency

responses.

Keywords: Dual-bands, CPW-fed, Hilbert-curve
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I.INTRODUCTION

The attractive features of the spiral resonator are its compact size, low cost, high Q, and
low radiation loss. These characteristics are usually applied to realize band-pass filters in
microstrip circuits and superconducting coplanar circuits. The filters have wide applications
in satellite communication, mobile communication, wireless telecommunication, and
microwave system. In practice, cross-coupled spiral resonators can be used to obtain higher
selectivity without using more resonators. Recently, the superconducting cross-coupled spiral
resonators have been realized in coplanar structures [1-6, 17] with CPW-fed DGS way [13,
14, 19-21] and parallel coupled line [16] and cross shaped line [18]. However, the shape of
the spiral has to be considerably modified to achieve larger coupling coefficient for improving
the performance.

Recently, new meander lines for microstrip line structure with Hilbert configuration have
been proposed. It implies that by infinite iterations the Hilbert configuration presents a
property of infinite, although the entire curve fits into the finite area. This effect of
space-filling can be exploited for the miniaturization for microstrip antenna [8-12, 22]
resonator and filter [7, 15].

The increasing demand for multi-band applications has required a single wireless
transceiver to support multi-band operations. The dual-band BPF plays an important role in a
multi-band transceiver [23-32]. For 2.4 and 5.2 GHz dual-band systems, using a
coupled-serial-shunted (SIR) line structure was used and designed [23]. The parallel-coupled
and vertical-stacked SIR configurations were used at 2.45/5.2 GHz or 2.45/5.8 GHz dual-band
[24]. The compact ring dual-mode resonator with 2.4/5.2 GHz dual-band was proposed [25].
The dual-mode ring resonator with periodically-loaded open stubs was presented with 2.4/5.8
GHz dual-band [29]. However, the WLAN systems combining 2.4, 5.2, and 5.8 GHz are
becoming more attractive. Especially for universal applications, it should be covering the
whole 2.4-2.5 GHz and 5.15-5.85 GHz bands for the WLAN systems. Thus, a dual-band and
wideband filter is a key component for the WLAN systems.

The spiral resonator in DGS with Hilbert slot configuration introduced for a large
coupling coefficient will first be described in this paper. For comparison, conventional
CPW-fed spiral resonator in DGS with parallel line, CPW-fed Hilbert slot spiral resonator in
DGS with parallel line and CPW-fed Hilbert slot spiral resonator in DGS with cross line are
studied. To obtain low insertion loss, a high out-of-band rejection level and a wider
bandwidth of the resonators are proposed and analyzed. The dual-band design procedure is
also proposed. Simulation results including surface current distributions and frequency
responses are presented and discussed.
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(a) (b) (c) (d)

Figure 1. Hilbert slot iteration configurations. (a) Original, (b) 1%, (c) 2", (d) 3" iteration.

1] :

II. FILTER DESIGN AND BASIS

2.1 Iterative Hilbert Slot Curve Configurations

The Hilbert fractal curve [21] is known as the space-filling curve. The structure of this
shape can be made of a long metallic wire compacted within a microstrip patch. As the
iteration order of the curve increases, the Hilbert fractal curve may fill the space of the patch.
It has been used in small antenna design. The Hilbert fractal slot curve generated in an
original patch is shown in Figure 1(a) with the first three iterations in Figure 1(b)—(d).

2.2 Design Procedure

For deterministic design and better performance, a design procedure for dual-band
application is presented in this paper. For analytical approach, f; represents the resonant
frequency of the first band ( BW1), which is related to the total length of spiral and the feed
lines, and f;, depicts the resonated frequency of the second band ( BW2), which is determined
by the total length of parallel line. Then, the design procedure is stated as:

[a] The guided wavelength ( Ag1) of the resonated frequency fj is calculated.

[b] The value of % determines the total length of spiral and the feed lines.

[c] By% , the total length of Hilbert slot spiral and the feed lines is decided.
[d] The guided wavelength ( Ag2) of the resonated frequency f> is computed.

[e] Using % , the total length of parallel line is determined.

[f] By % , the total length of cross line is decided.
[g] The certain resonated frequency can be achieved by tuning.

2.3 CPW Spiral Resonator DGS / Parallel Line

For comparison, a CPW-fed spiral resonator with parallel line on top is presented in
Figure 2(a) and (b). The dimensions are: a = 3.30 mm, L; = 10.0 mm, L,= 5.0 mm, W;=0.12

4
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mm, W= 0.45 mm, W3=0.60 mm, W4=0.12 mm, S = 0.20 mm, W = 1.20 mm, g = 0.25 mm,
d;=1.0 mm, and d,= 1.0 mm.

2.4 CPW Hilbert Slot Spiral Resonator DGS / Parallel Line

With the 2nd iteration Hilbert configuration, the CPW-fed Hilbert slot spiral resonator
with parallel line is proposed in Figure 3(a) and (b). The dimensions are: a = 4.20 mm, L, =
10.0 mm, L,= 5.0 mm, W;=1.56 mm, W= 0.12 mm, W3= 0.60 mm, Ws= 1.08 mm, S =
0.20 mm, W = 1.20 mm, g = 0.25 mm, d; = 1.0 mm, and d, = 1.0 mm.

2.5. CPW Hilbert Slot Spiral Resonators with DGS Size Variation

In Figure 4(a) and (b), the variations of CPW-fed Hilbert slot spiral resonators include
the size of Hilbert spiral in DGS and the cross line in top. The size dimensions are: 4.20 X
4.20 mmz, 3.29 x 3.29 mmz, and 2.80 x 2.80 mmz, with the constant L1= 9.0 mm and / L, =
9.4 mm.

2.6. CPW Hilbert Slot Spiral Resonator with Cross Line Length variation
In Figure 4(a) and (b), the cross line dimensions are: L;=9.0 mm/L,=10.0 mm, L;=
9.0 mm/L,=9.40 mm, and L; = 9.0 mm / L,= 8.80 mm, with the constant 3.29 x 3.29 mm>.

|

—> 4, © v W,
ﬁ
<L>
a
sy I
g
W ﬁ - A
w, W,
—> <« —> <«
—> <«
d1 Ll
L,
DGS PE— TOP
(a) (b)

Figure 2. CPW-fed spiral resonator filter. (a) Spiral resonators in DGS, (b) Parallel lines on top
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Figure 3. CPW-fed Hilbert slot spiral resonator filter. (a) Hilbert resonators in DGS,
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(b) Parallel lines on top.
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Figure 4. CPW-fed Hilbert slot spiral resonator filter. (a) Hilbert resonators in DGS,

(b) Cross lines on top.
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Figure 5. Simulated frequency responses of spiral and slot spiral resonators with parallel lines.
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Figure 6. Frequency responses of slot spiral resonators with cross line.
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Figure 7. Simulated frequency responses of size variations (L; = 9.00 mm & L, = 9.40 mm)
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Figure 8. Simulated frequency responses of cross line variations (3.29 x 3.29 mm?)

. SIMULATION AND RESULTS
The simulations for CPW-fed spiral and Hilbert slot spiral are achieved with the aid of

CAD IE3D [33]. The RT/duriod-6010LM substrate with dielectric constant & = 10.2, O =
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0.0023, thickness h = 1.27 mm is used. For the requirement of 50 QQ impedance, the width of

strip is 1.2 mm, length of feed-line is 10.87 mm, effective dielectric constant & = 5.70 and
guided wavelength A¢ = 53.2/20.36 mm at frequency f, = 2.36/6.17GHz.

3.1 S-parameters Frequency Responses

For comparison, the simulated frequency responses of CPW-fed spiral resonator with
parallel line and Hibert slot spiral resonator with parallel line are shown in Figure 5. The
results indicate that both resonators exhibit dual-band responses, but the slot spiral resonator
with parallel line expresses wider bandwidth. The double dips existed in S;; and the ripple
expressed in Sy; is the drawback. Then, the slot spiral resonator with cross line is thus
designed, and both simulated and measured frequency responses are shown in Figure 6, which
has a good agreement. For the identical size and width of spiral, the slot spiral resonators with
cross line exhibits more wide-band. Finally, the simulated frequency responses related to size
variations with the identical L; = 9.0 mm / L, = 9.40 mm are presented in Figure 7. The
resonator with more area obtains better dual-band response. By changing BW:2, the
simulated frequency responses related to cross line variations with the identical 3.29 x 3.29
mm?” are presented in Figure 8. All the results of frequency responses of the filters are listed in
Table I for comparison and analysis purposes.

3.2 Surface Current Distributions

For the CPW Hilbert slot spiral resonator with cross line, Figure 9 presents the surface
current distributions simulated by IE3D. Obviously, more coupled magnitudes (red) in Hilbert
slot spiral and light magnitudes (yellow vertical line) in cross line are observed for BW1 in
Figure 9(a). In addition, the high current intensity in Hilbert slot spiral and more coupled
magnitudes (red) in cross line for BW2 are shown in Figure 9(b). Thus, the behavior
demonstrates the Hilbert slot spiral is related the BW1 and the cross line is determined the
BW 2. Photography of the CPW-fed Hilbert slot spiral resonator is presented in Figure 10.

0dB
B
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-12dB

-16dB
-20dB ‘ -
I

2448 |
2848
| -24B
-364dB
-40dB
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Figure 9. Current distributions for CPW-fed Hilbert slot spiral resonator with cross line.

(a)at BW,,(b)at BW,.

i uuu;mu O
0 cm 2

Figure 10. Photography

IV. Conclusions

Three CPW-fed spiral resonators with typical spiral and two Hilbert slot spiral
configurations are presented for a large coupling coefficient in this paper. The low insertion
loss (—0.81dB/-0.87dB), high out-of-band rejection level (—38.22dB/—42.74dB), and wider
band width (22.8%/36.3%) at 2.4/5.8GHz frequency responses of CPW-fed Hilbert slot spiral
resonators with cross line are presented.

The simulated results depicted the identical surface current distributions among slot
spiral resonator and cross line are enhanced. The compact CPW-fed Hilbert slot spiral filter
and the design procedure can achieve good performance for WLAN dual-band applications.
For compact dual-band design, the proposed filter covers the required bandwidths for WLAN
bands (2.09-2.63 GHz and 5.05-7.89 GHz). The coupling way is constructed in coplanar and

10
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efficient. The structure is smaller in size with 22x22 mm?>.

TABLE 1. FREQUENCY RESPONSES RESULTS

spiral and slot spiral and slot spiral and
parallel line parallel line cross line
(BW,/ BW>) (BW,/ BW>) (BW,/ BW>)
Jfo (GHz) 1.92/4.18 1.90/4.20 2.36/6.17
BW (GHz) 0.23/0.35 0.47/0.64 0.54/2.24
FBW (%) 12/8 24/15 22.8/36.3
insertion loss (dB) -1.19/-1.55 -0.94/-0.70 -0.81/-0.87

rejection (dB)

(-47.67/-30.27)/
(-46.99/-16.74)

(-47.45/-19.12)/
(-19.12/-25.18)

(-38.22/-42.74)/
(-42.74/-36.03)

line width (mm)

0.12

0.12

0.12

11
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Abstract

This research demonstrated a cement mortar spraying process quality improvement
project using Six Sigma methodology. Based on the Six Sigma DMAIC approach, the quality
problem was defined at first. Secondly, the input and output variables are explored by Six
Sigma tools. Thirdly, statistical tools, such as ANOVA and Fisher's Least Significant
Difference (LSD) Test, were used to validate what the key point input variables (KPIVs) are
and Failure Mode and Effect Analysis was used to improve the process. Finally, the control
method was utilized control key point input variables such as nozzle elevation, cement mixing
uniformity, frequency of nozzle cleaning and the proportion of cement and sand in order to
avoiding variation happened again in process. The quality improvement team succeeded
reducing cement mortar spraying process defective yield in this case. The result of studies
proved that the Six Sigma methodology is feasible and efficiency to implement on
construction engineering quality improvement. It is worthy of introducing this methodology
into the construction engineering fields.

Keywords: Six Sigma, cement mortar spraying process, case study, quality improvement,
construction industry
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% 3 BEIgITA

One-way ANOVA:

Source DF SS MS F p
Op 2 0.01501 0.00751  2.19  0.268
Error 3 0.01027 0.00342

Total 5 0.0252

(= ARG Ak -

B R SR (WA ORGS0 I R s
PEIFTE TR AT R TR « [0 3 > SHPHSL 3 v > ST RIRLD™ 5 2 /T [ ~ 6
PR 8 LR T - ASEIE R 7 R T FT(ANOVA)S ' p A EfRoRL 1y 35
PEVEL IO ETZEIE ik (55 M R - SR1 0 M P VR » ki 9
F%(/[R T
Bt 2
{Ho P [ SR A T E 2

Ha : [l S etie b i o T2 8 R 2

5 MINITAB SEET.V S A9 p (it 0.023 - p fifi[ 47 0.05 » [NIFFEE Ho » 55 477
BT 4 T o RIS EATEAE Y B g 1 F RIS B o | FJ] Fisher’s LSD A
CPET LRI RS (RIS R B SRR 5 T )
2] FTER PV o VIR TR L) 2 P RpE TR IS E R I o PR
AR R PR S 2 ) BRI -

4 BEPTIFTE

One-way ANOVA:

Source DF SS MS F p
Frequency 2 0.015114  0.007557  33.39 0.023
Error 3 0.000679  0.000226

Total 5 0.015793

. 5 Fisher’ s LSD fiaiF 55 Frdi il
Fisher 95% Individual Confidence Intervals
All Pairwise Comparisons among Levels of Frequency

Frequency = 2 subtracted from:

Frequency Lower  Center Upper
6 0.04436 0.08850 0.13264
8 0.08986 0.13400 0.17814
Frequency = 6 subtracted from:

Frequency Lower  Center Upper
8 0.00136 0.04550 0.08964

23



USIZHEE R EZE LR
ZEAR

AR EZ AR

§~iﬁﬁ5%ﬁﬁ%%%%$%Wi&W

ﬁ%ﬂ}ﬂ%\'ﬁﬁﬁiqﬁlq s ,FJE%#?W wibjﬁﬁijﬁ éﬁuﬁﬁ%ﬁéﬁn P B FE L
PR S £ R ““iw%%ﬁ“Wi%w IR
ﬂ%%%@@”°ﬁﬁ%vw&ﬁﬂf’\¥%mﬁﬁﬂ§ﬂww i < FE
SRR }{»f%ﬁd%ﬂ@g\rJ [EReieEE; [/ji?f“,‘ii};}f";ﬁifh s > 4R '&%‘E]‘F' A i
FUNED mﬂﬂr%%ihﬁi%wﬂﬁﬂiﬂ1ﬁ¥ﬁ5£‘Uﬁﬁ I Ypus S E
LIPS« ST 22 E o | *ﬁlﬁirbfzr#ﬁ&m%@ﬁ“ﬁ%%r

@E‘\fﬁﬂi@ﬁﬁr%‘ﬁﬁ, 45 7PT]E Il %&l}luj‘r_"};&}lﬂ Sl R U}%&EU SR RS
Ffa%” wbe FY B Sk R [ [l (Risk priority number, RPN) » f5 i el Hi L (Puente
et al., 2002) ° ]1 fﬁ]?ma]ﬂﬁl[i%“ﬂ I fn[;}?[f’?ﬁ IR A UFEE r”ﬁ’ﬁ[“ﬁ“ﬁé ;F/E}
bifﬁﬂ:ﬁ IE—F”H S U SR s «{‘;r EJFET:WL“ :

RPN(& @ fifi) = SEV x OCC x DET

El> SEV : %U?’sﬁﬁ%‘}ﬁﬁ’ ST ‘l%@ » OCC : F[ERFFRNPUSE 4k ; DET :
%ti’f@’ﬁ[ fE”’ILJt%@< D?Efméﬁfﬂi <> 1-10 pUFaEl [NIF*RPN p Jﬁ‘f[aﬂd{él 1000 > F?

Er ctr—4

_A_AE

ey Pl g - ii??‘if AR A ’tm%#bﬁ}?fm[r;rﬁ PR D -
e 6 BRI S ?T%“IJJ FYIAHA o
# 6 RIS
(S TN v o HFEH o R N
f@%ﬁ?ﬁ# P2 R g ,%Wﬁ g 2 TR
s CERANESHL
_/Jkiﬁ‘l'#gf _FiF‘i 155 1 EJJ‘%FJ’I{ (H: 1916 ?J}'El
PRt o j %IH 10 Elf;;rmﬁfﬁu 7 & 10 700 )rszigekﬁ”w .j;cgl
= i) e[l 15 =
’* Fﬂ ki
o - =
LR T o THLRS
miep LLen VLD w0 gwws 70 x 10 700 R A
g DR PR S RNE ST
PR VI
S ERANESHT
AfeydEs &qﬁ~ﬁ;p hﬂﬁﬁ 3§1%6iﬁ'
’ﬁJ/E JfERHESE R 100 a7 =0 10 700  FRESFE i
F" il %ff' H B [l 14 =
Lk
e SRR 17 9% iﬂ?ﬁiﬁ
P?ﬁgf s %?‘ 10 ZER(EH 6 = 10 600 F” ”@ [‘ﬁ;li
B3 E%J o ]%

24



HERER FE+=% H-M FERE0151A %25A
Journal of Ching-Yun University, Vol.32, No.1 (2012)

aN e

IS P Rt APPSRt i o 5 pISIOHEp S SRR * [kl SRRt
ﬁziﬁg PR E RRE  [RR iT  JRERE © FIRTSIA

2.7 R

Fjﬁ%ﬁﬁ e BOEPRE FAE YR ] TR

PP pIS S NRIEOPET AR MREMIL-STD-1916 4 5 W (B

PRS2 2TTEE AR =t 2ais S

APE O AEE] NIRRT ek (NEMIL-STD-1916 i &1 =R

Iy

BTSN A i B e

SO it AR B TR
RS2 S 9 27040 (S 3.5% » S5 » BT R 4

o

£2 - RS IRCAR RS

AP | W R PAER ) 30 R AR TR TR AR VR o 115
S [T T S04SR TR I RV Sk
At ~ PR £ P PRI [ A RS S S P R gy -
FIJ = [ el Bl Wé%ﬂﬁﬁﬁﬁ%%ﬁ%ﬁﬁ« E@Eﬁ%@%{f’ ME|FII7 [Fisher' s LSDAg i 5 2] ek
FE AT KR2- [ [ o deb i 2 IR R 2 i ey R (D A LA PR R T
R i RPN (S R AU S B A o TR il fﬂ%ﬁ“ﬁ%@
EU P o g 3R AR I R IR o - ARYER TR P R A,
ESRI53 b =l *’?ﬁfuﬁ%%aﬁﬁ%ﬁ@?ﬁ%ﬁdi o 0 SR P EE AR ST AT SRR
SR ISR U SR REGED S puE N B T AR | gkl = Py PRI ol
S EE) [’[aB;’F IR o R A AV, o PR fr—‘%m%%;g%j B R R
SN o RIRIE J?%%iﬁ%ﬁiﬁﬁf&%ﬂi%ﬂ “J%E@?‘fﬁﬂﬁél§|‘?Efs§¢w1£lfiﬂ’ﬁﬂ B
LR WINVSY » EVEREE L e ;T?%?szﬁ' '”Efiﬁ@?ﬁﬂﬁ:? | R -

P TR EER T R Dl P T AR RS IRREES
LIRS Y oS T g RLASE S P 1 E e
PO o AR AR TR P = R Efi R iy A

25



UNERREZRESEEREFTRFEZIAE
2B AR

FVE R T RO L RT3 PSR R R B AR T S
F'giﬁ}@ i r Jﬁi—r% e **F ;aﬁgl Jﬁljiszfl{ @m[su P ¢7ﬁIE3I ol JTFJI”JU‘%?F#}H il

26



HERER FE+=% H-M FEREI0151A %27R
Journal of Ching-Yun University, Vol.32, No.1 (2012)

£Z 3k

(11 SEEY > TRAHINQ003) o A ISR IATY T o (1 S HTTERE7 5 39 i
(IEFIT 0 b 2 B TTAENE £ -

[2] Antony, J., Banuelas R. (2002), Key ingredients for the effective implementation of Six
Sigma program, Measuring Business Excellence, Vol. 6 Issue 4, pp.20 - 27.

[3] Banuelas R., Antony J.(2002), Critical success factors for the successful implementation
of six sigma projects in organizations, The TQM Magazine, Vol. 14 Issue 2, pp.92- 99.

[4] Harry, M. (1998), Six Sigma: A Breakthrough Strategy for Profitability, Quality Progress,
Vol. 31, No.5, pp. 60-64.

[5] Henderson, K.M., Evans, J.R. (2000), Successful implementation of Six Sigma;
benchmarking General Electric Company, Benchmarking: An International Journal Vol.
7 No. 4, pp. 260-81.

[6] International Electrotechnical Commission IEC, International Standard IEC 60812
2006-01, Analysis Techniques for System Reliability: Procedure for Failure Mode and
Effect Analysis

[7] Johnson, C., Shanmugam, R., Roberts, L., Zinkgraf, S., Young M., Cameron L., Flores A.
(2004), Linking lean healthcare to six sigma: An emergency department case study, IIE
Annual Conference and Exhibition 2004,, pp. 1897-1910.

[8] Kumar, S., Gupta, Y. (1993), Statistical process control at Motorola's Austin assembly
plant, Interface, Vol. 23, pp. 84-92.

[9] Montgomery, D.C.(2010), A modern framework for achieving enterprise excellence,
International Journal of Lean Six Sigma, Vol. 1 Issue 1, pp.56 - 65

[10] Montgomery, D.C., Woodall W.H. (2008), International Statistical Review, Volume 76
Issue 3, pages 329-346.

[11] Narayanagounder S., Gurusami K. (2009), A New Approach for Prioritization of Failure
Modes in Design FMEA using ANOVA ,in: Proceeding of World Academy of Science,
Engineering and Technology

[12] Patton F. (2005), Does Six Sigma Work in Service Industries, Quality Progress, Vol. 38,
No.9, pp.56-60.

[13] Peter S. Pande, Robert P. Neuman, Roland R. Cavanagh, The six sigma way: How GE,
Motorola, and other top companies are honing their performance, McGraw-Hill
Professional, 2000

[14] Puente J., Pino R., Priore P., Fuente D., (2002) A decision support system for applying
failure mode and effects analysis, International Journal of Quality & Reliability
Management, Vol. 19, Issue 2, pp.137 -150.

[15] Su, C.T., Chou, C.J. (2008), A systematic methodology for the creation of Six Sigma
projects: A case study of semiconductor foundry, Expert Systems with Applications, Vol.
34, Issue 4, pp. 2693-2703.

27



ANAZRERES R ERRERFEEIAR
ZFRAR

28



HEER B2 F-0 FEREI01F1A F297
Journal of Ching-Yun University, Vol.32, No.1 (2012)

H3% G o AR IR RS T

An Exploratory Study of Online Negative Word-of-Mouth Communication

HEE NGRS SES 3
Cheng-Hsi Fang Hui-Hua Ou-Yang Yu-Yeh Chiu

FEPESE FREHHSE FRpEF
(g = = TR - EFEFEL = e TR L

LEBLE S LB S 3 B4 T8 BT
ccfang@cyu.edu.tw

B B

ilgﬁg‘ @ v Z std o S EE Rt 2 3C T8 M E mobileOl

1

LAY R B T ThE AT 2 #?{:i«n o AT AR v]:cE: 7930 Bz
WEYEFENFA TR RL AT Hdwm Ty P F P UE
ARt b A 0 B FF R AR S A RE G T A AT 2
HAF697% R o A A RHYFEr HAEKE FHDP TR P
B Rl e v ATl anthb R B T E R e oM Egilg el 54
Rlw B d > d t g o T slg 25 flehw o o oh s f o v M g a4
SRS TN G 5%k - BRI TR NG T o myFIRE G
CRET R B RE  THER L G v E R R EEAMLE 80 X A
BRI LG T ARE L o F AN FERFFERF R G v g
N EP O AT EREEREINE IR ZAEFETF 0 A2 NS
- EH gt e

ﬁnvlﬁz

Mt i v ~Ja R RPN R X T L AAEEN
PR

hFF 3 B NSC97-2410-H-231-012 344 4 45 » 3K F & A R 837 5 WH a2 0 Bt £ 4 a3 o

29



#3% A g 0 B Z AR R
FER' BGEES REES

Abstract

This study discussed the effects of negative word-of-mouth communication by
investigating the laptop computer issue related to Taiwan’s largest mobile communication
forum, MobileO1. In total, 7,930 posts were collected and examined via content analysis.
Results indicate that types of “technical information exchanges” and “opinion seeking”
dominated in discussion trends. Specifically, discussions regarding negative word of mouth on
the Internet accounted for only 6.97% of all interactions. However, a cross-validation of
different posts, responses, and discussion periods indicated that negative word of mouth
triggered the most heated discussions, averaging 54 responses per post, whereas positive word
of mouth generated only 25 responses per post. In addition, negative word-of-mouth
discussions attracted users with similar negative experiences, which further damaged the
brand’s reputation. The discussion duration on negative word of mouth was also substantial
and, on average, continued for as long as 80 days. Evidence from this study revealed that
negative word of mouth can cause significant damage. For these reasons, companies must
develop practical systems to manage negative word of mouth on the Internet. Implications for
customer management are discussed.

Keywords: word-of-mouth, referral, buzz, consumer behavior, social media
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I. Introduction

The Internet has dramatically changed the way word of mouth (WOM) is transmitted. In
the past, WOM communication disappeared immediately after it was shared. However, today,
online WOM permanently circulates on the Internet in the form of text, audio, and many other
multimedia. This rich multimedia-form of WOM provides plenty of information for potential
consumers to review before making purchase decisions. Moreover, enhanced search engines
enable users to produce precise search results instantaneously. Consequently, consumers are
now used to searching for product reviews on the Internet before finalizing their purchase
decisions (Chatterjee, 2001), which further assists the spread of electronic WOM.

To cope with this trend, companies are currently actively promoting positive WOM
(PWOM) on the Internet as intangible assets (Chen, Wang, & Xie, 2011). Similarly, negative
WOM (NWOM) is treated as intangible liabilities that also deserve attention (Berger,
Sorensen, & Rasmussen, 2010). In fact, many companies have begun showing concern related
to this issue. For example, Dell monitors WOM on the Internet in order to respond to
consumers’ negative comments before they spread. Some enterprises have also taken
initiatives to prevent possible malicious attacks by pre-registering domain names. For instance,
Volvo has registered volvosucks.com while Chase Manhattan Corporation now controls
chasesuck.com, ihatechase.com, chasestinks.com, and chaseblows.com (Harrison-Walker,
2001).

Marketing practitioners monitor NWOM because its impact is believed to be greater than
that of PWOM (Gilly, Graham, Wolfinbarger, & Yale, 1998). Hennig-Thurau and Walsh
(2003) indicated that 43.5% of consumers who read negative comments online are
discouraged from purchasing certain products, while only 28% of consumers consider buying
products after reading positive reviews. In addition, due to the highly accessible nature of the
Internet, consumers are typically more likely to express their dissatisfaction online rather than
directly file complaints to the company. In fact, nowadays consumers are used to taking to the
Internet as the best channel to share their dissatisfaction (Harrison-Walker, 2001).

While the impact of online reviews continues to grow, systematic management remains
inadequate. Previous studies have focused on investigating the roles and characteristics of
online review sources (e.g., Chandrashekaran, Grewal, & Mehta, 2010; Wangenheim, 2005;
Ward & Ostrom, 2006) and the motivation behind spreading or searching for WOM on the
Internet (e.g., Hennig-Thurau, Gwinner, Walsh, & Gremler, 2004; Hennig-Thurau & Walsh,
2003). The current study seeks to provide a preliminary examination of online WOM. By
examining the contents of online WOM, the authors are able to identify different types of
WOM information. The results of this study will facilitate our understanding related to the
influence of NWOM and serve as a reference for practical management.
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I1. Literature Review

A. WOM on the Internet

WOM is a method of communication that is independent of manufacturers, retailers, and
service providers (Arndt, 1967). WOM participants usually include family and friends;
therefore, it is believed to be more trustworthy than any other media sources (Derbaix &
Vanhamme, 2003). In addition, the interactive nature makes it possible for the WOM sender
to give a customized suggestion that is better suited to the WOM receiver’s needs (Bristor,
1990). Researchers assert that WOM is usually more vivid and memorable, provokes empathy,
and is more persuasive than other sources (e.g., Herr, Kardes, & Kim, 1991; Silverman, 2001).
Hughes (2005) pointed out that WOM is valuable because it immediately captures the
attention of consumers, which is a scarce resource in the digital world. Therefore, the
importance of WOM in influencing consumer attitudes and purchase decisions has been
widely recognized by marketing scholars (e.g., Bansal & Voyer, 2000; Wangenheim & Bayon,
2004).

Online WOM refers to consumer accounts of experiences and opinions on products that
are transmitted online (Dellaroces, 2003). Consumers distribute WOM messages via diverse
online media, including E-mails, newsgroups, online forums, blogs, and Twitter
(Hennig-Thurau et al., 2010). Thanks to the continual improvement of the Internet’s
construction, WOM messages today are transmitted even faster, thereby providing researchers
with opportunities to conduct related studies. For example, Kiecker and Cowles (2001)
discussed the roles and characteristics of online review sources and classified WOM sources
into different categories. Liu (2006) found that online WOM reviews of movies were mostly
positive during the prelease stage; however, negative reviews drastically increased during
opening week. Nevertheless, he found that WOM volume significantly influenced box office
revenue, whereas the effect of WOM valence was not salient. Chevalier and Mayzlin (2006)
studied online book reviews and found that consumers had a positive bias to posted positive
book reviews. Studies have also shown that consumers not only review online book ratings,
but also read reviewers’ comments critically (Chevalier, 2006). These results indicate that
negative comments influence consumers more than positive ones. Other studies have
examined online forums (Cheung, Luo, Sia, & Chen, 2009), blogs (Kozinets, de Valck,
Wojnicki, & Wilner, 2010), social networks (Dwyer, 2007), and opinion platforms
(Hennig-Thurau et al., 2004); findings indicate that online WOM is a highly useful venue
enabling businesses to monitor customers’ responses to their products (e.g., Godes & Mayzlin,
2004; Hu, Pavlou, & Zhang, 2006).

B. Negative word of mouth

When consumers are dissatisfied with a purchased product, they may take public actions
(e.g., filing claims or making legal complaints) or adopt non-public actions to release their
anger (e.g., not buy the product anymore or warn their friends not to buy it). NWOM is a
non-public action in which consumers decide to relate their unpleasant experiences to friends
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and family (Ward & Ostrom, 2006). NWOM has historically been difficult to observe;
consequently, previous research focused on consumers’ complaint behavior. It was not until
the 1980s that scholars began investigating NWOM, although their focus was still on the
antecedent variables that led to these negative reviews (Halstead, 2002; Nyer & Gopinath,
2005).

Transmitting WOM messages on the Internet is vastly different from speaking these
messages aloud. Online reviews are exchanged indirectly via non-verbal messages, are
directed to multiple individuals, and are available to any other consumers for an indefinite
period as interconnected files communicate this information, which can be subject to
observation (Keller, 2007). Although many studies have investigated the management of
NWOM on the Internet, this process has not been systematically developed; however, a
relatively vast collection of research on consumer complaints in the literature can be
referenced. Best and Andreasen (1977) found that nearly 20% of after-sales complaints
concerned pricing. Anderson (1994) and Fornell (1992) indicated that consumers are more
likely to feel satisfied with the product than they are toward the service. Harrison-Walker
(2001) pointed out that, unless consumers file complaints immediately following the problem,
companies are not be able to remedy the situation. For this reason, enterprises should
encourage customers to voice their complaints directly when problems arise.

However, empirical research has also found that only a small number of consumers
direct their complaints to the company; 70% of consumers either stop buying these products
entirely or criticize them among friends and family (Day et al., 1981). Furthermore, some
consumers believe that filing complaints is a waste of time because they are unlikely to
receive satisfactory results, whereas others are simply not familiar with complaint filing
procedures and channels (Bodey & Grace, 2006). Moreover, many consumers continue to
voice dissatisfaction to friends and family even after they file a complaint to the company.
Considering these lines of potential NWOM, criticisms made in public could deter potential
consumers and cause persistent negative attitudes toward products.

Although NWOM on the Internet has far-reaching consequences, Strauss and Hill (2001)
found that only 47% of companies responded to consumer complaint e-mails. However, with
the convenience of the Internet, many consumers take online forums as their first and the most
important place to voice their dissatisfaction (Harrison-Walker, 2001). Therefore, online
discussion forums have become the main channel for the spreading of NWOM.

C. Motivations for the spreading and reading of online word of mouth

Since the importance of online WOM continues to grow, many scholars have
investigated the motivation behind consumers’ publication and reading of online reviews (e.g.,
Goldsmith & Horowitz, 2006; Hennig-Thurau & Walsh, 2003). The main reason for posting
online reviews is the belief that other consumers may benefit from this information, followed
by coincidental communication during the process of a discussion. The third reason for this
type of communication is to release emotions and highlight either positive or negative
experiences with certain products. Of note, only 3.4% of online discussion is triggered by
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marketing campaigns (Hennig-Thurau et al., 2004). Chevalier and MayzLin (2006) found that
online book reviews are generally positive, while Schlosser (2005) indicated that consumers
have a negative bias because they try to provide different opinions by publishing negative or
opposing reviews.

The main reasons consumers review WOM on the Internet are to reduce perceived risks
and accelerate the decision-making process (Hennig-Thurau & Walsh, 2003). Moreover, these
reviews provide first-hand insights into product experiences and determine social status
conveyed by the products. Goldsmith and Horowitz (2006) further indicated that price
consciousness is another major factor for people to read online WOM.

II1.Method

The purpose of this study is to conduct a preliminary analysis of the content of online
WOM and identify its effects in view of how heated each post is. Although individuals can
communicate in many ways via the Internet, this study only examine messages that are
publicly accessible, such as those posted on bulletin board systems (BBS) or in forums.
Private opinions exchanges (e.g., through e-mails, instant messaging tools, or private chat
rooms) are not observable by the public and therefore are not suitable for analysis.
Considering the characteristics of different forms of websites, we selected an online forum as
our data source because this type of website is focused primarily on the exchange of
consumer opinions or experiences. Therefore, it is the best venue for the distribution of online
WOM.

This study selected the laptop discussion forum as our data source for two important
reasons: (1) Laptop computers have continually been a key product in Taiwan’s economy,
with 80% of the world’s laptop computers being produced or assembled by Taiwanese
original equipment manufacturers (OEMs), resulting in numerous competing brands in
Taiwan; this situation facilitated a comprehensive collection of related information. (2)
Laptop computers have replaced their desktop counterparts as mainstream products,
generating a considerable number of consumers and an equally substantial amount of related
discussion. Mobile01, the largest mobile communication forum in Taiwan, was chosen as our
data source. MobileO1was established in February 2003; since then, it has become Taiwan’s
largest mobile communications forum. According to Internet traffic reports on Alexa at the
time of this study, MobileO1 ranked fourteenth in total Internet traffic (including such as
Google, Yahoo!, Facebook, Wrech) but number one when considering only the laptop forum
category.

This study employed content analysis to classify and analyze online reviews. Because
posts in Mobile01 were previously sorted according to the heat of the discussion and the date
of the latest replies of that post, it was not possible to use the date of first post as the basis for
sampling. Therefore, the sample was drawn according to the "last reply date." A four-month
timeframe (June to September 2009) was selected to provide adequate time for subsequent
analysis. Although consumers usually purchase new laptops every two to three years, and
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each new laptop generally attracts consumers’ attention for only about three months (Huang,
2005). Moreover, since we drew our sample according to the last reply date, the time span
between the dates of the “first post” to the “last reply” could be very long. In fact, the longest
duration of the discussion in our data is beyond five years. Thus, the four-month time frame is
adequate for an exploratory analysis.

After the data were collected, we used content analysis to quantify and analyze the words,
concepts, and relationships within each post. This method is advantageous for understanding
social communication and interaction. The procedure to develop the coding scheme of the
study referred to past research for guidance. In the first stage, two of the authors examined a
small sample of posts and created categories independently (Godes & Mayzlin, 2004). The
coding schemes were then compared with each other as well as with past research. Finally,
seven categories were identified. In the second stage, two judges were recruited and trained to
re-examine all of the posts and were asked to sort the posts into the categories separately.
Disagreements in codings were resolved by discussing key terms and jointly reviewing the
posts until a consensus was reached. Ultimately, 7,930 posts were collected. Among them,
five posts including log files of incorrect posts and lack of content were omitted from
subsequent analysis.

IV.Results and Discussion

A. Duration of different kinds of word of mouth on the Internet

The data collected from Mobile0O1 suggest that consumers did not publish many negative
comments on the Internet. Table 1 shows “technical exchanges” that focused on laptop
computer hardware and software accounted for nearly half of the discussion, followed by
“purchase opinion seeking” and PWOM, whereas NWOM accounted for only 6.67%.
Excluding the discussion of consumers’ sharing of “Great Deals” and “company-supported
activity” initiated by businesses, negative reviews generated the fewest posts among
consumer-initiated topics. However, when observed according to time span, the average
discussion time span on NWOM continued for as long as 80 days. The period of time was
counted according to the time span between the first dates of the post to the last reply to that
topic. According to Preece et al. (2004), more people viewed than posted, suggesting that
NWOM on the Internet is reviewed longer than indicated by the period observed in this study.
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Table1  Duration of Discussion Topics

A
. . . Number of . Verage Standard
Discussion Topics Percentage Discussion . .
case . Deviation
Time (Days)
PWOM 12.44 986 78.59 137.36
NWOM 6.97 552 79.94 163.74
Purchase Opinions Seeking 18.41 1459 19.87 73.94
Technical Exchanges 48.26 3825 27.98 78.06
Great Deals 3.97 315 23.88 21.75
Social Interaction 9.64 764 39.87 168.23
Company-supported Activity 0.31 24 67.71 161.33
Total 100 7925 42.17 129.47

Note: Five unrelated discussions were removed from final analysis

As the standard deviation of many categories is very high, it is worth further examining
posts by time span. The longest discussion of posts, lasting for 1,977 days, related to “social
interaction.” This post called for all members on the forum to sign in and share the laptop
brand they were using at the time. “Technical exchanges” was also a hot topic; one pose in
this category focused on wireless connection and lasted for 1,955 days. In fact, topics about
how to fix, adjust, monitor, or set up hardware and software were very popular in this forum.
For example, topics such as “how to monitor your notebook’s temperature” (1,906 days), “9
steps to set up your XP-embedded system” (1,803 days), and “[Report] I tear down my Acer
travelmate” (1,566 days) generated a lot of conversation.

Popular PWOM posts generally related to someone sharing his/her hot new fashion gear
or a smart purchase decision. The hot posts tended to contain a lot of personal feelings and
were supported with many product photos. Consequently, they engaged many posters to
respond or consult when they were also interested in that product. For example, the topic
“[Buy it] the best of blue-tooth mouse ~VAIO VGP-BMS30” continued garnering notice for
1,456 days; “The wing of phoenix! ThinkPad X41 tablet” attracted members’ attention for
1,414 days.

Posts with all kinds of NWOM in general were also eye-catching issues. Topics such as
bad salespersons, dishonest retailers, bad product experiences, major product defects, and
insufficient product support attracted a lot of discussion. For example, the discussion related
to the post “My disastrous experience of buying laptop in GUANG-HUA market” lasted for
1,351 days and “Don’t buy Acer if you are going abroad” aroused debate for 1,146 days.

A very special case comes from company-supported activity, which primarily includes
some sort of official introduction before a new laptop model is launched. These posts usually
do not last for long. However, the average discussion time in this category was up to 67.71
days. After reviewing the data, an outlier was found. The post “Joybook service place—Banq
superman” by a Banq’s serviceperson was welcomed by forum members; in this post, he
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officially asked Joybook laptop users to submit their questions to him on the forum, resulting
in numerous replies.

B. Topics people preferred to chat about

In addition to examining the duration of discussions, we also considered the popularity
of each thread based on the number of responses to the messages. These numbers reflect the
participation levels of the topic. Table 2 shows that NWOM on the Internet generated the
most discussion among users, with posts generating an average of 54 replies. The
participation level of this topic was far greater than that of other topics and even surpassed
“Great Deals (39.5%),” a topic that has the potential to substantially benefit users.

Table 2  Discussion Topic Reply Status

Subject Average Number Standard
of Responses Deviation
PWOM 25.16 23.32
NWOM 54.00 104.91
Purchase Opinions Seeking 11.51 15.14
Technical Exchanges 11.73 33.41
Great Deals 39.50 47.80
Social Interaction 13.56 28.17
Company-supported Activity 52.21 156.79
Total 18.46 41.12

The hottest topic was the one posted by the Banq serviceperson, which generated 792
replies. The second is a technical article that compared the efficiency of the major laptop
brand in 2009. The third and the fourth came from “Great Deals” and shared links to special
offers by Dell and a call for group buying. Consumers complaining about the lack of drivers
and recovery disks for Acer laptops also attracted a lot of attention, resulting in 412 replies to
this topic. NWOM (e.g., a call to “sign in for bad battery of SONY laptop” and “sign in for
defected eeepc 900 16g”) were strongly supported by people with the same problems.

C. Who join to NWOM discussion

Since online NWOM provides a lot of opportunities for the public to evaluate these
messages, companies should pay attention to the dynamic effects of each NWOM episode.
After reviewing all of the NWOM incidents, except for those responses that could not be
categorized (e.g., private messages, exchanges of contact information, or unrelated posts), this
study classified the roles of participants who joined NWOM discussions into five categories.
The following discussion used the post “deeply disappointed about Acer. They don’t give you
driver and recovery disks” as an example. The original poster tried to contact Acer for a driver
disk and was asked to pay 800 NT dollars to restore the system service. His post aroused a lot
of debate, resulting in five types of responses:
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(1) Followers:

This type of user supported the original poster by sharing their related negative experiences or
publicly expressing their opinions to jointly blame the company for its unfair action. The
appearance of followers demonstrates the power of accumulative NWOM on the Internet and
encouraged users to protest against unfair treatment. For example, one consumer replied
“Acer sucks, the drivers on the official website lose connection most of the time.”

(2) Defender:

This type of user expresses opinions that are contrary to that of the original poster. Some
believed that the problem is due to users’ misunderstanding or that problems with a service
encounter are the consequence of the consumer’s faults. Discussions are usually heated when
varying opinions arise. For example, in Acer’s case, consumers replied “hi man! it is very
normal, ok! Almost no companies provide driver disks nowadays, you can burn it yourself
from your hard disk.”

(3) Impartial third party:

This type of user remains impartial throughout the discussion and is not biased toward either
the original poster or the vendor. Although this type of user does not explicitly express their
support for a business, their opinions often reduce the harmful effects of NWOM and thus
minimize potential damage. For example, one poster wrote “for environmentally friendly
reasons, it is true and reasonable that most companies do not provide driver disks; but, I think
they could provide an easier way to access laptop drivers. Some consumers are not so familiar
with computer setup, after all.”

(4) Problem solvers:

These users provide specific guidelines to direct the posters to either formal or informal
channels to solve their problems. This assistance may be the product of maintenance
resources (such as sharing tips or other online resources), official channels, or related
knowledge to compensate for the inadequacies in the official assistance provided by the
business. For example, one replied to the post by telling the original poster how to burn the
driver disk from his own hard disk. Another one poster wrote “hi, don’t get angry, here is the
link of your drivers; click to download IOS files.”

(5) Business representatives:

In this study, only once did a company representative provide an official response to a
complaint on the forum. However, vendors could also have registered as common users to
post positive feedback about their company. Nevertheless, when newly registered users
support a business, other users might suspect that the company itself is pretending to be
general users, which could generate adverse effects. There is no official response in this case.
The company does not seem to care about what consumers are talking about on the Internet.
The only case included in the NWOM discussion was a call for an official explanation about a
pricing issue.
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V. Conclusion and Implications

Using content analysis to explore the content of online WOM in the Mobile01 forum, we
identified seven major WOM categories. We found that “Technical Exchanges” and
“Purchase Opinions Seeking” dominated the whole forum. These two topics account for
almost 70% of the discussion. Moreover, as findings from the current study indicate,
consumers are more willing to share positive comments than lodge negative complaints on
the forums. This finding is consistent with that of Chevalier and Mayzlin (2006), which
suggests that “reviewers will have a positive bias in their evaluation compared with general
population.” As suggested by Chung (2001), the self-promotion motive will induce
consumers to give more positive WOM than negative WOM.

This exploratory study investigated the role of NWOM on the Internet. A content
analysis of the laptop discussion forum on Mobile01 demonstrated that people exchange
opinions on the Internet, but no business representatives or spokespersons manage these
exchanges. The results of this study also confirmed that, although negative online reviews
account for just a small percentage of the total discussion, they received far more responses
than other discussion topics. Therefore, neglecting the impact of such discussions could
damage a company’s intangible brand assets.

Companies that seek to minimize negative online reviews should train their service
personnel. The NWOM identified in this study focused primarily on unsatisfactory service
encounters, which caused intense feelings of resentment. In fact, a vast majority of NWOM
messages on the Internet imply unsatisfactory services. A typical example is consumers who
seek repairs on defective products and find significant discrepancies between service
guidelines and product liability problems. In these cases, dissatisfied consumers tend to
spread NWOM messages on the Internet. Furthermore, when consumers encountered
laptop-related problems, most sought remedial measures by first contacting the manufacturer
directly. Therefore, if businesses can provide appropriate services when consumers actively
approach them, customers might hold a more positive view of the enterprise, even if the
problems remain unresolved. One of the posts related the experience of a consumer who
sought manufacturer assistance to improve defects in a product; yet, the problem remained
unresolved. However, due to enthusiastic staff reception and reasonable service procedures
flow, the consumer still gave the company positive feedback.

The most important implication from the current study is the need to offer online service
on the forums. We examined the hottest and the longest duration of the posts, discovering that
a Benq’s employee provided online service in a very successful platform. It doesn’t mean that
consumers do not complaint about banq’s laptop; however, each time consumers encountered
a problem, they actively contacted banq’s serviceperson by replied his post. The ease of
access to the serviceperson is very important in preventing the spread of NWOM. An online
service post will change a consumer’s behavior from initiating a negative comment to
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replying the service post. Since most people will not examine other users’ reply information, a
service post may largely cut down the spreading of NWOM.

VI. Limitations and Directions for Future Research

This research is subject to several limitations. First, although we collected 7,930 pieces
of data from the major Mobile forum in Taiwan, our sample may not have been representative
of different industries. Thus, our findings are exploratory in nature and need to be examined
in different contexts. Second, the relative impact of positive versus negative WOM is only
determined by comparing the duration and responses of each post. Tables 1 and 2 indicated
that the standard deviations of each category are potentially high. According to these results,
simply distinguishing positive and negative WOM is not enough to depict the entire picture of
the effect of online WOM. There must be some factors that make PWOM more powerful and
some factors that make NWOM more harmful. Although we provide some preliminary
observations, these possibilities need to be more fully explored in future research.
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Abstract

In this study, the questionnaire based on SERVPERF scale for measuring students'
perceptions of the service quality at Ching Yun University has been developed. Six
dimensions of service quality are identified by exploratory factor analysis. The relationship of
student satisfaction and service quality is described by a logistic regression model. The
LASSO model selection is used to identify the key dimensions for enhancing student

satisfaction. Several suggestions for continuous quality improvement at our school are

provided at the end of the paper.

Keywords: service quality, factor analysis, model selection
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Abstract

This article examines the effect that allowing institutional traders to invest in the futures
market had on the Taiwan stock market. The study is based on daily trading records from 2
July 2007 to 31 December 2009—a total of 682 daily data sets. The research procedure
involves identifying the stationality of a time series for each variable using the Augmented
Dickey-Fuller unit root test, a serial correlation test with the Ljung-Box test, causality tests
using Granger's methodology, and the estimation of a vector autoregressive (VAR) model. The
results show that some of the variables under investigation are interrelated. In terms of
estimating the VAR model, the impact that opening futures trade to institutional investors has
had no significant effect on the Taiwan stock market.

Keywords: Institutional investors, futures market, futures open interest, ADF unit root test,
vector autoregressive model
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I. Introduction

Efficient market theory argues that market trading information is fully reflected in the
current price. Hence, no-one can obtain a supernormal profit by analyzing past price patterns
(Fama, 1970). Prior studies have suggested the predictability of asset returns with their
trading rules based on technical analysis and time series, e.g. Brock et al. (1992), Mills (1997),
Fang and Xu (2003), and Chang and Hu (2009). Yet are there, in particular, trading rules for
share returns in Taiwan? Since the inception of the Taiwan futures market on July 21, 1998,
the regulator has gradually opened futures trade to institutional investors. To promote
information transparency, the Taiwan Futures Exchange (TAIFEX) has continuously released
trading information on institutional investors, including the open interests of the top ten
traders from July 2, 2004, and trading information on the three major institutional investor
groups: qualified foreign institutional investors (QFII), security dealers (DEALER), and fund
investment trust companies (INVEST), from July 2, 2007. Many studies on the stock market
have considered institutional investors' trading information as a leading indicator. This article
therefore attempts to investigate the effect that opening the futures trade to institutional
investors had on the stock market.

Since numerous articles have provided evidence that the movements of open interest ratios
signify both investors' confidence and their prospects (Lee, 2003 and Lai, 2004), the ratio
probably contains information on the future state of the stock market. However, none of the
empirical research thus far has investigated the effect of opening the futures market to
institutional investment policies. Hence, by taking the long-short open interest ratios of the
three major institutional investor groups from the futures market as a leading indicator, this
article examines how its movements impact the stock market. It aims to answer the following
two questions: (1) Do the futures open interest ratios of institutional investors hold a causal
relationship with the spot market? (2) Through what dynamic structures do institutional
investors trading in the futures market interact with the spot market? The empirical
conclusions explicate whether the trading information from the various institutional investors
qualifies as a leading indicator in the emergent stock market of Taiwan, and their exact
interaction in practice.

Daily futures open interests on the three major institutional trader groups were collected
from July 2, 2007 to December 31, 2009, along with the Taiwan Stock Exchange
Value-Weighted Stock Index (TAIEX), in order to compute the daily open interest ratios and
returns, with 682 daily records in total as data. The results show that of the three institutional
investor groups, the open interest of the QFII affects TAIEX returns, though with only
one-way causality; the DEALER's group, on the other hand, has two-way causality and not
only affects, but is itself affected by, the TAIEX returns. In addition, the forecast error
variance of the TAIEX returns at its current period is explained by the variable itself, as is the
explanatory power of its 10 lag periods. This implies a high spontaneity of TAIEX returns,
less affected by extraneous factors. However, whatever the open interests of QFII, DEALER
and INVEST present low rates of explanatory power on TAIEX returns, such that the impact
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of permitting institutional investors to trade in the futures market on the stock market is not
significant.

This article makes two major contributions. It is the first study to assess the causality
between the open interests of institutional investors and the stock market, and thereby to
identify their dynamic structure in the emerging market of Taiwan. The second, a suitable
application of research interests, is to incorporate the Granger causality test and vector
autoregressive (VAR) model measuring the effect of government policy on the futures market,
which serves as a useful methodology for related academic studies.

Section II of this article reviews the literature on the link between futures and spot markets.
Section III constructs the Granger pair-wise causality test and the VAR model. Section IV
presents the empirical results, and Section V presents the conclusions.

I1. Brief introduction to TAIFEX and literature review

The TAIFEX has operated for over a decade since 1998, and has evolved in three five-year
stages. The first stage aimed at pioneering and learning: the exchange opened for business and
launched seven products. The two pioneering products were TAIEX futures, and TAIEX
options. The second phase of development was dedicated to growth and breakthrough. This
was an important milestone for TAIFEX as it broadened its scope to 11 products beyond the
stock market, and made its product line more integrated. The product listing included both
long and short interest rate futures, US dollar-denominated futures, over-the-counter index
futures and options, non-electronic and non-finance sector index futures, and options rates. To
ensure that market needs were being met adequately, the third stage undertook institutional
reform and hedging functions. TAIFEX continuously introduced a number of new systems:
daily disclosure of trading information on the three major groups of institutional investors;
changes of initial-to-clearing and maintenance-to-clearing margin ratios; acceptance of
multiple currencies, the introduction of a hedge account system for institutional traders;
compensation of negotiable securities for margin deposits; extension of the SPAN margining
system to end traders; revision of the final settlement date and simplifications in final
settlement price calculations, and implementation of a TCP/IP network. It is now clear that the
disclosure of trade information on the three major institutional traders is a crucial policy, and
so this article aims at investigating the impact of this trade information on share returns and
on revealing their dynamic interacting structure in the system.

Following the establishment of TAIFEX and the beginning of unrestricted dealing by
institutional investors in the futures trade, a few studies have analysed the trading information
on institutional investors as a crucial indicator for other investors. Huang (2005) focuses on
futures open interests of large-order traders, considering them as a sensitive indicator for
predicting stock index returns. Lee (2008) applies the daily futures open interests of the three
major institutional investors in order to characterise their trading behaviours. He concludes
that the behaviour of the INVEST group is that of a hedger, while the DEALER act as
speculators, and the QFII have undetermined behaviour. The DEALER group has, however,
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superior on-time profitability as compared with the two other groups. Chen (2009)
investigates the influence of disclosing futures trade information of the three major
institutional traders on market pricing efficiency, demonstrating that after the release of such
trade information, the pricing errors were less than the pre-event pricing errors, meaning that
market pricing efficiency increased. Chen (2008) argues that the availability of this futures
open interest ratio information reveals the manipulative behaviours engaged in by the
institutional traders and the large-order traders, and effectively predicts the stock market
movements.

Part of the above research emphasises the order imbalance of the top ten traders, and the
rest addresses the issue of whether disclosing futures trade information on the three major
institutional traders affects market pricing efficiency. Nevertheless, thus far none of the
empirical research reviewed has investigated the influence that the policy of opening futures
trade to institutional investors had on the stock market. By constructing a more succinct,
robust model and employing a longer study period to more effectively measure the impact of
institutional investors' futures trading on the spot market, the results will indicate the
significance of this policy and will confirm whether futures trade information should be
considered as the leading indicator which research claims it to be. The conclusions may also
serve as valuable information for a government making security market policy and related
academic research.

II1. Data and Empirical Models

1. Data Sources

In order to empirically analyse the cross-dependencies between institutional investors
dealing in futures and the shares market, this article narrows the subject down by selecting
futures open interests as an indicator and defining institutional investors as the three major
institutional investor groups in the Taiwan securities market. These groups are the QFII,
INVEST, and DEALER. The TAIEX returns stands as a proxy for share returns.

Although since March 17, 2007, three major institutional traders have dealt without
constraints in futures market, the release of their trade information was deferred until July 2,
2007. For the purposes of this study, the data on futures open interest ratios of the three major
institutional traders were retrieved from the TAIFEX based on the daily trading record from
July 2, 2007 to December 31, 20091’2, a total of 682 daily records. The TAIEX was retrieved
over the same period from the Taiwan Stock Exchange.

2. Variable measurement

When the open interest value (OI) from the futures market is treated as the base
measurement, the long-to-short open interest ratio can be measured by

(Three OI of buy position — Three Ol of sell position) / OI of the market
where Three OI refers to the OI of three major institutional traders (Chang and Hu, 2009).
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The share returns variable is measured by the volatility of the TAIEX, and can be calculated
by

(Current period of TAIEX — Prior period of TAIEX) / Prior period of TAIEX)
where each period is one day; the current period is the current date, and the prior period is the
day before the current date.

3. Empirical models

Whether or not the trading of institutional traders on futures market has a causal
relationship with the stock market and their interactive structure, open interest is treated as an
indicator of their impact on share returns. In order to achieving this, the empirical process
involves the unit root test, serial correlation test, Granger pair-wise causality, and estimation

of the VAR model.

(1) Augmented Dickey-Fuller (ADF) unit root test

It is necessary to identify the stationary state of each variable to obtain efficient results on
the estimated time series models by applying the ADF unit root test (Said and Dickey 1984).
Three different forms are considered:
(1) Test for unit root with no constant

k
Ay, = ﬂyt—l + ZpiAyt—H—l t+é,
ol et et e e et ettt et e ear e raesaaeaeaan e (D)

(2) Test for unit root with a constant

k
Ay, =a+py, +ZpiAyt—i+l +é&

ol (2)
(3) Test for unit root with a constant and a deterministic time trend term
k
Ay, =a+yT+py,, + zpiAyt—H-l +é
L 3)

where , is the differencing sequence; I is the time series trend term; X is the order of the

iid

~ 2
optimal lag period in which residuals converge to a white noise sequence of &~N(0.07) .

The ADF test statistic is then calculated as

When? > () (" the number of observations), or if p < 0.05, the null hypothesis is

rejected and no presence of a unit root is found; otherwise a unit root is present.
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(2) Serial Correlation
In determining whether the residual is a serial correlation, this analysis uses the LB-Q
statistics test, developed by Ljung and Box (1978). If correlated, then the time series lagged
effect is efficient. The LB-Q test statistic can be expressed as
k 72
n(n+ 2)2 L
1B = An=J (5)

where '/ is the auto-correlated coefficient of the j" lag period; 7 is the number of

observations.

if Qs> 21 ) or if p < 0.05, then the null hypothesis of independence between the pre-

and post-periods in the time series is rejected, indicating that the pre- and post-periods of the
time series are not independent; otherwise they are independent.

(3) Granger causality test

To further check cross-dependence, the use of the Granger causality test (1969) determines
the causality relationships between these four variables. In testing whether X causes Y, the
null hypothesis is stated as “Y is not caused by X”. The Granger causality model is defined as

p q
Y, =D Y, D BiX, U, (6)
i=1 j=1

where u, is the white noise, pis the order of the lag for Y, and ¢is the order of lag for

X.
The F test statistic can then calculated as

i (SSE, ~ SSE,) Ik
SSE /(n -2k —1)

where SSE is the sum of squared residuals for the restricted and unrestricted regressions;

" is the number of observations; and Kis the number of parameters tested in the null
hypothesis.

F(k,n—2k-1)

When either £ > or p < 0.05, the null hypothesis of two sequences

with no correlation is rejected, indicating there exists causality between Y and V.

(4) The VAR model
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The VAR model assumes that the set of variables under investigation are interrelated
through their lag structure, and all variables in the system are endogenous (Sims, 1980).
The general VAR model is defined as

Vi =a+zAiyt—i &

L ettt (8)
Such that E(z)=0
E(s,6)=2#0
E(g,e,)=0

In equation (8), Vi is the (%D _dimensional vector of endogenous variables, with the

character of a joint covariance stationary in a linearly stochastic process, and also relevant

variables. ¢ is the ("*1)_dimensional vector of the forecast error, representing a shock,

. . . 4 . <1) .. . .. .
an innovation, or an impulse term. “* is the (1) _dimensional conductivity matrix.

E(z,£)=2#0 denotes that the concurrent error vectors between groups in simultaneous

E(g,e,)=0

equations are correlated, while indicates that each equation in the system of

simultaneous equations is dependent on the time series.

The procedure for estimating a VAR model is briefly discussed, following Mills (1997). In
order to find an appropriate order, k, a set of multivariate time series is jointly estimated for
positive integer values of k&, up to some maximum. Based on the estimated error covariance
matrix of each k, the appropriate order AR( p ) is chosen using the minimum AIC criterion
(Engle and Yoo, 1987) . Once the appropriate order k is chosen, the VAR model is estimated
using maximum likelihood estimation technique.

Compared to the Granger causality which only involves the lead-lag relationship between
pair-wise variables, the VAR model constructs the impulse response function and forecast
error variance decomposition to measure the interactive state between variables.

With the impulse response function, when one variable encounters a shock as a result of an
exogenous change in the system, other related variables also show responses. The impulse
response function estimates the dynamic effects between variables across periods of shock,
and uses the number of periods affected to modify strategies.

Forecast error variance decomposition is used to capture the extent of the explanatory
power of error variance in one variable, influenced by the variable itself and other related
variables. It also assesses the relative significance of changes in other endogenous variables
when one variable is affected by a spontaneous shock.
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IV. Empirical Results

The empirical analyses include the unit root test, the serial correlation test, Granger
causality, and the VAR model. Table 1 provides the basic statistics for each variable. The QFII
open interest ratio is positive and reveals that its long position is higher than its short position,
whereas those of DEALER and INVEST are negative, with their long positions being lower
than their short positions. The series of the TAIEX returns and futures open interests of QFII,
DEALER, and INVEST are all normally distributed in the Jarque-Bera statistic test.

Table 1. Basic statistics of variables

Variable n mean Std. Dev. Maximum Minimum Jarque-Bera

TAIEX returns 682 2.40E-05  0.018193 0.067422  -0.065133 42.39887

Open interest of QFII 682 0.111837  0.312474 2.446256  -0.938242 3091.312

Open interest of DEALER 682 -0.005416  0.135260 0.567653  -0.617790 356.7755

Open interest of INVEST 682 -0.130043  0.151590 0.064940  -1.576772 18635.00

Notes: 1.TAIEX returns is defined as the ratio change in stock index.
2.0pen interest of QFII (DEALER, INVEST) is measured by the ratio of net-buy open

interest to the market open interest.

1. Unit root test

When a unit root is not present in a time series, the series is stationary. If the series is not
stationary, it is necessary to perform differencing on sequences until no unit root found. The
ADF test for stationarity of time series is performed under three conditions: with no constant,
with a constant, and with a constant and a time trend term, in a four-variable system. The
results reported in Table 2 show that the absolute values of ADF in all three forms are greater
than their respective critical values. This implies series of all four variables are stable series
without differencing.

Table 2. ADF unit root tests for changes in futures open interests

of three major institutional investors and TAIEX returns

Variable Lag  Exclude both Constant Include Include both constant
period  and time trend items intercept and time trend items
1 -16.43804*** -16.42486*** -16.49231***
2 -14.22952*** -14.21808*** -14.30312***
TAIEX returns 3 -12.66622*** -12.65603*** -12.75873***
4 -11.94405*** -11.93445*** -12.05767***
5 -11.16932*** -11.16054*** -11.31400***
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1 -5.354503*** -5.748389*** -5.949249****
. 2 -4.340117*** -4.685648*** -4.832194***
Open interest of
3 -3.853599*** -4.180514*** -4.298637***
QFll 4 -3.5617383*** -3.834243*** -3.930210***
5 -3.226844*** -3.532950*** -3.610965**
Open i 1 -6.576258*** -6.584044*** -6.669794***
pen interest of
DEALER 2 -6.140268 -6.151965 -6.254614
3 -5.657146*** -5.672347*** -5.791417***
4 -5.390992*** -5.409658*** -5.544584***
5 -5.107062*** -5.130850*** -5.288616***
1 -4.944493*** -6.703012*** -6.783714***
) 2 -3.948961*** -5.389518*** -5.468024***
Open interest of
3 -3.399241*** -4.659676*** -4.738900***
INVEST
4 -3.060146*** -4.209191*** -4.290051***
5 -2.803645*** -3.865795*** -3.948665**

Note: The definition of each variable is the same as the Table 1.

2. Serial Correlation test
The Ljung-Box Q-statistic (LB-Q) test was performed to check if the pre- and
post-periods are correlated. Generally, LB-Q for 36 lags indicates the occurrence of serial
and nonlinear dependence for every time series. Thus, the 18th and 36th lag periods are
selected to determine correlations between the pre- and post-periods. Table 3 shows all four
variables to be serial correlated by rejecting the null hypothesis of independence at the
respective 5% and 1% significance levels.

Table 3. Results of LB-Q serial correlation test

Variable and lag # LB-Q statistic p-value
Q(18) 32.217 0.021%*
TAIEX returns

Q(36) 68.662 0.0071***
Open interest of Q(18) S05L.5 0.000***
QFII Q(36) 7550.2 0.000%**
Open interest of Q(18) 2544.2 0.000%**
DEALER Q(36) 29934 0.000%**
Open interest of Q(18) 3857.8 0.000%*
INVEST Q(36) 6289.2 0.000%**

Notes : 1. The definition of each variable is the same as the Table 1.

2. Q (k) denotes Q statistic at the k" period.
3. ** and *** denote rejecting the null hypothesis of independence between the pre- and

post-periods at the respective 5 % and 1% significance levels.
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3. Optimal lag period

To estimate the VAR model, the appropriate autoregressive order, VAR( p ), is required.
Following Engle and Yoo (1987), the results in Table 4 show that AIC reaches a minimum for
the autoregressive order of 3. Thus, the AR(3) is the proper order to apply in VAR estimation.

Table 4. AIC values for the VAR(p) model

Lag=1 Lag=2 Lag=3 Lag=4 Lag=5
-11.79686 -11.79568 -11.82787* -11.81954 -11.81954
Lag=6 Lag=7
-11.79746 -11.76537

4. Granger causality test

After the appropriate order has been chosen, Granger causality is used to examine
whether pair-wise variables have a causal relationship. The causal relationships among all
series are summarized in Table 5. It is found that some series are interrelated with each other.
Specifically, both DEALER and QFII groups affect TAIEX returns, and TAIEX returns only
affects DEALER. That is, the futures trade information of DEALER and QFII is contributory
to predicting share returns, and share returns help to predict the behaviour of DEALER.

Table 5. Results of Granger causality test

Causality direction F statistic p-value

TAIEX — QFII 1.35791 0.25467

QFII — TAIEX 222752 0.08385*
TAIEX — DEALER 3.26807 0.02096**
DEALER — TAIEX 3.34808 0.01881**
TAIEX — INVEST 1.89546 0.12910
INVEST — TAIEX 1.78779 0.14824

Notes: 1. The definition of each variable is the same as the Table 1.

2. * and ** denote one variable is the causality of the other variable at the respective of

10% and 5% significance levels.

Seeing that Granger causality only determines the causal relationship between two
variables, it is not suited to testing more complicated cross-dependencies between variables.
Thus, the VAR model is employed here to analyze each variable's interaction.

5. The VAR model

Forecast error variance decomposition is an error variance which determines the extent to
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which a variable is explained by itself and by other variables. It estimates the relative
significance of other endogenous variables, when one variable happens to be self-interrupting.
Tables 6-9 present the results of forecast error variance decomposition for each variable in its
corresponding period.

Table 6. Forecast error variance decomposition of TAIEX returns at the 100% level

P:zid TAIEX QFII DEALER INVEST
1 100 0 0 0
2 98.86695 0.251559 0.033044 0.848448
3 97.55464 0.397345 1.083405 0.964609
4 97.31132 0.602899 1.094013 0.991772
5 97.18087 0.675363 1.093512 1.050257
6 97.06684 0.704674 1.092262 1.136219
7 96.98121 0.738125 1.092082 1.188582
g 96.90363 0.773883 1.091530 1.230955
9 96.83464 0.804148 1.091250 1.269966
10 96.77304 0.833234 1.090907 1.302819

Average 97.54731 0.578123 0.876201 0.998363

Order 1 4 3 2

Note: The definition of each variable is the same as the Table 1.

As shown in Table 6, TAIEX returns for the current period are explained by their own
behaviour, and also for 10 lag periods, with an average explanatory power of 97.54%. This
implies that its spontaneity is very high, and it is less likely to be affected by other exogenous
variables. The second highest explanatory power for TAIEX returns is the INVEST variable,
at about 0.99%, which illustrates that INVEST has more influence on the TAIEX returns than
other variables. The variable with the least explanatory power is QFII. It should also be
noticed that the explanatory rates on the TAIEX returns of each of the QFII, DEALER, and
INVEST variables are all quite low (below 1% in each case), and so each influence is
undifferentiated.
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Table 7. Forecast error variance decomposition for futures open interests of QFII at the 100% level

PI:iid TAIEX QFII DEALER INVEST
1 0.042859 99.95714 0 0

2 0.211835 99.68053 0.014908 0.092724

3 0.577169 99.09404 0.029537 0.299257

4 0.786183 98.85656 0.037581 0.319671

5 0.857470 98.77560 0.036493 0.330441

6 0.898442 98.69122 0.036541 0.373793

7 0.924283 98.62912 0.035962 0.410630

3 0.939724 98.58623 0.034859 0.439189

9 0.948646 98.54895 0.033794 0.468615

10 0.953352 98.51616 0.032824 0.497667

Average 0.713996 98.93356 0.02925 0.323199
Order 2 1 4 3

Note: The definition of each variable is the same as the Table 1.

Table 7 shows that the forecast error variance of QFII on its current period is explained by
the variable itself, as are its 10 lag periods, at a very high rate of 98.93%. This reveals that
QFII possesses a high rate of spontaneity, less apt to be affected by exogenous variables. The
second highest explanatory power is that of the TAIEX returns, at about 0.71%, which
illustrates that the effect of the TAIEX returns on QFII is much more important than that of
other variables. The variable with the least amount of explanatory power is DEALER, at
about 0.02%.

Table 8. Forecast error variance decomposition for futures open interests of DEALER at the 100% level

Ptzid TAIEX QFII DEALER INVEST
1 9.679706 16.58283 73.73747 0
2 13.27643 15.01172 71.66732 0.044532
3 15.50880 13.81566 70.59453 0.081010
4 16.11772 13.23503 70.39980 0.247451
5 16.55616 12.70136 70.28001 0.462478
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6 16.92427 12.21229 70.17730 0.686147
7 17.21870 11.79960 70.03497 0.946731
8 17.45005 11.44916 69.86846 1.232317
9 17.63457 11.15377 69.68804 1.523616
10 17.77799 10.91082 69.49470 1.816497
Average 15.81444 12.88722 70.59426 0.704078
Order 2 3 1 4

Note: The definition of each variable is the same as the Table 1.

Table 8 indicates that the forecast error variance of DEALER on the current period is
explained by the variable itself to about 73.73%, and over its 10 lag periods it is also
spontaneous, with a rate of 70.59%. This illustrates the spontaneity of the DEALER variable
is very high, and it is not easily influenced by other variables. The second highest explanatory
power (at 15.81%) is the TAIEX returns variable, which illustrates that the effect of TAIEX
returns on DEALER is more important than that of other variables. The variable with least
explanatory power is INVEST, at only about 0.70%.

Table 9. Forecast variance decomposition for futures open interests of INVEST at 100%.

Lag Period TAIEX QFII DEALER INVEST
1 0.827759 60.70674 2.687942 35.77756

2 2.069867 61.13542 2.726607 34.06810

3 2.932576 61.63909 2.641721 32.78661

4 3.353712 62.09964 2.466361 32.08029

5 3.579926 62.48843 2.341413 31.59023

6 3.751080 62.85325 2.259446 31.13622

7 3.872131 63.16674 2.191215 30.76992

8 3.962187 63.43303 2.133187 30.47160

9 4.032680 63.66692 2.085890 30.21451

10 4.087712 63.87197 2.046777 29.99354
Average 3.246963 62.50612 2.358056 31.88886

Order 3 1 4 2

Note: The definition of each variable is the same as the Table 1.
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As shown in Table 9, the forecast error variance of INVEST on the current period is
explained by the variable itself to 35.77%, but on its 10 lag periods, the highest explanatory
factor is QFII, at about 62.50%. This implies that QFII has a more important effect on
INVEST than other variables. The second greatest influence is the INVEST variable, at about
31.88%, with DEALER the lowest at about 2.35%.

V. Conclusions

This article examines the relationship between institutional investors trading in the futures
market and the stock market, in the case of Taiwan, based on the Granger causality test and
the VAR model. The main data set is the open interest ratios of three major institutional
traders and the TAIEX returns from July 2, 2007 to December 31, 2009, a total of 682 daily
observations. First, concerning the causality, Granger causality analysis that the QFII group
affects TAIEX returns, showing one-way causality, so that the latter does not affect the former.
Two-way causality is observed between the DEALER group and the TAIEX returns, showing
that each impacts the other. No causality was found between the INVEST group and the
TAIEX returns—they have no impact at all on each other.

Of secondary concern was to discover the possible interactive structure between
institutional traders and share returns. Here the VAR model shows that the highest explanatory
power for TAIEX returns, for open interests of QFII, and for DEALER, in each case is the
variable itself. This illustrates that these three variables are highly spontaneous, and are less
likely be influenced by exogeneity. The INVEST group has the second highest predictive
power for TAIEX returns, which reveals the former is more influential on the latter than are
other variables. The lowest explanatory power is possessed by the QFII group. However, it
can also be seen that whatever the explanatory power of the QFII, DEALER, and INVEST,
their impact on the TAIEX returns is relatively low, in each case below 1%. Therefore, the
impact of each group on the stock market indeed holds no comparative significance.

Notes:

1. In case it is based on the daily trading record from July 2, 2007 to June 30, 2010, the
empirical result is in line with that of this paper.

2. In case the sample period is divided into two sub-periods—July 2, 2007 to September 30,
2008 and October 1, 2008 to December 31, 2009 — their empirical results produce a
consistent conclusion. It seems that the financial crisis in 2008 does not generate a
significant effect on the issue discussed in this paper.
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Abstract

The Three Kingdoms Period at the end of Han Dynasty is the second warring and
state-splitting period after Warring States Period throughout the Chinese history, and it is a
time when heroes rose to power. Sun Quan, with his clever political and diplomatic policies,
solidified his reign in the east side of Yantze River.

Despite the fact that Sun’s father and brother had laid down the basis of the regime
before his reign, saving him a lot of troubles, Sun was not satisfied. He treated intellectuals
and talentedwith li, openly accepted opinions and advice, and carefully examined current
affairs and warring situations. Following the “Secretive Agreement between Sun and Lu,”
Sun transformed Eastern Wu into the most powerful regime in the east side of the River. The
best example of Sun Quan’s implementation of the Secretive Agreement was the battle for
Jing-Zhou. Although plans of allying with Shu to control Shu and schemes to fight against
Wei had undergone several modifications, Sun’s ultimate target was to occupy Jing-Zhou.
The reason that Sun attempted the occupation of Jing-Zhou was to win the geographical
advantage for the purpose of continuing the authority of Eastern Wu and gaining full control
over China. Sun Quan eventually achieved his goal under the framework of his diplomatic
policy, “Allying with Shu against Wei.” To understand the process of occupying Jing-Zhou is
a key to examine Sun Quan’s merits.

Keywords: Sun Quan, Eastern Wu, Three Kingdoms Period, Jing-Zhou, Battle of Yiling
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