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Design and implementation for improving quality of motion video based on
neighboring pixel scan lines algorithm
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Abstract

The main goal of this research is using the post de-interlacing processing to improve the
image distortion situations. A neighboring pixel scan lines algorithm is proposed to reduce the
visual artifact caused by line doubling de-interlacing method.

Line averaging, Laplacian, Sobel and other extended proposed methods are implemented
by DE2 FPGA real-time development system with Verilog HDL. The quality of images from
these methods are compared and measured by eye inspection. After a series of experiments,
this method has been proved to improve image quality effectively.

Keywords : de-interlacing processing, line repeat method, Laplace operator method, Sobel
algorithm
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[l I R S é;ﬁf REIR G > 2 RIRUA T B (iAo y 140 07
13fm%@?$@°ﬁﬂ PP T AR Ao
E%LPF[#@? (/pqgﬂ 14 -
X XXX B2
----------- L
‘ ‘ 6 6 6 y+1
x-1 x x+1
B 14 : EARHREET SEEN
k'={a,b,c,d,e, f,g,h,i,j k}
={la+k+jl/3+[b+k+i]/3+ 16
[c+k+h]/3+[d+k+g]/3+ (16)
[e+k+ f1/3}/5
S ZREPE Y T SE T
P2 UL PRI S e Y SR S R R
R AR 8 2 Y R Wf‘ﬁl JPE I YRS > P

fei] fifi J@;uﬁj“ﬁﬁl FhAP VIR o T RRETE b High?ﬂ*i SAPH 1] e Rl 5 fi Mlﬂiﬁ
RIS e LRy *‘“E U GIATZE > P VORI R BRI (LA
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q'={a,b,c.d,e, f,g,h,i,j,k,l,mn,o,p,q}

={la+ f+qg+k+pl/S+[c+g+q+j+n]/5+ (17)
[e+h+qg+i+I]/5+[b+qg+0]/3+
[d+g+m]/3}/5

B2 RiNBEEEANE

id’mul%‘fﬁ‘ﬁ;’ﬁ‘ (R [F 5 T Fﬁ#,@’fclsu, AR i/[lq‘i‘qﬁ' 16 » =
FiFREE T S1HS Altera 2 il % i [FIH AL 19 DE2 FPGA WIS » 204C 24 w5
Quartusll 7.2 SP1 U ™ I'f Verilog HDL ’E?E}}Fui?ﬁ?l T{»‘l%?r o

41 FEYR

FPGA DE2
Composite Digital |55 e
Input > TV c Cl]
Decoder [ ontrotier
ITU-R 656 De- Nel%ilz:lrmg
Video Decoder interlacing Azt
Source Interlaced Da Interlaced|  Frame Frame
Data Data Data
Output
to
LCD

o i
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AR B F AR R AR M E A AR E DRI RS TR TR

BRER'

TRR? M’

. I“EIEF,@’FI ! Pioneer DVD Player DV-676A

PGA Ff|385Y : Altera DE2 Development and Education Board

. ’jgiEEJFE, (5 Cyclonell EP2C35672C6

SHECE ¢ Quartusll 7.2 SP1

=2
. {;{l%@ﬁﬁ?ﬁ% : Verilog HDL
- #15-#  REAL Sync S1502D 15 [f LCD

ﬂﬁé@%#géiﬁﬁﬁﬁw“ﬁﬁ@iﬁ%ﬁﬁ%ﬁﬁﬂﬁ@@ﬂ?%

B TR

1.

R

"] DVD 6% Video Source #i WS HI £ = (Composite) 757 DE2
FPGA $155Yf -

A1 TV Decoder JATE ") J1F T 15 YCOCr B e B> 0 EVH [l b
EI IVl BT « = PIIE) W A ERSEDIVRE >
FVr5 T PIGR (552 = TTU-R656 SEARES iR ) A ffV a5 2 JII % TV Decoder
ELFTV lﬁ%; .

¥ TTU-R6S6 HISHNEER) Sy (SR, LS i oo gty > 23 %
SACHIR L o RO R R R S AL
(PR T > PR A Y 2 B
SRR Y CoCrd:2:2 5 i (F AV RUT YCbCrd:d:4 > 27 YCbCr 8153 RGB f5
BEF 721 VGA Controller E’f«%r 45t GFhim VGA Port 77 15 ) LCD &= dy#EHe -

4.2 —.’:ﬁﬁl%af‘f
Pt 17 Hres ffﬁﬁl?ﬁ?%’éﬁﬁﬁlf@ Video Input fl?} > kLI 13.5Mhz fa Elflﬁéfﬁ

:d) j‘fm }F*I

7FE?“ » £ CVBS § i ¥l £ 5% (59% = De-interlacing Processor Fi kL & 5= 4!

L AR el /A Q%ﬁrﬁ/ S f‘%’éfﬁﬁ[‘ R ﬁﬁ@iﬁ]’ﬁ[?ﬁﬁ'?ﬁl@ﬁﬁﬁ?
7 ° & & Video Out Y f@ﬁt‘&ﬁﬂ 730 RLI) 27Mhz PR Fﬂ?ﬁﬁ"ﬁﬁé['{ > Memory Controller
Et’fﬁﬂ?\ @éﬁ?ﬁt‘ﬁ *felpy fﬁ% i TEIGE

2TMHz :
Global Clock |  Clock T
7| Generator i Clocks
é Interlaced§ ‘ * * EProgressive é
= 7> Video De-interlacing Ne]i};f:[rmg Viko H——> 3
_qg ms-» Input Processor Aleorithm Output W g
T b : 2 ! el
” Pixel Clock! nterlaced iPixel Clock  »
5 nerlace Frame  prame|  [Frame Frame :
Data Interlaced Dala Dy Data Data
Data

Memory Controller

IPPY
'
H

Data
H
'
'
'
'
'
'
H
H
H
'
'
'
H
'
'
'
H
H
H
'
'
'
H
'
'
'
H
'
:

W17 2 5
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P IE’?‘I'EI HIfY FPGA £ i /7 155 VGA Port » Al #1238 YCbCr to RGB
p Jg‘g}y A ﬁ%ﬁp URphb YCbCr IHWF%THF“RGBEFH:EI B> ETE YU 18

YCbCr to RGB
Stepl
Neighboring R=1.164(Y —16)+1.596(Cr —128)
Aéj,"fft‘hm "1 G=1.164(Y —16)—0.391(Ch—128)—0.813(Cr —128)

B =1.164(Y —16)+2.018(Ch—128)

Step2

R[7:0]=1.164Y +1.596Cr —222.912
G[7:0]1=1.164Y —0.391Cb—0.813Cr +135.488
B[7:0]=1.164Y +2.018Cbh —276.928

Step3

YCbhbCr[7:0]1* Coefficient[7 :0]*512 =
YCbCr[7:0]* Coefficient[7:0]<< 9 =
YCbCr[7 :0]* Coefficient[16 :0]

Y[7:0]*CI1[16:0]+ Ch[7:01*C2[16:0]+
Cr(7:0]1*C3[16:0]+ C4[16:0] =
R[26:0] or or B[26:0]
l StepS
Step4 *E
bit[26:0 bit[6:0] = bit[26:7 : = )
R [26: 0] =596Y +817C-—114131 ;gﬁ : ] % #% bit[6:0] = bit[26:7] OutputR[9:0]=R[16:7]
[26: 0] = 596Y —200Ch—416Cr+69370>|if bit[26:7] > 1023 , G
(= _ then bit[26:7] = 1023 ; N1 .
B[26:0]=596Y +1033Ch—141787 iFbit[26.7] <0, OutputB[9:0]= B[16:7]
then bit[26:7] = 0

qE‘]' 18 : YCbCr to RGB &g

RS ST ﬂ}’ﬁn&dﬁiﬁ#&m@m%l;ﬁ F'1 YCbCr to RGB ¥ ['E“i‘fﬂ

=Y bCr 1’*5FF i Jtzf % 8Bit > stepl~5 FlISE A - IR '/#ML

Stepl 54 J‘ ?*[n&%? * Y YCbCr fﬁE‘ﬂE‘l % RGB IF'E’F’\’& o

Step? : }[‘—’]’ Stepl AR > 8b1t FA o

Step3 : [ﬂt“&lf'ﬁilﬁl '| Verﬂog TER T @%‘E%@&EET > B S PR R
i GO LR ﬂ[n L 512" SERL 2" A< -

Step4 - H%@ ﬂfﬁl[ Ster3 B 512 f I* F[ J@ Vad JE[FE‘T‘HIL_DPF[H[T F
SELRT | Bt > B )25 (P 2 e PR S R R | f{fJ ﬁlﬂr °

Steps * f8k i = Hivf a2y JF” RGB [l > FHo fle™s o F 7| poigi T > #e]
'ﬁl’ﬁﬁi overflow EIfJ}IJ{i]}J BT e e 2T AR F ANET 1023 0 RN 1023 F
T ’J‘JE:”O iﬁy Y

P19 Bl > B YChCr to RGB TRRARS R > = foLRLAsk] YCbCr frfiy * 1] E B -

Cl~C2~C3 fyff Jpl w«* R ﬂ’mgayli.&ﬁl e Vi .iﬁupﬁ’fg FIWJ\&EJCAL ==

i
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VARR YT A% F AT 1 AR B
RER LK

PomHEE’

/‘*7 ﬁ— /f?/ﬁ? fij-é

SR RAT > TR T SR AT 2 s R

Y
Cl % Reg
2

Cb
C2
Cr
C3

Compare

B Ef)

And
Shifter

A

C4

4.3 3BT (R

= JF:‘?’FLJZ@%EEM%-« ’ *‘“IF' T
o A T R Y (g

AR R e T

Reg

[A' 19 : YCbCr to RGB RHE %A

Sk B

— AT R
YPR! 20 Hrs o PRERRLK A —T‘fﬁl&ﬁ”ﬁ@%ﬁ[ﬁl {fﬁﬁﬁkﬁ“é'i A i 25 EL

]'ﬁf{fﬁﬁm&%.ij PR R IR 3 Hr

A R T R 2R ET%F““‘% °

23 ¢ AT 0 T

VRS
4t (a~h)

T ihE F
A2 (a'~h')

a

(a+b)/2

(b+c¢)/2

(c+d)/2

(d+e)/2

(et+1)/2

(f+g)/2

(g+h)/2

Sl (o | el o | o

(h+a)/2

De-nterlacing |

L et A o
[ TeBifer B>
[ Tehur o
[ TreBuE D i
[ TwRmE
[ T T

>
[ TheBuE

A 4

Reg —

R[9:0]

B[9:0]

Horizontal

Line 2 ~(a+b)2
—_—

_b':(b +¢)2
_c"_ ~(c+d)/2
_d ~(d-e)2
_E’b =(e+1)2
_f (g
_g" =(g+h)2

h' =(h+a)2

20 © FEIBRRAT S
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© HET S

HL B $55E BT R SR U BRI 7 o RS = Tl T =k Rl SR T ok
RO 00 [0 = B sk B e 7 S90RE BT ek R AF U Ry AT Sk gl o B
Ty PR AT S O 3 o PG H OB BN 2 oL upp L] sk o IPG 21
Hr= ig%%iﬁ‘%?Uﬁﬁi‘lﬁfé‘??ﬁﬁﬁi‘lﬁcﬁwiﬁiﬂ T

[1/1]7

B 21 H BT ST R G

F 4 H BT B ETH TR
R 4 4F 4 3 (a~h) ST R e M JZ(a'~h')

a {[(h-1)+h+(h+1)]/3+[(b-1)*+b+(b+1)]/3+[h+a+b]/3}/3
{[(a-1)+a+(a+1)]/3+[(c-1)+ct(ct+1)]/3+[atb+c]/3}/3
{[(b-1)+b+(b+1)]/3+[(d-1)+d+(d+1)]/3+[b+c+d]/3}/3
{[(c-1)y+cH(c+1)]/3+[(e-1)+e+(et+1)]/3+[ct+d+e]/3}/3
{[(d-1)+d+(d+1)]/3+[(f-1)+f+(f+1)]/3+[d+e+f]/3}/3
{[(e-Dtet(etD]/3+{(g-D+gt(g+1)]/3+[etftg]/3}/3
{[(f-1)+f+(f+1)]/3+[(h-1)+h+(h+1)]/3+[f+g+h]/3}/3
{[(g-D+gt(gtD)]/3+[(a-1)*at(at1)]/3+[gth+a]/3}/3

5 e |0 a6 [T
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AR B F AR R AR M E A AR E DRI RS TR TR
BRER' hRMK® gL’

| De-interlacing | Horizontal
Pixel a' ={[(h-1}+h+(h+1)}3=[(b-1)+b+(b+1)}/3+[h+a+b}/3}/3
v Ty o
b ={[(a-1yrat(a+1)}/3+[(c-1)+oH(e+ 1)) 3+atbre]3 /3
B T .
¢ ={[(b-1)yb+(b+1)]/3+[(d-1)+d+(d+1)]/3+[b+c+d]/3}/3
N T T o
d' ={[(e-1Hct{eD)/3+[(e-1 Hre+(e+1)]/3+[c-+d+e]/31/3
[ TwEED Joe
:> ¢ = {(d-1HdH(A= )]/ DB D] 3+ d e )3 1/3
[ CmeBurE Jes
' ={[(e-1ye=(e+1)]3+H(g-1 HaoHeg+1)]/3+[e++g]31/3

e M BT 1 T i R
Line Buffer G o —

h' ={[{g-D+g+H(g+1)]3+[(a-1)+a+(at+1)]/3+Hg+h+al/3}/3
Line Buffer H h- —

B 22 H B 5938 ETE

(=1 £ 1]+ [(h-1+he(ht D]/ 3+ Erg+h]i3 173

U:‘
Il

= EMELRET T

B QI 23 T F VAR AR R ST R A S A« e LR S
Eﬂ?f@}?ﬂz%ﬁ ELA ’_FJ'LEE[—'J[I,[\};E';%J : lwq;ﬁ:"éjfyﬁgjagiﬁggﬁg; T g
(SRRSO » I 24 T -

B 23 A3 RET 950 T T AW
F5 0 BARLRET PR TR ETSA

R %o s 1 (a~h) ET R f AL (a~h)
{[((h-2)+a+(b+2))/3]+[((h-1)+a+(b+1))/3]+

a [(h+a+b)/3]+[((h+1)+a+(b-1))/3]+[((h+2)+a+(b-2))/3]}/5
b {[((a-2)+b+(ct2))/3]+[((a-1)+b+(c+1))/3]+

[(atb+c)/3]+[((a+1)+b+(c-1))/3]+[((at2)+b+(c-2))/3]}/5
{[((b-2)+cH+(d+2))/3]+[((b-1)+c+(d+1))/3]+

¢ [(btct+d)/3]+H[((b+1)+c+(d-1))/3]H[((b+2)+c+(d-2))/3]}/5
d {[((c-2)+d+(e+2))/3]+[((c-1)+d+(e+1))/3]+

[(ctd+e)/3]+H[((ct1)+d+H(e-1))/3]H[((c+2)+d+(e-2))/3]}/5
{[((d-2)+e+(f+2))/3]+[((d-1)+e+(f+1))/3]+

© [(dtet+h)/3]H[((d+1)+et+(f-1))/3]H[((d+2)+e+(f-2))/3]}/5
£ {[((e-2)++(g+2))/3]+[((e-1)HH(g+1))/3]+

[(etftg)/3]+[((e+1)+f+(g-1))/3]+H[((e+2)+f+(g-2))/3]}/5
{1((£-2)+g+(h+2))/3]+[((f-1)+g+(h+1))/3]+
g [(frg+h)/3]+H[((f+1)+g+(h-1))/3]+[((f+2)+g+(h-2))/3]}/5
h {[((g-2)*+h+(a+2))/3]+[((g-1)+h+(a+1))/3]+
[(gth+a)/3]+[((g+1)+h+(a-1))/3]+[((g+2)+h+(a-2))/3]}/5
18
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| De-interlacing

| Horizontal

ey T A Pl th2yrat b2+ Dybat (bt 131+ (hra+b)Y3]
= AL+ Drat (- DI [+ Eat (b-200/3] 1S
.
T AT . o AL0fa- b (23 [ (o L bt 100314 [(a4bta)f3]
_ +[((1+1)+b+<(:c-1));’3]+[((2+2)+b+fc-2))£3]}fSa ¢
- N N [[(B 2ot [+ 20034+ [0 - Lot (- 131+ [ (btotd i3]
—=[Linc Buffer €}~ “ +[(Cb+1)—:c+(d-1));’3]+[(Cb+2)fc+(d-2))a"3]}.-’5 ¢
___ d { [((C 72)+d+ (e+2)).-"3] + [((c— 1 )+d+ (e+ 1))."'3]+[ (C+d+e).‘"3]
el ut et :>—’ Lo+ D+ te- 10/ +L (ot 20+d + (2-200/3] 15
L o[ TweBuffor E_}— N (L -2e+ F+200 3+ [ - Det 4+ 131+ [id+e+1343]
- T [0t Det (- W+ LA D e (12003 1S
¢
. . . [[CGe-2H+ (e 2031+ [ - D (e + 10 3]+ [le+f+2073]
f- = Iller Dt e O+ ot irte 20 1S
- & o LE-2re+Ch 203+ [0 - Db gt Chot 170031+ [ (g +h)/3]
g L0+ D+ th- D0/l L+ 20+ 2+ Ch- 200731 1S
.
e Buffer T hew Mg -2rh 2RI (e Dthet Gk DDW3T4+ [ (e tha)i3

1+ CCe+ Uth+a- 10w 31+ [{Ce+ 20+ h+ (a-2)03] 1S

i 24 1 BARFLET 1938 T

P~ TR ¥ T SR

TRSUER ) T S T S RIRL AR B R T 0 H R R AL
AR LTI R B o SEERE TR B ¥ ST e s il
o PNIEER O L 8 % [ GRS T E S AR i

25 o

-.hh:%\
-

B 25 ¢ 2o AU E| T ¥ SRR A

I

%%
il
i}

61 TREFET ¥ T T BT BT

Y

REEECE
(a~h)

EARIT ok B d UL (4~ D)

a

{[((g-2)*+(h-1)+a+(b+1)+(c+2))/5]+[((g+2)+(h+1)+at(b-1)+(c-2))/
5]+[(g+h+atb+c)/5]+[((g-1)+at+(c+1))/3]+[((g+1)+at+(c-1))/3]}/5

b

{[((h-2)+(a-1)tbH(c+1)+(d+2))/S]H[((h+2)+(at+1)+b+(c-1)+(d-2))/
51+[(h+atb+c+d)/5]+[((h-1)+b+(d+1))/3]+[((h+1)+b+(d-1))/3]}/5

{[((a-2)+(b-1)F+ctH(d+1)+(et+2))/SH{((a+2)+(b+1)+ct(d-1)+(e-2))/5
J+[(atb+ct+d+e)/5]+[((a-1)+cH(e+1))/3]+[((at1)+c+(e-1))/3]}/5

{[((b-2)+(c-T)+dH(e+ DH(F+2))/5]+[((b+2)+(c+1)+d+(e-1)+(f-2))/5
[H (brerdtet )/ SIH{((b-DFdHE 1)/ 3+ ((b+ D+d+(F-1))/3]}/5

{[((c-2)H(d-1)+eH(Er1)Hg+2))STH((c+2)H(d+ 1) +e(f-1)+H(g-2))/5
*[(ctdretfre)/SH{((c-D)te+(gr D)3 ]+{((c+1)te+(g-1))/3]}/5

{[((d-2)+(e-D)HH(g+1)+(h+2))/S]H[((d+2)H(e+ 1) +H(g-1)+H(h-2))/5
J+[(d+etft+g+h)/51+[((d-1)+f+(h+1))/3]+[((d+1)+f+(h-1))/3]}/5

{[((e-2)+(f-1)+gH(h+ D+(a+2)) SH{((e+2)+(f ) +gH(h-1)+(a-2))/5
[H(etfrg+hta)/S]+[((e-D+gt(at D) B]H[((e+D)+gt(a-1))/3]}/5

{[((f-2)+(g-1)+h+(at1)+(b+2))/S]H((f+2)+(g+1)+h+(a-1)+(b-2))/5
|+ (f+g+h+a+b)/5]+H[((f-1)+h+(b+1))/3]+[((f+1)+h+(b-1))/3]}/5
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BRER' hRMK® gL’

Horizontal
[ De-interlacing | orizon

a Pixel ;__ {LECg-20 h- Dat (bt D (et 2005 ]+ [z + 20+ (ht Dat (b- D Ge-200/5]+
= [{g+h+atbtod/S]+[ (g Uitatiot L0/31+ (e + Dbat (o- 10431 15
b

___ . {[0Ga-204 (b- Dot (d+ D e+ 20051+t 20+ (bt Ditet+(d - Uit de-20075]+
[Cat+btetd+ed/S1+ (- Dot (et LT+ [(G+ Detie- 103] 15

L0204 (- Dbt Got DG+ 2005 ]+ [(Ch+ 204 (a+ Db G- D 0d-20045]+
[htatbretddS]+[(h- Db+ D3]+ [t Db+(d- 10431145

[(-23+ e Dbt (ot D+ 2051+ [( B+ 204+ (ot Dd (- D+E-20/5]+
(btetd+e+HE )14 [((b- Dd+f+ D031+ [+ Dd+ - 103] 15

R
— |
=) .
r__ _f_ FL00d-20 (o= D+ (ot D Cht 20001 [+ 20+ (et D+ (- Db Ch-20045 ]+
- [fd+e+f+a+h0/5]+ [0 - D+ Ch D3]+ [0+ D+ Ch- 10043 15

E—
o

N T ([0G-20 - Db+ (ot D G2 ST [(E 2 (o Dbt Ch- D - 2005+
e ST I8 T letirethraddST+ e Dt Gk L (G Drgr(a- 10031 15

h

{[€ie-204 (- Dot G+ DA Gt 20001+ [l 204 (ot Diet(f - D (e -20/51+
[(etdteti+ed5]+[{(e- Dtet g+ DN+ (ot Dte+(g- 1031 145

: £20 (o Ut Gaok Lo (b2 WST+ (4 20 (et Ut Gae L (-2
h- — [{([f(JEg+1)1:rrg%rb))a%]I[(?&—%;rf}t:(gl1%;’5%&?((%1%Iherr(le(;)a’B)ﬁ% Rl

[ 26 1 T AEFE] T ¥ T HSSE T

=~ iR BLRER] T SR T e ) 1 SR EN

HEATEAR L RET S0 ETE F) PRS0 SRS o (AL YIRS A
PR & TGRS Y PR SRR i pdsepl e AT 2 (DR A BLRERT L S5
SRR RN 27 e o (PRSI R R BLRERI T ISR o IR 27
al ~he T RIRLYL R ROV o R G R R B e R ke
"1 E e i 1212 SHT SR RS l:

3 YTV BT T A o

#71 EARILREET EAE T T SRE T

B e 4F 45 8 (a~h) LHRIT R d ML (a'~h')

a [-(A1+1)-(A1-1)-HI-B1]+4A1

[-(B1+1)-(B1-1)-A1-C1]+4B1

[-(C1+1)-(C1-1)-B1-D1]+4C1

[-(D1+1)-(D1-1)-C1-E1]+4D1

[-(E1+1)-(E1-1)-D1-F1]+4E1

[-(F1+1)-(F1-1)-E1-G1]+4F1

[-(G1+1)-(G1-1)-F1-H1]+4G1

5 (|0 &6 |

[-(H1+1)-(H1-1)-G1-A1]+4H]1
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\ De-interlacing

‘ Horizontal

pixel

Line Buffer A | 2

=[-(A1+1)-(A1-1)-HI-B1]+4A1

a

Line Buffer B

b

I~

Line Buffer C

o

Line Buffer D

.

—

&

Line Buffer E

e

Line Buffer F

— e

Line Buffer G

g

Line Buffer H

e

@«[127:;&%

b
—_—

d
e ——

f
——

&
e

N
R —_—

=[-(B1+1)-(B1-1)-A1-C1]+4B1

=[~(C1+1)-(C1-1)-B1-D1]+4C1

=[(D1+1)«(D1-1)-C1-E1]+4D1

=[-(E1+1)~(E1-1)-D1-F1]+4E1

=[-(F1+1)-(F1-1)-E1-G1]+4F 1

=[-(G1+1)~(G1-1)-F1-H1]+4G1

=[-(H1+1)-(H1-1)-G1-A1]+4H]1

AL RER] T SRR R T

A1={[((h-2)+a+(b+2))/3]+
[((h-1)+at(b+1))/3]+
[(ht+atb)/3+[((h+1)+
a+(b-1))/3]+[((h+2)+a
+(b-2))/3]}/5

B1={[((a-2)*+b+(c+2))/3]+
[((a-1)+bt(ct1))/3]+
[(atbte)/3]+[((at1)+
b+(c-1))/3]+[((a+2)+b
+(c-2))/3]}/5

C1={[((b-2)+c+H(d+2))/3]+
[((b-1)+c+(d+1))/3]+
[(bte+d)/3]+[((b+1)+
ct+(d-1))/3]+[((b+2)+
c+(d-2))/3]}/5
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Abstract

The truncated raised cosine interpolator for timing recovery has been proposed in [8],
and shown its superiority over other interpolators such as the sinc, polynomial, spline and
MMSE interpolators. In this paper the truncation window effect on the raised cosine
interpolator is investigated. The result showed that the rectangular truncation window
achieves the best performance in both MSE and error performances.

Keywords : interpolator filter, raised cosine interpolator

28



HESR A= EH FEM FPEREBOFTIA F2A
Journal of Ching-Yun University, Vol.30, No.3 (2010)

1. Introduction

Symbol synchronization or timing recovery plays an important role for digital
communications. In conventional timing recovery an analogy phase locked loop (PLL)
employing a voltage control oscillator (VCO) is used to adjust the sampling phase at each
sampling time. Gardner [1] first suggested a fully digital timing recovery algorithm in which
an A/D converter is employed to sample the received signal with a fixed sampling rate. An
interpolation filter is then used to recover the synchronized samples from the A/D converter
output.

The synchronized samples can be perfectly recovered using an ideal lowpass filter
provided that the sampling rate is above the Nyquist rate. Thus, the interpolation filter design
can be normally based upon a sinc pulse [3]. However, the infinite-length sinc interpolator is
not practical from the application point of view. Instead of the sinc interpolator, Erup et al. [2]
suggested employing polynomial interpolators (such as linear, parabolic and cubic
polynomials) [4-5] to obtain the synchronized samples from the A/D converter outputs. The
polynomial interpolator is simple; however, they are only suitable for high sampling rates [6].
Kim et al. [7] suggested designing the interpolator by minimizing the mean square error
(MMSE) that takes the background noise into account. The MMSE interpolator is an optimal
interpolator in the sense that it minimizes the timing error, but it always suffers from
computational complexity. In addition to the sinc pulse, there is an interpolation pulse called
the raised cosine pulse that also satisfies the first Nyquist criterion and can be applied to the
design of the interpolation filter. The raised cosine interpolator design has been investigated in
[8], and shown superior to other interpolators. The raised cosine pulse with rolloff factor g
between 0.4 and 0.6 introduces less aliasing effect and achieves good MSE and error
performances. In this paper, the truncated raised cosine pulse with rolloff factor #=0.5 is
employed to study the effect of the truncation window on the raised cosine interpolator.
Simulation results indicate that the rectangular-truncated window achieves the best
performance in both MSE and error performances, although it has a worse aliasing effect than
Hamming and Hanning windows.

2. Raised Cosine Interpolation Filter

In an all-digital interpolated timing recovery scheme, as depicted in Fig. 1, an A/D
converter samples the received signal r(¢#) using a fixed clock with period T,. Neither its
frequency nor its phase is synchronized with the received signal. An interpolation filter is then
used to obtain the desired samples for detection from unsynchronized input samples. As
shown, the output of the interpolation filter y(¢) can be expressed as

Y(0)= 2 r(mT )h, (t=mT,), (1)
where #,(¢) represents the impulse response of the interpolator. The synchronized sample
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y(kT) is obtained by sampling y(¢) at time ¢=4T, where T is the channel bit period and
y(kT) 1is given by

y(kT) =D r(mT,)h, (kT —mT,) . 2)
m
Received Signal Decimator
(0 NI - vk | symbol Symbols
— Interpolator > * »  Dpetector »
T, 7y
F N
Mg my
Fixed Clock A 4 \ 4
Timing Phase Phase
Update Calculator Detector
F' N
Phase
Error At

Loop Filter j«

Fig. 1 All digital interpolated timing recovery scheme

As shown in Fig. 2 [1], assume that the time 7=4kT is located between [m,T,,(m, +DT,],
y(kT) can be written as

Y(KT) = y((my + )T )

> ’ (3)
= (mg ~ )T )y ((n+ 2, )T,)

n=-N|
where the basepoint index m, and the fractional interval g, are respectively given by [1]
mkzinth%J , ykzl;—T—mk,and n=m, —m. 4)

1.2

A, +DT,]

o8f Ylmy + 2)T5]

/N

o6r y[kas] \
0.4 B ’ \
Alm —1T),
0.2 /k OJ . o . \
. B fuit, \./ o \
™\ X\ — 7 . . 71
. SUBSR\AS
0.2 . 9
0.4 . . . . . . t
0 1 2 3 4 5 6 7

Time *7)

Fig. 2 Resample y(kT)
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Theoretically, the received signal r(¢) can be perfectly recovered by the interpolation
filter using an infinite-length sinc pulse (i.e., &, (¢*)=sin(m/T,)/(m/T,)=sinc(¢t/T,)) if the
sampling rate is above the Nyquist rate. However, it is not practical to use an infinite-length
sinc pulse in actual applications. The interpolation filter design has been investigated in many
papers [2-7], including using truncated sinc pulse [3] and polynomial functions (linear,
parabolic and cubic functions) [4-5]. As the tails of the sinc pulse only decay as 1/¢, a
truncated sinc interpolation filter would introduce some severe errors if its truncated length M
(=N, +N, +1) is short. Although the polynomial filters are simple, they are only suitable for
high sampling rates [6]. In addition, Kim etc. [7] proposed using MMSE (Minimum Mean
Square Error) criterion to design an interpolation filter in which the background noise has
been taken into account. The MMSE interpolation filter can outperform other filters, but it
suffers from computational complexity.

Instead of the sinc pulse, in this paper a raised cosine pulse is proposed for use as an
interpolation filter. As the sinc pulse the raised cosine pulse also satisfies the first Nyquist
criterion for zero intersymbol interference (ISI) in which ISI is absent when sampling at the
kT instants. The impulse response of the raised cosine interpolator is given by

cos(pmt/T,) sin(m/T,)

5
—ap /T AT, ©)

hge (8) =

with 0< B <1. For =0, the raised cosine pulse is exactly the sinc pulse. The frequency
response H - (w) of the raised cosine interpolator is given by

T, LS| |<72(1- )
Hopo () =4 51— sin| 127 (= By <|wT| < (1 + B), (6)
2 20
0 W, | =21+ B)

where £ is called the rolloff factor. The tails of the raised cosine pulses with g =0 decay
as 1/¢°. It is expected that the truncated raised cosine pulse can introduce less Gibbs
oscillation than a sinc pulse with the same truncation length. There are some commonly used
windows to truncate the raised cosine pulse, such as rectangular, triangular, Blackman,
Hamming and Hanning windows. The impulse response of the truncated raised cosine
interpolator is given by

M M
ec(®), — T, <1<

T

hy (0) = hgc(Ow, (1) = , (7)

0, otherwise

where the truncation length M is an even integer, and w, (z) is the truncation window. For
example, the rectangular window w, (¢) is given by
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M, M
2 0. 3

1, 27 <<
w,.(t)= 7S

0, otherwise

It follows from the modulation or windowing property that the frequency response H, (w) of
an interpolation filter using a truncated raised cosine pulse can be expressed as

1,00 = [ e @, (v-0)d0 . )

The Fourier transform of the rectangular window W, (w) is given by

2sin(wMT, /2)

W, (w) = (10)

2.1 Aliasing Effects

When the truncated raised cosine interpolator is employed, the aliasing effect occurs
because of the sidelobe and/or excess spectra existing in the truncated pulses. Fig. 3 shows the
frequency response of the truncated raised cosine interpolator with truncation length
M =127, and rolloff factor £=0.5 for various truncation windows. Consider that the
channel is a bandlimited raised cosine channel with 40% excess bandwidth and the received
signal r(7) is sampled at a rate of 2 samples/symbol (i.e., T/7T, =2). Fig. 4 displays the peak
amplitude of the aliasing introduced in the truncated raised cosine interpolator versus
truncation lengths for various truncation windows. The aliasing effect can be significantly
reduced when the truncation length increases. And the result indicates that both
Hanning-truncated and Hamming-truncated interpolators achieve the least aliasing effect.
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Fig. 3 Frequency response of truncated raised cosine interpolators
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Fig. 4 Peak amplitude of aliasing versus truncation length

2. 2 Mean Square Error (MSE) Performance
Assume that the received signal before the A/D converter is given by

rt)=Y a,g(t—jT)+N(), (11)

J=—©

where {a j}e{i 1} is the binary transmitted sequence and g (¢) is the overall channel

impulse response, and N (¢) 1is the background noise. The receiver requires obtaining
r(kT), but it is sampled at a period 7, probably with a time offset x# (normalized to T,).

Therefore, the resample of the interpolation filter is given by

Y(KT) = y((my + p + T)

Np
= > r((my =Tk, (0 +  + 1)T,), (12)
n=-N]
-34,.G, + 7,
where

G, = D b ((n+ py + T)QGT = (n+ py + 1)T,)=G,"H, (13)
n=-Nj

Ny = Y h((n+ p + T)N((m, —m)T,)=N"H,. (14)
n=—N|

To compare the performance of the truncated interpolators, the mean square error
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MSE(u) between the ideal (synchronized) sample and the asynchronized resample is defined

as

MSE(u)= E{a, ~ 5(T)I}

:E{[ak ->a,,G'H, +NTH,]2} ) (15)

1=—00

=1-2G,"H, +H," (Ryy + Y G,G,)H,

I=—00

where R,y =E {NN T } is the autocorrelation matrix of the background noise. The last equality

is obtained by assuming P{a, =1}= Pla, =-1}=1/2.
For the MMSE interpolator [8] (i.e., OMSE(wx)/0H, =0), the optimal impulse response
H, of the interpolation filter is given by

Hl,optz[hI((_N1+/lk+ﬂ)Ts) By (=Ny +1+ 0, +0T) - h[((Nz'*‘fuk"'/l)Ts)]

- (16)
=G,(Ryy+ Y.G,G,")
j—o
The impulse responses H, of the truncated raised cosine interpolator is given by
= N AT N N s S i
(17)

The MSE performance comparison is made under the assumption of no noise corruption
(i.e., R,y =0) and a channel with 40% excess bandwidth. Fig. 5 depicts the MSE performance

of the raised cosine interpolators as a function of the truncation length for the time offset
©=05. As shown in Fig. 5, with the same truncation length the rectangular truncation

window outperforms other truncation windows.
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Fig. S MSE performances with truncated windows for time offset x =0.5
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3. Error Performance

The raised cosine interpolator with different truncation windows are also compared through
computer simulations on a general pulse amplitude modulation (PAM) system. Fig. 6 compares the
performance of the interpolators with different truncation windows. The SNR in dB is defined here as
the ratio of the input complex waveform signal energy generated by 127-bit pseudorandom binary
sequence to the channel noise energy of the same duration. As displayed in Fig. 6,
rectangular-truncated interpolator is superior in error performance to the interpolators with other
truncation windows. The result shows that the rectangular-truncated raised cosine interpolator

improves other interpolators by approximately 1-2 dB in error performance.

2| —&— Triangular
| —=— Blackman
| —=&- Hanning
—— Hamming
.| =— Rectangular

BER
3
T

SNR(dB)

Fig. 6 Error performances with truncated windows

4. Computational Complexity

In interpolated timing recovery the synchronized output signal y(k7) is obtained by
computing the interpolant at the time &7 =(m, +u,)T, in which the fractional interval g, is
evaluated using a time phase estimator. The interpolant can be calculated using two types of
FIR filters. The first FIR filter stores the impulse response #,; from the interpolation filter in
a finite memory. In this type of implementation, the fractional interval g, is quantized into P
uniform intervals and each sample value from the fractional interval p, is stored in a
memory that requires MP words. For each interpolation, each sample from the memory is
loaded into a transversal filter as the filter coefficient. Both the sinc and raised cosine
interpolators can be implemented is this kind of transversal filter. For the MMSE interpolator,
it is impossible to store the impulse response from the filter because the impulse response is
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dependent upon the noise or the fractional interval p,. Therefore the interpolant must be
computed directly on-line. In this type of implementation, all computations are performed
on-line and no memory for the filter coefficient or quantization is required. The computational
complexity is much higher than that of the sinc or raised cosine filter. For polynomial
interpolators such as linear, parabolic or cubic interpolators, the interpolation can be
accomplished by direct computation with a Farrow structure [2] and the computational
complexity is greatly reduced. Table 1 shows the computational complexities of interpolation
filters that require computing an interpolant. Note that since the sinc interpolator has the same
computational complexity as the raised cosine interpolator, it is not shown in the table. As
displayed in this table, only (M —-1) multipliers are required for the sinc or raised cosine
interpolators with truncation length M . This is much less than that of the MMSE interpolator.
As displayed in Table 1, the raised cosine interpolator with truncation length M =167, has
much less computational complexity than that of the MMSE interpolator with length A =47, .
The computational complexity of B-spline interpolator [12] is also shown in Table 1 for
comparison.

S. Performance Comparison

The raised cosine interpolator and different interpolator filters (such as cubic, sinc, half
sine [9-10], B-spline [11-13], and MMSE) are compared through computer simulation on a
general pulse amplitude modulation system. Figure 7 compares the performance of the
interpolators. The 47, raised cosine interpolator is superior in error performance to cubic,

sinc, and half sine interpolators of same truncation length. As can also be seen from Fig. 7 and
Table 1, the B-spline interpolator is only slightly better than that of the 47, raised cosine

interpolator by approximately 0.2 dB but with more computational complexity. However, the
127, raised cosine interpolator, with a similar computational complexity to that of the

B-spline interpolator, has an improvement of 0.5 dB over the B-spline interpolator. In addition,
both 127, and 167, raised cosine interpolators outperform the 47, MMSE interpolator and

with much lower computational complexity. At BER of 107, the 167, raised cosine

interpolators is about 10 dB far from the Shannon limit [14], as can be seen from Fig. 7.
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Fig. 7 Bit error probability versus SNR for different interpolators

Table 1 Computational complexities versus various interpolation filters

Interpolator Raised Raised Raised Raised Raised
) Cosine Cosine Cosine Cosine Cosine )
) Cubic B-spline
Operation
47, 87 127 167, 207,
Add/Subtract 11 3 7 11 15 19 8
Multiply/Divide 3 4 8 12 16 20 12
Interpolator MMSE MMSE MMSE MMSE MMSE
Operation
4T, 6T, 8T, 107, 127,
Add/Subtract 102 370 910 1818 3190
Multiply/Divide 236 1542 5560 14690 32100

6. Conclusions

In this paper the truncation window effect on the raised cosine interpolator is presented,
and the result reveals that the rectangular-truncated window achieves the best performance in
both MSE and error performances (1-2 dB gain), although it has worse aliasing effect than
Hamming and Hanning windows. The error performance result indicates that with similar
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computational complexity the raised cosine interpolator is superior to other interpolators in
common use such as sinc, polynomial, half sine, B-spline and MMSE interpolators.
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Abstract

This paper proposes Pl-conductance and simplified PI-conductance maximum power
point tracking control of solar power generation systems. This approach is not the same as
conventional algorithm for MPPT. The goal is asymptotic MPPT control, in which a function
of conductance as feedback signal is asymptotically to zero. This means that the MPPT
control is achieved. Simplified PI-conductance is proposed to reduce to measure temperature.
The output of PI controller control DC-DC converters to generate maximum power from
photovoltaic with varying temperature and insolation. The effectiveness of the proposed
controllers are verified with four cases satisfactory numerical results.

Keywords : MPPT, photovoltaic, DC-DC converter
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Abstract

The business environment becomes more competitive in recent year. Our research
discusses what is the best penetrating strategy entering the new market and which business
model should be employed in the cellular phone industry .This work analyzes the penetrating
strategy and business model of the case company, HTC (High Tech Computer), and compares
his 5 years’ financial performance with the leading corporation, Nokia, in the cellular phone
industry. The findings of this study are: Firstly, the new entrant needs to find out the keeping
growth and star product portfolio in order to success in the competitive industry. Secondly, the
new entrant should be familiar with the character of industry and have the core competences
of technology and management. Thirdly, the new entrant should sustain the dynamic and
innovative business model in order to keep growing. The empirical model of HTC proposed
by this research could be referent to future study and business application.

Keywords : Cellular phone industry, Penetrating Strategy, Business model, Financial
Performance
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Abstract

Estimation of software maintenance cost is a very important issue for planning,
organizing, leading, and controlling software projects. Providing an accurate estimation of
software maintenance effort plays a crucial factor for software project management. This
study proposes a novel approach for improving software maintenance effort estimation based
on the clustering trees. We apply the real data of software maintenance effort from local
hospital for our experiments. The well-known estimation models for software maintenance
effort estimation are also utilized in comparison with the proposed approach in this study. The
experiments show that the proposed approach outperforms the well-known software
maintenance effort models under different evaluation criteria.

Keywords : Software project management, Software effort estimation, Data mining,
Optimization, Prediction
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%—KﬁQx&xwwﬁfﬁ%FCﬁRﬁ«%%%—X“ (1)

Xy =XtV (2)
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i=1

PSR R oL - ﬁﬂjﬂﬁﬁﬁ?$MwuﬁMM;
MMRE) ~ 7* i, %75% (Prediction level : PRED)==T fii4s - i i E]Fflfff);fu e ﬁﬁw‘j‘
Lllﬁ@ F' JUF'[ i e ﬁ'*ﬁfﬁ*‘ = (Magnitude of Relative Error : MRE)}G " i B~ *Tg’j\’ﬁgq
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MRE = 4)

> MRE,
MMRE == —— (5)

PR ‘Eiiﬁﬂi’rf ﬁ%ﬂf[l’ﬁj?ﬂngqy Bl 5 p‘:“ AU ST E ] i P
uﬁj?ﬂ“»ﬁ%* (b AR S [ o PO © 2 F 1 & R fa‘ﬁ'? =3 |E£i7rﬁlam EIE
PRSI x pUFERERED > n EVATE UIRASE T (RN RAVE | F‘QVE[ o F;i &Fu]ﬁ (L}
I UVAa ~lﬁ|~w& F ﬁﬁiiﬁf«?%fm"ﬁnyi (BRI FJJ AT x [P [AeYF IE‘FE

i PRIAERE [‘E'EdEIJ e T R - H IR I‘E‘Eﬁﬁlﬁ[ﬁl"ﬂﬁ = ﬂﬁJ
B R (= ﬁ[ﬁ-;—ﬂ% SRS x £G 025 - wpgggﬁ%ﬂ [‘ngj,ﬁ[:ﬁ&w
PRED(0.25) [ waﬁ}f FHO)FT RN o 2 (DML AR ARG (R SR SR
AR S THE -

1

PRED(0.25)= % =4l (6)

I, if MRE <x

0 , otherwise

P(i)= { (7

q%ﬁ' 3 Eb7) ﬁ?ﬁf‘;ﬁﬁﬂ/@? rﬁ“'?’};f{ifiﬁ(pseudo code) » Tt 5] E‘-ﬁﬁfﬁ N rf‘%fglf = %,lm,{_}
AR (PR T AR e 5 H e AR T’”ilp HRERS [E?j%“?igllﬁ
*fg'F'SJ?’Jﬁ‘i{i'fﬁl'Eiﬁi@ » Xia(i)=2 V(DR HIHETL PSR PR

X left(i) s Xig_right(i) 53 [l 55— K aﬁ&m P BT AL g
ftness(Yiy_lefi(), Xu_right()FIEFFTL = (Y IR+ Pros i (RS 33
IO I 1) Guo ILRLISRET B OB T - ) moveOpBUTT st T
LI 7 }»F’?‘E[%Fﬁjﬂj[ﬂ E'ﬂgg?ﬂjr"f‘g‘[' 9 ’CheCk(Gbeqt)?ElﬁFT B Jﬁr‘g@ | g
SRR fU[L,LIIZ“HH [ o JPREE] i R - lﬁéifgﬁ/%?zm > M HIRES
- [ﬁé{ /F R %mj il EJ{*EFH/ flI- “Eﬁ“ ﬁg‘gl?% i > 1] stop_ condltlon()if
wéﬂjuﬁﬂ ety h-f
1) flag=true // flag: the flag to ﬁnd the next node of trees //
2) while (flag)

3) // initial particles //

4) for i=1 tonp // pn: number of particle //

5) Xig_left(i)=initial Xj(7)

0) Xiq_right(i) =initial X;4(7)

7) Via_left(i)=initial V;«(7)

8) Via_right(i) =initial V(i)

9) fitness of particle i=fitness(X;; left(i), Xiz right(7))
10) Ppes i= fitness_of particle i
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1 1) Gbest:min(P best_i)

12) next i

13) unsatisfied=check(Gpes)

14) // find the best vales of particles //
15) while (unsatisfied)

16) for i=1 to np

17) new Vi, left(iyj=move(V; left(i))

18) new_ Vi right(i)=move(V;; right(7))
19) new X, left(i)=move(X;; left(7))
20) new_ Xj; right(i)=move(X;; right(7))
21) fitness of Particle i=fitness(new Xj, left(i), new X, right(7))
22) Pyes i=update of fitnss(i)

23 ) Gbest:min(P best_i)

24) next i

25) unsatisfid=check(Gpes)

26) wend

27) flag=stop condition()

28) wend
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T35 8 1.45 0.36 0.39 0.30 0.10 45.24

85




AR 7 R ROBHA A 088 3 AR
REHE wRER®

ALK 1.00 0.00 0.00 0.00 0.00 40.00
3B 1.00 0.00 0.00 0.00 0.00 16.00
AR E 0.80 0.65 0.73 0.56 0.36 24.06
S R 0.64 0.43 0.53 0.31 0.13 579.01
38 3.00 3.00 6.00 3.00 2.00 88.00
B ME 1.00 0.00 0.00 0.00 0.00 8.00
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Abstract

The optimal number of retail stores and location problems become the most important
issues in current competitive environment. In this research, we try to solve the above
problems using Center and Medium problems. First, we first calculate number of retail stores
in the selected county based on marketing potential. Then, using the method of Lagrangean
Relaxation method searches the possible locations. The selected possible store locations shall
fit in actual environmental constraints considering potential market, analysis store numbers of
competition and development way. Finally, we will develop a model to compute the market
share within the possible locations. The objective in this stage is to find the maximal market
share. The empirical results can generate a priority list for all selected possible locations and
confirmed the locations with high priority.

Keywords : Lagrangean Relaxation, Location Selection, Market Shares
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Abstract

The concepts of serving the government and reclusion had always dominated the choice
of lifestyles of the ancient literati in China, especially the literati who lived in a chaotic era.
When facing the difficulties in serving the government and the failure of pursuing official
position and fortune, a passive thought about reclusion generally flooded among literati,
which reflected the atmosphere of time and the spiritual state of literati. Therefore, it became
an important topic of object-chanting Ci. The Ci in the Yuan Dynasty particularly expressed
strong color of time unconsciously due to its unique political, geographical, and cultural
background. As a result, the Ci in the Yuan Dynasty was not only “an expression of the
feeling and the will” but an outlet for writers to seek for the settlement of life and spiritual
sustenance under the transformation of society. The purpose of this study is to investigate the
mental consciousness and sentiment of life of writers of the Ci in the Yuan Dynasty in the
chaotic time based on the topic of thought about reclusion of the Ci in the Yuan Dynasty.

Keywords : Yuan Dynasty, Ci, Thought about reclusion, Sentiment of life
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Abstract

The study intended to investigate the perceptions of the Taiwanese EFL students
participating in videoconferencing activities for English learning and to explore the value of
videoconferencing technology in supporting oral and visual interaction in a distance learning
context. Thirty Taiwanese undergraduates with English majors participated in the present
study. The American participants were six undergraduate students with majors in journalism
from the northern United States. These American students were randomly assigned to be the
partner of four or five Taiwanese participants. These Taiwanese students interacted with their
American partners in seven videoconferencing sessions. The results indicated that such a
language learning experience had greater positive than negative influences for the
participating students. The characteristics of the videoconferencing tool are utilizing real-time
images and voices of the participants, so that the VC technology can create an authentic,
communicative, and task-based language learning environment. In addition, the VC tool can
assist distance learners to build a learning community, which is a vital factor for effective
language learning. If the major issues, such as avoiding unfavorable discussion topics and
technological disconnection, can be improved, better learning outcomes can be expected.

Keywords : Videoconferencing, Computer-Assisted Language Learning, Distance Education,
Value Analysis

132



HESR A= E BRI FPEREOFTA FI133 R
Journal of Ching-Yun University, Vol.30, No.3 (2010)

1. Introduction

Videoconferencing (VC) refers to live communications transmitted by two-way audio
and full-motion video (Heath & Holznagel, 2002). Previous studies have provided evidence
regarding the advantages of VC to facilitate learning (Beauvois, 1998a, b; Blake, 2000;
Hampel & Baber, 2003; Lee, 2004; Smith, 2003; Wang, 2004). VC affords meaningful
interaction with native speakers and peers, which helps to create an authentic, highly
interactive, and cooperative learning environment. In addition, VC promotes a second
language acquisition of communication skills that many researchers regard as the most
important skills in communication (Heath & Holznagel, 2002).

In this study, VC has been used as part of a distance education language learning course,
allowing the Taiwanese college EFL learners to study English in their classroom, while
accessing the videoconferencing technology to assist them to learn the target language from
native English speakers. The purpose of this study was to investigate the perceptions of the
participated Taiwanese students in the videoconferencing activities and to analyze the value
of the videoconferencing technology in supporting the learners’ oral and visual interaction in
a distance learning context. Since distance education has gained in popularity over these
years, it is vital to scrutinize the perceptions of participants in the videoconferencing activities
and the value of videoconferencing technology in assisting students in learning foreign
languages. This article also attempted to enlighten educators on the capabilities and
limitations of the new generation of VC tools and encourage them to continue exploring ways
of integrating oral and visual interaction in distance learning education.

Furthermore, this study examined the pedagogical issues pertinent to videoconferencing,
as seen from the participants’ perspective. The motivation for the study was the desire to
improve instructional practices and provide a better quality of learning experience for
language learners. By combining the participants’ views as expressed in this study, with
evidence from research in this area, it was hoped that improvements could be affected. Using
the proposed framework, the value analysis of the VC activities was conducted from five
aspects of VC activities—content, software, fleshware (also called humanware), hardware,
and educational users. The paper began with an overview of VC-related literature, followed
by a description of the proposed research framework. Then, the procedure of the study was
presented. A combination of data collection methods was employed to elicit the students’
perceptions of VC activities: this included the post-videoconferencing activities questionnaire,
face-to-face interviews, video recordings and the researchers’ reflective journals. The findings
were subsequently presented and discussed according to the research framework and the
participants’ responses.

2. Literature Review

The interaction has played an important role in communicative language learning (CLL)
(Gass, 2003; Kitade, 2000; Mitchell & Myles, 1998). In this study, interaction was regarded
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as a socially reciprocal action involving two or more people in the form of
technology-mediation (Bates, 1997). Such kinds of interaction may happen in an oral, visual,
or written context or a combination of all three, between the learners and instructors, among
the learners, and/or even between native speakers in the target language speaking countries
and learners in their own countries (Wang, 2004). To date, the advance of technology has
vastly enriched the content and scope of interaction. The term “fechnologized interaction” has
been proposed to denote the influence of technology in interaction (Hutchby, 2001). The
technology remains as a tool to be used by people to achieve communicative goals. The
technologized interaction can further classify them into three forms—written interaction,
computer-mediated-communication (CMC) based oral interaction, and oral-visual interaction
(Wang, 2004).

Among these three forms, CMC is typically text-based, although it increasingly includes
drawings, photos, and other images such as happy faces or “emoticons.” CMC is either
synchronous or asynchronous (Wainfan & Davis, 2004). However, VC as a form of CMC
provides live, two-way audio and full-motion video communication (Heath & Holznagel,
2002). Different from the aforementioned CMC, in a videoconference, participants view a
video image of another member or multiple images of other members. There are mainly three
types of VC systems: (1) small room videoconferencing; (2) classroom videoconferencing;
and (3) desktop videoconferencing (Woodruff & Mosby, 1996).

The use of VC in language instruction is supported by constructivist perspectives. Some
concepts of constructivists imply that learners should construct their own knowledge instead
of passively receiving what instructors offer. Such a process can be facilitated by interactive
videoconferencing activities since the learning pace is controlled by the learners (Murphy &
Cifuentes, 2001).

VC is also an important factor to consider in alternative patterns of teaching and learning
and has promised benefits in terms of real-time interaction, immediacy, motivation, and
collaborative learning (Bates, 2005; Guri-Rosenblit, 1999; Laurillard, 2002). Moreover, the
advances in bandwidth technology bring the concept of “social presence” to be possible in a
videoconference (Ryan, et al., 2000; Smyth, 2005). Learners together at a remote site can
experience particular social benefits to aid their learning. VC activities also foster the sense of
togetherness and a shared experience among learners (Bates, 2005; Wheeler, 2005; Wheeler
& Amiotte, 2004).

There were several research studies carried out on EFL learning and instruction utilizing
telecommunications (Liaw, 1998; Shih, 2002; Jason, 2004). Lucas & Riddy (2002) indicated
that the use of VC could significantly contribute to the achievement of language learning
outcomes. Moreover, videoconferencing will become almost “transparent” if there is no
technological problem so that learning takes place as it does in a face-to-face context (Lucas
& Riddy, 2002). In addition, VC was also employed in other fields to foster the students’
learning outcomes. Thurston (2004) investigated the impact of interaction on aspects of
multicultural awareness through VC. Evidence showed that there were gains in the
complexity of the children’s perceptions of their community environment, the ethnicity of
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their community, their own ethnicity, and news images. Moreover, Gillies (2008) explored the
issues of student engagement, instructional pedagogy, social presence, and the
videoconferencing format for implementing VC in teacher education. The findings
highlighted the efficacy of the VC format from a student perspective and raised some issues
for future pedagogical practice.

In addition, VC is claimed to have social advantages due to the aspects of increased
interaction. Previous research studies have provided abundant evidence to support the benefits
of VC, such as mutual understanding, broadened awareness, tolerance, new insights, and
cooperative learning (Abbott, et al., 2004; Gillies, 2008; Lewental & Kress, 2005; Martin,
2005; Payne, et al., 2006).

In this study, through VC activities, the Taiwanese participants were expected to
improve mutual understandings with their American counterparts, and increased their cultural
awareness when sharing their opinions with others. Also they could build new insights for the
given topics, and this fostered cooperation among peers when interacting with their American
partners. The present study offered Taiwanese EFL students with an opportunity to engage in
VC activities that they had not encountered before. The research questions to be answered in
the present study included: (1) What were the perceptions of the Taiwanese EFL students
participating in the videoconferencing activities? (2) What was the value of
videoconferencing technology in supporting oral and visual interaction from a distance
learning context?

3. Methods

3.1 Participants

The Taiwanese participants were comprised of 30 freshmen majoring in English from a
northern university. These students enrolled in a required course entitled “English Language
Drill.” In addition, the American participants were comprised of six undergraduate students
majoring in journalism at a university from the northern United States. These American
students were randomly assigned to be a partner of four or five Taiwanese participants. These
American students interacted with their Taiwanese partners through videoconferencing
sessions. In addition, the researchers served as assistants to make the course go more
smoothly.

3.2 The research procedure

This study was conducted for four months, from September to December in 2008. There
were seven VC connection sessions between the Taiwanese students and their American
counterparts. Each session lasted for two hours. The connecting time in Taiwan was
8:00-10:00p.m., and corresponding time in the United Sates was 8:00-10:00a.m. For each
session, the designated topics were discussed, including food, vacation, politics, fashion,
video games, movies, music, celebrities, cartoons, shopping, sports, holidays, leisure
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activities, Christmas songs and stories. NetMeeting 3.01™, developed by Microsoft ™, was
used as the Internet-based videoconferencing tool hroughout the study.

3.3 The data sources and data analyses

This research applied both qualitative and quantitative methods, and followed a
sequential method in equivalent status designs proposed by Patton (1990). The data sources
included administering of a post-videoconferencing activities questionnaire, interview
transcripts, video recordings, and the researchers’ reflective journals. Several sources of data
were collected to reach the triangulation to make the results more valid.

3.3.1 The post-videoconferencing activities questionnaire

In the end of the overall videoconferencing activities, the Taiwanese participants were
given the post-videoconferencing questionnaire, which contained the items regarding the
perceptions of students using VC as a learning tool to interact with American native speakers.
For example: “I have more confidence to speak with native speakers. I am more motivated to
learn English”, etc. The responses to these questions were rated based on a 5-point Likert
scale, which ranged from strongly disagree (1) to strongly agree (5).

3.3.2 Face-to-face interview transcripts

After all the videoconferencing activities were completed, face-to-face interviews with
the Taiwanese students were conducted to understand the participating students’ thoughts
about the videoconferencing activities.

3.3.3 Video recordings
All videoconferencing activities were recorded so that the researchers could review and
examine the participants’ behaviors and other factors.

3.3.4 Researchers’ reflective journals

The researchers participated in all the videoconferencing sessions. We observed the
real-time learning situation of the Taiwanese participants, and also took notes of special
events for both Taiwanese and American participants’ behaviors.

The content analysis was adopted to examine various “messages” from transcripts of the
recorded videos of interviews and video recordings and researchers’ reflective journals
(Lincoln & Guba, 1985) to answer the first research question. Furthermore, the collected data
were analyzed according to the proposed framework based on the criteria modified from
previous studies (Henri, 1992; Stacey, 2001; Wang, 2004) to explore the value of the
videoconferencing technology in supporting oral and visual interaction in a distance learning
context. The proposed framework was shown in figure 1.
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Figure 1. The proposed framework of this study adapted from Stacey (2001), Henri
(1992), and Wang (2004).

The basic concept of the proposed framework to examine the value of videoconferencing
technology from a distance learning context was that the current society is highly competitive
in the educational settings. Therefore, to successfully survive in such circumstances, any
educational institution is considered to possess some competitive advantages. According to
Porter (1980), a business can develop a sustainable competitive advantage based on costs,
differentiation, or both. Similarly, this proposed framework could allow an educational
institution to determine which kind of competitive advantage to pursue when implementing
VC in language learning. Such a framework was used to analyze collected data including five
parts: (a) content; (b) software (c) hardware; (d) fleshware (humanware) and (e) the final
decision of educational users.

4. Results and Discussion

This session consisted of two parts. The first part presented the results related to the
perceptions of students participating in the videoconferencing activities after the intervention.
The second part displayed the comprehensive results of videoconferencing technology value
in supporting oral and visual interaction in a distance learning context.

4.1 The results of the first research question

To answer the first research question about the perceptions of students participating in
the videoconferencing activities after the intervention, the results of the interview data
analysis, researchers’ reflective journals, and the post VC activity questionnaires were
presented respectively.
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4.1.1 Results of the interview data analysis

In the beginning, some Taiwanese participants doubted that videoconferencing
technology could assist them in learning English as effectively as lecture-centered language
learning. However, after seven sessions of VC activities, the results of the interviews showed
that a majority of the Taiwanese participants expressed their willingness to take the
technology-supported English courses. The Taiwanese learners were concerned that they did
not have sufficient command of the English language for effective listening and speaking.
They were worried of not comprehending the American participants’ questions. Moreover,
they were frightened of “losing face” when pronouncing English words and sentences
incorrectly or improperly. In addition, they feared that the native speakers might laugh at their
“stupid questions and answers.”

4.1.2 The results of the researchers’ reflective journals

The results revealed several noticeable points concerning language learning through
videoconferencing. Prior to the videoconferencing activities, most of the Taiwanese
participants were quite worried about their language abilities. However, after the first session,
they came to enjoy chatting with the American partners by using VC technology, which was
due to the American participants’ patience and tolerance of their insufficient command of
English. When the Taiwanese participants encountered difficult questions or uncertain
messages, they would ask the American partners to repeat them or ask the Taiwanese
instructor to explain it to them in Chinese. Also, in answering the questions, they frequently
used gestures and body language to assist the conversation to go smoothly. According to the
video analysis, we found that the adjustment period was short, which might be attributed to
the prevalence of various communicative technologies in the university, such as webcams and
free software such as Skype ™, and MSN Messenger '™. The provision of these educational
technologies facilitated the Taiwanese language learners to learn English in different ways.

In each session, it was found that technological problems often occurred, which
decreased the quality of the instruction. Additionally, because Taiwanese learners were asked
to participate in the discussions of designated topics, the autonomy of the learners might not
be promoted. We also found that the VC learning environment would not attract all the
participants’ attention and the participants might be distracted due to the failure of seeing the
speakers or the occurrence of disconnections.

4.1.3 The results of the post VC activity questionnaires

After the implementation of the videoconferencing activities, the results showed that (1)
most Taiwanese participants became more confident in speaking with the English native
speakers after completion of the sessions; (2) the majority of the Taiwanese students became
more motivated in learning English; and (3) most Taiwanese participants considered that
these VC activities could improve their English speaking abilities.

Moreover, a majority of the Taiwanese participants became more motivated to learn
English and most considered that these VC activities could improve their English speaking
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abilities. However, only half of the Taiwanese participants thought that they could have
positive interactions in the connecting activities. This might be attributed to their insufficient
command of English.

As for the cultural aspects, about half of the Taiwanese participants believed that they
had a greater understanding about American culture. Eventually, most Taiwanese participants
deemed that these VC activities were helpful in learning English.

4.2 Results of the second research question

To answer the second research question regarding the value of videoconferencing
technology in supporting oral and visual interaction in a distance learning context, the
electronic interaction pattern, and the evaluation of the VC activities were presented in the
following session.

4.2.1 The interaction process

The interaction process between the American and Taiwanese participants lasted for
seven sessions (each session lasted 120 minutes). During session one, the Taiwanese
participants felt quite excited and nervous. However, the American participants tried very
hard to initiate questions, and were patient to repeat their questions. Additionally, they
listened attentively to the Taiwanese participants’ responses. The topic regarding vacations
was brought up in this session. The Taiwanese participants were pleased to share their past
traveling experiences with Americans. In another topic covering politics initiated by the
American instructor, one of the questions was related to huge demonstrations against a
Taiwanese politician. At first, the Taiwanese instructor claimed that the Taiwanese
participants were reluctant to discuss this serious topic but American participants still kept on
asking their opinions about that issue. Therefore, the Taiwanese participants tried to express
their ideas about the scandals. Later, one Taiwanese student voluntarily shifted the current
topic into one concerning the night markets.

The second session mainly dealt with the following topics: fashion, video games,
movies, and music. Both participants were acquainted with the videoconferencing-supported
activity and had a good time sharing their hobbies and favorite games. The Taiwanese
participants performed in better in the second session than in the first because it was an
observed case. Several celebrities were discussed in this session. One interesting case was
found: six Taiwanese participants volunteered to speak out.

In the third session, several topics were discussed, covering content such as cartoons and
celebrities. One special case was revealed. A Taiwanese participant volunteered to share her
stories of traveling with her family in fluent English for four minutes. Many Taiwanese
participants shared their traveling experiences with the Americans who were curious about the
vacation spots in Taiwan and outside of the USA. Some cartoon characters such as
Doraemon, SpongeBob and The Simpsons were discussed as well.

In the fourth session, the discussed topics included: movies, music and celebrities
(entertainers and idols). American movie stars like Tom Hanks were discussed in the session.
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It was found that more and more Taiwanese participants raised their hands to actively
participate in the conversation and asked the Americans more questions than in the preceding
sessions.

The fifth session mainly covered topics such as fashion, shopping, and sports. An
American participant was curious about the fashion trends in Taiwan. A Taiwanese student
brought up the issues of body piecing, tattoos, and nail polishing which made for a good start.
Moreover, both sets of participants actively discussed the dressing styles of males and
females, especially for college students. Matters concerning the MLB players (i.e.
Chien-Ming Wang) were discussed a lot in this session.

Several topics were discussed in the sixth session which included the following: sports,
holidays (Thanksgiving Day), political issues, and leisure activities (hot springs and SPA).
One Taiwanese student asked about the celebration activities for Thanksgiving, such as the
parades, the Thanksgiving day sales, and preparing a feast for dinner. The American
participants responded by explaining the meaning of Thanksgiving and reasons for gratitude
and praise to God. Various sports such as baseball, bowing, ping-pong, skateboarding, and
volleyball were discussed in this session as well.

In the final session, both participant sides decided to sing some Christmas songs. The
Taiwanese participants were quite excited to listen to and sing in chorus with the American
participants. The Taiwanese participants could even request for their favorite songs.
Moreover, the Taiwanese participants shared a Chinese New Year’s song with the American
counterparts.

4.2.2 Electronic Interaction Pattern

The Taiwanese participants established a positive relationship with Americans in just 25
minutes in session one, which was a short adaptation period. After analyzing the VC activity
graphs by each session in the study, several unique patterns of interaction occurred. It was
found that the first session (see figure 2) was instructor-centered. However after 15 minutes,
the activity graph became more learner-centered. The learners needed only a little time to
adjust themselves to this kind of technology-supported activity. Starting from the third
session, the activity graph can be obviously displayed to be learner-centered (see figure 2).
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Figure 2. (a) Electronic Interaction Pattern of videoconferencing activity graph for session one. (b) Electronic

Interaction Pattern of videoconferencing activity graph for session three.

4.2.3 Evaluation of the VC activities

Five aspects of the whole videoconferencing activities (i.e., content, software, flesh
ware, hardware, and educational users) were evaluated. Table 1 shows a list of the collected
data to evaluate the entire videoconferencing activities.

Table 1. Evaluation of the VC activities

Aspects of the Data collected in the evaluation

research framework

1.Content Recorded video (each session)

2.Software Responses from the participants (interviews)

3.Fleshware Responses from the participants (interviews)

4.Hardware Information from the Distance Education Development

Session in the selected university
5.Educational Users  The post VC activity questionnaire and interviews

(1) Content

Some students said that they had insufficient time to prepare for the topics each session
and some topics such as politics and American movies were unfamiliar to them. Therefore,
they felt indifferent and did not want to express any opinions. Taking politics as an example,
the Taiwanese participants were more conservative and not willing to show their political
positions in public. However, most Americans liked to discuss political issues in public and
were more willing to actively express their opinions. In this case, it may be attributed to the
American participants’ college major (journalism), which indicated a higher interest in
politics. The Taiwanese participants suggested that the future discussion topics and detailed
schedule in each session should be settled by both sides in advance in order for both sides of

participants to have sufficient time to prepare.
(2) Software
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The findings indicated that most Taiwanese participants favored utilizing the VC tool to
create a virtual language learning environment. Therefore, those Information Communication
Technologies (ICTs)-supported activities that could provide language learners with a positive
learning atmosphere and real-life context. As confirmed by Wang (2004), this study also
found that the capability of NetMeeting'™ in providing audio and video quality were reliable
and acceptable.

(3) Fleshware

From the constructivists’ points of view (Fosnot, 1996), learners should construct
their own knowledge instead of passively accepting what the instructors are teaching. In the
VC activities, the learning process was facilitated since learners had to find the related reading
materials, build up their knowledge of each discussion topic, and share what they knew with
others. Moreover, those VC activities promoted collaborative and cooperative learning in
Taiwan and the USA. In other words, the participants in Taiwan collaborated (to practice
English listening and speaking) or cooperated (to share cultural insights and identify cross
cultural differences) with the American participants.

(4) Hardware

In this study, the Internet is considered to be hardware. Many unexpected disconnections
occurred. Technological problems, such as the display of sound without the corresponding
image occurred once. In this case, the stability and quality of classroom videoconferencing
seemed outstanding. Compared to the other types of VC systems, classroom
videoconferencing can accommodate over 30 students with high quality audio and video, and
at a high Internet speed.

(5) Educational Users

The findings indicated that a majority of the Taiwanese learners expressed their
willingness to take the ICT-supported courses to learn English. That is, a number of the
Taiwanese participants considered the VC activities “valuable” (worthy) to implement.
Furthermore, according to the results of the post VC activities questionnaire, it showed that
72% of the Taiwanese learners considered that the VC activities were helpful in learning
English. In addition, 76% of the Taiwanese learners felt that they had more confidence in
talking to native speakers.

In this study, the Taiwanese students gained additional confidence in expressing their
ideas and opinions in English. Such findings echoed previous studies that indicated that the
videoconferencing learning environment was helpful in promoting the learners’ usage of
communicative strategies, and emotional effects, such as increased participation in discussion
by shy students compared to a traditional classroom (Beauvois, 1998a, b). Learners were
more likely to speak with reduced anxiety in the VC interactive learning environment (Kelm,
1992).

The Taiwanese instructor considered the ICT-supported language learning an alternative
learning method to establish an authentic, interactive, real-life learning environment, and
cooperative atmosphere. Furthermore, the concept of Communicative Language Teaching
(CLT) was applied in this study. CLT emphasizes interpersonal communication,

142



HESR AT E BRI FPEREVFTA 143 R
Journal of Ching-Yun University, Vol.30, No.3 (2010)

contextualized practices, and learners’ personalized needs. The most vital concept of CLT is
the communicative competence (Hymes, 1971).

Comparing the face-to-face versus the computer-mediated interactions, Walther’s
(1996) indicated that it took longer for students in the CMC to develop social relationships
without face-to-face settings. However, the present study results did not support the previous
findings (Walther, 1996). The reasons are attributed to the Taiwanese participants’ high
exposure to ICTs in their daily lives. They could quickly adjust themselves to the VC
activities, and this involved maintenance of VC-support activities. Chambers and Davies
(2001) remarked that the benefits of ICTs are real-life learning. The reality of the virtual
language learning environment was a new opportunity for ESL learners to communicate with
native speakers. Language instructors need to focus on the use of language, and ICTs make it
easy to do so, especially since Internet access is available for most Taiwanese learners.
Bringing a sense of reality can facilitate learners to be less dependent.

However, the use of VC is not without its problems. Videoconferencing is strongly
reliant on technologies. In the present study, when such technologies fail, there would be no
alternative tools to be instantly employed during the instruction. The VC activities in this
study might not foster autonomy of the Taiwanese learners, since they were asked to follow
the designated topics for discussion.

In this study, the form of interaction in VC activities was socially and
didactically-embedded, instead of promoting higher order thinking. Previous researchers have
indicated that this social interaction via VC is essential to supporting learning but may not be
sufficient for the promotion of learning (Abbott et al., 2004; Bates, 2005; Knipe & Lee, 2002;
Gillies, 2008.)

Furthermore, we also found that it was difficult to readily identify the speaker when
there were many participants involved, which might result in others to rely on the voice alone.
It would also lead to some students’ having high engagement while others became inactive
and inattentive for long periods of time. Without an instructor present, it would be easier for
students to disappear in the remote sites than in the traditional classroom (Gillies, 2008).

According to the results of the proposed five aspects of VC activity evaluation, the
content involved in the learning activities should be seriously discussed by both participant
sides and is suggested to be in accordance to both sides of cultures and customs. Additionally,
the participants need to be informed in advance regarding the learning content and process so
as to be well-prepared during the teleconferencing communication. In terms of software
evaluation, in this case, we found that even among participants with low levels of computer
literacy perceived the videoconferencing tool to be easy to use. The present findings echoed
Wang’s (2004) study that videoconferencing could facilitate learning via the establishment of
a learning community, which was an essential element for effective language communication.
In terms of the fleshware evaluation, the VC activities allowed learners to actively construct
their knowledge via discussions and mutual communications instead of passively receiving
what instructors offered. This mode of learning facilitated the students’ autonomous learning
process. As for hardware evaluation, the instructors perceived very limited support from the
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management and administrative sectors. Therefore, in this study, the American instructor
played a significant role in the successful implementation of the VC activities. The university
management support and encouragement of innovation also enabled teachers to take risks for
integrating computer technology into their pedagogical practices. Lastly, as far as the
educational users’ evaluations were concerned, the VC activities were fruitful in enhancing
the learners’ self-confidence in speaking foreign languages and improving their motivations
for learning.

5. Conclusions

In summary, based on the above results and discussions, this novel language learning
experience had greater positive versus negative influences. As mentioned above,
characteristics of the videoconferencing tool are the real-time images and voices of the
participants so that the VC technology can create an authentic, communicative, and
task-based language learning environment. In addition, the VC tool can assist distance
learners in building a learning community, which is a vital factor for effective language
learning. As long as the major issues such as avoiding unfavorable discussion topics and
technological disconnection can be removed and improved, better learning outcomes can be
expected.

Future studies are suggested to be conducted with a larger number of participants.
Additionally, the discussion topics could be settled by both parties much earlier, so that the
students could have more time to prepare. Some more serious and sensitive topics such as
politics might be avoided to circumvent causing unnecessary antipathy toward the
counterparts. A more detailed lesson plan can be written to make the entire distance language
learning course to be better organized. The participants can be changed to EFL graduate
students or students with better English proficiency because it is less likely for them to have
difficulty in communicating with native speakers when the instructors’ assistance was absent.
Finally, the institutions should offer various support to encourage these ICT-supported
language learning activities. The institutions should also provide training courses on VC
technology tools for instructors to help improve their quality of instruction.
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Abstract

This study investigated the effects of the EFL learning strategies on Taiwanese
English-major university students. By using Oxford’s SILL model, this study focused on the
students’ strategy use in EFL learning, and identified two strategy predictors that were
significantly related to the students’ English achievement. A total of 114 students from the
Department of Applied English from a private university in southern Taiwan participated in
this study. The findings suggested that SILL accounted for approximately 76% of the
variance in the English achievement found in this sample. Among the strategies entered into
the regression analysis, cognitive strategy and affective strategy significantly contributed to
English achievement. Students who used more cognitive strategy and less affective strategy
had better English achievement than those who used less cognitive strategy and more
affective strategy. The results of this study endorsed the predictability of Oxford’s SILL
model on English achievement, and highlighted the potential value of the SILL framework in
understanding EFL learning experience.

Keywords : learning strategy, English achievement, English majors, EFL learning experience,
Theoretical model testing
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INTRODUCTION

Over the last two decades, there has been a gradual but noticeable shift within the field
of language education with greater emphasis being put on learners and learning rather than on
teachers and teaching (Prakongchati, 2007). Learner factors such as gender, age, personality,
motivation, or purpose of learning the language may determine the language proficiency
achieved by the learner. Of all the learner factors, learning strategy has drawn the attention
of a few scholars (e.g., Ku, 1995; Mullins, 1992; Oxford, 1990; Wharton, 2000) In
particular, the relationship between the use of language learning strategies and success in
understanding, acquiring, or remembering a foreign language has been the primary concern of
more and more language researchers (e.g., Abraham & Vann, 1987; Cohen, 1998; Green, 1991;
Oxford & Burry-Stock, 1995; Peacock & Ho, 2003; Phillips, 1990, 1991; Rubin, 1987; Su,
2005; Vann & Abraham, 1990; Wharton, 2000; Yang, 2007). In line with this new shift of
interest, what kinds of strategies Taiwanese learners use to master a foreign language has been
the core interest of the present study.

OXFORD’S TAXONOMY OF LANGUAGE LEARNING
STRATEGIES

Language learning strategies have been found to be a key factor in foreign language
acquisition (see the language learning strategy studies of Ku, 1995; Mullins, 1992; Oxford,
1990; Wharton, 2000). Language learning strategies have been defined as “specific actions
taken by the learners to make learning easier, faster, more enjoyable, more self-directed, more
effective, and more transferable to new situations” (Oxford, 1990, p.12).

Oxford (1989, 1990, 1996) developed one of the most comprehensive language learning
strategy models to date. On the basis of strategy functions, she explained these strategies are
techniques which learners use to help them acquire foreign languages and improve their use
and understanding of foreign languages either consciously or subconsciously. In order to
measure language learning strategies, Oxford (1989, 1990) developed the Strategy Inventory
for Language Learning (SILL). SILL conceptualised six camps of language learning
strategies. These six camps are memory strategies, cognitive strategies, compensation
strategies, meta-cognitive strategies, affective strategies, and social strategies.

Memory strategies, which relate to how students remember languages, referred to the
mnemonic work in which both visual and verbal mental imagery was used. These strategies
help learners create mental linkages and arrange information in order to make associations.
Therefore, new material can be integrated into existing cognitive systems more easily. In
addition, they also provide retrieval cues to help learners recall better (Oxford, 1990).

Cognitive strategies, which relate to how students think about their learning, pertain to
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the skills such as reasoning and analysing to process the target language, so that the meanings
become clear through the process. By using this style of strategies, learners withdraw prior
linguistic and conceptual knowledge to derive specific hypotheses about the semantic
meaning or speakers’ intention. Furthermore, this style of strategies help learners seek
organisation and patterns which make sense to the language learner in order to acquire and
store information about the target language in a way organised and retrievable to the learner
(Oxford, 1990).

Compensation strategies, which enable students to make up for limited knowledge,
involve actions such as using gestures or synonyms and guessing meanings when the precise
expression is unknown. This style of strategies enables learners to use the new language for
either comprehension or production in spite of not having enough knowledge in the target
language. The above three camps were grouped as direct learning strategies by Oxford
(1989, 1990) because these strategies directly involve the target language.

The other three camps of strategies (meta-cognitive strategies, affective strategies, and
social strategies) were grouped as indirect learning strategies (Oxford, 1989, 1990). In
indirect learning strategies, meta-cognitive strategies relate to how students manage or take
control their own cognition, in order to self-direct, regulate, or oversee language learning.
For example, learners may assess their needs and preferences before choosing how they
should learn a language. This choice may depend on the learner’s belief about how a
language is learned. Therefore, meta-cognitive strategies were described as higher order
executive skills that could involve the choosing, monitoring, or evaluation of language
learning and using (O’Malley & Chamot, 1990). By choosing and evaluating, learners set
their own goals, plan what strategies to be used, and change or modify them should they
become unsuccessful.

Affective strategies, relating to students’ feelings, refer to the regulation of feelings and
attitudes (Oxford, 1989, 1990). Positive emotions can make language learning more
enjoyable and effective, while negative feelings can stunt progress.  Therefore, this style of
strategies may include anxiety reduction, self-encouragement, and self-reward.

Social strategies, which involve learning by interacting with others, are the ones that take
account of the fact that language is a form of social behaviour which involves communication
with others. These strategies increase the exposure to the target language and put learners in
an environment where practice is possible. Since the above three styles of learning
strategies do not lead directly to the obtaining, storing, or retrieving and using of the language,
they contribute only indirectly to language learning.

These six categories, which underlie the Strategy Inventory for Language Learning
(SILL), have been used by Oxford (1989, 1990) and others for research in the field of
language learning strategy studies. As stated in Ellis (1994), Oxford’s model is “perhaps the
most comprehensive classification of learning strategies to date” (p.539).

The literature examining Oxford’s SILL model as a framework in the context of foreign
language learning showed valuable results for both EFL learners and teachers. The purpose
of the current study is to further evaluate this model’s predictive ability by applying it in a
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sample of Taiwanese English-major university students to explain its predictability of EFL
achievement. This research aims to respond to the great need for theory-driven empirical
research that leads to a clearer understanding of the language learning strategies and their
subsequent learning results.

RATIONAL FOR THE CURRENT STUDY

This study is required on a few counts. One, in spite of the great number of studies on
language learning strategy use, research on EFL learners from certain cultural groups is scarce.
One under-researched domain among EFL learners is Mandarin-speaking and
Taiwanese-speaking students. Exploration of language learning strategies in the context of
Taiwan’s private university, especially the English-major students, has rarely been studied
before.  Most studies used samples of either westerners studying foreign language in their
own countries or groups of mixed nationalities studying English as an L2 in Western countries.
As we know, culture forms a context through which individuals learn or acquire their learning
strategies. Cultural values can be a major force in determining what strategies to use in
learning EFL. To further understand the language learning experience, it is essential to
conduct this study, which incorporated the cultural perspective into our research.

In addition, there are been very limited information available to identify what EFL
learning strategies that English-major university students prefer to use. Also, very few
studies have investigated the role of language learning strategies as predictors of their English
achievement. Therefore, this study may theoretically contribute to the research in EFL
teaching and learning in Taiwan. The result obtained and the conclusions reached through
this study may add to the body of research of EFL education in the global context.
Furthermore, the understanding of the relationships between the use of EFL learning strategy
reported by Taiwanese English-major university students and the levels of language
achievement will invariably provide insights to facilitate pedagogical implications for
instruction and curriculum development in EFL education.

Finally, this study is expected to present crucial information for the EFL instructors and
the educational policy makers to further understand the students and assist them through the
EFL learning process.

RESEARCH QUESTIONS

The present study aims to identify what language learning strategies which university
students employ in learning English as a Foreign Language (EFL) in a private university in
southern Taiwan. The specific aims of the present investigation are to examine:

1.  What are the EFL learning strategies that the English-major students prefer to use?

2. What EFL learning strategies are significantly related to English achievement and
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how well does Oxford’s SILL model predict English achievement?

METHODALOGY

Participants

The participants in this study were recruited from the Department of Applied English of
a private university in southern Taiwan. A total of 114 students volunteered for this study.
All participants’ native languages were either Taiwanese or Mandarin. They all attended
standardised English class in primary and secondary schools before entering university. On
average, the students had 10 years of English learning experience from primary, secondary
schools, and the university. In other words, the participants were taught in the context of
learning English as a foreign language. Thus, they all have a similar background in learning
English.

Instruments

The 50-item Strategy Inventory for Language Learning (SILL) Version 7 (ESL/EFL
Version) (Oxford, 1990) was employed to test the participants’ ESL learning strategies.
SILL, a self-report assessment designed to determine the extent to which learners use various
strategies to improve their foreign language learning, is the most widely used strategy scale.
Green and Oxford (1995) and Oxford (1996) quoted reliability of ESL/EFL versions of SILL,
using Cronbach’s a (Cronbach, 1951) for internal consistency, showing high a from 0.91 to
0.94. With regard to validity, concurrent and predictive validity have been found when
relating the SILL results to measures of proficiency, motivation, learning styles, and other
factors (see Oxford & BurryStock, 1995, and Oxford, 1996, for details).

Each item in this scale is accompanied by a five-point Likert scale: 1 = never or almost
never true of me, 2 = generally not true of me, 3 = somewhat true of me, 4 = generally true of
me, 5 = always or almost always true of me. The learners were asked to indicate their
response to a strategy description. SILL includes six subscales: memory strategies (9 items),
cognitive strategies (14 items), compensation strategies (6 items), meta-cognitive strategies
(9items), affective strategies (6 items), and social strategies (6 items).

To obtain the total score for each section, the scores in the related section were added,
and then each of these total scores was divided by the number of strategies in each category.
The higher the subjects’ average score for a given category, the more frequently the subjects
used that particular category of strategies. In distinguishing frequency of strategy use,
Oxford (1990) defined a mean of all subjects in the range of 3.5 and 5.0 on a SILL item as
high use of that strategy, 2.5 to 3.4 medium use, and 1.0 to 2.4 low use. This scale has high
psychometric properties, and it systematically represents the most comprehensive of strategies
viewed as important to language learning (Hsiao & Oxford, 2002).

Students’ English achievement was assessed by using their academic results of the
English listening, reading, writing, and speaking courses in the spring semester of 2009. In
the questionnaires, participants were asked to report their English achievement according to
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the actual results they have obtained in their English listening, reading, writing, and speaking
courses in the spring semester of 2009. Students’ scores were obtained from the university’s
Office of Academic Affairs for students’ reference.

The last section of the questionnaires asked the participants to provide background
information about their years of university and gender.

Procedures

Volunteers were recruited in the fall semester of 2009. Fliers containing the relevant
information regarding this research were made available to the students of the Applied
English Department. Those who wished to participate in this research contacted the authors.
To encourage students’ participation rate, they were told this research was important and
would provide insights and guidelines for teaching approach and curriculum planning in the
future. Students then completed a questionnaire containing their background information,
and the measures of their EFL learning strategies and their reports on their English
achievement. In response to the statements on the SILL, students were asked to think about
their English learning experiences in the spring semester of 2009. Therefore, students’ SILL
scores reflected their EFL learning strategies in 2009 spring semester. In order to encourage
honest answers, students were ensured that they were not required to provide their names and
a coding system was utilised on their particular questionnaires. In this way, data did not
contain any identifiable names. The number codes were used throughout data collection,
analysis, and interpretation. Any identifying information was kept separate and confidential.

Data Analysis

Descriptive statistics, including means and standard deviations, were reported in order to
understand the learners' language learning strategies use in the first research question. The
ranking of each strategy was computed by calculating the mean scores, representing the
frequency of each strategy used by the students.

Simultaneous multiple regression was undertaken in order to analyse the second research
question. Through this procedure, predictor variables of ESL learning strategies were used
to predict the dependent variable of English achievement. Multiple regression was selected
because it provides estimates of both the magnitude and statistical significance of
relationships between variables (Gall, Borg, & Gall, 1996).

RESULTS AND DISCUSSION

Table 1 shows the ranking of the participants’ strategy use. While there are differences
in the level of use in each strategy camp, the means of all strategies range from 3.02 to 3.42,
defined by Oxford (1990) as medium use. The memory strategy (M = 3.42, SD = 0.78) has
the highest mean, followed by cognitive strategy (M = 3.40, SD = 0.58), compensation
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strategy (M = 3.39, SD = 0.83), affective strategy (M = 3.38, SD = 0.88), social strategy (M =
3.37, SD = 0.79), and meta-cognitive strategy (M = 3.02, SD = 0.91).

Table 1: The Ranking of Each Strategy Use of the Participants

Strategy Mean Standard Deviation Ranking
Memory 342 0.78 1
Cognitive 3.40 0.58 2
Compensation 3.39 0.83 3
Affective 3.38 0.88 4
Social 3.37 0.37 5
Meta-cognitive 3.02 0.91 6

The sample reported that memory strategy as their most frequently used, while they used
the meta-cognitive strategy least often. Our findings are in line with the commonly accepted
account of the learning strategy used by Taiwanese and Chinese learners, who have a tradition
of using memorisation in learning languages (Goh & Kwah, 1997). This result is also
supported by Rao (2006), who argued that Chinese or Taiwanese education is dominated by a
book-centred rote memory approach. For most Chinese and Taiwanese students, memory
skill development comes first, followed by meaning and interpretation, with repetition being
used as the tool for creating meaning, which in turn facilitates the process of memorization
(Gardner, 1989). It seems plausible to suggest that culture can be a force in determining
what language learning strategies to use in our participants.

While our results were supported by some previous studies shown above, other studies
(e.g., Goh & Kwah, 1997; Klassen, 1994; Yang, 1994, cited by Oxford & Burry-Stock, 1995)
reported contrast findings to ours. These studies also used Taiwanese and Chinese students
as samples to investigate their language learning strategy. In their studies, compensation
strategy had the most frequent use among all strategies. All of these studies reported that the
memory strategy had the lowest frequency. We suspect that the discrepancy may result from
testing SILL on different L2 learners, different proficiency levels, and different language
learning settings.

The main interest of this study was to determine how well the EFL learning strategies
predict the subjects’ English achievement and to test the relative contribution of each
independent strategy variables. For these reasons, simultaneous multiple regression was
undertaken to determine the impact of the variables under study (the six learning strategies).
Before carrying out data analyses, we examined the following assumptions for the regression
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model: (1) normal distribution of the dependable variable for each combination of levels of
the independent variables, (2) linearity, and (3) homoscedasticity (Green, Salkind, & Akey,
2000). Based on examination of a histogram, a normal probability plot (P-P plot), and
scatterplots of the residuals, all assumptions were found to be tenable. So, simultaneous
multiple regression was computed.

The results of this analysis are presented in Table 2. The results indicated that two
variables accounted for a statistically significant variability on the subjects’ English
achievement. These two variables are cognitive strategy (p < .001) and affective strategy (p
< .001). The beta value (B = .50) of cognitive strategy indicates that more use of this
strategy was related to better English achievement. The beta value (B = -.52) of affective
strategy indicates that more use of this strategy was related to lower English achievement.
Altogether, approximately 76% of the variance in the English achievement found in this
sample could be predicted by the SILL model, F(6, 107) = 57.12, p < .001, R* = .76. The
results revealed that affective strategy made the largest significant unique contribution to the
prediction of the subjects’ English achievement; thus it was the strongest predictor of all EFL
learning strategies. It is expected that individuals with more use of cognitive strategy and
less use of affective strategy performed better in their English achievement than those who
used less cognitive strategy and more affective strategy.

Table 2: Simultaneous Multiple Regression Analysis for EFL Learning Strategy Variables Predicting
English Achievement (V= 114)

Strategy Std. Error Beta t p
Memory .005 .02 46 .64
Cognitive .006 .50 8.30 <.001
Meta-Cognitive .005 -.01 -.12 91
Affective 014 -.52 -5.43 <.001
Social .014 .06 .66 Sl
Compensation .008 -.02 -.33 74

F(6,107)=57.12, p < .001, R* = .76, Adjusted R* = .75.

The results suggested that the cognitive strategy is the only strategy found to be
significantly related to better English achievement. Oxford (1990) indicated that the
cognitive strategy helped learners to understand and produce new language through practicing,
receiving and sending information, analyzing and reasoning, and creating structure for input
and output. It appears that this strategy performed an important role in the subjects’ EFL
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learning. We suggest that the cognitive strategy may help the learners develop a fuller sense
of meaning and coherence in their foreign language acquisition, which in turn enhances the
learners’ capacity to acquire and utilize a new language. Our finding is supported by Lan
and Oxford (2003), who also found a positive relationship between Taiwanese students’
English proficiency and the use of the cognitive strategy. Another study (Khalil, 2005) using
Palestinian EFL learners as a sample to test SILL also discovered a positive relationship
between the use of cognitive strategy and English proficiency. Similarly, Ehrman and
Oxford (1995) investigated the relationship between end-of-course proficiency and a number
of variables including language learning strategies. Their results indicated that the cognitive
strategy was the only strategy variable found to have a significant positive relationship with
success in language learning.

Our data also suggested that the use of affective strategy significantly contributed to
poorer English achievement. This finding is consistent to the findings of previous studies.
For example, Mullin (1992) revealed a negative correlation between affective strategy use and
language entrance exam scores in a Thai university. Likewise, Bremner (1998) also reported
significant negative relationships between students’ language proficiency and the use of
affective category strategies in a sample of Hong Kong university students. Similarly,
Wharton (2000) examined 678 Singapore university students learning Japanese and French as
a foreign language and found significant relationships between students’ self-reporting
proficiency levels and their use of affective strategies. Another study (Ozeki, 2000)
examined learning strategies used by Japanese female students and the results also showed
that low proficiency language learners used more affective strategies than high proficiency
learners. However, a recent study conducted by Wang (2002) using a sample of Taiwanese
students showed that high English proficiency was significantly related to more use of
affective strategies. It appears that our findings are consistent to some studies, but contrary
to others. We suspect that these discrepant results may be caused by testing SILL on
different L2 learners, different proficiency levels, and different language learning settings.

In summary, among these six learning strategies, the use of cognitive strategies was
significantly and positively related to the English achievement. The use of affective
strategies was found to be significantly and negatively related to the English achievement.
The relationships between the other four strategies (memory, meta-cognitive, social, and
compensation) and the English achievement were not statistically significant.

The overall findings of this study are congruent with some studies carried out previously
(e.g., Riazi, 2007) showing that students tend to use certain strategies in the process of their
language learning in university. Therefore, it is plausible to think of language learning
strategies as a salient learner variable to be considered both theoretically and pedagogically.
All in all, our findings added support to Oxford’s SILL model. The results showed that the
overall strategies of SILL appeared to be a strong predictor of the students’ English
achievement. Approximately 76% of the variance in the English achievement found in this
sample could be predicted by the SILL model. This result demonstrated the appropriateness
of Oxford’s SILL model in explaining Taiwanese English-major university students’ English
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achievement.

IMPLICATION FOR EFL EDUCATION AND CONCLUSION

Language learning strategies seem to be part of Taiwanese English-major university
students' EFL learning experiences. Participants in this study showed memory strategy was
used most often and we suggested that culture could be a force in determining what language
learning strategies to use in our participants. From the results of the multiple regression
analysis, we discovered that memory strategy had no significant relation to English
achievement. The data suggested that the use of more cognitive strategy and less affective
strategy contributed to better English achievement. A need arises for providing students
with opportunities to practice effective strategies that are appropriate to the instructional tasks
and activities that constitute an essential part of the foreign language learning experience.

It is worth noting that the goal of developing students' strategic competence can only be
achieved if teachers are convinced that the effective use of strategies contributes to success
and that their provision of strategies-based instruction enhances students learning. Strong
evidence exists for the effectiveness of strategies-based instruction. Therefore, by fostering
the teachers’ understanding of the value of the effective use of strategies for EFL learning,
they can help their students gain greater control over their own learning. To achieve the best
result, EFL instructors need to reinforce the learners’ existing effective strategies while
reducing the non-effective strategy. EFL instructors may allocate class time to the
explanation and discussion of strategies. Since each style of the strategies has certain
functions in different situations, students should become more aware of different categories of
strategies and their functions and when and how they may use them to facilitate their
language learning. Students should take an active role in sharing their experiences of
language learning strategy use with other students.

Our findings also have implications for the design and development of EFL teaching
materials. The results about prediction of strategy use on EFL achievement can guide teaching
materials designers to incorporate activities and tasks infused with certain strategies. For
example, Chamot and O'Malley (1996) have developed materials based on the Cognitive
Academic Language Learning Approach, which advocated the use of certain learning
strategies. Another researcher Willing (1989), the developer of the Australian Migrant
English Program, focused on strategies that fostered managing the learning process and
information.

In conclusion, language learning strategies are increasingly attracting the attention of
contemporary EFL educators and researchers who are keen to harness the potential which
language learning strategies would seem to have in order to enhance an individual’s ability to
learn a foreign language. The findings of the current study provided valuable data and
information about Taiwanese English-major university students' use of language learning
strategies, tested the predictability of SILL model, and explored the relationship between
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English achievement and strategy use. It is hoped that increasing and extensive knowledge
about the dynamics of EFL learners’ learning strategies will better benefit EFL education.
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Abstract

This research is aimed to discover the prediction result of players’ performance
influenced by the scoring rate of the compound skill. The targets of this research include 15
male players who participated in the World Cup of Year 2006 & Year 2008, Male Group and
the data include 13 games (26 pieces of information). The research tool is table tennis record
sheet through observation and all data are analyzed by stepwise regression. The conclusion of
this research comes up with the followings: forehand side service-attack - forehand side
receive-attack ~ backhand side double cut ~ forehand side rally capacity * backhand side rally
capacity are the effective predictive variable for the global top table tennis players’

performances.

Keywords : table tennes, male, top players, performance
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