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Abstract

This final paper is to report the progress from August 1, 2009 to January 31,
2012. The main purpose of this study is to analyze the effect of the resource and
investment from school and family and academic optimism on student achievement
between rural and non-rural area.

Data were gathered from 5,581 Taiwanese students in 236 junior high schools
using stratified random sampling. Of the data, 2,358 students from 112 rural area
schools and 3,223 students from 124 non-rural area schools were sampled. Rural
schools were chosen from a database where counties reported relevant information.
Standards for rural schools include various factors that are more complicated than
those adopted by PISA (PISA uses only population density), such as the distance of
the school from the city, amounts of aboriginal students, and population density.

The results show that the invalid investment in rural schools is due to the fact of
poor congenital conditions. Rural schools have less experienced teachers than
non-rural schools. Although rural schools possess higher quality investments, without
stable and experienced personnel, they can do little to improve student achievement.
This conclusion is supported by the higher variance rate explained by school
resources than by school investments. Resource and investment disparities at the
family level can also explain disappointing returns on investments in rural areas.
Students in rural areas are relatively disadvantaged. The parents of these students
receive less education and earn less money than their non-rural counterparts, and even
their discussions with their children cannot positively affect math achievement levels.
The effects of increases in school resources and investments may be restricted
because of family conditions.

This paper also demonstrates the necessity of distinguishing between resources
and investments, shifting the focus of student achievement research from comparisons
between the influence of families and schools to discussions of preexisting conditions
and improvement strategies. Both families and schools are limited by their resources,
but this study’s findings suggest that families and schools can improve student
achievement levels through appropriate investments. Although families still have a
greater effect on students than schools, schools are responsible for teaching parents

how to enhance a child’s learning environment. Only by adopting this approach can

v



families and schools cooperate to improve education, regardless of where a student
lives. This discovery has the potential to inaugurate a new field of research on the
influence of families and schools that does not compare the effects of the two but
instead offers useful strategies for improvement, especially in poorer areas.

The results above have been published three conference papers in international
conference (Australian Association for Research in Education, Association for
Education Finance and Policy, and International Test Commission). These all gained
international peers’ attention. Besides, there is one article under review of SSCI

journal. To sum up, this project has achieved the previous goals.

Keywords: Resource-investment model, Rurality, Academic optimism
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b (PR > 1999) ¢ * Ay b > A% KRR FLAAEE LTz g4 g
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$LAMABOMAE - 2 PFAEGD BAYPATLIRA K Gldodk B g
rRoat O E g iRk BT 5 B R 7B AR R 1V F A (FRAE T
FRE2009) 0 ¥ FF AL GUEREARE DR GUE] B FLE
B IR PA IR (B AT 0 2008) AT B EE A EEIRS 2
CE AR REFHRSHYFRY M FPRE AR RFOEE R T
AMEER A BT RIEY TR AEPERT T E XL EF BV EAE &
PEREEEELE (RF22009) v FAFOE A AR F RS S A S
T E o P FAFTREFR ARSI PP p kgt > KLk H
FRERCF AL FEEBEARFZI BT S B ERREL(R
B2 2005) A2 CF A (X H IR LT A) LB F LY
|- a3 LRk BRI F A (2009) 3ns T AEI A A 0 LR
E SR f“?d&mﬂiﬂ FEATR BRI GFALHRAT P2V F A R
¥ B T AR A B PRE BV FFIMAT A R
FEoREF T L (2009) » #FE2 AL HEH»2 0T AR R R bl
R EFE G R W TR IR E KRR A BRI Rk 2 R
~

Mo
=
oo
™
%*a“{»

AEFEAE AT DT g 2 ik ¢ BT (BB 4 0 2005 1 127) 0
BAEI R Ty Fe I R EBT AH S TR RS R R
BB (% ATH 0 2008 5 sl F A 0 2009) 0 ALE F AT A L RELP ik
TR o drRE B I AT g pe BRI L3 A i A 2R RS 6

FEHI L SRTHY R ERE ﬁmaﬂ\ HULE T A BB B G

4y FIRBAS 2 me L FABHSIE T L (B 575 02008 12)- &
Fdett vk g T AR {#ﬁ?"wuﬁ&é{ P B ARl o & EREIE

% FORE G F R KR AP T EFL L 7 ¢ s
FaEEEH (KT FH2 0 2009)-

(Z) Mg+
MIAFAEHEEIVEFNREFT RO N2 EY FTAMS kg as
08 3 3 0 4e Teachmen(1987) ¥4 SR E ALGH BARB & » 485 it 4 sy FF
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B O RRALET L DFE I IO F S e TR E (R AT
B 02008) § REdT AR L0 BF RERIRY VR NIRRT LD
Ld F ORI MO B4 BE LRI OG0V LE REEFT RGEER 3 T i

—\

7 B % (PR 4o 2005) 0 Lareau(2000): B % > T 45 40 e AT & 0 RE

3R T Pl A ek (51 A B 4o 0 2005 1 130) 0 L AR REET R P

FRAGULE T AT RELT LG MM I MG BB R e B

FREL Je TRGET 7 o RARFHC RE SR - KR YD S

EoREay iR SR RM KRR EMBT A AT A RIUFHE PR

?*P’%iiﬁﬂﬁﬁ v F ko gRAT) S F A (2009) Bl L AT ¥
h

FHIMBAT AR TR R g L

- ~BRFTR

it Coleman 4F4 3 chig % HMAIAR LAT L) FHRLTREAM
%'k%ﬂ@m’$ﬁ3Wﬁ%w"aﬁF2#*Wﬁwwﬁim LIRA 5 AR
MBSl 2 R ER e F AP A 5% T s TR TR g R A AR R iR
Heyneman = Loxey(1983:1180)F]4t3s p kg H s W Ro s 4 1970 # 33 &
20 FPRFDERFTREFES 2 FOM 20 BRTE § ° RFERFRS §
BERT S5 TRARERE  FRTARIBREFLFELSRE - L7 8%
FAELDPPRA > 7R L s EHALFR TS OB & o L HE AR
AL AN %3 U E B 0 F]@t Hanushek(1989):E {7 iz 77 7 o
BRAITRIEREFHR RS ‘5‘)]*7 R AR TR B TR B Teh
R S < SN L A4 ?—fﬁ e2¢ % o iz & Hedges ~ Laine §= Greenwald(1994)
™ Hanushek c#7 3 FALL MR A 47 FREREFH &5 4 é»)]f{_._ 10
0 B > Greenwald~Hedge {v Laine (1996) P2 i 7 Hedges~Laine f= Greenwald(1994)
WY 0 h IR A FNF'“:rﬁFﬁé B (P IL ERTRLLES 4 é»‘f]&ﬁv;iglﬁ
A RFEFRAIAN BN RKFFT LT ELIRG LM G
HY FLBRHRC] B R A B EL oM G n ik KR AT R
5'\#?1 A SKEFRT AR CKFFEFT o R IKET A MR A R LR A - Ro

AENBRE AT e FREE S S SR HERE A P A
TOREY AR ERTAHE ¥ ‘%‘)jfumﬁ’f%@” P Xt e B R RSk s (5

o

11



A Lee & Barro, 2001:569 ) > Lee v Barro(ZOOl)fIf‘uJ‘! 58 it (s & R Ty 0 1Y

A3 GDP (F 5 R A Jor e N BB 25 R L enT 3o T ERTL A KT AL

Benf i @l BRFTRBANER L 52 5T L0 (B Rlei )

TR ET (B~ AR ) T*?E‘%F'& SFRET AR s T i ET
L

¥
A4 LM i&? e R pEt TR E T X T BRI~ F
BAE A E ORISR AL N PP B E g B RTIRAA
> Lee fv Barro(2001) 7% 2 3 & &7
G M o RE BN EMIIE A g, d 3
B hnE  FREARER  F2 PR EREF SR M 2052
ERPERFARL > F @ B AR ﬁ“—‘i’&?’ffﬁig'%‘.%#gﬁ@ee & Barro,
2001:483) » * 32 GDP > #F {1 5 A 5 PE EHBEFEMT -

R RS 4 L 8 RRE 4 H Japer gk
H

%E

T LAY IS o R E AP A

?\ > 4 Im*f)» «llﬁ i
B FReT M2 B & iE st ko TRICR TG T AR B A

Ff”al’_"—_?ﬁﬁ”?‘}?ﬁgﬁf-'—% m%*ja?,ﬁfﬂ\lfﬂixi HEr Lo T AE "?:’[}t?
TR L FAHA KT - P Mﬂ;{j TEFTRZAXGFEE S H L3
PUAR R B B R R R Bde T LR R A PR REF AR IR A LA

KRp B A T8 L7 e S F F 0 a ek iy § 54 %E K South
Carolina " * % % & & ¥it B4 56 & * (Richards & Sheu, 1992) ; I *t 3 F R .47
TRt AT RS Rk N VIR A KT B RRR T ik B
Tz Bl o DR TR R T A 6 L PN TR K R0 F 2 T i T
TRAE A R o LT fwwf’?}ﬁ Y -
R VN
BFARET BT I RIS R 580 )
S8 kBT B E FH ¥ e (Ho & Willms, 1996) » 28 @ 12L&

<
o
o)
R
S b
9%
&
Ay
A
4y
3
%

PUEE 2 e 4725 o MoNeal (200D)§e5 > o o ¢ # 24 4R0 o R
F2FantmEn FL A el Hu 2B (R*AEH - FEREE
dRBHAL) HE A S GO Lo et KE S 7 AF L AR
PRI T Bk o do g &g (1999) B IR & F A RS A MR 3 o
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WRFAFE R R RIS R RIS LR LI oG
AT R P 0 A R TR RF o g 2 AL B
E%Fé&r‘r;t;ﬂ';’:aﬁ.%f;ﬁ T R-FRERNR- PEHRE L FEAL 1 IFR
PR SER MR L P TR REP RRERT A P HRE R

hek XA FAF - FEF PO T V- B G EROFIERFTALLAS T
LA o R W 2 el (BREE ) WeE o A IR KM Y & R
3 E 4 LG - wer F (230002007 5 HrEST S F 53 0 2009) 0 30
(2006) LAp ¥y F o3P LEA SFF-FE > FEEaErF7¢ o i2a
PEEF M e VoA AR AR T R R o F Y R
» G Bt ir A H 4 g (Teachman, 1987; Roscigno, Tomaskovic-Devey & Crowley,
2006; Charles, Roscigno, & Torres, 2007) > 4-p% %% 3 ~ 2 %~3 & * chd L % >
Mo 2006 B 4 g 4 B % =& 2 4] (the Programme for International Student
Assessment, PISA) £ 2007 R "% #c % & #1 & & 7 = ﬁ‘f‘u%&%i # % (Trends in
International Mathematics and Science Study , TIMSS ):R® & ‘FK’}S o o xR
AR A E TR FA A R

S F T

FEFR f st i RS o fy LR 4 i §Te
BEEY S L P FRECRT R KRR BHELEY Y
B4 > Saxe ~ Gearhart f- Nasir (2001)#’% PERPLFT AR S g2 g4 =
5 ﬁﬂﬁfﬁ”’iﬁiﬁ"‘ v X B IRBE BRI TR R FG R RdhBORET
ReART B AE  HEFFm 7 & F A B a4 R 2t (Hamm et al., 2010: 372) -
”’?Igm‘iﬁxf” FER R ek » YR R AT FRAE AT F 0
BB KA A FHl LA ARA L T B LA H S e ¥ (Willms &
Somers, 2001:435) > Barrow ~ Markman - Rouse (2008))7&,%;?‘ R e RFH K
RS E AR

YRR SR Lt 4%*%@ g8y WA
wAF R LA M REe REY %] £4 (Daley et al., 2005) -

AFLGTREDEY > WL FY irs #4272 F o blde Roscigno {r

Crowley(2001)12 2 Roscigno ~ Tomaskovic-Devey fr Crowley(2006)3% & 5 & #74%
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fefix & L 12 kA2 (advanced placement courses) > § E43t R A H 2 F L0 & H 5%
PSR PEET S AE 0 0G0 E 2 Gai & o AT (5 B (Caskey, 2006;
Zaff, Moore, Papillo, & Williams, 2003)

FREFBE 72 BH& FRENEL *iﬁﬁﬁg‘éﬁ#ﬁa SRS 4 é“f]*um%
%géf\*iﬁ‘é‘?igﬂ;ﬁf‘&%‘fi?HLf‘iu 1]‘1‘1’._._]5%@7;0
- ~ B R$E ¥4 m2 € iR (Academic emphasis of school)

L ‘f#-,{’:l’f\ﬂﬁﬁ %‘3%& ST R mﬁﬂ I ﬁ HOy —1 A ﬁrﬁ P‘ RESY = jL m% ’}f*;}’jr/{“";(w ’
#-H A% 2T rﬂﬁ -8 g ¥ £ 32 £ 4 (Goddard, Sweetland, & Hoy, 2000) ( {4

B RAREY R E BT ELAR) B EHE KT edk (4r# W NCLB
%) Fn g ERERENFEDEAR B L FRRFR Y v §FE 5 A&DRR >
e 3 -,

¥
2R SL2- 4v ~ (Hoy, Tarter, & Hoy, 2006a) > £t %@ € 372 B e 7 FlehF £ P
T B ET o kfFAREEL I A AE SRR B R AR %
FraFE o p R RAGE X AKE L TR ERARPRR ITE - T
FEE2 LAM-E A - BERF 4 (school climate) » 2 P F e & | e
—F-oF R AREPRT - R WA RS £ AT Ry
NG E RO A-FEER T2 LRSS HEH 0 PIF LT K
Rl 7 € FlRFpFcnfk T a #5054 4 7 < (Goddard, Sweetland, & Hoy, 2000) > #+12
FREFFZERL- FERE L
CREFHE A ek 8 f 3ot (collective self-efficacy)
YEF A 4 ﬁamg B A A cic R p Bandura snp A ATy 0 p A e &
- A2 AR ARE REDPFIPRPERT REBAAPT S EF N
SHfefFER R O LB AL R B AR AR ORI EdE o Fp
Aori PUE B IR A o 4o p K (self-esteem) ~ A Y E (self worth)E % 7 Fe e
coxe ot p A oakat 44 ¥4 2 iF 72(Goddard, Hoy, & Hoy, 2004) o # s #2453 =
BRPLE P > T L B HTE (Hoy, Tarter, & Hoy, 2006b) » # 57 s 5k = f 1%
BEM ARG ERMG w4 TS s p R 0 AR B %fg‘é‘?%fz% % it
AR FE AT o F p AT A S BMA AP S EM 2 0 A
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B LG 2R TR T RO AR A A L Eap AR T2
FHRAR TR L JOTHE L SRR AT s - E e AR -
AP > F E_< B % % B (group-reference) i & B 2 B E 0 @ A P AN LR
(self-reference) i & > & & % ch% Jﬂ} v AOER Y B AY ¥
AP T | 2 BB Glhe g BT AT B R aRET G L R i 2
KRE2 0 FApNSRDER - BIIES ,T*ué?kfl%\ A AR R D
KA HRTEL o @95 Bandura LB > BRI P Aka B AR B R o
i od £ - AR Flp R L0 g B B SRk 2 74 (Goddard,
Hoy, & Hoy, 2004) = & & 3 # 8 rcii o7 34 BF AR fF S8 o 1+ k2o
RO RETES LR S REEERT SF NI SEEY BT
(Goddard, Hoy, & Hoy, 2004:10) -
Z s KEF¥E 4 22 d ¢ A 2 1 iz (Faculty trust in parents and students)
CEARFFE AN NBIE N EIREM EG T L2 ALK
BAFR S P ARRE D NEH R NE S RT PR RT o R 5

= ¥ A 2ehE€ & & % (Goddard, Tschannen-Moran, & Hoy, 2001) - & & & i = 13

ok

= % Jp & AT B % T (Goddard, Tschannen-Moran, & Hoy, 2001; Hoy &

ﬂk—'«

Tschannen-Moran, 2003) : 7 £ & i & (benevolence) » 7 iz i iyt 7 5 H d1 A
PR "ﬁ plE_E

iF 4
(competence) * &, vAF it 2 FFFH EAE 0 FE A RELE AP T U

Er

(reliance) » & 4p ¥ ™ B K AR S F = A
44z
£ N PR HIP P F LR AR EF téf*q*galfg;’zﬁaé 1
T %o A F (honesty) » TE_{F A EF M g3 ﬁﬁ,ﬁﬁn%éﬁ-ﬂ EEY: SRS
{2 (openness) » M- R BERFTAZEILAZ > FLEX R Fa
RERTEHF F 2o FRALESE N L R EHEECEA I F AR

ﬁgé_ifﬁ&“nﬁ?bfgf—o"ffi_d@}i ¥ad*“’€,fi”#7g %—g,ﬁx;m}h‘ﬁ(ﬁ

e B BB AP T LA PR S .
fi‘f%"#ﬂ? )I}ﬁfﬁ;,%jfi’?b ik 2 AR
RET SIS i (2009> TS AH H AW AR I R 3

FAY CF PR A F ST AR AR A St R DA SRS
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B3 R el e 8t il s A B j B2 fprh E e g et
4?5‘3%514&&3:?&@%:«&@; LD g PV RE R R RERPE S R
B R T HRF R LG R R B BES R RS B HRL
RPEIRF (2007) 95 » RO KT FRTL 0 2 EF G LB - 7aa

L Sl ?fﬁj m2-om REPERERSIRRT 20 { @K EEZF 6

7

R A P S TR R S R S A R RUNCAUE & S o S E LD
(SLBER ~ Z0%4% > 2009) o s BN BRERDORE > F 5 REFT R o
ERFMETHRT AR a FaPBr1 T8N 4 03 80 7 i AR ok

T;},’::ﬁt i r;u,,xﬁ,j el e L,h TR ‘g‘,/,,\,,g;,jbtait ,%ji_,q S\:iﬁﬁmy '&

o

;sauz

BBk F 0 TR AT TR A SR AT 0 hiEE RER
S B AR > BUBERF (2007) 4500 A E R A A

- B RATFIE S TR F W R iv'raa?ﬁ;&:f,‘j—;'}a“?« ) fzﬁifﬁ—#a“gé TERETL D
PR R R REIRA T o FehE FAT B R
BOFIMREE RN AR L AR LG L REA 2 R A
LR R MRS B Y R TR LS &
PRAKT G B RFAE SR AN AR N RS RERX RS
m%“*%(?W”’%%>’&iﬁ%zﬁ%$f3 e TRETHT

W4 E - f;%‘.g C R FESA L SR EREY A AR T B A
TREE R TR T R FEE A ARG PR KT 2 B R

Bl AR 3 H IR RS RREE LRV ER > UL 5

APBRERN REEY (TR~ 20345 >2009) ¥ ¢hy FLKEFP A R BALER
BIZEANARRE FLI AP TFRARDELEY S 7 U ER
FRens Rapy SO RS T FI A R E T TR RSV PR T AR
TR A BRI TR § EF I E TR R E T FIL G AR
MBEERHEE FARFT oM L F- FREE L TR ARENAERBER
HFF P FILT 6 AT TR 0 TXOERF ~ 3 R4z (2009) T 4
£ - P MR ERE BREFRFEDRG AT B R kA PR @
LB RT N AREIICR LR SRS BB KT T degkio A Y

TI~ 1R B35 s %% -
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TR EROTRERT ARREARRF FOL R §RBFERE
¥ wgn > EAEiF (2007) RFBHBEROKF > F S IERDTEL > SR
PR CHERS FTRR FRERKFOE RAATE RIfRE S SR BEF
FOEF 13 % B E AR R 0 SUEHF (2007) FHUGEEEFRE 4 BRS04 F - fE
e U 2P EFL AR R A FL R FY 2w F4oplpE
FESHIFARF L AN X B REL JH L FRNK

NHFFL PR g R SR EVTFRFDRMP AR 2 ERF L AR
AR o

Gt HAD B FRFFRFTR LTI E 2ARITZERG 0 odoG &
(1999) F % &% o s AR PP FR L B E 5 H 7% - £ 412§ 0 jaseh
FREAT L Ae ZHH ‘«/ﬁl*’%}\A’q&;ﬁ’;;;*ﬁ;aai’j\zﬂfi#ﬁa‘ﬁﬂﬁ}%

?A‘*Sé*““ffrimxmfiﬂ‘*?ﬁ‘és% ET .
BT 2B BT SRR E Y R ARF (R AF LT TR )
AIE 4 FALg T K068 ~ R BAR R (T REPP TS ) A Y

- R AH
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AP 2T ZARENE IR AN ERRAM T RE RS G RiE
BREAHER FERA N ERA EERO G TN E S R RR
,bt_,;w,aa;nju%@qa e E PR B HEREY AR - L X e
TERE e (£ P a) BATOFTH iﬁgzu;f;i_t a3~ I SR AL -
A 706 7> B R F AR Y AR A 2 he TR ALl S 203 47 (K
T RPE D) o b GEE R 3 502 47 0 iR B R 2R 0 2
EF RN EEEE > T 203 kR T RIp L RED AT R Bl F A
RS 1R % 2L B F O E 205 47 Bl 2 SR S B 408 47 e Pk
BBELEE R B8 B8 £33 236 5T~ 45 0 H P 112 93t kg o
B 124 #rR) 5 At i o0 X W B 5,581 > skR K o

WRIE G BREFERFTORIE G B BRIR o R gV
TR P BT E TS 0 N R A BT I AL 0 A BARE AT R AR
Wor AT ERE FERSZIFAFEARTAES o8 CHEAFTRELTLE D
B0 PR B RFTIROE 575 i LN ¥ L 2= FR{rF AR
Lorhpmy I :tl:-%”ﬁ“ B4 Rosicigno = Crowley(2001)4 2 Roscigno~Tomaskovic-Devey
fr Crowley(2006) & HenF AR FT I » Rt Rl hiEr R A B R HER
Rz AR R RBBETARL mRRE 50 Faokhids BE ARG
PRALEPFA L LR BFEHEFE (WEFRI-AERETR) B ER

“;j}&

e

FEROR BRI FE N REHN L AT E IR TR S L2 RGP
B E 4 e s KEFHE 4 ‘*i‘“mg‘*ﬁﬂ Ao~ EF T A g R
EL e R EHE e MM 5 AMAR ARSI P A @I
e RRBR (PN FRRBEHRR)Z BT RPN L KR K
FHR Y L PR AR o AP 2 KB L R kR A R
%, 5302010 & 41 19~30 P 10 915 R chdefF 2 8 4 doie 7R 0 s

%Q%HFJ\.&Q"%FH—%‘A% ﬁﬁ;*:’\'g‘**‘?i—gﬂ;‘ iiﬁé—ﬁ:ﬁ%o

'2010# 037 29 pAIEE 40 19 PATEKL 40 26 PAEB ST S Pt A e
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BRREA2000£ 50 A E I F R 20060 1 pHdy &
AR L EREF 3P A REREB DA BHIE AT~ gL ERER

RIFFRERLEE S A BRI ZCEFED - R4 > FEFET L
Bl E RSN 2R E R L R B FTRE 2 LR

BN AFEIRAG TR SRFCERFR I ZRBAERES B
= ood F A e R R e i 5 = 05" (multilevel model) % @
hoimio B X Fly BRI -G R R F g %fﬁ_" #2455\ (structural equation
modeling, SEM) %k &JZ » A7 7 #3453 BH L AL F B T R AL 5 B =X
O R B ¥ e L (clustered data s e iE B 4 S EFAR S F R E RN
i%%ﬂﬁgéﬁﬁﬁﬁ@?%ﬁ*ﬁﬁﬁM@£5%§E$ T &
B BT EE AR IE S T o

ALY - FEE ORI FTT MR - FHE blAckhiie B &AL

sag s g B

DIMRLEE-AFTH T AL AT FEE LK ATY Q/];Jc;f 24is o BT 8

higfrtihigs R P25 ,T* - F\?m"'ﬂtbuf R
LEEERRT TR T AR EE DGR A SRR R RAE I B
A H 2 R e o Bt 1% 53 e 4R & 2 2 (multi-group structural equation
modeling) % ¥ } i 30 18 TR EF vt oo L F AR s o G e ]

TR T N T

PRBRTINGRT BY BT F B HFL k- FLET R AR E AT R LA
(03 TR RFIPA) 0 T R SR R - ST S RS S 5
B8 & 1 8 %07 348431 4 2003(Trends in International Mathematics and Science Study
2003, T ﬁg # TIMSS 2003)#74x * » 2 2 B8 TIMSS 2003 o % » fﬁﬁ“r B¢ FLs e oo
z@#w Mo w03 1T o ATt R R e A AR 48 (Resk 5 2007) 5 A PISA 2006 hiF i
PlEEW 3-8 4 305 (FR%AL2008) e 4 £ AF7 5 4 4 F 4 224 > ¥ TIMSS 2003 © #
/F‘J*#@B"fﬂk""ﬁ”‘ 10 AR o R d P fT? EAF SRR LR Sl A
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A5 a0 AX 51 kg ] )

7

3R
AP UERBERLZ FRE VRIS ERAFEEERI TR KT E
FFRABRZAZ THRAERTRA LA ER R N2 GHEAT LA F R
S EB R PLEARNE L rs\,T*um)" Bt M T T RERT 2 F R
o Fpt s 16 FAp ik 0 4 477 34 %% Roscigno & Crowley (2001) 1% %
Roscigno~Tomaskovic-Devey ¥ Crowley(2006) .2 F¢ & 414 3¢ ( Hierarchical linear
modeling ) # B hFRE T 5 A 1T A# ) LR TET &7 e o
g ¥ 24 R0 S F A £ B # i (Differential Item Function, DIF)# |48 {5 >
S R REST FEREE A2 B T s i LT
ﬁf@ﬁ§$¢¢mﬁﬂ %K’MaMa&&MMQ%8m8m#ﬁﬁ“\i
M E (2007:129) thitid > 2 AL FHF LERHY S F 2B E o
FALFLEAET m?ﬁfa?rm/m» A s T R #
Fio FREFHHIHRRIOREF > DB FRE B HFA I LR
BoFsEEA A NARHRE L FRAFRATL R EPHRE - F
BOEHBE RE R KR EFRE AT U A UK
TenB ER R EE S TS 6 R RE RS 6 G RS D
RN T IR ?iﬁ?ﬁ&%ﬁ%’, a2 g Rl { F PRI RO T L P Ko

GLFENT A ERBBEE R OB AT A RES R
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204 FEBERATR KT 2 kA

i R ZLHEE
SRk AL RSk i
i% I8
g H 42.54 19.33 53.73 19.45
B R TR
EA LM (R 133,530 2281 89,430 876
KEFEF (#) 9.08 3.88 12.24 491
KEFnEF (%) 7.56 13.34 3.48 4.59
Raxgiwx (%) 15.62 28.03 3.00 6.24
FREF
FHEG 4.35 0.70 4.03 0.68
R 3.54 0.69 3.55 0.68
g4 4.21 0.49 3.84 0.51
KEFE L9 R 3.71 0.59 3.89 0.50
FIEF R
A BE 1.84 1.12 2.48 1.29
LA ETARE () 10.56 2.36 12.11 2.71
Vo g bk (1B ) 1.87 1.03 1.56 0.84
HMaE 0.27 0.44 0.18 0.38
FHEG 3.61 1.79 417 1.40
FY Ry 3.13 1.45 3.63 1.31
N 3.22 1.64 3.51 1.52
Ay 1.12 1.98 1.97 2.34

LR 2 AEcE AT iR e
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ﬁ@%?%ﬁﬁ REREFSHGOPFL o AT I RS AHK
Fef AR SIS 1 ERERT AL e BRFEFHGES B HFLFS

2t lf;nj*» ER I SRR s Se R =F 2 M S A S N 3 T g) 4 S
To SRR KFITHOETAARRART RV R AL REFIHETLG -

R SRR L SR S R T 2
HER 2RI R 3 s SR T RT BB s B TG 0 h B R
#

g BK, Lk BB S ,?'Igfl

Bod s LIREF S Mr b “Mﬁifi%ﬁi%‘“ R RS A A
[F 4 X g s T o BRILFT A #ﬂé bR e - R ER
B9 - e ABHBEREFT P DF Y EE G EFORF A

P E AR Y G et wirs f g BEANRHEFOL L

—a\-\

WHRAFFLF R FIEL L HEY I hER LS R gL
TEAPEYET S AR ESL R Rt F AT AL f e B
2S5 KA FERT EHFAVREEIRFA T AT AEKT L5228
FoUHR 12 FEEREEA T T ALHRERFAEERE L ERE R
PE X ERPFAEEL (3038 vs. 1.31) 12 SRBLHEERT RN
f2184 (3038 vs 1241) 5 2L B E KRB R B R FAPF > BRT ROz
FHOFRPFT (1241 vs. 13.82) A B AN 3 ERYAEFERTEEY -
BEREEE F %2995 vs. 23.24) 0 A F R T IRET g e B OB

F AR o
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15 BRFREEFTHES 2 4

Zz. HLM #-5% i 3+

o1 Bk 2 st-;\ 3
ik e |ZHHBE R HRE R (ZEHBE R BREE O |Z2EBEF W
B 1 SE| B I SE|] p I SE] B SE| B [SE| B |SE
R
S 7.58%| 327 | -5.10 | 3.28 7.03%| 332 |-2.82 | 2.88
REFE T 0.64* | 0.19 | 0.12 | 0.19 0.69* | 0.19 | 0.09 | 0.19
FOEF b 0.15%| 0.05 |-0.46%| 0.14 -0.15%| 0.05 -0.37* | 0.15
B @A F 2 F | 015+ 0.03 ]-0.40%| 0.06 -0.15% | 0.03 |-0.41* | 0.06
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10.76% ~ 15.36%
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The useful investment strategies in rural schools

Abstract

The government notices relative disadvantages in the rural area, and has offered
more scholarship opportunities for aboriginal and low-income student. Moreover, the
Educational Priority Area program has been performed since 1996 to invest additional
tremendous funding on the rural schools. However, when it refers to the outcome
aspect in the rural, even though the average mathematics ability of Taiwan students
comes out top of the class in PISA, the cost-benefit would be disappointing. Therefore,
the main purpose of this paper is to explain the low student achievement in the rural
area. This paper also presents importance of distinguishing resources and investments,
which shift focus from the comparison between influence of family and school to the
congenital conditions and improvement strategies. Regardless of family or school,
they are all limited by their resources but our findings suggest that they could improve
student achievement by using appropriate investments.

Key words: resource-investment model, rurality
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Introduction

Rural area is usually characterized as inconvenient transportation and population
of high-poverty or minority students. Moreover, economic, geographic, physical and
social disadvantages would result in the isolation from other areas (Webster & Fisher,
2000). Young (1998) found that school location could be the main factor to affect
student achievement especially for math scores. In his Western Australia samples,
location could explain 37.6% variance between schools and he argued that students in
the rural area has low SES and student achievement. Furthermore, students in rural
area could have higher dropout rate and less qualified teachers (Mitchem, Kossar, &
Ludlow, 2006; Roscigno & Crowley, 2001). Low student achievement, especially,
could be worth noticing most, because students’ scores cannot only present the quality
of education, but also have decisive impact on student income in the future (Lee &
Barro, 2001). The problem that rural students tend to have lower grades could not just
in the Australia and United States but in other countries according to PISA (the
Programme for International Student Assessment) 2006 math scores. This situation
could be more serious in Taiwan, even though the average mathematics ability of
Taiwan students comes out top of the class in PISA 2006. Table 1 shows that rural
(village) students have much lower math scores than their counterparts’ in the cities
and big cities, and they also have much higher variance than other areas in Taiwan
even other countries, suggesting huge scores difference in rural students.

Table 1.
Four countries and OECD average PISA 2006 math scores in different areas.
Country Village Small town Town City Large city

M SD M SD M SD M SD M SD

Taiwan 486 50.34 482 15770 537 7.33 554 827 579 7.72
Korea 484 12770 482 1332 523 10.72 554 474 554 6.73
Australia 492 832 497 5.62 506 3.50 530 454 533 470
U.S. 477 7.04 471 593 494 627 471 1156 433 11.04
OECD 471 2.88 488 1.48 499 1.15 505 1.68 507 2.58

Note: The data is retrieved from PISA website: http://pisa2006.acer.edu.au/

Low student achievement in rural area leads to the concerns of many researchers,
and they have attempted to figure out how to raise their scores. Behrman, Khan, Ross,
and Sabot (1997) pointed out that school inputs such as school equipment and
infrastructures had little influence on student achievement in the rural Pakistan. It was
the teacher quality and student exposure to teachers that really mattered. They further
recommended that the investment should be focus on the teacher quality rather than
the school facilities. Webster and Fisher (2000)’s study had similar results. They used
TIMSS (Trends in International Mathematics and Science Study) database to
investigate resource availability in rural and urban Australian schools, finding out
school resources had no influence on the math and science scores. On the other hand,
Daley, Whaley, Sigman, and Guthrie (2005) found that both physical qualities and
teacher qualities were positively correlated with the Arithmetic scores in rural Kenya.

From the studies of rural student achievement above, researchers tend to use
“school input”, “school resource”, and “school quality” to represent school condition.
One shortage is that these studies blend the concept of what could be improved and
what could not, which could not provide rural schools and students with useful
strategies. For example, Behrman et al. (1997) regarded teacher math cognitive
achievement, teacher schooling attainment and experience as the proxy variables of
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teacher quality. These variables are actually hard to be improved. Daley et al. (2005)
has the similar problem. In their paper, there is only one indicator (teacher
organization of classroom) could be improved from all four teacher quality indicators.
Most importantly, most researches focus on the indirect measure of investment
influence on student achievement. For instances, Behrman et al. (1997) did not design
proper investment items based on the student achievement. Therefore, although toilets
for students have positive effect on the math scores, they could just imply that schools
need adequate facilities. Webster and Fisher (2000)’s paper has no such weakness but
it lacks the explanation that school facilities has low effectiveness on student
achievement. These shortages could result from the fact that they mix the concept of
resources and investment.

Roscigno and Crowley (2001:271) demonstrated that the mixture of resources
and investments would blur potential effects and therefore they developed
resource-investment model to analyze the low student achievement in rural area. Their
results are still disappointing, because they still do not provide the useful investment
strategies but focus on whether resource and investment can explain student
achievement deficit between rural and non-rural. However, as Pegg and Panizzon
(2007: 188) said, rural students need educational strategies to help them improve their
learning instead of just describing the facts. In this paper, we try to explain the reason
why the low student achievement in rural area, and provide useful strategies for
school and family. To achieve this goal, we extend the resource-investment model
derived from Roscigno and Crowley (2001) and Roscigno, Tomaskovic-Devey and
Crowley (2006), and use this model to analyze the effect of investment and resource
on student achievement with rural and non-rural subsample. Non-rural subsample
serves as the control group to assist the explanation of low student achievement in
rural area and reasons that parts of school and family investment has little effect on
student achievement. The remainder of this paper is organized as follows. At the
beginning, we introduce the resource-investment model and discuss investment
indicators. The method and data analysis will be followed by the literature review.
Final section offers discussions and gives some suggestions.

The resource-investment model

Since the student achievement is the outcome of resource operation, which
resource has positive effect on it needs to be discovered first. Roscigno and Crowley
(2001:271) further argued that resources should be separated from investments to
focus on institutional processes and their innate characters. They also thought that
rurality had direct influences on investment, resources, and educational outcomes due
to the fact that school board could invest resources. Roscigno and Crowley (2001:276)
measured family resources with family SES (parental income and education) and
structure (marital status of parents and number of siblings). Their family investments
are household educational items relating to learning, cultivation of cultural capital
(cultural trips like visiting museums and cultural classes like art, music, etc.), and
parental expectations. The school resources are measured with class and racial
composition, and per pupil expenditure. These resources would be transformed into
school: class size, student-teacher ratio, and teachers’ expectations. The main
dependent variables are average of math and reading scores and dropout status. They
found that rural high school students in the United States had less family and school
resources and investments than their non-rural counterparts, which accounted for the
disadvantages in rural student achievement.

After five years, Roscigno, Tomaskovic-Devey and Crowley (2006) followed the
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structure of Roscigno and Crowley (2001) to interpret the advantage and
disadvantages in different places and their roles in producing or even reproducing the
inequalities, but replaced the parental and teacher expectations with parental
involvement and teacher encouragement respectively. They also split the non-rural
area into inner city and suburban places. As Roscigno and Crowley (2001) did, they
focused only on the decrease in coefficient magnitude for rurality variables to reflect
the extent to which deficits in educational investment from different areas are a
function of regional variations in available resources. The results still showed that the
resources can be transformed into investments and could explain the deficits in
student achievement.

We favor the concepts of splitting the investments from resources and this step
will help observe the investment decisions made by family and school given the limits
of resources available (Roscigno, Tomaskovic-Devey and Crowley, 2006:2121).
However, they did not discuss which investment and resource has important effect on
rural and non-rural student achievement respectively. In addition, the distinction
between resources and investments is not clear enough. Roscigno and Crowley (2001)
mingled the investment with the psychological variable like the parental and teacher
expectation. In fact, when family and school put much emphasis on student learning,
they invest the activities or items relating to learning instead of on the psychological
status (Wobmann, 2003).

Therefore, the exact definition of resource and investment should be provided
first. Following the resource-investment model, we define resource as the congenital
conditions including the economic support that could purchase facilities or hire
teachers, and it also could be student characteristics in a school and SES in a family.
These congenital conditions are hard to be changed by school and family. In fact, this
kind of category according to school congenital conditions was once performed by the
South Carolina to separate schools into different bands (Richards & Sheu, 1992). On
the other hand, investment refers to the facilities transformed from the resource or the
activities devised based on the resource. The distinction between resource and
investment also help point out the fact that the effects of investments could be limited
by the resources. In other words, without coupled resources, such as stable teacher
working condition, adequate finance, the investments could be hard to affect student
achievement.

Useful investments on student achievement

The distinction between resource and investment might lead us to find useful
investment strategies of improving student achievement and observe how investments
affect student achievement. These strategies are also the effective ways to use money
(Odden & Picus, 2007). Nevertheless, it is complicated to understand how the
investment affects the student achievement because investments could come from
outside the family or inside the household (Shapiro & Tambashe, 2001). Therefore, it
would be helpful to split the investment source into family and school when
discussing the influence on student achievement.

Family investments are hard away from the concept of parental involvement,
because parents are the main economic and concern source and parents care their
children through involving more in their children’s study or student activities (Ho &
Willms, 1996). Nevertheless, the link between parental involvement and student
achievement is inconsistent, owing to the diverse conceptualizations of parental
involvement. In the light of this, McNeal (2001) divided it into four aspects, that is,
parent-child discussion, parent-teacher organization, parental monitoring, and
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educational support strategies. He found that parent-child discussion had positive
effect on student achievement, while other three dimensions had little influence on
achievement but contributed to decreasing misbehavior, such as truancy and dropout.
Although educational support strategy has no effect in McNeal (2001)’s research, he
argued that it was the most direct parental involvement in the schooling processes. If
the discussion between parents and children could be regard as time investment,
educational support strategy could seen as material investments. These material
investment strategies could be various based on different culture. For example,
attending the after-school tutorial or cram school prevails in Taiwan, and it becomes
the main means to help their kids’ learning especially for math that most parents are
less competent in. Several researchers (Lee, 2007; Lin & Hwang, 2009) also found its
positive effect on student achievement. Another useful investment strategy is the
learning environment arrangement. Researchers (Teachman, 1987; Roscigno,
Tomaskovic-Devey & Crowley, 2006; Charles, Roscigno, & Torres, 2007) usually
select learning material variables such as reference books, computer, place to study,
and a dictionary/encyclopedia to test their influence on student achievement.

The items that school can invest might at least be divided into four parts:
teaching facilities, books, teacher professional development, and student activities.
Facility especially for computer-based facility such as computers and electronic
blackboards are popular with instruction these years. Barrow, Markman, and Rouse
(2008) found that computer-assisted instruction had positive effect on math. Books
are the main source of the knowledge especially for the rural schools where are
usually lack of enough teachers. Daley et al. (2005) pointed out that the number of
books and their quality were positively related with the Arithmetic scores of rural
Kenyan schoolchildren. Another important investment is the teacher professional
development. In this complex and rapidly changing era, teachers need more training
and discussion with their peers to deal with the teaching problems, and this
investment would have the positive impact on math (Saxe, Gearhart & Nasir, 2001). It
is especially useful for the rural students because it could be designed exclusively for
the rural schools. Hamm et al., (2010: 372) explained that teacher development could
increase teacher knowledge and practice that they need to deal with the special rural
condition. Moreover, schools usually organize the speeches and hold the sports to
break the study routine and relieve students’ stress from school work. Through these
extra-curriculum activities, students develop their interest and identity and these
activities would be the physical and mental stimulus for students (Caskey, 2006).
More importantly, Zaff, Moore, Papillo, and Williams (2003) found their persistent
impact on academic achievement from 8" grade to 12" grade students.

Data

Considering the comparison between rural and non-rural schools, the number of
surveyed schools in different groups is made equal as possible. With the stratified
random sampling, the data is gathered from Taiwan 5,581 students and 236 junior
high schools where there are 2,358 students and 112 schools in the rural area, and the
others are in the non-rural area. Rural schools are chosen from the database that
counties reported. The standards of rural school contain many conditions such as the
distance from the city, high aboriginal student rate, population density, which is more
complicated than those that PISA uses (population density). The number of students
within the schools (group size) is from 6 to 35, which has enough valid responses to
perform multilevel analysis (Maas & Hox, 2005).
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Methods

The past researches especially in production function argued whether the student
or the school was the proper level to analyze. However, they could miss the point, due
to the data structure, and the multi-level modeling (HLM) should be used (Willms and
Somers, 2001: 413). Modified the notation from Ma, Ma, & Bradley(2008: 70), our
HLM model with grand-mean centering can be defined as

P Q
Y =5+ Zﬂpj.Famlly _resource,, + z B, Family _investment ; +r,
p=l q=1

R N
Bo; =V t+ z By, School _resource,; + Z B School _investment; +u,,

r=1 s=1
1
ﬂ1_/ =710 M

ﬂz‘/ =72

ﬂ(P+Q)j =Y (P+0)0

where Family resourcep;; and Family investment,;; are student level variables,
while school resource,j and school investments; are school level variables. There are
four kinds of variables and each kind of variable will contain four indicators, which
will put in the model respectively to test their interaction and compare the impacts on
math between rural and non-rural localities. More importantly, this procedure will
confirm that school and family investments can be applied to all schools and families
owing to controlling for the family and school resources (Ma, Ma, & Bradley, 2008:
70).

In order to know the proportional reduction in variance that can be attributed to
the four kinds of variables (McCoach & Black, 2008) as well as to decide which kind
of variables should have the priority to be improved, two proportional reductions in
variance will be offered based on the different variance levels. The proportion of
between-school variance explained by student model could be defined as

Too(nury ~ Too( fitted) )

T00(nuil)
where 7oomun 1S the between-school variance without any variables, and 7oofited) 1S
the between-school variance for the fitted model with variables in formula 1.
The proportion of within-school variance in the intercepts explained by student
model could be defined as

2 2
O 0o(nuity ~ Oo0( fitted) 3)

2
O 00(nuil)
where 6y 18 the within-school variance without any variables, and 6”gieq) 18
the within-school variance for the fitted model with variables in formula 1.

Measurement

We gather the resource and investment indicators mainly from the PISA and
TIMSS which are the most famous international education surveys, as well as based
on past researches’ indicators. Besides, the meetings were hold to reconfirm the
indicators matching the contexts in Taiwan. Since we define resource as congenital
conditions, the important family resources would be SES and family structure. The
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parental education and occupation are used as SES indicators, and the sibling number
and single parent status represent the family structure. At the school level, considering
that teachers are the core resource in facilitating student achievement, teachers
generally need at least five-year teaching experience to effectively improve student
achievement (Rivkin, Hanushek, & Kain, 2005). Therefore, schools need experienced
teachers and stable personnel structure. In this paper, teacher seniority will represent
teacher quality and teacher mobility rate will stand for stability in a school. In Taiwan,
schools have little authority to raise teacher’s salary or other substantial subsidy to
attract teachers. Therefore, we regard these two indicators as school resource which is
school’s congenital conditions. Per pupil expenditure is also mainly arranged by the
government, and therefore it is considered as the congenital condition. Finally, the
aboriginal student rate refers to the student characteristics, which is also the one of the
congenital conditions.

Our method of measuring investment is different from most past researches that
counted how many items students or schools had to represent their scores of
investment. In this paper, family and school investment items are evaluated by
students and teachers respectively, for they are the users of the investments. The scale
is from 0 (none) to 6 (high quality) to represent family and school investment quality
and differentiate the quality of each investment. All indicators, however, are not put in
the models but classified several factors through principal component analysis with
promax rotation. Based on the literature review and the results of principal component,
the family investment indicators can be classified as technology facilities, learning
environment, parental discussion, and after-school tutorial on math. School
investment indicators can be divided into teaching facilities, books, student activities,
and professional development. The variable definition in detail is presented in the
appendix.

Results

The table 2 synopsizes the comparisons of student achievement, resources, and
investments between the rural and non-rural locales. It shows that students in the rural
area are relatively disadvantaged in student achievement, SES and family investment.
Their parents earn less money and receive less education, which probably leads to
purchase lower quality investments for kids as the table 2 presents. Although the per
pupil expenditure in the rural are higher than the counterparts in the non-rural area,
those schools have triple disadvantaged student rates to take care of. Fortunately, rural
schools have higher quality of investments. They own higher quality of technology
facilities and student activities to help students, and there is no significant difference
between two areas in books. While the quality of professional development in rural
area is relatively lower, possibly owing to the location where is hard to hold higher
quality program for teachers. The right-hand side of the table is the correlations of
two areas, showing that most relationships among independent variables are moderate
(below 0.7).
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Table 2

Descriptive statistics and correlations of family and school in different area

Rural area Non-rural area Correlations
Mean SD Mean SD 1. 2. 3. 4, 5. 6. 7. 8.

Dependent variable

Math achievement 42.54 19.33 53.73 19.45
School resource

1.Per Pupil Expenditure 4,451 2281 2,981 876 - 0.21%* 0.16 0.05 -0.05 -0.05 0.04 -0.08
2.Teacher seniority 9.08 3.88 12.24 491 0.23* - -0.04 -0.06 -0.09 0.00 -0.02 0.03
3.Teacher mobility rate 7.56 13.34 3.48 4.59 0.15 -0.11 - -0.03 -0.11 -0.05 -0.03 -0.09
4.Aboriginal rate 15.62 28.03 3.00 6.24 0.29* 0.11 0.04 - 0.08 0.00 -0.01 -0.04
School investment

5.Technology facilities 4.35 0.70 4.03 0.68 0.09 0.16 0.01 -0.11 - 0.50*  0.59*  0.56*
6.Books 3.54 0.69 3.55 0.68 -0.03 0.01 0.00 -0.08 0.44%* - 0.60*  0.61%*
7.Student activities 4.21 0.49 3.84 0.51 0.05 -0.01 0.09 -0.02 0.58*  0.65%* - 0.77*
8.Professional development 3.71 0.59 3.89 0.50 -0.10 -0.01 0.00 -0.16  0.44*  0.62*  0.70* -
Family resource

1.Parental occupation 1.84 1.12 2.48 1.29 - 0.54*  -0.18*  -0.02 0.14*  0.23*  0.11*  0.15*
2.Parental education 10.56 2.36 12.11 2.71 0.44%* - -0.22*  -0.07* 0.14*  0.31* 0.16*  0.16*
3.Sibling number 1.87 1.03 1.56 0.84 -0.12*  -0.13* - -0.10*  -0.05* -0.08* -0.04* -0.07*
4.single parent 0.27 0.44 0.18 0.38 0.00 -0.04  -0.08* - -0.08* -0.13* -0.12* -0.13*
Family investment

5.Technology facilities 3.61 1.79 4.17 1.40 0.19*%  0.20* -0.09* -0.17* - 0.30*  0.21*  0.10%*
6.Learning environment 3.13 1.45 3.63 1.31 0.19*  0.27* -0.11* -0.15* 0.35* - 0.52*  0.29*
7.Parental discussion 3.22 1.64 3.51 1.52 0.12*  0.15%* -0.03  -0.12*  0.21*  0.53%* - 0.18%*
8.Tutorial on math 1.12 1.98 1.97 2.34 0.15*  0.18%  -0.09* -0.05* 0.14* 0.27*  0.20%* -

Note: boldface type number is for significant difference between non-rural and rural area under the p<.05; the per pupil expenditure is converted into U.S. dollars with 1:30;

Relationships below the diagonal are from rural area (n=2,358 students in 112 schools); relationships above the diagonal are from non-rural area (n=3,223 students in 124

schools)



In the rural area, the table 3 indicates that per pupil expenditure, teacher mobility
rate, and aboriginal student rate have negative effects on math, while the teacher
seniority has positive effect. These effects still exist even though controlling for the
school investments, yet the impact of teacher seniority in the non-rural area has
disappeared. Since funding appropriation in Taiwan is not based on students but
classes, large schools that are usually more famous than small schools could absorb
more students and form larger class size, which leads to low per pupil expenditure but
high student achievement in large schools. This result, therefore, would be more
complex to explain, which will be discussed in next section.

The school investments have significant impacts on math in the non-rural area,
but there is no influence in the rural area except for the professional development. The
effect of professional development on rural student achievement, however, has
vanished after holding the school resources constant, suggesting that the rural school
investments are affected by the school resources compared with the fact that the
significance of non-rural school investments are not changed in model 3. On the other
hand, in the non-rural area, the quality of technology facilities and professional
development has positive effect on math scores, whereas the quality of student
activities has negative effect. The latter could denote that the student activities distract
the attention of students away from their studying.

After knowing the individual effect on math score, the whole influence of
resources and investments will be analyzed through school and student variance
explained by variables has also been summarized in the bottom of table 3. The model
1 and 2 show that rural schools are profoundly affected by their resources owing to
the fact that rural school variance explained is at least twice higher than the non-rural
schools (30.38 vs. 12.41). Moreover, in rural area, school investments have much less
influence to explain the school variance than school resources (1.31 vs. 30.38). The
non-rural schools, in contrast, are a little more affected by the school investments,
suggesting that with the right investments, school can change their students’ learning
even limited by the school resources.
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Table 3.

HL M modeling estimates of school resources and investments on math

Model 1 Model 2 Model 3
Rural Non-rural Rural Non-rural Rural Non-rural

B SE B SE B SE B SE B SE B SE
School resource
Per Pupil Expenditure  -7.58*% 327 -5.10 3.28 -7.03* 332 -2.82 288
teacher seniority 0.64* 0.19 0.12 0.19 0.69* 0.19 0.09 0.19
Teacher mobility rate ~ -0.15* 0.05 -0.46* 0.14 -0.15* 0.05 -0.37* 0.15
Aboriginal rate -0.15*% 0.03 -0.40* 0.06 -0.15% 0.03 -0.41* 0.06
School investment
Technology facilities -0.60 1.68 253* 137 -200 140 281* 1.27
Learning environment 041 208 -034 150 -0.18 172 -0.40 1.48
Student activities 2391 333 -822% 259 1.0l 3.1 -7.25% 2.65
Profession development 5.50% 239 10.44* 287 257 229 889* 28I
Between-school variability 81.84 75.38 116.02 74.17 82.35 66.06
Within-school variability 253.20 290.98 253.19 290.98 253.24 290.99
School variance explained 30.38% 12.41% 1.31% 13.82% 29.95% 23.24%
Student variance explained -0.02% 0.00% -0.01% 0.00% -0.03% 0.00%

+p<.01 *p<.05

The negative effect of per pupil expenditure on math scores has been presented
in the table 4, implying that the more funding per student shares, the worse math
grades he/she would attain. This could be the result of special financial allocation
system in Taiwan where is mainly based on the class number rather than student
number. The table 4 is divided into several parts by the area and class number to
further offer more information. It shows a trend that the more classes schools have,
the lower per pupil expenditure they will gain. Although schools with more classes
could have more funding, they have higher class size as well. The funding rising
space is much smaller than the student growth.

Moreover, larger schools could absorb better teachers and keep them in schools,
and they also attract students with higher SES and better grades compared with small
schools. The situation leads to the negative effect of per pupil expenditure on math
scores. Despite the fact we presented above, as Holmlund, McNally, and Viarengo
(2010) said, disentangling this relationship between per pupil expenditure and student
achievement needs multiple-year database which general researches lack; therefore,
awaits further study. In this paper, per pupil expenditure is still included in our model
to control the school resource.
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Table 4.

Descriptive statistics of family and school in different area and class number

e Clie Sl Tty TSy T v o
Non- Below 12 5 3,937 26.37 9.52 5.90 10.75 39.08
rural 34504 25 3,649 28.95 12.32 5.91 11.45 51.58
25 to 36 37 3,009 30.37 11.27 3.19 11.87 52.02
37 to 60 32 2,611 32.53 11.11 3.01 12.41 55.44
Above 61 25 2,601 32.65 15.60 1.59 13.11 58.38
Rural Below 12 86 4,871 23.81 9.10 8.42 10.38 39.65
13 to 24 21 3,191 28.63 9.40 4.30 10.87 47.31
25 to0 36 5 2,521 31.30 7.30 6.58 11.17 44.26
37 to 60 - - - - - - -
Above 61 - - - - - - -

Note: The per pupil expenditure is converted into U.S. dollars with 1:30.

As table 5 indicates, the influence of non-rural parental occupation is significant,
whereas this effect vanishes after controlling for the family investments. This result
could be expected, because the parental occupation is the proxy of family income and
this effect could be excluded out by the substantial investments. Another worthwhile
point is that the dilution of resources hypothesis developed by Blake (1985) is not
supported in the non-rural area, while one rural sibling number increase contributes to
a decrease of 0.89 math score. Students living with only one parent or no parents have
inclination of lower math scores than their counterparts. After controlling for the
family investments, the difference between two types of students living status could
be reduced from 3.43 and 6.52 to 2.24 and 4.57 in the rural and non-rural respectively.

In model 5, all family investments except for the parental discussion has
significant effect on math scores, while the effect of rural technology facilities
disappear after controlling for the family resources. Interestingly, the quality of
non-rural technology facilities has negative effect, even holding the family resources
constant, suggesting that over-investment leads to decreasing the math studying.
Non-rural family could purchase high class computer with high speed CPU and
internet; however, these equipments might be used to play on-line games or browse
the web pages, which would occupy their study time. Although parental discussion
has no significant effect on math scores, the correlation between them is significant
(.19 and .22 in rural and non-rural area respectively), which indicates the effect of
parental discussion is shared by other investments; therefore, parents still should pay
more attention to their children.

The impacts of family resources and investments can be further compared with
explained school and student variance rate. Family investments have more influence
than resources. 29.34% of the between-school variability is attributed to rural family
investments, whereas only 18.83% of the between-school variability is explained by
rural family resources. Although non-rural school variance slightly less explained by
family investments than family resources (30.83 vs. 30.96), in both areas, family
investments can explain more student variance than the family resources.
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Table 5.
HL M modeling estimates of family resources and investments on math

Model 4 Model 5 Model 6
Rural Non-rural Rural Non-rural Rural Non-rural

s SE )/ SE s SE B SE s SE )/ SE
Family resource
Parental occupation 046 031 0.57* 0.28 0.09 031 0.14 0.26
Parental education 1.19% 0.15 1.48* 0.15 0.79* 0.14 1.11* 0.14
Sibling number -1.20%  0.33  -0.68" 0.40 -0.89* 033 -0.53 0.36
Single parent -3.43* 0.70 -6.52* 0.77 -2.24*% 0.67 -4.57% 0.76
Family investment
Technology facilities 039" 021 -0.51* 022 022 02 -0.63* 022
Learning environment 2.77* 035 3.38* 03 245* 034 2.77* 0.31
Parental discussion -0.11 023 035 025 -0.12 023 031 024
Tutorial on math 1.47* 022 1.57* 0.16 1.38* 0.22 1.43* 0.15
Between-school variability 95.42 59.42 83.07 59.53 75.23 48.07
Within-school variability 243.37 271.11 229.31 254.96 225.92 246.28
School variance explained 18.83% 30.96% 29.34% 30.83% 36.01% 44.14%
Student variance explained 3.87% 6.83% 9.42% 12.38% 10.76% 15.36%

+p<.1 *p<.05

Table 6 further shows coefficient difference tests between two areas and
coefficient change after controlling for four kinds of variables. All variables have
statistically significant difference in two student achievements effect under .05,
suggesting that the effect (slope) of resources and investments on math is conditional
on rurality. Rural school investments still have no significant impacts on student
achievement, and the previous section has illustrated that the influence has been
partialled out by school resources. In contrast, three non-rural school investments
have significant effects on student achievement, but the effects have dropped from 1
to 3 points. A point worth noting is the persistent influences of school resources
(except for per pupil expenditure) in the rural area compared with the result that only
aboriginal student rate has significant effect in the non-rural area, indicating that rural
area is far affected by school resources.

The absence of rural school investment benefits on student achievement should
be supplemented by family investments, or the rural student achievement will be hard
to be raised. Unfortunately, the family investment effects have fewer impacts on rural
student achievement, even though the significance of family investments has not been
changed. The differences in the coefficients of the learning environment and
after-school tutorial on math are 0.31 and 0.06 points respectively. However, rural
student achievement is less affected by the family resources. There is only one more
significant variable, sibling number, in the rural area.
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Table 6.
HL M modeling estimates of resources and investments on math

Model 7
Rural Non-rural
B SE B SE

School resource
Per Pupil Expenditure -4.71 2.76 -1.33 2.42
Teacher seniority 0.52* 0.17 -0.06 0.13
Teacher mobility rate -0.14* 0.04 -0.24" 0.12
Aboriginal rate -0.12* 0.02 -0.30* 0.06
School investment
Teaching facilities -1.49 1.17 2.50* 1.03
Learning environment -0.32 1.51 -1.03 1.19
Student activities 1.89 2.64 -4.49* 2.18
Professional development 1.29 1.94 5.72* 2.37
Family resource
Parental occupation 0.05 0.30 0.12 0.26
Parental education 0.78* 0.14 1.08* 0.14
Sibling number -0.81* 0.33 -0.47 0.37
Single parent -2.08* 0.67 -4.54* 0.76
Family investment
Technology facilities 0.17 0.21 -0.64* 0.22
Learning environment 2.45* 0.34 2.76* 0.31
Parental discussion -0.11 0.23 0.31 0.25
Tutorial on math 1.35* 0.23 141> 0.16
Between-school variability 56.32 40.27
Within-school variability 225.92 246.22
School variance explained 52.09% 53.21%
Student variance explained 10.76% 15.39%

Note: *p<.05; boldface type is for statistically significant difference in variable effect under .05
between rural and non-rural samples with the independent t-test.

Discussion

This study focus on the school and family investment effect on the math scores
between the rural and non-rural area. Our conclusion confirms the previous findings
that rurality mediates the relationship between school investments and student
achievement (Roscigno & Crowley, 2001; Roscigno, Tomaskovic-Devey and Crowley,
2006; Young, 1998). We, however, further explain the reason that school investment
has little effect on the math scores, and provide the comparison of investment effect
on student achievement between rural and non-rural schools. Among four school
investment indicators, only the rural quality of professional development has impact
on math scores. This finding supports Hamm et al., (2010)’s suggestion that the
professional development could have salient contribution to the rural student
achievement. Nonetheless, other school investments have no significant influence on
the math scores, which contradicts the previous studies (Barrow, Markman, & Rouse
2008; Daley et al., 2005; Zaff, et al., 2003). The explanation for this finding could be
that previous studies neglect considering the school resource, because the effect of
professional development disappears after holding the school resources constant.
Moreover, the results that the school variance explained by rural school resources is
much higher than the one explained by non-rural school resources (30.38 vs. 12.41).
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The findings above could indicate that rural schools are deeply affected by the school
resources and could make their investments hard to benefit math scores. Besides, the
weak influence of rural school investments possibly reflects over-investment, because
table 2 shows that their investment quality has been better than non-rural investment
quality; however, they get worse student achievement. This result reminds us that the
focus should be shifted from school investments to school resources, especially for
rural schools. Although it is impossible to make all conditions equal in both areas,
government still can improve key school resources, such as teacher mobility rate and
teacher seniority, to stabilize the personnel mobility, attract more experienced teachers,
and pay more attention to aboriginal students.

As for rural family, the results confirm most of the useful investment indicators
from previous researches. We also show that the family investments have higher
school variance and student explained variance rate than family resources, inferring
that parents can make substantial improvements in their children’s achievement with
right investments regardless of the congenital conditions. They could build better
learning environment to improve the student achievement as the ones in the non-rural
area do. The implication for government is that the reward system for students
especially for aboriginal students might change the reward from scholarship to
learning material, such as desk, reference books. Several teachers in the rural area
reflect that family might not make good use of the money, and few parents even
purchase more alcohol to evade reality. On the other hand, non-rural families should
reduce the investment on the technology facilities but on learning environment.

However, the poor effect of parental discussion is different from McNeal
(2001)’s finding. This could be because that the effect is shared by other family
investments; therefore, the non-significant effect does not mean that parents should
not pay attention to their children but invest substantial contents on them. On the other
hand, the positive effect of after-school tutorial on math could be a warning to house
spending and school education. Participating in math tutorial does not only mean that
parents will spend more money on it which poor family is unaffordable but also
suggests that children do not receive enough education at school. Schools could
review their textbooks and teaching methods to help students, especially for those
without math tutorial. Schools could also promote the methods of teaching parents
how to build the learning environment. In other words, school and family can work
together, or any hard effort in school could be impaired by the family, vise versa.

Limitation

The relationship between variables is complex, while this paper tries to compare
four kinds of influences, that is, family resources, family investments, school
resources, and school investments with explained variance rate. However, this
comparison could be limited. When the influence comparison between resources and
investments is conducted, the selection of indicators would affect the result of
comparison. For example, the indicator of aboriginal student rate which has powerful
effect on student achievement in past researches could be included in school resource
or family resource. There are two reasons that it is included in school resources. First,
this indicator is the important index of government grants. The other reason is to
know whether school investment could have more influence than school resource by
contrast. Although this point did not be supported in the rural area, the non-rural
school investments have more impact on student achievement.
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Conclusion

The concern with schools and students in the rural area is much less in past
educational researches, not to mention to compare them with the counterparts in the
non-rural area. The consequence above could generate a myth that the investment
strategies among two places could be similar; the discoveries of this paper, however,
offer different point of views, that is, the educational return to resources and
investments would actually vary by contexts. Due to the massive funding allocated to
rural school recently, the investments in rural school can be matched with non-rural
school, even exceeding in technology facilities and student activities. Nevertheless,
the return to investments is quite disappointing. All investments at school level bring
no significant payoff to student achievement for rural students, while at least two
investments have positive impacts on non-rural students. Teacher mobility rate is
7.56% in the rural school, which almost doubles the number in the non-rural school.
Rural schools also have less experienced teachers than non-rural schools. In this case,
without stable and experienced personnel, even though rural schools have higher
quality investments, they do little help with student achievement. This point of view
has been supported by the higher variance explained by school resources. Another
reason could be the resource and investment disparities at family, as Roscigno &
Crowley (2001) said. Students in rural area are relatively disadvantaged. Their parents
receive less education and earn less money, and their discussion with children even
cannot have positive effects on their children’s math achievement. The effects of the
increase of school resources and investments could be restricted due to the family
situation.

This paper also presents necessity of distinguishing resources and investments,
which shift focus from the comparison between influence of family and school to the
congenital conditions and improvement strategies. Regardless of family or school,
they are all limited by their resources but our findings suggest that they could improve
students by using appropriate investments. Although the family effect is still larger
than school’s, schools still should take the responsibility to teach parents how to
enhance children’s learning. Only through this way could family and school work
together to improve students’ learning regardless of where they live. Recognizing this
could open a new leaf of researches of family and school effects rather than
comparing the effect between them but offer more useful strategies especially for poor
ones.
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Appendix.

Variable definition of family and school resource-investment model

Variable

Definition

Dependent variable
Math achievement

School resource
Per Pupil Expenditure

Teacher seniority
Teacher mobility rate

Aboriginal student rate
School investment
Teaching facilities
Books

Student activities
Professional development
Family resource
Parental occupation
Parental education
Sibling number

Single parent

Family investment

Technology facilities

Learning environment

Parental discussion

Tutorial on math

Score of the basic competence test for 9™ grade in math
(scale 0-80).

Yearly per pupil expenditure from government but
deducts pension and non-teaching facility expenditure.
The average teaching years for staff.

Percent of teachers who transfer to another school this
year.

Percent of school aboriginal students.

The average quality score of electronic whiteboard,
computer, and internet. (ry, =92 ).

The average quality score of classroom books and
library materials (ryy =.87).

The average quality score of speech, after school
program, sport, and reward system (ry, =.94).

The average quality score of teaching seminar, fields of
teaching and research seminar, and support faculties.
(Twe =.88).

Ordinal scales from 0 (no job or single parent) to 6 of
present or previous parental occupation.

Average years of parental education.

Number of siblings that student has.

Living with only one parent or with no parents.

The average quality score of computer and internet in
household (alpha=.89).

The average quality score of tool books (like dictionary),
learning software, extracurricular books, textbook
supplements, and desk (alpha=.83).

The average quality score of the discussion of study,
future, and life with parents (alpha=.87).

The quality score of after-school tutorial on math.
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