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Abstract

In the information age, the role of information and communication technology is increasingly
prominent, and ICT has been regarded as a key factor to improve the quality of education. Based
on the survey data of programme for international student assessment in 2018, this study uses edu-
cational production function model and quantile regression technology to explore the influence of
ICT resource input and ICT use on students’ reading, mathematics and science achievements. The
research shows that: firstly, the average number of computers in school has a significant negative
impact on students’ performance in three subjects, while the proportion of networked computers
has a significant positive impact on students’ performance in three subjects; Secondly, students’
use of computers at school and for entertainment outside school will have a significant negative
impact on their grades, while using computers outside school for learning purposes will have a
significant positive impact on their grades; Thirdly, students’ perceived interest and autonomy in
ICT have a significant positive effect on the scores of the three subjects, while students’ ICT ability
and ICT socialization have a significant negative effect on the scores of the three subjects. There-
fore, in the future educational practice, it is necessary not only to ensure the availability of ICT re-
sources, but also to guide students to form the habit and attitude of treating and using ICT rea-
sonably, so as to maximize the effectiveness of ICT.
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1. 5l

15 2R, {5 B A EBR (Information and Communications Technology, ICT)ER H 25/ %, ICT
CHR AR B 28 TR R ORI R [1] [2] [3]. DA FE R, ICT fE20E N A B T3 I hl 2,
G RFREMUE RARRZ M ZEE4]. Fit, W2 EFIEETE SR8 ICT BRBASHE
FEHZ AR R, BT IR ICT BIFEHRAN IR, WA 7o T4 ICT BANZE MIBCGE, S5 AR
A INA R SR EE[5] [6]. fEME BHERHMKRIIEA T, MTE#INA, #EESNA T
B AR E, s NS

SR, 20T XA TR BT MEEERFMZHEKTFEREK, FEHRAREHRE YN Z
RS A /N8, RN AA BREY R EBE ML, - PSa AR B T 808 R
MECE . BE AT ANASEFREIL 8, &5 0B Fum T8 “ 878”7 B ICT BN ERAT4E,
BT 23 A3 X PP A S8 SR DRI [7] [8]. & HLIR IR LE AL 23 AR TR AN BT 4 83, B 7 38 X B = 5 3 (1) s U
PHREAT T EHTEE . AR, BFMGCaN “G17 EEEAR, HARRFEAL M Z R H I
FISIA9], X HAFR NS BB 7 IIA[10]. #E 2016 SEH B HENAN (BB EEML “H=5H7 MR 1
BAER, “TZh” DREREHEE RIS TR B R, A HE R 0 2 22 PR 5 R 4
. MRBFHEREASFES. EREPREBMREIEZ OSSR, X THEREE

ik
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AP R B 77 H SR s NAZAH N A T4k, BIASEE K GVE ICT BNZ N ZE 5, IEMNAZE
FAFE R N Z ARV R A S 2E R, W ICT M ZER. ICT SEER. ICT 2574,

TEEF KR E G BAREMERT, ICT BIRMBANFEH T HE RENRT . #5E AT
MR =) B . fERE S SN EE RS RN G, FEIEEEA MG B R IK
HEE S BNER N TSI FEABINKEE E EABNRIFER,  FRATA R 2 BE 2 1 >k 1 B ]
A, WEERE ICT SR R 2 AP A AL &, W] i B ICT BEUR A Re B8 H 2% 28 1 2 b 45t ?
AH RS 1) 1] 222 ICT BEIRH N RE TS A BARTH AR &t ? A ICT 4 A A5 LA R A A
ICT HIZS 2 TS REN A RN 22 A 22 b g ? fEURIERE b, BRI ICT AH 2SI R 0 A 2l s S 5
M) 2 75 A7 76 e o

WA, FATIELEE 9 BB 2 A R R S 1, Wit — PR ABE RFE RN EHE T~ H 2
) 1 9% 2R B L 5 o PR N 24 52 B OR (1 963 . [RIE, AW 08 I 8 4 20 2T e 1) [ B 2 AR VAR T H
(Programmer for International Student Assessment, PISA) 2018 %, FIH EFHE . HASHIES F ()24
Hl, BETHE L RBIER, PR SRR S ARSI R ) R N5 ICT A ORI
TN A S RS ) R ag e e R B, DA IR E A 15 BN R s 0 ) A Je LA R R B0 R 5
B N IEE TR S P SOR SR AR SHIE R T AR .

2. kA
2.1 ICT BASFEFWRSERNX R

ICT #E N 21 b MA T K RIIRE) A[11]. e RARK — BN, ICT fE30F S i)
R R ERGE, HEBN TR B ITESE 2 TN, R T — RATINEOR TR 12]. BT, ©F
KEMSTUERF TR T ICT BIRBN 5 AL S Bt 2 RO R, (HLRART 5 1% SR 72 1 4518 HH I 43
ICT BEE FI TR, WAl BUF e E R 1. ik, EX PR IEA ICT Mible
e RE B T BB AG A S SR T, A Rt AT DA AR IEBCE A ICT W] LU
AR IR, R ICT WIERABFEE, FERE RS R TERH[13] [14]. T ICT
(2% IR AN 22 EL R A AR (R SR, 38 3 A 2 HT B8 (A1 B2 5 M 27 A= 1) J 43t Skryabin %5 (2015) 38 i ff
FEXR ICT REKVPEZALS . WIEFAE SRS AR K, BEXR ICT KRR 5 A 1R 3%
BOE R GG R [5]. Carrasco A1 Torrelcilla (2012)fIWF 5t 28, 1€ 16 i | EMER, #H
10 &L B THRNLI AR 1 A R G LA A B 10 G- EALI BRI 22 AR RS R . SR, SRR
A AN ISR ) S UEAF FEUE 5 3 A 22 A T S LR BT INZE K PISA2006 2 5 & R R 7%
FREEwm, (HE5RKFS5#H PR RIRA R R[15].

2.2, FH ICTFERM ICT SES¥IRENLR

HAr, 2B KEXTNANZM ICT RERS%E SRS 755 R [16] [17]. Bk, MAZ
5 ICT AR R LA N =25 ICT af M. ICT /. ICT 7, HF ICT i ji¥E O &im it 248
JEHHHTIR I, R B A 2 ik .

B W78 AN 24 A 10 ICT Al T 228 b R G S i 2 B2 2 LR LN R R 1L — R 2EE
FRAESEAN S ST R H [18] — Tk A e IR AR B ICT S g JSFERR R A kLS
FRERIERSE. SR, TEXT B s sem B0 TR AR B, T )R- g %4
B REREW[19]. H— AR EE ICT B, EI7EERIE R TE R B . Petko 25(2017) A 5t
R, TEFRALEH ICT X2 AAEE: . BRRL 25 T SR 2 A sg i, HAEZ A ICT 1)
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s ) S22 3 LR A TR 25 S [20] 0 B8 = AN PR 3502 ICT (5 B, B4 T2 R DU TR N BRI 5
AT T A (2018) AT TR W AR AR REORTIT e SHE S I TRk 2, Lol oty 5 /D4R (5
BEAH TN IR aZE, s Guk 2 [11]. FRaitEss(2017)FH PISA2015 M+ [ PY44 T
B RHE B HAR G2 ERIFFIIRRRIT T I TT, SRR A AT I TR N B i,
ARG BAR[21] . ARTTT, Gumus £5(2011) &3, T HE H B A RUisoe L H 2 AR R e e At
SO, T E TR A A R DA I T [22] -

FURTEOSCEREE ], 222060 ICT S BE R 300 27 T RS BOREE MR . JRT, 7B ICT SRR E 2 R
210, HVFZ AR [23]. RAGLEAZ(2016)15E L, ICT A BUTR I p: 22T ICT
RIPGER . BRENI)ICT Ge ) RANIAEA ICT B EMELA =2 S ICT Itk HEh, & MNYEREIS L&
B 124,

Table 1. Dimensions of ICT attitudes and their significance
FLICTSESEEANREX

YRz X =X
XFBIHLAZ SR ICT AHRAT R I = AR 1
. ) MGRR

2.1CT i &M¢wwaame%mwﬁﬁ%%ﬂﬁm%@%fggw“ﬁ%%%%mTﬁ%ﬁﬁﬁﬁ%
[

SRAMALETT I NCT ARSI R B RO MR AT A B T8 FR AR B0 R, R R R R B
AT A I ICT AHRAT NI AT e

SANMAAE L RFEE LR ICT A9 NBRASHRAN LB AARAMALEALEE ICT I 54t A\ 2 18] B IR &R BUH
S J IR

vE: _FRARYE OECD I H 5 30 o W AL B [25] o

1. ICT Y4 IR MABPAT ICT FH AT 55 B B N TE B AL

3 ICTHE*E

4. ICT #:5

i PR, BUARTFUREISRE R ICT $ON. ICT MRS OLLA ICT (ISR L DA TR+ E
IR A FRIIANR AL AR E 502 RS, ICT XF22 A4 2l s BR A AR, B AT Ak
M. JCEMEREAR ICT XTI, RN EE BER I E MEF R h i SEABH S
FRE R R, B BAARRUC TS sl E AR, B SRR R ITISIERT S, BRAE ICT XT
ANV ARG RN I RS R] REfR s IR M B S B e, R i B (5 R A s S L SR B AR 7

3. HiEkiEMITEER
3.1. BHEkR

AW B R 3 A5 A 1 5 K E 4143 (Organization for Economic Co-Operation and Development,
OECD) 2018 H-7E4 3k 79 NN UHAXTIE 60 /344 15 B ERFAE(BUS 3R 2816.6 /34 5 42) AT “
B G I H 7 s (Programmer for International Student Assessment, PISA). OECD #x 5T 2000 ££ 7T
GRS 5 PISA MR, /G4 =BT 4 IHR, 2018 EHENSE 7 %0k, H AT PISA BN A FRINE A%
K B S 2 I E PRt AR SR B R IFVRE T H o PISA JIAX 58 15 BRI 24, TR P 259 55
ANEEB R B AR BE, DA TR AR A S8 AR RIKG 5E BR SS5 FUR I AR IE N R SR B AL R BT
T ERAIH BRI RRFE . PISA MR ARSI . Bk OB E R 9%, MNASE A L5 6 I A AR IX = A4
(IR M 1. SAEGRAVIEARR, PISA MR IEASE 280 A RS b T2 3 15 AR,
T A2 VP A 255 25 38 B AN [ R 22 R AT S5, R B3 Mok BT 22 1 s A 208 s 5 2 HH B8 T . PISA
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T H 4> W B, FeEB A /N B HE 45 (Probability Proportionate to Size, fiFk PPS)MER AL, DARIFSE Ml
FE BTG (FAR) % HAURE R /NER A 350 45 gt BEAT LA O RE 2R o BT 55, %000 H B SR A I 22 A% S8 P e s 41
oY RS B (N E R B B | SRR AR, B BRI AN R, I DAy M B oy R A &
B K o7 J2 BEA LA 7 1R IR R AR A R B G, SR )5 12 F KeyQuest A7 1t 4l Hh 11 24 A% BE AT LAt
R 3 P RO I 2 A AR [24]

AW PISA s B A [ & is . whEL HARI 4 5 SR MR B AR AT ekt . 2 B LI Y
XEAE RS XA, —2& XL E XS AE PISA2018 Mk, . iRl mlsdk
ZEERT, W HA S R R R B RIS E G R E AR BE . HAE MR R RS,
4550 BTk FERE AR B R AL BOE 01 70 5 SE AR AT 2 1 SR s R 4

TEG BRI SR MREA S, FLOREE 15,537 LM NREAR. ¢ 2 AFEARIE R 5150 5 Aith i,
Horpr, rp B FHSFE A S A HON 3822 44 (%A 1973 44, 534 1849 44); HARKEARZE 440 5813 44 (LA 2981
4, P4 2832 44); BEEFEALEERUN 5902 44 (LA 2907 44, B4 2995 44). BUARKILAREAK K 7861
%, EREAREH 50.6%, SAEFEAKCN 7676, (HFEALELT 49.4%.

Table 2. The sample of PISA2018 in Hong Kong (China), Japan and South Korea
F 2. FEFE. BA. HE PISA2018 MK FEHEAK

FEAZER(N)
hEEE HA #E A
7 1973 2981 2907 7861
B 1849 2832 2995 7676
&it 3822 5813 5902 15,537

3.2. TEIEWN

B2t 5 SR Bt AT UL RC I, TR A JU P A B AR . b R AR R 22 A B . B A
BHEEESE BRRYICT KRR, BFl=1NRE: 2R ICT BN, — 2 ICT A =&
ICT (IS WA CAHBITS] [11] [26] [27], Rtk FREEA S5t Chn, SR EANE ARy
AR . Ak 3,

Table 3. Variable specific description
=3 ZEARMFHER

Bia-e i Bk UiH RIFRETR
A I DR 12 S5
FA & S 2L SR E LA E ¥ PV AL
S (R
M EIE
ICT M AMEIT ICT (240 INTICT
EE3: ICT fi¢ AMEIRFEN S ICT A KMRE COMPICT
ICT BE AMAAEFE ICT I E EE AUTICT
ICT #1%2 AMAZERZ A ICT (4L 2 H 3 SOIAICT
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g%
KEHM ICT A8 F A B (PR IR 2 5R) Fe \CT TR AMA PR 58 25 1) e P 650 ENTUSE
KA ICT fEHE G~ ) W ICT TR Ah4 2 i R L HOMESCH
BN ICT £ 1%L —RRAEERAT A ICT USESCH
EREH
AT MR GBS AR ANBH LA RATCMP1
AL LE SRR TR R B L L) RATCMP2
M EE
51 AR 1= & 2= B ST004DO1T
g SRR e AT ECSC?
EREH
FRALE AL T BT E E R AL E (BAN 9 Epm ) SCO01QO1TA
AR RN SIS ARSI : 1= 07, 2= A3 SCO13QO1TA

PISA ZLL IRT AR EAL @ L EAE(PV) KL H =R, Tk ZERM . XFHER 2 AR T IR
HAETL, H H X T RS B A AR B N2 AT L. ARUE R B T AR R RS R BT 54
Re WSS AT, AR5 AL BELEG B S B S TE R 8 (— MR AR ) A& KRB R A, @i
AT ARG AR S B — Skl . © SEE ESCS FR 3. B2 B4k £ S0k A7 (Economic, Social and Cultural Status). ESCS
faHUE AR A (PARED). fir i S REER AV (HESEI) A ZX B2 AT (HOMEPS) 4 /i, 13 32 he 3 73 7 (PCAVR B 47519
Gr. GEHANTPENE, WHEZERN L.

33. WMIRAE

331 HEER
R b, AT DL 40381 5 (Hanushek, 1986) 42 H (120 L2 7 A 77 bk BSOS R SRy JE Rl 40 #7
FEZE ., HpmRik .

Qi =f (Fijr’ Sijr> B gijr)

Horr, | RoRFEAEAME, | RRER, Qu B FEMRS: Fiy AR EE RS M N ZR, ENKE
ESCS #63; Sy BRI A MBTE MR &, WAERTHENE. FHEPBEM LIS Py AR AN
XFE SRS R R, FEARE ICT MG, W ICT &L, ICT EAIEOL: e ABENLIRZEDL,

3.3.2. 4tk

% 4 NNEREN SRR G TS, MRS = S RS G, AN E X )2
A RS 10 180N 390.1 43, 90 A 634.4 4y, PHELLE N 1.63; BiA 4 90 i 10 43
¥z bl 1.53, Fl2ERE: 90 /A 10 78 Loy 1.55. 15 B =I5 a4 1) T o 5 AR iy 22 BEHOKC
F T3 67 5 [ YA A L 38 g /s — e [l )3 IR RE A AR 1 A8 Fon] T R AR B R i AR A B B T 5, B Re R A
R [ AR R T R AR R 1 AR B A R AR A A R R R

BT HE A RBTIHTHESE, AHFF SN 07%0R 5 (Quantile Regression), LAZ2AEI%2E. [k
FRHE RGO R AR &, EfE] TR AEAMARRIE . RET S A A SRR, TS BEHEARIEA
5 T 22 A 2 iR S R

YRR S ALER A RE S O A R AL, 2 AR RS AN EI 3 1 TR A R A AR AN TR R {8 R (A R 1
I, RE SN AT A 20 o)A AL, AN TIPS I AT K 20, i L 2> L8 el 5 R B b OLS [l I A= Bfti i A (o
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Table 4. Quantile description statistics for dependent variables
= 4. AEENSUBEERE T

PANUR
Ig&é loth 25th 50th 75th 901h
5] 152 R 45 390.1 456.9 525.3 585.3 634.4
B S 420.8 478.4 540.9 597.9 644.4
Bl St 408.5 468.1 531.6 588.1 633.6

4. MRERED

WIS N4y, o R A IC T R ) A B AT R M GR i 40T s 38 o R =
ANE R i X S R BRI R SR A R R R I R R A R T
Berp e Bl RIRL S R AR, B S A b K (] VSR S
4.1, FETENMR ST o

MEBBERGRGH KT, SAERIHX 224 LM R RS RS T, Rk, &
SR, B 5 th SR R I SRR ST T 250 M X 222 [ R S s S, e
A ZHIE 78 AL AR BRI AR R AR 0 2R S B i I, UG IO 451858 Bh T 45 B & AL 175 38 1) o [ 4 it —
RIS,

Table 5. The main variable description statistics
F# 5. FETEARG T

FELZE FEARSE ¥E PREZ

e 2 i S 15,537 517.60 94.12

Hos s 15,537 536.50 86.14

B st 15,537 526.00 86.10
ICT 2 15,537 -0.14 1.00
ICT 15,537 -0.45 0.99
ICT B & 15,537 -0.07 1.01

ICT #£%8 15,537 -0.21 1.04
KA ICT (B HL(H T RN B 4R) 15,537 -0.09 0.88
BAMICT S B BL(H T3 29) 15,537 -0.39 1.06
B ICT fd A% 15,537 -0.71 1.02
AL 15,537 0.64 0.61

R B 15,537 0.96 0.15

42. FHEYF, MENNERGETETE FOERSH

6 B PSR RGHE R E EINER NGRS, AR, B
BB RGHE EEAR R AR R R (p < 0.1). BAKTE, A2RAENIT, AL HARKIAE
PR =R G B T AN R R AR B A A A ICT (DT IR, BeAh ICT I (T2 ) R %
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(252 I = RSl TSN ICT 6 FH R BRI 2242, TRE A ICT {8 F (F TR RS A ) 48 5075 AR S 45 18 5
TEA ICT LTI, X ICT DO =y )5 AL ) =R SR 2 5 TXF ICT DMOEMIR 324 8 ICT Be )17
[, BIEAICT ge iz, HAEM G B a0e 3 m T B REBAN ICT Re /1Rm) 4, (HER}
SRRSO AR EICT HEM W, HEESRSAER =RRSHRE ST H B EE.

Table 6. Analysis of differences in math, reading, and science scores on major variables

F 6. BF, AENNERGETETE FNERSWN

T PR T PR L T PR L

A RS 79257 R4l > a4l 86407 RAMML > w4l 1438277 R4 > miSM4L
HEHLECI L 0.248 - —0.842 - 1.187

BEAMICT () —5.956™"  Esrdl > M4 —4.2107" @4l > (041 486977 RSN > o4l

RAMICT EAHRER) 40957 (R4 > mdl 24627 (R4 > w6413 K44 > mad
K2 ICT 4 -4.175™"  wmAA > R4l 278377 mA4L > RS04 1.946

ICT 3% -5.956" ML > R4 77327 WML > AL 41177 ML > R4

ICT fit )y -1817"  miadl > (&AM 087177 miardl > K44l 46097 RS > R4

ICT B & -10.926™"  EAA > R4 -7.6917 EAAL > (R4 66827 misM4l > K44l

ICT #:%2 476177 RS > w4l 9.9567 (R4 > w4l 7.96477 K44l > mEadA

: Tp<0.01, "p<0.05 ‘p<0.1.

4.3, ICT T =ANERJBX Y FEF A R SEIL R R

N TIRICICT X T E A, H AN E 22 G seme, 3047 1 . A48 OLS |l JH B4k
REAG IR = RHRGUSFAF AT 2 2 ICT BRI, (HEIFAREMIA ICT #HZN T =FHREi
AT DL SR A AR IR . N B A P A . HAM S E = E X B30, ICT 2%
BRI AR BEERARRA RS ST HE R R HHESE, ARSI A A E

4.3.1. ICT MEFERF R GAIR N

TN ICT M2 GTIRATE DL, 4R EoR, ICT A RE RSN EA F LS L2
I ZE 5o AENLEE 22 A B0 iSRS e i 35 i (p < 0.01), B AR s s, ARt AL
BRI A B T Ay, Hal BR RSB FE AT 4.764~14.57 4> 2 18] E R U%Eh o BEM TSI L Zo0) 2 A Hey
FRSREZNAE 50, 75, 90 Zr-fr#t bR, IF HERPITHEHL L 28 1 bRk B8 3 74 20.03 43 20.99 43 il
21.35 43, Ut BHERIX TSI LG 206 90 434 B0 i) 2 AR 50 BB K12 s s Wi B K o B AMEE R TN L(H T8 2R)
Sof T2 A B0 R G A W S5 R AR 1 i, 3 ELG 90 4357 80114 2 A B L SR A 3 B s i B K o AR /Mt
THEHLH T Fll) 5T 22 A 0 oA A L B 3 R B [ 52, 78 AR B0 SIS R 0 7 05 b, M
THEHLH T 5l 51 52 B (132 Br s i ek SR oSS, % 90 2 Bl i 2% AR 202 Gt i B
SO R o AR ICT X 22 AR B S 0 2 I S 52, ERE XS T 90 A 45 2 A I S Mk 1)
SO JRENE) ICT M T AR G A BB MR, EFAERCER SR A b, B0
[ ICT MBI bRismm sk 28] “U” R sh, HIABRMBEEEATE 7.389~10.62 43 2 [8] I Fikzh. Al
(1) ICT feJixd T2 B B G B B4 M m Em, tF 10 A8 b 2248 gud brssmite K, X 90
I3 LE b ) A RS B B BN o AR TR ICT [ R iRt A B S A A H 5 25 1 IE ) 5,
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ICT #3256 A HeF i G B M L B 2 i s, (H R B AEANE A i B R BE “uU” Bosh, B
KT Gt T A a ) 22 A K U0 ICT B B ARAT ICT #E38 I PR i ok

Table 7. The effect of ICT on student achievement in mathematics
= 7.ICT JEEHFRERF N

_ 2 HOE R K AL B Al
OLS 1043hrdk 25 M8 S0 rhiEt 75 AhiEk 90 Mk
i , -11.8577  -14577  -14207  -1367 9467 4761
AL
(1.128) (2.180) (1.716) (1.475) (1.466) (1.616)
k 14547 2.838 8.895 20.03™ 20997 21357
BRI S 2
(4.388) (8.477) (6.673) (5.735) (5.700) (6.286)
N i -11.817"  -6.1937" 117177 -14447  -16857  -19.607
RAME T EAHL(R AR)
(0.858) (1.657) (1.304) (1.121) (1.114) (1.229)
N ‘ N 8.502"" 35507 6.577 11.03™" 127077 14697
RAME T EHL(EL)
(0.783) (1.513) (1.191) (1.024) (1.017) (1.122)
o -51277"  -7833"" 59047 50407 = -25257 ~0.709
TERAEFHFHAL
(0.761) (1.471) (1.158) (0.995) (0.989) (1.091)
9.882"" 10.62™ 12.03™ 10.88™ 9.416™" 7.389"™
ICT M
(0.785) (1.517) (1.194) (1.026) (1.020) (1.125)
-4478™"  -5206" -5.805"" -5.616" -3.980™" -2.779”
ICT #¢
(0.942) (1.821) (1.433) (1.232) (1.224) (1.350)
18.78™ 17.95™ 19.49™ 20.51"" 17.68™" 17.16™
ICT H=E
(0.846) (1.635) (1.287) (1.106) (1.099) (1.212)
-11.82""  -10.62"™" -13.67"" -12.42™" -11.26™" -10.65""
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Figure 1. The effect of ICT on students’ mathematics achievement: quantile estimates
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Table 8. The effect of ICT on students’ reading achievement
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Figure 2. The effect of ICT on students’ reading achievement: quantile estimates
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Table 9. The impact of ICT on student achievement in science
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Figure 3. The effect of ICT on students’ science achievement: quantile estimates
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