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Abstract

Different from traditional science instruction, how did 5E, HPS, project-based learning and prob-
lem-based learning affect Chinese students’ science achievement was worth thorough examination.
The current study applied meta-analysis to synthesize the effect size of aforementioned instruc-
tion modes on students’ science achievement from experimental studies in the past 20 years in
China. We found: 1) the overall effect size of the four instruction modes was 0.48, indicating the
above instruction modes had medium and positive influence on students’ science achievement; 2)
the effects of these instruction modes were stronger for high school students compared with mid-
dle school students, and the difference of effects among science subjects was tiny; 3) studies fo-
cused on high school students and science subjects in terms of chemistry and biology. Based on the
findings, suggestions included: 1) increase the number of empirical studies to verify the effects of
the four instruction modes; 2) increase the studies towards physics and engineering; 3) promote
the implication of such instruction modes in science education; and 4) advocate systematic re-
views in educational policy making.
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RO HIAT . BE AR 2 2 BN B S SRR AN, HPS BUE a3 B E R A s T AR
SR FR, FETIH 5% ) 20 EM X — AN BRI H R FO A ST, T T 1] R 2 2] 20
PR L0 F0 [ R R SN o T i NI B, R I A R S R . B
REJJ. VHIERILAE ). SRS ST Re A i) R P se U5 [9] [10] [11] [12].
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Figure 1. Article screening flow chart
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A T A FH 92 596 2 15 %o R 21 B 45 ) b fE 4k 34 22 (Standardized Mean Difference, [SMDY]), Bl RN &
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FEFRAEGORMICER 70 ATy MR AN A R IHE o PT 8 3 B4 18 R Gt (i B LSS5 RIS DL[68] 0 (R Rk ikt
A GUTH AR BT FUEE R BTG B S T R 5 50 A R AR [69] » e el e ' WA 7o 7 A B AR A
BRZAERNE, R RS Z 4 RALE WRIEHT T, WERBE O GRAR KR AR ST, WMt
ORI AT EENE[70]0 SRR SOAMFAE R R R, (B BAFE S Gt SO 45 R T ) il o 25
fURTRE, PRI, XA 22 6018 SCREAT T 0 o A6 B o AT TR AR E A 0802 R B iR 22 5 Fn AL
P72 (SMD) 2 il <1 18] o 38 /IMPEASIE TP U1 10 RN B AR R B K, R T L A 7 s i v 23 e
Ta=F R RHR s B AEAS S B G0, KA TR T B R B (A S R JEE IR BRARG DAL LA B
AR TEHE T SRR — AN BUR VS N [71]. 38 EUFE I I SIS0 e R R, s SHE R
R S8 AL TT RO S A TSR R EOT A i, R IS B AR IR S R EA
XIPREATERE, WA REAFAE R R 7 [72] o

3. ARGR
3.1 HARMGIHER

11 988 F5 SR, J@ T RFARREHA SR A 182 &, HoE 174 55 Gk E TR #
SR SCUER 7T, A7 EE 94.5%. fE 174 j@ SCUE i, A 138 Wit i 1S it, (kb 79.3%; H
AR 36 I (L.7%) R T I FE T SCAR L, AT LS AR S 75 . AW SRR 45 e SOOI A 1)
BRI RST, HESCRRIE G T RFEAR R IRFERE S BB B RE S5 HUE8UR

TEZEBUT T, 45 3R T A 34 Fe A BOR w7 B 75.6%: 9 e ST I 2 BOR W, 7 B 20%:
2 FRTEANY, HEE 4.44%. EFRDTIH, 21 ROVTRENE 24, S 46.7%, 16 RATFE IR E vk
%, 5EE 35.6%, 6 ESHFAIOERNH EE, (L 13.3%, 2 BEFRERE AN ERRY:, b 4.4%. HOEAR
WU, AAR A ESUS E Sk o T AN AAY, Bl (DNA & EEREAET)
2GR &8 JCRRYTR N N2, Bl R 5 PIERSUR IR T R S N, Bl GF
730 s ANFRPEGURIN DL — L B R R GO BN, Bl (R MTIEY o mrTh IR AR E & T
YIEL, A AR ER R WA, /NI R R T — /N Y

HF 7 8 24 i AR BORE ) 7 920 B BRI RN S50 BT, AF 7T TR 2 IR, it 704 H m it
BENAE . W IRE RIS BRI N B EREEOE EAS TR, BSZFEA t AL, EOXTFE t
K5, ESERFTE.

32. WM B

VURh B S B I 5 S BRI e A 85 R WL 1. Horbr BE. HPS. J:T-350 H FHJE T ] /)
AN HBCFE R AN B B2, PN 24 38 0.47 (SMD = 0.47, 95%CI = [0.35, 0.59]), 0.51 (SMD
= 0.51, 95%CI = [0.40, 0.61]), 0.52 (SMD = 0.52, 95%CI = [0.34, 0.71]), 0.44 (SMD = 0.44, 95%CI = [0.34,
0.54])i% 15 B RSk U, 5 10 DU R A SO0 S 25 2R 2 ST G AR SRR BB . T DU Rl
52X 2SR P 2B o 2 S K, E N T 40 PR A & 9 90T B 96 5 45 R SCHR IR S B 1k 3R 380 1% = 31%,
FEA S VRS /IS, R FH ] SRR

BRI R 7RI TR B AT (A& 2 o), 48K 2500t 78 B ROV B 95% B (5 [X [V 72
RUER(ES = 0) AN, HAorAmuFls ™, RF\BEF AR IE T A B G AT 7T 48 32 S, {OF 12
5 (26.7%) BF 72 B2 BR8N B AE 95% 5 475 [X A HR 775 /NT 0 B89 o
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Table 1. The Differences in the Influence of the science instruction modes on students’ science achievement

=1 RFREHFRANZEZIRGHTMER

9506 15 [X [H]

\ w N B L A= irs
HOEHN Mo R z  UEER
(SMD)  ppy TR i At
5E 12 0.47 0.35 0.59 17% 7.89 p <0.001
HPS 14 0.51 0.40 0.61 58% 9.41 p <0.001
ETUHRE 5 0.52 0.34 0.71 0% 5.59 p < 0.001
FET ] B A 5 15 0.44 0.34 0.54 26% 8.63 p <0.001
Mt 46 0.48 0.42 0.54 31% 15.99 p <0.001
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD _Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
FELI019 64.87 10.35 46 F1.98 1264 46 2.0% 0.25 [-0.16, 0.66] T m &
HEMI01T7 B8 123 37 626 19.8 37 1.6% 0.43 [0.03, 0.85] 1
w2018 56.88 11.74 a1 8173 134 44 2.2% 0.41 [0.01, 0.80]
FATE2019 (1) TT36 1249 45 18 1211 48 2.0% 0.43[0.02, 0.84]
FTE2018 (2) T78.36 12.58 45  T26T7 138 45 2.0% 0.43[0.01, 0.85]
BEE2019 2811 8979 38 26.38 11.07 40 1.7% 0.26 [-0.19, 0.70] . . ]
BEH2019 3418 8917 53 29659 1236 44 2.2% 0.41[0.02, 0.81] EE#ﬁEJﬂ%E‘;
2019 1902 289 46 1535 307 46 1.7% 1.20[0.76, 1.658]
THz018 TA.26 13.83 90 AB9.47 1424 90 3.9% 0.41 011, 0.70] o =
BEAmI017 6319 12.34 48 4638 142 53 2.2% 0.45[0.09, 0.88]
SiEg2016 8006 B.OT A0 T5.89 T.68 53 2.2% 0.60 [0.20, 0.99]
HiEz018 7T o11.82 32 T84 11 33 1.4% 0.44 [-0.04, 0.93] T
TgAsIs T 6745 1188 53 5885 1365 53 23% | 0ed@oze o3y T T T————— T
SERgiz018 613 11.8 A7 54.88 1442 a7 2.8% 0.48[0.11, 0.86]
pR342018 B7.49 14.39 61 B4.38 1341 53 25% 0.22 [0.15, 0.59] EXT) I
#Ig2016 41.83 899 47 385 T.A4 47 21% 0.28 [0.13, 0.68] =]
FHEFH2019 12485 192 51 108.42 37.55 85 2.3% 0.50([0.11, 0.89]
EFEEE2018 B9.71 1569 a1 B89 1516 52 2.3% 0.05 [0.33, 0.44] ZRN | TR
Frafsz014 83.25 1663 52 T2.892 1785 a0 2.2% 0.59 [0.20, 0.99]
{FIERT2012 7496 13.89 54 BT B 1563 56 2.4% 048011, 0.87] Hpgﬁifﬁfﬁ
WEE2012 7684 11.08 54 T1.2 1346 B0 2.6% 0.45[0.09, 0.83]
32019 75498 138 48 T2T78 19.73 44 2.2% 018 [F0.21, 0.59] I T
BREE2019 81.31  B.08 B2 T574 4978 a7 2.5% 0.62 [0.25, 0.99]
SPRF2019 7149 6455 46 B8 T7.34 43 1.9% 056 [0.13, 0.98]
A=hAptRp 2019 2316 537 49 1724 446 44 1.8% 1.18[0.76,1.62]
_Em&Rome 16 288 40 1248 277 33 13% _ tm;porare | T
FH2019 7865 14.29 81 T2.04 1428 48 21% 0.46 [0.06, 0.86]
HRiE2012 TT.Y8 1512 54 TO0.93 1856 a7 2.4% 0.41 [0.04, 0.79] -
ST TETI 982 48 HEB.98 1092 a1 21% 0.74[0.33,1.158] Eilﬁgﬁ’]?ﬁ}j
PEREE 2019 TO46 101 41 B4.568 1425 43 1.8% 0.47 [0.04, 0.91] éﬂ?ﬁﬂ—‘
Eize B9.03 807 40 B478 1000 40 1F% _ 0sE@A00N | T
IZ2017 7545 10.08 37 B9.B1 985 37 1.6% 0.56 [0.10,1.03]
EE2012 574 145 44 475 15 44 2.0% 0.67 [0.25,1.08]
EEEHR2019 5208 10.62 48 5227 993 48 21% -0.02 [0.42, 0.39] SR I
k2018 F217 1346 56 B9.EE 1211 58 25% 018 [F0.17, 0.56] I IR
3= 2018 5023 862 64 46 1034 B3  28% 0.44[0.09, 0.79]
FEEF 2017 .81 472 39 2975 543 176 2.8% 0.39[0.04, 0.74]
2015 5252 942 44 488 837 45 2.0% 0.41 [-0.00, 0.83] o 8E pa g
OEER2007 68.51 1017 54 BOG2 13.88 51 2.2% 0.65 [0.25, 1.04] %gg%ﬁ’l%ﬂ
=EII018 63.87 563 B0 5867 11.01 B0 2.6% 0.59 [0.23, 0.96]
2HE2008 72E 1326 53 B223 1516 54 22% 0.72[0.33,1.11]
&HfF 2018 665 15.41 58 59.02 144 B0 2.5% 050013, 0.87]
FREE 2013 11 703 42 8684 BOT 43 18% 0.52[0.09, 0.96]
20156 6699 911 61 BE1B  8.34 54 2T% 0.08 [0.26, 0.45] J -
EEHE2011 3422 1082 50 3122 838 45 21% 0.31 [-0.10, 0.71] =
FE2012 2908 4.4 48 2533 503 48 2.0% 0.78[0.37,1.20]
Total (95% CI) 2308 2435 100.0% 0.48 [0.42, 0.54] ¢
Heterogeneity: Chi= 65.64, df= 45 (P=0.02); F=31% 1 -n: . ; 0:5 1

Testfor overall effect Z=15.99 (P = 0.00001})

Figure 2. The forest plot of effects of science instruction modes
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WFFLI RN 5 KT 0 (BE ##EK 6 41, HPS st 11 41, T H M) 34, BT 2] 14
H), BAAMSTHUNENAIE-0.02 5 1.20 Z [, FHA b T /NN & B 7P 4H.(5.9%),  H &R0 &
Fi 18 41(52.9%), KRN EAFFT 12 2H(35.3%), KB = WA H2H(5.9%), X Ut BITE bk PUFh B
SNt R AR R G LA R S E R 1) OE TR R ) R R R AR BRI et 9 2H (BE #UE A
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Figure 3. The distribution diagram of the academic section and subject effects of the science
instruction modes
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