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Abstract

In the context of “Internet + education”, this educational reform is carried out online teaching
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mode based on asynchronous SPOC for environmental engineering undergraduate program of our
university using instrumental analysis course as an example. By utilizing digital teaching re-
sources and information education technology, a combined teaching platform of “SPOC + MOOC
classroom + WeChat group” was built and a diversified evaluation system was developed. The
teaching and learning effects were studied by the methods of questionnaire survey, random inter-
view, correlation analysis and multiple regression analysis. The results show that this teaching
mode obtained high recognition and played a positive role in promoting learners’ self-learning
ability and learning effect. Meanwhile, learning engagement and interactive behavior of learners
can significantly influence the final learning effect. The present paper provides a reference for ex-
ploring the teaching reform of instrumental analysis course in the information age.
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MALIRTIER . KM, XEE. A TR B ARG RE, OGRS HmMAE A,

WA, FFAWH R ERAEH A ERERT, HEBKM (BERFEML 2.0 73000
Wit B 0REE C HI+ AT T AA IR, RRET BRI BE RS HE R, RRE
BIAREE RSN, #HHEREAR S mEHFERERA[1]. 2020 FHEEEME, BN + &
B B 4 SR I PR A e AR LUK B SN, 3R O SR R SR T R B O AR TR,
Weh “HEM + ZHE” S T HP A K .

s SPOC (Small Private Online Course, /NI T A7 7EZLURHE) /& Horh fe AARGE I T B v i 2
—. B/l MOOC (Massive Open Online Course, KFUFFJHAELLRFE) AR R, ARE0 /NS E % )
N AEL RS . 7P SPOC £ S B2 A AR 27 4% K5 sURI AR B AR T B WA RS
TR, EHSIARBEEEEN S RE AR WEFMEEAHILE, XE—EREE Lk 7 MOOC #tH
U AR ORI AR L S A BRI RS R R 2] [3]. R, 2l SPOC AR aUARFE AL B & 3
WE, BEHZEITFEREE . ROSmBRE] . SZEls: > e sk 2 BEEE MRt % 4] [5]. Bk, F5
SPOC fE N —Fil B 712 BB, s BOMBE AT 20 o 52 it 108 s . ARG H e 2
SPOC 5t i& T M5 TREARL L B2 0 B4k EIRFE A, FRid i 20 S B idh AT 205 U S
ST A AT 50T

2. REFRRIVK

IXEF TR R B RS AR AR SR SRR TR AU A AT R BRI B 1R
FEOHONFEE . AL AT Y. BiSERBR AR, EAR IR & 2R E R U 3
Re/y RS EEAEH . IR EENGDGE AL, BUEIE. ikatnE. s iikgE 2K
AR DHTEAR, HEARFREL, KTERARZARAANR S, HASIERERE, BN AERN
Bezk. RIS, URFEN B RAGERIE . X EEL. 75 MBS H4E, BRI 2 AR AmIRAE X
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YAE o Z R IERIME G 2UF OIS PPT HH%. 1ENAER, H#FEIHRE—, EHAETAR, %
5 P S i G P 4% R TR A 2% 1 B WA 34 1 o S U, SR AR LA P, 2 3] DRI Y
LU R [6]. R, A LERIE TR + B BB XA 3% 40 M7 R R A 95 2 D
DL A AR e R R 2 ST
3. & FR45 SPOC ¥ ER g

CEAHIRFZI T2 SPOC # i s B E AR AT %« IRFR LSO IR T 7
o VAR AR AR T & oS0, MRS BRI S 5 B R EIE RN, TFRECENE, &
HHEES), @ar “SPOC+ ¥R + BUSEE” MLk FASHETE.

3.1. RESER

TR AR RTIEAT 2 00T, G I TR 2 DI IR 0T . IRFE2E ST E N 99 B K I TR+
WHIARAE, HA B4 41 N, L4 58 N, FHIFER 20 4. 05 B IRBEARE LN, Bk
LRI RAR, B — e b BRI . B BN, 64.6% %4 B4 1 MOOC B SPOC
AT, 88.9% 12 A A8 F AN Ui AT 25 305 73. 7% 1 28 AR XA 38 o AT iR R R Bl L At

AR 5 A SR G A G DRI IR B AR AR Ll E s, BUEFF & T3 H AR BRI KN, E
EEEM, SRR F IR RIS TR R . Ed e ER S MOOC F & i I S 7 T 3 B2, KR AR
X G AL A TR B ) AT E SO R ER, R AT e, BT e R R
NGB, B URRE H PRI B A5 S BT B R A
3.2. R

e B K2 MOOC V& & 5720 SPOC IRFE, BT 1% T G BOLAH N A2 IRFE R Fe b, Har
WA IANHE SR, FE, WORRFRACHE R, AREEA . W, =4eahm . M, SR R
BEATHRER Ak, HIENEEE REZ BRI RATE T G AT AT HeE RIS TS, Xt
) USRI T AT S IR B i 2k EHUERE . AR R AT R M ST S, PAA R AT ST AR N
2%, BRI, S TR, AR CTORE, I8 N R T AR e BT R I R SREEC LA
R4 IRBN N T 1m0 LA AR AR (1) 2025 7 v B S R R P R 2 2R I 2 ) SR e, AT A L AL ¢
MR B2 ST N 3h 2 3], FFiEd N1 5 SR8 5 R A% B A RE B 1

2 P RS RS B 5 S AR RO 2 ST 5%, RSS2 E], SPOC iR, R
PRS2 5T BRI A R & T AN e . R SPOC ~F & HdE Seist Se vk 524 1 SIE I, HRR s i 5
REE R T MR A SRR AR AR . B S T B A T R R SSRGS AT
IRYE 4 125 5 BRI RS U T VP40, FEXT 224 58 1) oA R A AT 2 SR o, DAJR I B A iR AL,
BRI A AN FRE . RS F A — D E I ROR AR, R I IR AR AT U 25 5], T AT
FR . TEERTHBRIESL T, F0 SPOC B BaUCREUS I 23 MERAE T X, ik 22 A4 15 2058 R AT
VR RS 12 2D BRTT, AT 32 b 58 R R 1 4 N R4
3.3. IRIEZZITEM

5T SPOC V& WIS I T AR — P 20 ZHE VPN B2k R, B Fifar.
JOR G R @BV FURVEN . AR A VE AR AR TR T, SR S e A TR RN L
SRR SPIRIL . VPR R AYEEETEIN AR RS, B EE ) R IR BB IPAN
WRERGYEPPN =00, WRAELS S, SRS, HRm R, M. REEL. 2 E
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Figure 1. Survey results of students’ recognition for teaching mode

E 1. FEXMBFEATERFESER

4.2. BT xEVFRZE S REH

SPOC ##F Gl ic St 12 2] AT IR RR 22 ST AT B, X S8l vl A4 o ST NFIAE AT
NPT . BTE AR ERE, RIZERHE. MORWE N WORWE K AEAR S REEREHA
ERE, BIHIR X PPREOR /N o DL EABAR A AR I R S () Y FOARAE ZZ 32 1 P o

SESPENTTH, 99 4427 S F A BRECN 15.78 + 0.76, TOEMEMNECH 72.61 + 4.48, “FIW
K 1302.47 £ 747.26 4354, FIVENASS> 9 81.53 £ 16.37. HIFMESMT 4 R LW, NIRRT
VeV AR R R B4R 5 8 2% IEAH S5 ME(r = 0.482, p < 0.001), ZFIREWA RS E —EMEMERXR@T =
0.220, p <0.05), TMERME NN K 5 R ARG R EM SN ZHAT NI, 99 4% #H 1
PHEXPFEECN 11.77 £ 5.75, /NATTEIE 8 91.05 +7.08, Hrhid i XI5 5 WA M st 2 — 2 1
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Table 1. Statistical analysis of learners’ engagement, interaction and achievement

=1L FIFERN XETASRENGITHR

MIRME MIRME X NV R

I P N (L C A 7e IS Rt

¥iMa 15.78 72.61 1302.47 81.53 11.77 91.05 83.35
FrifEZ 0.76 4.48 747.26 16.37 5.75 7.08 8.13
R RS 0.220 0.133 0.006 0.482" 0.249" 0.138 —

E: "p<0.05, “p<0.001,

KR MRS B A5 AR S (R AR ), Hol P G a5 21 38 BT AT s L% ) 450 A
AR 5 2] RUR SABERN 7 SJ INHCE A e, G 9 TR AL B (H AR &), AL 20 Je Pt Rl A, #R 1 DL E
AT R A RS . R ER, B r i/ — 3 (partial least squares, PLS)Z Ju[rl A=Y Ay ik
B (LT3 XIAE 77 Z 45047, CV-ANOVA, p <0.001), BiRITTLARRE: ST sk 92.1%0738 5, HAT
PATREIN 2% 2] 85t 91.1% 1078 57, X R WA 105 B AL S AL FE 4, Tl e 0 (LA 2). itk —2biliad
AF B 5 B L% 4 T (variable importance in projection, VIP)E 7% &6] [ YA BEAY () DTk 15 e, L8 EMEAK
TORPENAR 3 PHRIXIEIRE. ZBIRE WOIRE AN, ANEPHE B2 ST K, X RbRIY S
KNG R IEAH RN, A S EESE(VIP > 1).
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Figure 2. Relationship between predicted and actual grades by multiple re-
gression model
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