HETW

2026 £ 3 A% 855 3 H

TR S “Pr B A T H A BEA
B N BB FWM E R KIIY IR=
BT R B ARG R TR, %

OE s eR ERESETN RETEHZATRET R, HFERE— WNERNTEBSOM, KHR
DTSRRI AL, AFMRASBINENHAZHNREN HELL TURA. 8275H” NEE,
BUEN “BEi—FEe—0H MBEIXHNBAR. #7 RARRRPIMFREEK” =R
FiiE. BUSTIDESIENER, KEDBe WRRENNAHZINE, HEDSLWHZMES Skt
fB7 @ “Ti2shiR” %A, KR, NEBUNRE “EEREMAERKN" 2ELRIB30%RTE
80%, FEAEFIST. BEONT. BAIMFSLEENENIMDBAEBIRIA30% ~40%, TRFIBRSTIE
SEREENDBAIEBIZ R, ZENEW “RET—HEIMANZR — MR DR, TNFHINER
D ESREERAZ AR RHUTBHNS ST,

REEIA | TheskiR; IR sti; MBTHE

Copyright © 2026 by author (s) and SciScan Publishing Limited

This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

https://creativecommons.org/licenses/by-nc/4.0/

Bl B TRV BRI AL, b7 B R IR 55 X 38k IR TARR IR A R S8 <R
PRI RIS  SRE E RN TR A A FIHSR, ANHEFTLIRT , MELL R A A B3Rt
BRI, YIS MR TR A O S B A O Bk
TR, SRR HRS TR B, IR ST LR ARSI H 5t )
MM =N A pLivs A Ak '3 Y. 23/ 1
SRR IR B TR SIERAE s st . S PR U R

N S s P s« DL AT
%ﬁggéizggggg%ﬁfﬁﬁ2§gggﬁﬁ RO AT OB . EECHRE . QTN
fb. ZLRRBIERSRHE, Bz Grlsbinx P20 RRBRIBTREMEEL, LR
W R, HOmRaU - VR B TR SCBRBUF O AR o ASCE SR B Y
D—EAO T Bl It H=, iR R RS TIAERS  ELASTRZSHE B ST, A 12 e A 0 52

E, WM ESI A RMER T, B SR AR RIES %

EEINE: 2023FE RS RaSERYFNERRNE (%S: HNIG-20231009) .

EEEN: 3 (B—EZ) (1984-) , &, ifEEssfEA, BIER, B, HRAA: SSHENR; TR= GBREE) (1978-) ,
T, HERERRA, BB, L, HRA[: FENSESEERR.

WESIA: §if3, 88E, R, T TEXIRSON VISR mERNHENE (J] . HBWY, 2026, 8 (3) : 225-
230.

https://doi.org/10.35534/es.0803042



TiELiSmn MBS NERNHFHE

+ 226 -

1 BFERFRITEZHE: BAE ‘L 11 MRRIERIT: BMAMSEEm TR,

k. EhiEd” HAEIBER

DHFATEN
PASAAERE T R R B BOVE L AR A, el 3

AVECEUAR ARSI g ok, IR I
B B =FZi, BRI SRR AN TR 70 /A/\Fﬁ'\ﬁjﬁﬁ%/\ﬂwmﬁ Il Hi 7 A
PUE N AN Ty B 57 P D WS 4 N iR S M e e T SR (] A AT S L (R RAT i s
WA, DO m s )l i, ZIuiEm ik ﬁ’iﬁﬁo

BEAA B TR .

TEFERISUE S S g T, Al S
RN B, A “RRBERIIE” BTH A, SIAM

Jrkr i CiMEIlE g ) BREERME RS T o 2k

AU AL, TN B a0 TR i ] BE DR

ggz S S TR [ EE A ;i@ﬂ%m,\
- l BRAE IR %Eﬁkﬁﬂ:ﬁ/iﬁ
N CEE T e SRR )

A" TREAE R, AEBRTRTR .

AT
ST S e R
(Fwommint W it ’MJ"E- TERE SR R b R TFRCR 3 T

Ui RV NE R

WIRLR G W w

e el || Ko,

. ‘M o ;m@ S BEERESL. W CXORIK RIS TGO A
msE e | et v i BRI T ORALRE |, MR i bR
s | F B b || Bdgika, PEREZER, SERA SR . T AS RIS T4k

WiE "

)
= i T,/r EHESAE S T, 8 A R AR
w ARG R ) S n, o« I 3l
-aﬁi&z#ﬁ'ﬂ%ﬁﬁibﬁfﬁuﬂmjj 3:*1:»? Tk, i, é%ﬁfﬁfit JImRﬂﬁaEEd%EE/‘J‘UJ
R BT RUEH T b, RS B
njt rlalet Y He NPT . N
B R T BT R R PN — A 5 i — AR BLR
E 1 AHRBEAREEE efisk, Bl E YL . MERE . A
Figure 1 Technology roadmap of this study TREFZ2ERANA,
#1 MBATRMBERREIERSG
Table 1 Tiered experimental project system and engineering cases
5 H 2 55 4 6 LA TREGIEY S
e LA LR AIE - NI o KRS RS /) TR BLGERE BRI
AREARIT RIACRIAT  SORMEAS e A TR A TR
e ore i e PR T H& TR T LML MR P K AR B AL BEERIA . BClisbT
IRBRGRSURIMNE Doyt mBr el Lt
P T KRS TR R AT SRR S G B T AT 15 PRI, SRS
e EPERWERE e TR
(5790) g g ey TTBH . BT TR (RFREE . ) —iE R
FSLHECL v TOMERSUE g oy oot stk e, fsischon PR B ILERIL,
JHERER o AT T2 AL PSP TR
UM R sy T g U T R UK Ty WL K 2B U o (Langmui] o g gy
M I ) 25T M5 B el Freundlich #EIE1 4 ) — & EESRRIGLEETTH ( Arrthenius 23K) (g 12 BT
R PRI K g i S R AR A A
Ry BT EEPIRT SocPb SRR 0L DI I M SORIMT, SRt
BHESR UL LR T 220°C . RACKARRIRL HEAL . THRZF
(3 RRSENERER  TASENRT SRR R A P RS Rl R % + BOFROE, Rt
Vi iy B ESLR—HR K ) < 35mN/im. EIMFE= 95% PEBETTA
PSR ZRMORRRALRBLER AL TA T AR SRt W5 25°C ~ 45°C R BRI FFF 1L 312058 . TR
(370) WO CHOE AR R I — YRR R R T 2%t
. e FURET G4 AV R RRTL . R v S B (b U e SWURER A A
RIEFHR CMCIWE g A s R bR R R
GAMESO i o RIS FEGEIEHES M 4 AR KOH Wb MRyt~ BT DR . FAE R
Btk (350 i A WHHERET S TR 5 PEREITA
LT o e o e g CUS TR A S
Rt S RE BU 2o PRI T L S AT G AT
MRS PRI oS TR Bl T K VR 808 R (1 3l R 6 L FLFAE
15l LA HSVERAL BRI HUIE SR ol
y A e et s S A TR . 2SR S R/ ) -
’2‘%‘ 5 e 7 U iz e A - W, RHHE
(BUIIE) W7y G SR RIS = et (P1iR, SEM) ot B 4 s 7 ok g P EE HHOE
WL / B A S Presk

https://doi.org/10.35534/es.0803042

www.sciscanpub.com/journals/es



TiELiSmn MBS NERNHFHE

<227 -

1.2 FNEEHEITE BT RRRR—RPIME—
REEL” =MARSEERIE

AR BT ES | ARSI &,
FAFE LA R EARE = T iR, o A
AR ERESITE ¢ o

12.1 EEBEED: BEEM, UEFER

DLl o) A S 1) AR I B AT S5, 22E /IR
JE R R SCER A R . PORME S REAAT, A FRE
WIS %, W B B SR A R 5 B £
IThE S,

122 RHMELH: 51 RFER, ERMML

HOM ARG R B A N2 5 S8, hEd iR
MR TS H RS FAESAIT RS R .
KSR, B NS TR s
%, BRI SR BRI EHT S . AT E SR
2 1) T RESCBARAERE ) SR EE T 7

1.2.3 REEREMN: HERE, EAWEH

51 G2tk Fe RIS SOMVEAS 20 5E S IR A, 2
PG “7 H—f SR —ar 5 — R F—55 R 5T
25" Mot BREEIRE . iSRS, #
B AR SE PR G B YR SR FIKAE TR R SE
Tt

1.3 ZIENMINGl: RFESE. H55, 228t
NS ENIHE A

SAARBEI B 22 2E 0 Ak TR SRR 1 IR FR Rk
B, AFRET “efEn. LIRSS, L4%ER
16" LI RPN R R . RS MRS
W TEM AL, BESCH: SCI A i b, SRR
AR H SEhG AR B AGS e  BMERE T . Al

BRETERESR, DR sl
WM WE A, BRI 20 A PR B 1 32
HFE,

13.1 M EERS T G, 24£. NHABE
25

PEM TR o B — 2T R W . A AR A BN
WA=, AT 7 o AP 43100
4y, SR =B AR

PPN ((560% ) « MG H P AL R BT
LAl PPar, 536045 o F R (2540 ) MRk
(1043 ) | &tk (84y) « Ik (74 ) =4 T
gys SEEEAT (204 ) MIRAEREE (84) | Bdiick
sedbE (740) | EfRYeEEhE (54y) S4EEEIESY;
WEBRE (1547) WEIREEE (64r) « THiRE (5
Iy) . TRENHVHE AT (49)) =4EREEs.

A (520%) « FHAATEEE (9520
450, WHIRENR (64) | fEHRT (84r) | 3%
BE (64 ) S RAREN, BEm EEEH S
INTRFREPPM A TR (25) © “ERAL
FAREPEERERE” (34 ) SFEAPEI,

INHESE (520% ) « ARIE/DNAUMEEITE (i
43204 ), MWHEIBAIME (84r) . TTwkE (74) .
WMAES (54 ) S5E4EBEMIE IRy, &R SRy T
AT CBIRIE SRV & BT kAT R
43

132 IMIERSHEL: RETRER, SHUEN
LHEE

TEZIBO0S AL N, HE— 25 AT 45 2 B T AR 5
BRREII R, WERITA TR bR AT . Tl b
i (WnFFR) .

F2 IRIERENSHTNERRSE

Table 2 Multi-dimensional evaluation indicators and scores for engineering practice ability

[EPAE ES WS A
HE¥2Jhe N SCHERERI) B SRR . BERPE AR 8 4
S RS ERE RPN . MR AR . Ak TR 1543
SIS LN ICTHARVERLTERE | A ST 125
AT 5 0 38 £ ST HIRIHE . MERCR . Bt 10 4
BT ER T AR RR ZYERE T AT . AR Y 1543
At 60 43

133 hadEeEt: BEHEERY, Lild
BEE

PR BT O H S B — 7 R — LR AT — %L
P —RCR B W, #FUrBicE Vs
M MBS RS

TR UR S 55 BT BrBE: BAZTARH S S8
ST REAVHE S TRBO RN, FxIE TR

www.sciscanpub.com/journals/es

Bt MMETRDTRSIES AT

LRARATH B PPE SRR R R
SRIEHENE . TN AE ST o AR T ARG AR A
IRGRAEVE VR B ST U ) L R S SR IFaTkbe
SR B SR

BRI S IREBEE BB AR b B
SURVHEREE . TN AR, ZORE /MR &

https://doi.org/10.35534/es.0803042



TiELiSmn MBS NERNHFHE

+ 228 -

KEERE S RO BRI AE 22 5, Bt (AT AR A5
W, IHRIEE AR AT PRI

134 THFXRAML: EBIE. EENHE, B
e B

K MU H BITRICEAS LT, S EARK
N BOWPFHY (60743 ) +2£E ATE (2043) +/ N EIT
(2043) , WEsr10043. [N, 454G MITiRTE LRI
Wt o FEBEARE . WA TPRER, BOWE X
B RE SR AEER X S A5, e UREIVEL2E S M S 4y
i, RS EHMMT T, ERE R XHA
PRCRA LS . 7

BN BB RSB — AT RIER ML, R A
BrEATAN SR, SCRFR A TR R SEPR T S BUET X PR A R
Fro TH EPEPANAGER BUNST, BGE S H40% .

NIRRT SHMER], BURIFA IR R OB R A5
LS, TRl THRATR (3R ) o il bk
ZICRATPHLE], A 2E AR D™ it F
SERELTT TR IR R E — S50 T7 SR — I BA P52
T—F 5 BUR  RERIgR ., BT SEEaE ) R
JETATHAL, Wk g2 2L R SR S RE T AR A AT
Heo ZHESL R A WIR B I i 5 G — bt n L
TR T HAR SR H

#3 ZRELTMNHEHZROER

Table 3 Core elements of multi-agent quantitative evaluation mechanism
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Engineering Practice-Oriented Project-Based Teaching
Reform in Physical Chemistry Laboratory

Xie Dan Xiao Guqing YuSonglin XiaLi LongLiping Wang Jiaoliang
School of Materials and Chemical Engineering, Hunan City University, Yiyang

Abstract: Aiming at the problems of teaching content divorced from practice, monotonous teaching mode and
imperfect evaluation systemin the Physical Chemistry Laboratory course in local colleges and universities, this study
takes the cultivation of engineering practical ability as the core, and systematically constructs and implements a project-
based teaching reform model. Taking “industry integration and capability progression” as the main line, the reform
reconstructs a stepped experimental project system of “basic-comprehensive-innovative”, implements a three-stage open
teaching process of pre-class inquiry, in-class collaboration and post-class consolidation, and establishes a multi-agent
collaborative quantitative evaluation system. It transforms local characteristic industrial resources into teaching projects,
and promotes the transformation of experimental teaching from traditional “verification operation” to engineering
practice. Practice shows that the proportion of students who regard the course as “challenging and interesting” has
increased from 30% to 80% after the reform. Students’ quantitative scores in experimental design, data analysis,
teamwork and other dimensions have increased by 30% to 40% compared with previous sessions. Their active learning
willingness and engineering practical ability have been significantly improved. This model forms an integrated reform
scheme of “curriculum design-teaching implementation-evaluation support’, which can provide a transferable reference
paradigm for practical teaching reform in local colleges and universities under the background of Emerging Engineering
Education.

Key words: Engineering practice; Physical Chemistry Laboratory; Project-based teaching
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