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Abstract

Under the background of emerging engineering education, civil engineering majors are required to
have comprehensive abilities in mathematical foundation, engineering modeling and digital analy-
sis. The core contents of linear algebra, including matrices, vectors, systems of linear equations, ei-
genvalues and the least-squares method, should not be limited to symbolic manipulation and man-
ual calculation. Instead, they should be transformed into fundamental tools for students to under-
stand structural computation, spatial positioning, engineering data processing and decision-mak-
ing. In view of the prominent problems in current teaching, such as discipline-centered content,
weak engineering context, insufficient application of computational tools and single assessment
method, this paper proposes an engineering-oriented teaching reform framework for linear alge-
bra courses. Guided by typical civil engineering problems, organized by matrices and vectors, sup-
ported by computational tools and oriented toward professional connection, the framework con-
structs a progressive three-module content system consisting of “structural matrix foundation, spa-
tial geometric transformation and engineering data solution”, and designs a four-step classroom
teaching method of “problem introduction-mathematical abstraction-software empowerment-en-
gineering reflection”. Through typical cases such as truss internal force calculation, component co-
ordinate transformation and settlement observation data fitting, the organic integration of mathe-
matical knowledge teaching, engineering application ability training, professional responsibility
shaping and value guidance is realized. In addition, this paper supplements a quasi-experimental
verification design, an analysis of implementation challenges and countermeasures, and an appen-
dix-based teaching design example, emphasizing that the framework should be continuously exam-
ined through comparisons between experimental and control classes, learning-process data and
qualitative feedback.

Keywords

Civil Engineering Majors, Linear Algebra, Matrices and Vectors, Engineering-Oriented Teaching,
Teaching Reform

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8
1.1. fIRERSIL 0

L MEAER R A AR R R T 5 S R IR A AR DR RR S, L RRR R A B 1%
SCEMBL % BK71% Bohme. TRRME. 82 A RT i a s IRIE2>], ER
SRR TR TP B RE g IE AN A B I8 45 55 AR vh T B AR S B M g %
TR, fERREE. BrPE. BIM BOR. Gk RN A TRABE SR ftRiE ke, A7kt
MRS mEER RMETTRAR M ARFRA e . R 2 A SRR LA S5 8CE TR R H 280 2
[11-[3].

SR, AT R 5T WA A R IR R R Z AR B . —J7 T, PR e I
fEH R ETIT, SRS e, AR SRR, TRESESIAAL, B35
SRV NIAERE . R S R A AU TR MR I (R P A TEBR R . A M ARE Dy «

DOI: 10.12677/ces.2026.147559 661 eSS G=R I


https://doi.org/10.12677/ces.2026.147559
http://creativecommons.org/licenses/by/4.0/

FIBR

SRR AR “ L TR o 53— 7, FEA R AU L A P TR 8 E, X MATLAB.
Python. Excel. GeoGebra A 15 504k TR EARE, FAEMELTERMMN “SH—EE” 7
“ o gL URE I EUE AR B RE 1T [4]-6].

MAEFEENNA TR BAnE, LPEREECEA R 2 HLAHE B ZR, I8N HS Bl 5 AR 57 TR ) /i
IR FEARIERE ST AR AR B DS ™ 1 ST MRV AS BE . JEHAEZE M 224 . JRRTRE . Mk e
MR TRERNE Sh, Bt T E R KRB TR E S NRAE G =% 4[5]-[8]. Fik, Wik
FRANEREGN IR A LA T ER . PRI TR TR, 2 i URAE O A i TR R A O 1) R

1.2. %LFE

2] LR AN A A AL O & R A DAL =ANJT 1 -

Ho—, SRR RSB S LN AR PR R AT e S He7Id BEOIB SR 2R B B (2 4™ 1
PSLH YR e AT 5 A S, B 7 &L N R AR SRG . MEM T
TS A RHEEM O RABOZ R, RAESIT REM TR bR e, IR M 2 TR K i
BUES R ERIARIRER, SEAIZHAR, REER IR X DL sl e TR

K=, FREIIGS THRERR IEFRPELAL: TR TR ERFEEL . HFER. I

7 M AR T AR AR i, FRAKEE TR VA A TR SR B S0Z . 2 A RIE E4R T 2k 7 R4k
fE 7 g, AR B AR Py R A L R s RIVE S T A, R RIS A5 M B R I
WAERE R BIEREE Hf/h R, AR BEMPREDT AL IN B a4l & P R 22 RIS TRE R o

H=, ZRVEVE SRR I AN . ARGt UIR S WO R0 RVE VAN, (X REAR 30 220
W AXGHEERENEREER, TR AETRENEMR . R TRMM. 45788, B
PE LB SHE RS TT I A S - H PN I B Sebn i 5 TG RRTT, AR ST R R R A
T maX. BPR. R, LU B A 2 A TRE R R IR L 2T [9]-[ 1]

R OP E IR R AR Aok B 2R R, TR R T =R SR, BURE LK, R TR
BE BRERIEN TREC AR SR A ISR 7 A BRERRGAAN T B R A 7748 B 285Kk 58
= UREREESRMHE, BIZE R ZI5E. DRRIE . 7% AIRIuorae e SRR M KRR R . AR
e FREEPTABIRIA SR ERE TR, £=, ZFSWRYE, Bl SR EEaim e, BYUEs
SERE . AR S R A SRR UM R A I R R TR A6 2 A R LR SEBU ¢ 2 R AR
B LM E T TS I, B, RSOk “UREWE - STk B - IREERESR R - 58k
SCUERAIE " A D [ 5 H AN S DA B 3 R 4K 4

1.3. BRRFREE

EFxk BB, ASC A @B AREOR AR N RN %, IR AR S B B . BT
W LR S, FHAEH S5 ECAFEAR ™8, T2 RE S AL & FEA iR A S A s S g St
BENRA LU R RIS s 5 A VAN sRE TN 8 TR M s B, (62 2R 18 B s el B S
TARAT S5 FR B AR LR AR BN R IR . A& 5.
1.4. R SEIRER: PBL. OBE 58 B4 a4 bk ¥uts

MWEPR TIEAEMHAE, AHAMKEZH S PBL. OBE M & B4 % E B WX, HX AR
SR H O A RS HE . PBL 5 i DA SE ) e I H 4428 ST R, MoRsrid R, HARALE Tk
AR S R A R L FRE . IME AL T 12] [13]. A% PBL A i) FURS 15 54 55 3R 5 AR,
EDKS [ 30 RIS 42 il £ 2R PEACKEOR B v AR B “TE 45" J2 1, WIMTEE N J. ARbRER ARG, B

DOI: 10.12677/ces.2026.147559 662 eSS G=R I


https://doi.org/10.12677/ces.2026.147559

FHEAR

HAEGINE KR TR H S8 HAnesstt .

OBE 51 DL ATl & )57 21 77 s A B HHREE A AR BOimsh S5PR0 7730, JCHEALRAE Hbr s Sk
FORZ A W R R [14]0 ASCH) TREALHESORE “FERERILRES) . 2 IMASHAE ). RS RAFRES) . 46
RFREREST” MR NEMEAEORIE R M52 1™ Y, B ERAE 55 PR SE B 35 M ER & 000 H AT I
WPFHY, XS EEXT OBE B AE 4 gl B A ARBORE b B0 A AL R

THRBRELE RS . Bk HEIERERIIR, E£RSHH STEM WA I
6 H 232 BISGUE[15]. AR “EAFIEE” IFIEPaiign TR, mikzdtgh “ TR i -
TR AR - BRSO R IR - S5 RIS BT R R R . 5O EEEREAR, AL
Rt SRR LS, (RS T Ak b« 25 18] M R B ke

HHETT L, ARSI AR STHRANAE T3 4B 0 #0E BAE, AE T8 PBL B SE RS 7] . OBE A%
R A B AN S 2 A AR e BR AR, RN RV AEGR AR A SR G5 A ML IR 2 2
TR C TR A G| - SR - B T HEORAE - TRSHMERE” AL B AHER.

HARTE, Sl “ H TR ARG il s, KT RE . SREhL. 45sh /s TIRm. 5
SE FIWr Ll SR AT et WITHE ATPPO OB AR 55 DL “AEREATA R iR Rk, TiE
Tt SRR FRIEE . AR IR Z R AR R DL TR TR MRS, 518
AR PR e BT AL TS . BUESRARANA RIGAE; DL “ Rk ” R IR 1, (IR 27 ST BUR RES
AROHEAM )% TRENE. L%, AR TRENSEESEIRE . RAMR “ B - TRE
1 - Bk SR - A 519 - BEJIVEA 7 RIEIRE

2. TRRUBEFNERNDAEHESR
2.1, BDEBZS5RGHE

TR A SR OB S AT B “ DA 1) 7

TR CEERIE” R AR S| o PR AN AR R B A R SR RO, MR LT
s N N B B VI o/ 17 AN i e SRR T I R i N

TR CATACL” B RN o O R AR SO AR IR B 2T RE AR A i B A
A, B G4 TR, AR RR. WIsEHCERR RIS R,

SR TR Few CFES TR o BT T DA R B R A, BT
b PR TRERURSE ) R, T Je PTG AN SRR E, S —F IR 35 EAb

IR “UREEANNL” ey “ Ll i 17 o LRMEARBE S E R e R RFEEE %, AR iE MG
BB FNRAE B b2 )R R S o () A A B 42

FEZELET, HOMAGHE MR —RECARIRIHR S, H2O8 TRATS MBS | ISR A5
TR TR S S HMMER LR . A EAONMREI R ERERZ S, FA N EZh 1 8o
BRM S TRAGH A M RERE . B AR ROECERE W), AR R IA AT
N HEN TR T 5, RIS O B0 R A o 5 38 0 ™ VA O L
22, “SHB BHRAREN

R RIS SRR RO K, AT AR LB I T IR, R ) A G N A
A SRR, R LT TREEE SRR = AN AR, =AM R o 2k MU A% O
FIAR L, SON B TRE A SR R B3 5%, T I e 2R AT 35 212 (R RK . 7 20K /) M R BE 035 IR B o
HARNRWE 1 fros.

DOI: 10.12677/ces.2026.147559 663 eSS G=R I


https://doi.org/10.12677/ces.2026.147559

FIBR

Table 1. The “Three-Module” content reconstruction system for linear algebra in civil engineering
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Table 2. Example of “task-driven” teaching content reorganization

F2. “ESERI” HFARELTRA

HFETSE L IN 5] WEBOLERA TAH FHAE P H
. . 2Rk TR Excel. MATLAB 95 P 7 fE4H . ARE
R DAL 7 S = FP R ik A= B YA B = N . X :

ot b o FERERIN. WAL, B Python RfE  RIEA. WITHEER K
SERESRAE AT PR SR AR L ARFT AR S 2 e Ax—b TR
M2z [ As - Rk BT A8 s R R B T MBS E. BEFSAERE.  GeoGebra. Python ARFREEHFEE. B
Vs DIEAAR RN, ABARUNMTEEE?  RMEARH . FEREIRIE: A4k WG BT, R ZETHE

SR AN AGHSAPAEA R, RHIEE. RHEAE.  MATLAB SRAFAEE /MR BRE - BRI
PEYILWN RAEAE S RS PRAT IR ? FEFEXS A2 St il RE RSO R

DR RLIEL R e ot A7 AR 3l BRANTIRE. % Excel Il Python UG AR, FREK. T
fEitl e LUREEREISRL iy <E2 N . FEFEDTRE (5 4 73 # UURE S A 1

DOI: 10.12677/ces.2026.147559 664 eSS G=R I


https://doi.org/10.12677/ces.2026.147559

FHEAR

CL“HriZEWN JIRORERE SRR Dt #OMRISe2e th— A i 3~5 MRATPFAL M et e, 51 %5 E N
AR ACE 5 R P A R A SRS A R h e B, RAIFF 0 2 181 FFAERAE, T i
TR R ARG A R o B SINFERERIE, AT DU TSR, BB B A 35 I 2 A B AR
PSRRI B, BOMAlk PR SRIERMEE R, 51 AT RIERERT R TR C ek
ZRAETREPRIE X, MARASL . PUIATRE SE B ITRS .

DSIRE OVWIE-€ /5% 7=} 1 B2 ST IR i Si B8 TN CVIMITE G A e 6 oot O S P A B
FER AR, BARNEIRZE . i TYah. HIEFE SRR R 3K A . A e IRl A Y e — 3R
EALANVE B U AR, JFE IR ZE RN S G B AT XS R AT R . 1A 55 RE R iR R
B ERAE A A A TSR 2 TR, AN 5 S 2R DORBIEE A BE p  FSE k. VEYE A TR
.

3.2. REHFRANE: “BESA - WFEHR - WEBRGE - TERE” HP%

TREAL B O T MR SO L PR R B A, AR TN - B R - BRIREE - T
RERCB” DU, SEOLER B M ANTRAR 35 i R 7T 5 TR0 R I A AR

BRI GAN . UM L TR RGIT,, B GRRBNE A G B i &k 5.
o, FEVHRIEMEIRER, AERMAHECE SGEN, mREN “Zh 2 M TOEM T, il FR
ST AF A RO ME L7 5 FE R R FEREIT, DL il T B0RE v J5y FS AR AR 28 T e o 6 3 BE AR A R 2R
NFEEGN: FEVHRRHEER, PL RN TR FIRSIIR IR TN W8S AE
TEBIE 2, MAE T2 RRBECERRA PR TR K.

BUREUAR . U5 AN TR PR FRSCR, KRS S B8R
o HLAN, K N RUPHET BN IETT ARG, K ARRR R HAL VR RIE, R LIS
WAL . IR H R B AR A AR . NN -1 5 R R — L R R TR
BeLIR, A B A SR TR R AT AL SRR S a 1.

FEODRAEIRGE . X TN, AN T L E TR, RS, T HE RN,
51 2 £l MATLAB . Python 5% Excel 5 T H AT SRAFAT AT AL  BRAFIRBE T H B A2 B A2 27>
e AR R TR R, R S 2 R IR £ . S8 SCRNEE Rk . BUmT
B CTHE - B - BiE” Rk UMESS, e TR 2 < 2 FEREA R, A ROR IR AR e T
ORI, PR RIBY IR A LS R

FIP R TR E. ARG, HERE “ERE TR EEWEH 27 RSl
“CIRZEFREREMPEL” T bR TRENEEA AT 0 . TR SR IR A 5] U S
o BOA, PRSI TSR SRR T R ZE R e Al A R s AR R i R R 2 A K R
MU EME; RIS R ARy T3 RIS th 2k M bl i & e S W it .l 8, R B R
WATRETEEIR, HERVERR A NP AE B EDR

3.3. THMATEREE: N “FERIT” %@ “BESNAEN”

STREAHEAMER, REEVPO R 8 — R Rk . R S ER G PEVFMr . VRO H A
AREHABAERGZEMN AN, BESEILE TR TR, @ 8eesif, SRR ET
Hoo Rt R4 0O B TR . i, iy “HEab il - TRAESS - Bibsiik - Z2amiH - /A&
RiIk” DU AR R (0 3 FR)

FERAARSEET, IR RIS B L ZEE ], DARAETRARIE R AR (H RSk, Bft

DOI: 10.12677/ces.2026.147559 665 eSS G=R I


https://doi.org/10.12677/ces.2026.147559

FIBR

SRR 5 AR A T H N RO HE S R R S I BT . ST Al AR R M S A5 A B — AN IME S
2 AR AR R T TAEE 5. B, SRR RERE R IR A 3 kP 77 RE A S 5 R AR 55
By A LT AR AR R IR AT M PE AR R S TR AR ” AR 55 5, TRERUE SRARAR RS “ TRl 4
FEEIRE .

Table 3. Design of course evaluation system under the framework of engineering orientation
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Table 4. Teaching experiment design and effect verification path
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Table Al. Evaluation criteria for the task titled “Data Fitting in Settlement Observation”
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