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Abstract

High school student grades, as an important content of teaching management, are an important
digital index to evaluate the comprehensive quality of high school students. It can reflect students’
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mastery of knowledge, various abilities and teachers’ teaching level, and also provides an impor-
tant reference factor for students’ future development. Therefore, the mathematical model re-
search on the comprehensive evaluation of students’ performance is beneficial to make accurate
and comprehensive evaluation of students' performance. Factor analysis comprehensive evalua-
tion model is a kind of comprehensive evaluation model for students’ scores based on factor anal-
ysis. Through the principal component analysis of students’ scores and the application of factor
analysis with the help of SPSS software, the comprehensive factor scores of students are calculated
and the scores are ranked. This comprehensive evaluation model can make up for the shortcom-
ings of some high school students’ ranking by directly calculating their total scores, and the evalu-
ation results are more reasonable, fair and scientific.
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1. 5l

PR 73 A e A R R A 23 1, R TR e B A . B AR M
2 AR T BE I — A 2 s Geit Jrik. ERIA AT DR R : N RAG AR B R OHE R i e, Jli
SR, AT TR, FIFJLAS “Hh5” RRERIRHIEA KBRS . KL “Hhg” ZERN “H
T, BT R k2 A e, AT T RS A2 AR R 5 B [1] o ASCRFET AL 5w
AR S BRSSP s, B KRG a , AT R T 0 A8 B 2 A RS S VP AR T,
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ERARH AT RN R GUERI AL . R EE, BATRT LU A AR A EACRE, FTRUE e
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AR RN, (R RANE, BT R AR (8] (A R R B R ORI LR B Z B AR R &R, e
7 I it ) FROARALL 28 BIHE B L AR MTE TERE d (B A R R 2R o S ERE M A Rl T e T ISR PR [2] [3]. R
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s m AR A — X FEAR AR Fy BRI, A RRONIR TR R
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Xi=ayk +a,F, ++aF +-+a,F, +&, 1=12,-,p;5 j=12,---,m; 1)
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Xy R &
X F &

X = :2 ’ F = :2 y €= :2 (3)
Xp F, &p

FEIEZ A 7R K BOE T, BENLRE X K007 2205 £ Z i i o), AHIZ O i I F A2 ME— (K]
BT A=A mxm IEZHERE, WTT =TT=1. T&,
Y=ATTF+® 4)
HAN=AT, F =TF, WEAWFERA: X =AF +&, Hili LR RAL K %0
(1) E(F)=E(TF)=TE(F)=0, Var(F")=Var(TF)=TVar(F)T =1,;

(2) E(s)=0, Var(e)=diag(®,, @, ®,);
(3) cov(F",&)=cov(TF,s)=T'cov(F,s)=0.

NPT FAEME [, D8RR A AR ME . BN CAREALIAAL T, N E 2 D7 AF
IEAZ A, W] A BB AR 1o £EJU L, IEASAR OGS WAL B (Y ie e o i@ R AE 23 1A e i,
AAFR ARG A, DR T B R AR AR A, IR TA - S R A, B AR

cov(x, f;)=cov(a,f,+a,f, +--+a,f, +&, )= a, cov(f, ;) (5)

A F 2 18 58 A AN ORI, B cov(fy, f)=0(k = j) . i cov(f, f)=Var(f)=1, Bti,
cov(x, f;)=ay =1 o HAKTZIAERARMKNT, ay SR | ANAERAE | AT Z IR REL
B X PE5 | AT RIS I oy (AR, ZoR AR T ) 50 X IR, aT A
B FHART £ ISR e

Loty = cov(xi X ) = cov(ZLaik fo b fe ) =D Ay, (6)

A B (1 [ B A B DR T AT ORI A EE B R bR AR B S [ m A TR S A A
% M7 Z AR R L . W3 RN A, & X LRI R E i AT 0= B 5 f
h=>"a )

Var(x) =" Var(a; f

ij ']

)+Var(8i):ZT:1a§+Giz =h +of 8
U R X B ZE R Rk BB — 8B LRI BE n®, B T AR A LR AR R X 1A T 2

PRI TTRR, Sl 1A IR 70 AR R X RISENATERE . 55 T ER A AR IR T o X AR R X (77 Z TRk, il
WRRNANETT 22, AR X AF TARHELLALBE, A

1=h’+o} ©)
AT 07 250, S5 TR R B i r A, B
0 =20 (10)

N J5 ZE DTRRITIRI TR, SO TR T AT SR R A R T E AR RERE T, R A AT A
HEMEMIERSH, RS EOE, RS U R T A R T R R . R DR T A
X = AF +&, WERAHERREFHIEM, 2m=p H A wTEE, JRATA AR 77 (8 9 WA & )
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FEbRBUE X HHE R HAER T F ERMRMNEUE: F=A"X, HZEERERT F B/ “B07 i, talbl
TIFRAZFE R 15355
KT RSP R SR m< p, Bk, SRR B FRE S ER, HEeHE
BT, HEER M THE, HAR IR A SRR p AR IGAR B AR B,
F,=by+by X, ++by X, (j=1,-,m) (11)

W R x EAREIL T, BURRE BTN E, Wb,y =0. HEFHEM MG ESCNE, T TR
i=1-,p;j=1--,m#AH:

8, =Ty r, = E(X,F) = E[ X, (b X, +-+b, X, )|

pop

- (12)
=bﬂEOﬂXJ+nﬁhmE<KXm)mefbn+mmp
b, by, b,
. b21 b2 pr ) . )
wB= T T . P MR RN A=RB B B= AR
bml bmz bmp
R b/X
FA = = = BX = A’Rflx (13)
F | [bpX

LRI FEN MM AR F=ARIX , Hd RE X M RBOEE.
3. AF i —R LR

1) AR F o ATiE e —AN ) 8, B BRI KMO K36 A1 Bartlett BRIEAG 366 Hodk HEAT 4636 . 4
B KMO HilEir T 1, #&E &M 70 8r. IS KMO B/ 0.5, MAE ST 2948 . 24 Bartlett £
it p /T 0.05 I, AR EE A T .

2) — ORI 3B A T VR R S LA BT

3) KREAFEAT R 1A, 3 43 Hr R 11 07 22 DTk F A5 B RE S5 I DR 1 A a0 AT, IR 8 AR B AN
A FIAAH R K R o

4) WWHEHETFLEEERS, BATT L EW RS Rk e AR EH T -

4. SEIERA3

m PR LA BN BUE T E A IR KA, IR R EMAA B RA ISR A IR =L
ZHEME. HETE ARG E — o B E SRR G S TS . KR ERI R S AT, B 5
TEfR, ShFHRERR, HRTHHES, BHRNES, SRR AENRK S MEZER, AEEEH
SAEMSLEEE ST, AR VN S AR SR G R TR R B RHE, PRI IX AR 72 — 8 Bk [4] [5]. A&
SRV FAE RS AL T A — R F ik . X VETRRN T UL BT, MK R P SR A AL HY
K, BWECRLIR, IR E R SR T, AR ME M. LA R R 2 AR R R R
MM U HAe 5T H O BUE 5% A5 98 . AT T 54— AN NRHA NS A RGP, T2 48
SO 2 AR G ) N TE R

AL AR B 100 44— SR A SRR GUN IR GG E R, I T 13 TR, il 1B
(X)) =X~ HAB(KG) s PWEE(Xe)~ HF(Xs)s AEW(Xe)~ BUAX7)s JIE(Xe)s HIFE(Xg)s R (Xi0)s F
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AKXy B Xio)s (5 BFAR(Xs). 8 SPSS 5t JEAAEWEEAT N 431, 3% H B 7B AT N TR 2
A I G T R G B R 5 HE R S R AR SR A R R

(—) EEPER . ASSCRIA SPSS X AbHE 5 FIEHE AT KMO RS0 Al AR R REERTE (132 1), A40 4k
B9 KMO =0.578 > 0.5, fhsmid &4 1. P =0.000 < 0.05 iX & HAREAHURE &3, A8 B[] A 5
PR, & A T

Table 1. KMO and Bartlett’s test
52 1. KMO #0 Bartlett F016 36

CAE R ER T FL AL 36
KMO #:56

ERTs HHZ M

0.578 198.260 78 0.000

(=) AR SR ACHERD L, EREFEEART L5 AMal 1. £ 228100
R T 7 ZE AR R, LR TH T ZZ 0Tk Ty 61.592%, REWS S W R a6 Hes (i KB 015 2. EA
AT 73 M 7ER IR b 13 (TR febr g gt 5 DA SRR, W REABE MR 7B
(IR o

Table 2. Total variance explained

2. FHERS A EREER

MR i e Je e Py A
A
FEAEME T7 E TR (%) RMTIHRE (%) FEAE{E 7 DT (%) FRMTIRE (%)
1 2.560 19.692 19.692 2.309 17.758 17.758
2 1.686 12.968 32.660 1571 12.083 29.841
3 1.444 11.110 43.770 1.430 11.001 40.842
4 1.252 9.631 53.401 1.393 10.714 51.557
5 1.065 8.192 61.592 1.305 10.036 61.592
6 0.915 7.037 68.629
7 0.895 6.883 75.512
8 0.688 5.289 80.801
9 0.668 5.140 85.941
10 0.597 4.595 90.536
11 0.531 4.084 94.620
12 0.368 2.828 97.448
13 0.332 2552 100.000

PR 7 3 M 2o A TR 5 JRUR A B 2 IR AR DGR o WI86 PR 7300 ARe N8 BT, 880 IE AT e ik ot
SRS Ja T SR R R (U 3) o RS T A B, SN TR X, Xy, Xy, Xy B BRSNS, AT
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Ko — DA T4 NGEE R T A E TR Xy, Xy EAHBRES, THRE AR i e
ARACHFE T o SB=ABTAE Xg, Xg EARREST, TR =B 7 ar 4 NERHE I 7 SN 172
Xgy g, Xyp EAT BRI, AURE S VUSR] i 2 0 SCRE SR E R 1o 58 AN AE X, Xy EATROR ST ,
RS AN 1 A4 O S K SEHLRE ST T

Table 3. Rotated factor matrix

3. heRe IRHIR T A

¥
1 2 3 4 5
TEIL(X,) -0.678 0.225 -0.146 -0.184 0.036
K2 (Xo) 0.705 -0.081 0.166 -0.232 -0.156
BT (Xs) -0.602 -0.152 -0.155 -0.323 0.176
I (Xy) 0.851 -0.011 -0.248 -0.043 0.042
12 (Xs) 0.293 0.143 0.594 0.053 0.166
LEH)(Xe) -0.061 -0.141 0.818 0.056 -0.108
BUA(X7) -0.217 0.254 0.319 -0.072 0.686
JJ3 5 (Xe) -0.093 0.145 0.075 0.800 -0.021
HhF (Xo) 0.307 -0.103 0.249 0.416 -0.058
B R (Xa0) 0.069 -0.747 0.102 -0.193 0.195
FAR(Xn) -0.048 0.775 0.040 -0.135 0.113
KE (X10) 0.121 -0.378 -0.256 0.561 0.311
5 RFAR(Xws) 0.057 0.227 0.163 -0.071 -0.765

X A R R AT E R R, iR R A BB A EREALE S — R T L RRIIACR . DL
T RAE N AR IR AME, AR 77 22 sk 2 A0 R 177 22 sUmk R 1 U A 8 B AR AR AL, W]
PATHERAS B MEAR R ZR B 13 7 E P 2 A 258 T AR A -

F, =-0.272X, +0.317X, —0.244X, +0.432X,, +0.131X, —0.117X, —0.007X,
~0.103X,, +0.078X,, —0.009X,, +0.078X,, +0.031X,, —0.052X,

F, =0.089X, —0.015X, —0.147 X, +0.097 X, +0.105X, —0.161X, +0.189X,
+0.107X, —0.046X , —0.489X,, +0.519X,, —0.178X,, +0.074X ,F,
=—0.066X, +0.085X, —0.049X, —0.233X,, +0.394X, +0.597 X, + 0.229X,
+0.022X,, +0.148X 4 +0.122X,, —0.012X, —0.189X,, +0.102X ,F,

=-0.069X, —0.230X, —0.198X, —0.095X,, —0.010X, +0.017 X, —0.074 X,
+0.603X +0.273X, —0.187X,, —0.078X, +0.386 X, —0.017X,,F,

=-0.027X, —0.032X, +0.069X, +0.144X, +0.181X, —0.112X, +0.554 X,
~0.056 X, —0.039X, +0.107X,, +0.164X,, +0.204X,, —0.588X
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Table 4. Factor score coefficient matrix

*® 4. BAFESRBIERE

¥
1 2 3 4 5
T (X) -0.272 0.089 -0.066 —0.069 -0.027
HF(X) 0.317 -0.015 0.085 -0.230 -0.032
LI (Xs) —0.244 -0.147 -0.049 -0.198 0.069
I (X,) 0.432 0.097 -0.233 -0.095 0.144
b 2£(Xs) 0.131 0.105 0.394 -0.010 0.181
W (Xe) -0.117 -0.161 0.597 0.017 -0.112
HUA (X)) -0.007 0.189 0.229 -0.074 0.554
J73 52(Xs) -0.103 0.107 0.022 0.603 -0.056
HIUHE (Xo) 0.078 —0.046 0.148 0.273 -0.039
5 (Xa0) -0.009 —0.489 0.122 -0.187 0.107
FEAR(X) 0.078 0.519 -0.012 -0.078 0.164
TR E (Xa2) 0.031 -0.178 -0.189 0.386 0.204
R (Xw) -0.052 0.074 0.102 -0.017 -0.588

(=) eV, BER A0 REOERE, HERETESREL IFRRIEEAR AR TR IEY,
FE LI DA 23 D7 K 7 22 R S AL L R e PR & i T 22 A SR A Y, R T
S =0.1776F +0.1208F, +0.11001F, + 0.10714F, + 0.10036

Table 5 Comprehensive evaluation

5. Z&EITMN
E3= = F, Fs F, Fs K& aimor HFera 155k SNG4
1 43.039 26.709 96.3 20.244 33.532 26.998 1 1
26 41.65 20.191 91.521 27.248 37.678 26.605 2 27
20 27.056 35.395 95.841 17.588 46.462 26.172 3 24
9 43.167 21.126 85.709 21.369 41.138 26.065 4 15
2 39.027 4.607 91.709 30.786 51.362 26.029 5 4
5 56.927 17.983 89.937 2.179 35.577 25.989 6 5
16 35.73 24.915 98.862 23.335 30.131 25.755 7 14
18 54.538 16.069 79.739 18.385 31.251 25.505 8 11
12 37.717 29.815 80.001 22.956 38.956 25.470 9 17
21 42.624 28.397 97.394 1.368 34.738 25.348 10 25

M 5 LRV e DUE 1, 8 7o B Al B S 2R RS EX IR 5V LU B AT # A A
WAL, . 26 SEAERTASGEEHANE 1 4, HR28REHA NS 27 4. PRSI
AR R FAAER RIS, TR SRR IR 8. 5 — B A = By Bt A R,
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Hutgr e e JMERaE IR . 21 S AL A2 YO8 10 44, (HREMSHRF NN 25 4.
TR BOZAEAE S = B EATWIREILS, EERD R EARENE AN, BISCRHBE 17K B
BRI, (HEHEBRERIRE, FrUGER2HE4E 10 4, P RRESH R A 45 e /T WLE T2
Brf HARr A0S, WAL B MR IE R SR RE 0, TSR AP R M It SR e i, XA
GG FTASRELLIN, PPN G R ENE, b A SCEE R R @ MR M, RN R
Fo e, O E R H SR T e SRR [6].

5. GRSRE

ARSAESEPRBRE b, A DA 22 S RN 45 & HUE R SE B Ol AR AN TS 5okt R 1
IMTHITRER T SEbr B i, WZ A EIREEEIRBCE A IMERE S, WIREEZ FEA R, REEZ
RIEVASREG I FRPEEI A E SN T, KB ERRE Y I E RS, S ARRE R E . %
CLRSERRI# S8, P ERRERGIERNEENES, RNtV E BAsCE iR Ol se B ig L at .

AT T e b A A S, NG A AL, ONZRE PR A E SR I T R R Y
Jrite FETRALE A ERSU A R AT B E], AR 13 FEY4ER] 5, RLF L 1 HUE B AER 2K
R, FHB RSP EGE RS, 5 AR S RESH IRET T, KT BT i &Y
T 5 WA G5 SRR T A7 AE— e i, fldn, xbTieds BT a4 Riesa th 4 —
HIERE . FEREAT ISR VRTINS HEZEM RN IRZEA WENHRKR, el E
BENEA S, HXERANGER T BNHE TR E4ETRN S 2T, AT RERA S g
HIFA R PR RE

SE K
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