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Development of comprehensive vitality scale for the elderly based on classical test

theory and analytic hierarchy process
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Abstract: The present study aims to construct an elderly vitality index evaluation system and develop a comprehensive vitality evalu-
ation scale for the elderly to reasonably evaluate the vitality level of the elderly in China, so as to provide a reference for promoting
the realization of “active aging” and “healthy aging”. Literature research and in-depth interview were used to collect the senile vitality
sensitive indexes. The indexes were screened and corrected by Delphi expert consultation method, item analysis method based on
classical test theory, factor analysis method, and reliability and validity analysis method. The analytic hierarchy process was used to
calculate the weight of each level of indexes. An elderly vitality evaluation system including 4 first-level indexes and 24 second-level
indexes was constructed. The consistency test results of all levels of indicators showed that the consistency index (CI) and consistent
ratio (CR) were both less than 0.1, which met the requirements and showed satisfactory consistency. The weights of exercise vitality,
nutritional vitality, psychological vitality and social vitality were 0.263, 0.141, 0.455 and 0.141, respectively. In conclusion, the
comprehensive vitality scale constructed for the Chinese elderly is reliable and scientific, and can be used to evaluate the vitality of
the elderly.
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(R A YIS M 3 R — A B R
o, AMUEATEMES EAHSKRIREIR, a0 57 Fl gk =
e, AT DU B AR B O R I 4 AR T
H A 09T 2 50305 D4R R — A B 172 HAdBIE 72 Hh
R P 2 (S R T ETI R 1 1 R 2 U =t WA v
FORA ABEREAY, AR, 3k
WM J1HE % (subjective vitality scale, SVS) ', faj B i
FEH A A5 (36-item short-form health survey, SF-36)
g FER UL @SR R RS A R
#% (mini-mental state examination, MMSE)"?, £ 4F
AR & 3 (geriatric depression scale, GDS) (3. 141 2
S ) 2l S AL R B AR ok R, iR
Jy W R DA R kA L DA T
SRS, HETRZ0FE R R HE LR E A &
AN FWE JIK, SRV BARTE I TR,
EURE AR B A3 35 0 AR SRS ) 1) 2 S 2H
gy, PR T B A2 g ] — B & H T [l 24
NGEEE IV PR HEFE IR A R ER, 4R 42
T VTAl 2 0 NS T K, 6 3 v 2 4 NI AR 35 T
EREK A R,

1 WRE7FZ*

1.1 fARMHR

L11 EiAXER AW T Es 18 AL AR S 4 iy
(15 KT 280 MR 3E L K% ) (Delphi). & K ik
PR QDI AR UL by @BF AR &
CHURE N & S N Y PN N SR AV YNGR R e
G TAFEMRAEI0FELL E, HBA B =g A IR,
@HEIFRERES S, BFIREA.

1.1.2 MFPEFR il 4% 2 4F N 36 1454 D
P, AR B TR RBLX . Bk X
JeNGs G A IXAE N I8N XN FE B3 o WF 98 5t
SN OFER > 604 ; @SRz Al
b 52 e USRI DR, 6 0% TE 0 R AR ) 35 P4 25
GBI Hitw S, Hikbrtk: OFER < 60
% QF E PN B ERG: OF &R RS EL
iR OATEIAE, Toikse s 713 hnil 2 .

1.2 MRFZ

1.2.1 BFREREE @ SR FIE IR E
Wik, AR EZM(CNKI. BT, 48 . MED-
LINE. PubMed. Web of ScienceZ: %4k ER R & T
CEMIEST . COEYENT . C“BIRIENT
CHEIRFE” SR, ABUE AT S

B LR EREZFENBARLRE, YW EEF
NI SIS TR AR 2 AR &R o G BN A 7 PN 3
i B EENIE SRR IAGONE IR B8, OHL
AN E 4606 H(WL3R D), &5 KRe 4 ik
MR ZENIE IR Z R R EFRYEEFER
AR B e SR EUA BE AT SRS T3P, BRI
AT, BTSSR G2 SN YE R 3 B S RALAE
ARGUFN H 5 B G DL AT B & 1A, iR e
U, BRSNS, SAE i DR
F I ML A B A FE AT RS P J1 VRN, LI
TR, SOBRFERGMORGUES, RSO R g
JEE B2 SCHF A E AT RS #00E DI 0P A, KA
ANME, a5 EELEMKe, MS3REN
Rem SRR Z , HORS#IE TR GT

1.2.2 Delphik  AWF5Tis ] Delphi % EiREr
BUUSE B2 NIE TIPSR R ABAR R AT i Jo
Hyn s, My b ERELE, RFAITR2R
KR, %L FE M ) A 32 B E Ik SCER [
AR TR, LR s O s,
FE UL B R SRR W ) H IR BRI I o B AR
5 QERMEAGFLE:; OFRNLEHIEN
()5 2% B BEVE VR RAB BRI @& FO0 o 1) I 25
(1) AR FE B (Cs) 5 H Wi ik 4 (Ca) . 28 5B R &)
F R AE WA R B —F0 % R LI LAl I R,
HHEWERIEAEEH S, KR S5HE——
o T AR B PR 50 ) 45 1 AE 80RI
FRFR, RIA RN GRS = el A Rk &4 /
R IE) A L < 100%, EER1ZREL > 70%; H AL
JEFEE AU R B(Cr)F s, Crifiid CafliCsit 51,
BICr = (Ca + Cs) /2, FRIZZH >0.7; EXEN
PriAFE i i Kendall’s WA R E s me, W REH
EVEREN0~1, WHECK, U3 B & S0 b 1 72 7
If. fERRRAGHRE, 46 TXENMHELE
Fr, IR EE MRS AR R E(coefficient
of variation, CV). i/ ELEEMI T8 bR, Wi 2 OEE
PEVESY > 3.5%8. @CV < 0.25, @iisrtt > 0.2f14E
b T LAORE

1.2.3 FERUERZE REBUI R AR T UK
AR M, B2 15 I A 2 53 % 1 A X R AR )
HIHG LG, NHEAFERLr: O—KEk: A
SRR MR SCIWRERE . IBWIRILEE; @FBHE AN
NEGEVHEER: GFIEEE J1(n = 10). EFRIE)
(n=9). LIEEII(n=9). HETES1(n = 5) 4NYEE
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Table 1. Primary vitality evaluation index system for the elderly (46 items)

Y g %H EiaEs % H
BN 25 FHYUKE
(15751) 1 JERE R 26 B JH 1 g0 A
2427 27 A 7K R A
3 AR 28 FER A, MY, L SR
4 GATIERE 20 BRI A, R, SRR
5 s LHEE 7
6 A-iE H (11350) 30125
7 AT A PR 31 RS
9 3o Fe— F AL [R] 32 BRI
10 3 25— JE K I i) i 7 i) 33 B8/ Rk
11 % — 25 08 B ] 34 1 FARTVE AR
12 14 £ —FAS 5% F 55 ZR 35 7% I
13 i3 % — A& 55 E K58 36 ¥& 1 7ei
1433 % —EZ 5580k TAER 37 Sk B/
15 WX — A5 EMART) TAER[E 38 AT
BRG] 39 PNHL/ T 2
(14750) 16 3£ A Ak ate st 40 5555 I8
17 &R g
18 BMI (670) 41 EREEN S 5 E
19 #H#E T f# 2NN ERE
20 B IE S 43 i
21 AR 44 SEE N R R
22 AR 45 F3R A N H5 Bh
23 BaAE 46 Z N IRGTHI . 5 LD

24 KPR 2 I B (PR AR Bk A1)

VE: WAL H M EIH46T04 HGBEN 15T, & 71450, OHIIR. #2615)

33N H . AU BILEEBR R 3350, Yl
AR AE3090r, AR & W FEN2.23%. 5
HIFERN60~91%, PR (68.99 + 8.94)% .

1.2.4 &Bah AT T 20 MU B R (clas-
sical test theory, CTT)iE4T 4 H - W filfiiit . Ifm Ft bk
B % (critical ratio): KH 2 il # E R L4350 AT HE
Frorti, BHI27%5r Ao, JE27% 18504,

W ks ge LE R AE R — 2 H ER 0 E R &
HERREME, 2P <0.058 > 3R R&HIX 5
FERLEF, TURE: MXREE: REMXRH
r> 0412 H; Cronbach’s a %075 HMR1ZH
Ja B3R B Cronbach’s a REUR MIE N, FER1Z%5%
HE S Al s HANE, N7 DUMER: SRR F
/M1 (exploratory factor analysis, EFA): #F4TEFAR]
S TE T KMO/E A1 Bartlett’s BRIEAGH, —MKER
KMOE7E0.70h |, [ Bartlett’sBER A6 3604 3%
PEZE (P < 0.05) 4 "] #EATEFA, AW 50K H 3o

K750 #r,  FFidd f oK T7 22 V6 e i Ja A BURFE{E R
TR AT, RIEIEE 5 1R R, R 5
B < 0.48E Z DA 7 BT > 0416 H .

1.2.5 BERAGEHERE  FE0 P84S Cronbach’s
ofi i EMME R AHT AR L KR
IR, N BRI, B & H K
B N 2R 5 $(item-level content validity index,
[-CVI)FIE R 7K T 1 N 25 30 45 £l (scale-level content
validity index, S-CVI). iI5H A A: [-CVI = £
R3EAN T FHU L KSR S-CVIARTAT-CVIK
P, BESRI-CVI > 0.78, S-CVI>0.9; SEthE
I EFAFNEEGUE 14 K5~ 43#7 (confirmatory factor analysis,
CFA)HEAT VMY . CFAZMMT: K75 H P EAE ()
dN7E1~3 22 (8], L) 7 R 1% % (root mean square
error of approximation, RMSEA) < 0.08, il & 1g
#(normed fit index, NFI). I4{H 15 4541 (incremental
fit index, IFT), LA G 4R (comparative fit index,
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CFI). Tucker-Lewis#g#{(Tucker-Lewis index, TLI)
) > 0.090F A AN RCIE B R 4F . SR AP 7 2%
1B & (average variance extracted, AVE). &5/
(composite reliability) L J D5 25 671 far & K DA AR Y 1)
RYGHR, “HRMAME>0.7. AVE>0.5, HAEME
FE> 0.60, FIACHBIA BSOS RIF. MRF 1A )
R AN T 2 B AVEF 7 HER, A A
BB A B I IX 73 U
1.2.6 R4 #ri%(analytic hierarchy process, AHP)
AHPZ W2 & Saaty K —FiEH T EAHE
RIE RGN 2 B bR sk ik, R — Sk R
(consistency index, CI)FIF#EHL— %P E ZE (consistent
ratio, CR)RPEHE BRI — B2 B T 4252, 4ClL
CR¥ < 010 W AT UCHHBE TG RIREL, BARN
WER S, HERRE T L,
1.2.7 it oh ¥ FEpiData 3.1% 7 i) %%
i, FISPSS 26.0i 7 ER(EEHHr. EFA, H
Amos 26.0i1T7CFA. 7385 H 77 (%) A,
HEEEAESA &K Hmean + SDEIR, FIESEE
MR A AL DU A B (P25~P75) R ;R
I 25 5 25 AR H] PearsonfH 2k B Spearman AH K147
AH A 53T

2 #R
2.1 EREHER

PiHe L R R WS RS R 18 4y, B G
[ 2253 R 100% F1 94.45%, & WAR 1 ZR 2509
77.78% K1 41.18% ( W3 2) ; BRI LK Cr &
AN 0.875. 0.903, ¥ >0.7, RHEFIIBUEFEE
e (WK 3) s TEMFCRRT, —Z48451 Kendall’s
W E 28 514 0.202, 0.221 (P < 0.05) ; — 2k 48R 1
Kendall’s W {43 %124 0.178. 0.263 (P < 0.001) ( i
R 4. W —ZIRRI CV a4 8 0.07~0.17,
0~0.19 ; — Z& 48 45 (1) CV 5 H 4 5 A 0.06~0.43.
0~0.34, H—RELREMEIH 23 MKH, B2 H
%H, MERTA%H, RE2AN%H. BT
FRMEI 1 MRHE BRI %E, MBR 8 N %H,
AR 33 MEE (LR S).
22 £#BAMER

() A AN FHER ISR L (P>
0.05), TLEAMIBR : Q) HHXFRERE . 4 MEEEER
ST R B < 0.4, T LAMIER 5 (3) Cronbach’s a
REBUE - WU E R K Cronbach’s o RE0N 0.768,
4 % H M 5 5 &% 1) Cronbach’s o &% T &
Z80 ; (4) EFA : KMO {4 0.729 (> 0.7), Bartlett’s

2. FRBAARE

Table 2. The degree of expert activeness

BR TS I R = e el = [ET U (%) R E LA LR HE (%)
F—Ae 18 18 100.00 14 77.78
g 18 17 94.45 7 41.18

T AW FSLEAT R T R RIS KA AR BCR = Wm0 &80 580 B S < 100%, EORIZ AR >

70%, LA = 5 R LS R IEE < 100%.

3. ERABARE
Table 3. Expert authority degree

BRHFEIK B HE (Ca) TBFELE(Cs) BB Z H(Cr)
B 0.856 0.894 0.875
g 0.871 0.935 0.903

TE: BUBZAE(Cryil 1 T St T A (Ca) Rl SO0 R AR (1 B FEE (Cs) 15, BICr=(Ca+Cs) /2, ZRIZAH>0.7,

k4. mitEREILDRRE

Table 4. Degree of coordination of expert opinions between the two rounds

i s
Kendall’s W x P Kendall’s W Fa P
i) 0.202 10.915 0.012 0.221 11.25 0.010
%H 0.178 127.286 <0.001 0.263 246.002 <0.001

TE: Kendall’s Wi 5 SUHUE VG B 90~1, WiloR, U2 W14 5% () B R P2 B A, M 2R 01 2 35 MEARL SR O R B (K P <

0.05, M NERALEME.
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BRIEAG IS5 A BEEES (P <0.001), RIZ
FEAREHE AT CUEAT IR0 o SR 7 28 B K e 6 Al
TR WS EURFIEAE > 1 19 8 MAE T, X AR
MR S TR E N 67.307%, AR WE 1. 24
% HI T8 2509 <04, TUUMER : 3 M&HE
15 2 AN B 5508 > 04, TUMIE : AR
T5.7. 8 EM K BEHE M A2 1T 14,
By <3, oz Rk H AR it
EFA, JLMHER 9 ANk H. 25 Ladr, mAMIBRYIMS
BRI TR 3 ANKHE ; MEBREFREZE T3
NEH s MEROERYERE R 2 N6 H - MIBRA 24
R 1A%E, A9 NEH (LR 6), &K
P4 24 Nk H (B EZEANENZE 10),

931

23 EHERE
2.3.1 [EESER

ZE B IR, MR Cronbach’s o %K 0.806,
Hiizzh, 53%. OB <4 1) Cronbach’s o
ZE4r RN 0.791, 0.786. 0.856. 0.823, ¥ > 0.7,
P 18 S5 BE LA EL 30 44 22 4F NHEAT 28 kil &,
Spearman FHCTHEAHR K3, SREREERIE
MARECH 0813, 25, B, OIAM 4T
I ZRES 54 0.741. 0.793. 0.883. 0.712, 34> 0.7
(W 7).
2.3.2 WESIESR

WA E SR BoR, 8 A& FO0 R kAT T T
M, 4 R BRI S-CVI K 0.965, % 2% H (1) I-CVI

5. F R F S ks 2 ATE N ITEF IR R (337R)

Table 5. Initial vitality evaluation index system for the elderly after Delphi expert consultation (33 items)

Y % H YEpE %H
BB 18 5 1 S £ A
(10550) 1 DRI 8 A € 9 52 10 4 A V5 5 19 B i S Py e
2187 OHEE S
3 BATIHIE (930) 20121273
4 L5 H R 21 FEES
5 Pt 22 FEEEL A
6 fALIR 7] 23 7RI
7 R E B 24 ¥ Jy 7
8 A H 25 HP
9 K53 26 AL GRS
10 Z 54k 7) TAE 27 e v B it
BT 28 IR/ B
(9%57) 11 BMI A2
12 R (5750) 29 5F N ABJEZ A A A 4
13 BIPE IR 30 FBARIESN S 5
14 3k > 31 ME
15 18 22 0o B {0 B S P 32 EBF R

16 & HA& X
17 43 8 3R 3K Ff F i %

33 KN RS TR LR )

T S EFRES HMRACN33TGEE 10T, & FE9T . COHEOTI, +145T0)

&6, ks E R B WS T EMIRE B A
Table 6. Number of items deleted by each method by initial table item analysis

YeFE Il i b AR FHOR R AL Cronbach’s a 15 REVER T4 Wi s
123 2 3 1 3 3
B 1 1 1 3 3
VS 0 0 1 2 2
e 1 0 1 1 1
Mt 4 4 4 9 9

E: AT AL, E%H REAETHEAEH, %% H T EMER.
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Eigenvalue

01 2 3 45
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o

6 27 28 29 30 31 32 33

Component

1. WIha R AR B4 R GRIBUERHEE> 1A H 7841

Fig. 1. Scree plot of the initial scale (8 common factors with eigenvalue > 1 were extracted).

A7, BRI E 4R (M [P25, P75))
Table 7. Results of two measurements (M [P25, P75])

idies B — U A Sy BB IR E A5y I REL PlE

EH) 24.00 [21.00, 27.00] 26.00 [21.00, 28.00] 0.741 <0.001
¥ 17.00 [13.50, 23.50] 18.00 [17.00, 21.00] 0.793 <0.001
L 25.00 [21.00, 31.00] 30.00 [19.50, 32.00] 0.883 <0.001
M4 14.00 [11.00, 17.00] 14.00 [10.50, 17.00] 0.712 <0.001
HEE 85.00 [69.00, 89.00] 89.00 [73.00, 94.00] 0.813 <0.001

T HIE R Spearman il X TH P RIN B SR R, EIARK> 0.7, FoREIE RS

7E 0.88~1 2 [f], RN BE BT

S F A% R i ik EFA F1 CFA #EAT T4 . EFA 4%
HIEIR, KMO {H:5 0.922, Bartlett’s BRIE k46 45 51
B EEMEZER (P <0.001), XWIZHEARKIEES
BT 234 R FH 32 By Al i K 7 Z2 3R BURH(iEAE. >
114 DNAHRT, FHIEELE 2.799~4.900 2 8], it
T ZE TR N 66.693%, WA KK 2, AR T
TR 25 5Tk 26 W25 8. CFA 45 5. AR 7T U IZ 5
B OHEAA S 4 NEEEER, FN&ER
(1] EFA tH2EL T 4 NARET, FULEM B, 18
K IR 4 R P B AT R, RS R AR L
9, BEAYRACIE B R AP, & R B U =L

0.677~0.835 [, Bk “HPFETIRDL” BLAh, Hog
23 MEAR R AR AT > 0.7 5 4 AT AVE
43 3 49 0662, 0.509, 0.601, 0.581, #>0.5; 4l
BB 4 0,932, 0.861. 0.931, 0.847, 3 >
0.6, FoRP R K RIME R 4 M TH
AVE V- J5 48 4> 14 0.814, 0.713. 0.775. 0.762,
BIRT 4 A MO RE R X 70 305 AT -
2.4 1BHFILE

K AHP T 5035 77 2 J2 90036 b AL B
E SOVNENPIL )= £<05 S DIIPEl o Qe T R R E S
CIHICR ¥ <0.1, #F& 2K, — B NI,
Bt SR BAT L 183hiE . EIRE T, OE
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Eigenvalue

0 1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19 20 21 22 23 24

Component

2. IR AR A B A R AR R > 1102 B 744

Fig. 2. Scree plot of the final scale (4 common factors with eigenvalue > 1 were extracted).

A8 ARFHE T o4 B TR A7 £ T k%

Table 8. Factor load and variance contribution rate in exploratory

factor analysis (EFA)

AT [T B firaij) Ji ZTTERE
1 0.766~0.819 20.42%

2 0.724~0.824 19.46%

3 0.686~0.764 15.15%

4 0.804~0.853 11.66%

E: BT ATa(i)) Ron BN R RA RN AL T LR 7
i SR TEEANAR B AR S A SRR 7 B A X
AHEFEHREH 4 2 B 7R 2 B0 B T S 4 S B
s 5 ZTTRRER RIS A T TR B2 R R, 402K
TEBRINTT Z TR, 75 AN K4 A

T SRR 2238 ST HIRCE 73500 0.263. 0.141. 0.455,
0.141 ; H4abnH— AL E . 41 & AE 7 WL 3K 10,
H 1R B2 4E NERETE I I A R R, W%
T bn A E 22 ] 0] B 58 R AT TH R NG 1476
395, B RAPE 7 40 ) W Ab 78 44 B (https://
actaps.sinh.ac.cn/supplement/2023-10-272suppl.pdf).

3 g
b AR P R R, AT 4

BT RZEE., B 2016 FEAM (g [H
20307 FURIAEDY $2 H 3] 2030 HEE SN 15 T

&9, BriE i B F 5 ATARAE 31648 47
Table 9. Fitting index of confirmatory factor analysis (CFA) model

AT FIdf RMSEA NFI IFI TLI CFI

G bRtk 1~3 <0.08 >0.9 >0.9 >0.9 >0.9
EER 1.642 0.042 0.942 0.969 0.965 0.969
JE R IEbR L7 bR L7 LY BEa LY

T AR IR HRAR R AT S O FE R, IO UE AR A R . IR ALY TR 1R 2E (root mean square error of approximation,
RMSEA); #IEHLEF6%(normed fit index, NFI); 14 {E 4. & F6%(incremental fit index, IFI); Tucker-Lewis#5%{(Tucker-Lewis
index, TLI); LL#H A& 155 (comparative fit index, CFI).
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10, 7F 1 FEATAR R 09 )2 — AR EF LR E

Table 10. Normalized weights and combined weights of the vitality index system

— P dabr Z G daby H— B HAERE — P dibr G daby TR E HARE
BENE T 0.263 - DHEE 0.455 -
(7550) 11877 0.237 0.062 (735) 14 7R 0.158 0.072
2 ik 0.237 0.062 15181271 0.158 0.072
3 H¥RE 0.129 0.034 16 ¥ 71 0.279 0.127
4 BRI 0.070 0.018 17 75 BEFH 25 0.158 0.072
5 FAL I A] 0.070 0.018 18 IR 0.082 0.037
6 K553 0.129 0.034 19 25 0.082 0.037
TARITIES) 0.129 0.034 20 TG 24 0.082 0.037
BIRG 0.141 - AR W] 0.141 -
) 8 BMI 0.230 0.032 (4750) 21 JlfE 0.286 0.040
9 &k 0.230 0.032 22 kg2 0.143 0.020
10 fAE R~ 0.230 0.032 23 FFF KL 0.286 0.040
11 fap 0.121 0.017 24 M 3THF 0.286 0.040
12 & 0.121 0.017
13 Hi e 0.070 0.010

AR HZ R HTIR(AHP)BEAT SEARAL B 5, AR = “ AR E (G H) x — R Aaha B E (%)

FFATIRE] 79.0 % B B Ar. TH P E 8 Ak DL 5
RES I EEAR , BT 02 AF N A JE (1 33k R 993 T 4%
B AR ORI E . W REFEAREARER
A TR R, EEE NG ER, T
ZAE NG JIK, TR R B RAE 2 R s i e
ZENFOLEREMHEAT 8T, BT %
W kA, BAEEENLF SIS E L. AR
DA A TE R =R 2 AESNT R, BRE
ITIERVERT S, Br SVS BE L T TH T35 1
PASL, HABRRKZREOM., R EL,
FAERAR T MG JI I &, 2B T B RiE e %
AGE PRI R E A, HARZENER, Wk
B R R A AT NTE IV R . SVS AFE
AL PR BReE. AR ARESETANH,
A S WA 03 T ARAS I B R PPAY, B = B
Wrighs ; M SF-36 (G JI4E U 4 A% H, B
AEERSE K. R IR. Y, TR TER
AR A HER DL ) — 558, TeiE e BEAR IS 11
CRe gt s MHARAERE )% &R W MMSE. GDS
AL BRI S5 A BEON T PPk 5 7R ARHIF AL IE
RAERNERT, A ENMFERE, e —
BiEEPEZFEANWGETE IS TR R R K&
K, INZ YA T R E U PP 2 NS F1KT

AHIEFUAE BT AT [ SCHR B Al b, R I N
R AN B A% 7P T 58 A VR I 717K F 58 Al

FRFFE bR "o A ST B AR RURS 1 73X
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