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03 ey e JS alend JS (Y an o (il ol & e Gl 138 IS o) gas kil
Ol s LESAWYT CLolad) sl e Caagl Laiy Bl sSe 3 5a 8
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bosa b bl Jal 8 Al bl ddatl Culul) aladnnl) e LY
Jilais (s mall Jalailly Jlasi¥l Jidas Jie AaY eDdat it <l S
Al ala) 8 L) Lol Jadanll b alatin) ey Lty cCalaanl
Alaladl Al Az e 4ok Galll sal 6S Y Ladie Gelall @l oo dlalal)
Lol 31y 4 <l

Statistical model ilas) z3sai s dpulad) @l Sl Qo o Jsill oSy WY
) G il zisa s ALK alall Jidadll el O3l ) Gag
asallfel el o Interrelationships all i s

Variance-covariance _ailly cplall ddstima o cpllaill of ja) adiey L€
kbl Correlation matrix bl y¥1 < Mlalas 48 ginan dm oS matrix
o e s dle «Standardized 4 jbaall 43 s & bl ga Lol V) oY 1 ks
S sia a3 gl qren el 3 S O ey el 5 ol A ghean Hlastl
Metric Sulsll san s of (uludl

Ve ssat l blo V) coleles Adstias o dpulu) il Sl Jilas adiey L0
st A oeadl J gl il Ay i Adshiadl (e gkl o 5all
G Jals V) cDlelae 48 ghine o SLESLANT Lalal) Jidail adiny Laiy ¢ ) ladl)
& Squared multiple correlation saaiall Lals ¥ Jalas a3 Ao (5 533
Osadd) psx el U8 3 gl il Al aiS A8 shiaall (e 5okl ¢ 5l
sl B A slaas s 5l A0Sy T pantl eles 0 3 le s

b Lty Al Gl &) dilas 8 agill lad Clleasd ge 3 ke liSall T
S ALYl J gl Al Cilaaad 3,ke agidl/clpeiadl g laladl Jolaal
bl 5 A1 i s€all Jalat s G50 o il slaall (e 3yl (Ladl (5%
Joliffe (1992) dul jal g s )l oSy ¢ dlasany) Lalal)
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S sill (aladl Jalaill

b ol 81T st 5 A llia (5 Ladie oaSl Leladl Qs pasiey
O e S s Gaagdl 6K Cun it il 5 Sl Gueddl Glawdl e claolad ¢ ga
Mad ol o pinn o sill o a5y 4 (ol elgd A pdall aladl) Gu Gl 81 253
guall ad a3 ALY el Qi) e e ellh g «Constrained model
Mia e AVl G ozisadl o Gl (A clei) Jdse o dile ol e
SSar cgaSal el Jdail) e cilasledl e a3als <Unconstrained model
-.Brown (2015) sl g oo )
ase S bl jall o L1 V) dadd o0 jiay LS Lalad) Jalail alasiid Sy Y 445
Al A8 adde alde¥) (S Y oSy (bl 45 Sl dAldiad) Jal sall e iyl
Oy pan (b 4 o LESYY (S Y A (ol o anils e ol L) Jeagil 5 3 alelal
PR (e zagaill o 28T e Al KUy bl @l oY Alalal aadl e 6 Gauall
el e 4 ya (Bandalos (2018) alaasic 4ne o saSall bl Julasl)
Aall (it Je gaSglly ALY aliatll ol ja) 5o Gfalll o ZaSLAl dagiall
Baal) Jils aand 03 s — lise a5l 5 LS = ga sl Lelad) Jalasll Jladiad (S
A PPRVE PSP PRI VIR I V-V R PEAPIELR WA RN R WEA [ S
cBuall o seie et LS 4 phill sy oAl Skl Jdal) e

WS = ithatie gite o gl gl 4l LYY JLaladl Jalal) aladsnd sie
heball Jalaill 70 f s Y o s 1 s IS Rl gl (St — s 435501 5
Sl Ll daill J€0 5 (Training data z3seidl oo @lily) ALy

Al anii o sgie ¥ JSG mia gy (Test data g3 sl loal wlily)

Y0 b (V. (H Ml =



Print ISSN (2682-2016)- Online ISSN (2805-2927)  @deditly puiedlt du patf dladf

Testfata 4——{ Training data I&»
0000000000000000000

a8l s LIS JLelall Qs e aY e ) Al i (V) OS2
aly LIS Lalall Jalatll aladid aie Gfiald) sl g ) claanll aaf aal raygm
059 peiaall b lie 3ae o Aalad) Al jEu) 520 o B3l A4S s (S 5l
Slisll e Baall 5% sl Lin ey iliae clie e Al Sy pen Y Aalal
AY) Al 8 Leindn 2y LS K-folds 4 ddas ydl <Y sall 5 cross-validation
G@aaall 8 aipda g Cliell e Baall ageie JUI ¢ 3all 2y 5 Machine learning
il e el Jalatll 50 ) i 5 Bana (0
Gliell pe Baall

A= )OS 8 Gae Al 5 3 = ofa ) A sde S8 Ail) dand 2
Y s clagie JS0saal s die 8 oakliy zigalll o ol 2 adl Cua ¢atiaiag
Al ) e 3 Apeal o L ey cadinal o JLaladl Jall il arens (S
Al Aldad Al o S Leledl Jadl il 8 38N (Sey s il e dldal)
i) e Baall G shi s o sehe ¥ USE gy cleapans (e Ll Jea il

https://commons.wikimedia.org/wiki/File:K- ¢ ¥ 5 ¥ <8l o Jpaall '
fold_cross_validation_EN.svg
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Test data

— Training data >

%
Iteration 1 —4@@ @@@I‘QC..Q."..."'

tteration 2 | > @ @ P P G000 0000090090000

teration 3 -+ 9 9 9 O V0999000000 0009

Iteration k —>.. .‘."".""‘I@@@@

< All data >

Gl e Gacall il shi 4 seia (¥) JSE
JSi B mage sa LS Al @l ghasll Gliall e zaladl) Baa Hlodl dagie (el
Y
oo pdinall Aliae 5 508 die o ULl pan g 538l 55 0 Gl 3lal Gudad 2y .
s 232l 13¢) aY) 20all 5 cK-fOld 6l 32N (e dane 232 Y Al g &y LY
Voo odialdl Glua s
o Laig k-fold - 1 aats e 3a oo bl o 3al U8 e z3gall cuypm 5y LY
The remaining fold cblall (e il ¢ 5adl e 73 sall (e aSl
el 8 (o gbue 5o lterations < sall e Gare 23e ZGN 5 ghadll ) S5 S L6
papad i o3 folds bl ) 3al e LaY)
byl gl i Apa JS 8 Adide il Lo s zdpal) sl o Laad o
30 bl (e e 3a IS ladind S Cua oaaad 5 A sl S iteration k

CJ}A.\M JLC\;\ U_\Lil:u ‘_é LAS Eh‘j
el Judaill (8 Sluall jie Buall 4ngia @pkd
< e
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olelall Qi 8 cilisal) e Grall ungia okl o) ¢ gladll £ JSE mua

tsaS sill y ALY 4pe o

(2) Randomly split data into k folds.

(1) Determine:

k = number of folds;
m = max number of
factors to extract

Example below shows k=4,
1 Test Training
=2 2 Test Training
o -
3 Tramning Test
- Traning Test

(3) Run 1- to m-factor EFA models on training
data in each fold. Example shows m = 3.

= | l-factor Tra}mlle
E 2-factor Tramg
“ | 3-factor ¥ra}mllg

raining

(4) Within each fold, apply decision rules to simplify each 1- to

m-factor models. Determine mode model across folds. shows mode 3-

Model

Model

(5) Run CFA models from each fold on test data. Example

- E | 2-factor +  Test
1-factor “ | 3-factor | Test
2-factor - >
3-factor L-factor m— Tagt

factor structure was not found in folds 1 & 4.

1-factor |
" Test

2-factor
1-factor

2-factor

Model

(6) Aggregate information (fit, loadings,
correlations) across folds and flag issues

,

Iﬁt e
est A

Test

Test r

SIS e o Laladl Jidaill 8 bl e Baiall dagie Gukad < gha ¢ <G

sasS sl

r Ml S Leanay LS il ¢l ghadll Gaili oSay
3a) V) aall ga g m clliS K-fold 4 Al api o) 3ol sae aaas LY
LS Lelall Jdaill 8 Leaadlaid ol Jul all
s el sV 8 sladll 8 oxaad 5 (o3l anall Gk ASH Aall Y giiall anniil LY

¢ G el al da f Al

Aoal el gall daal otV asll Y e laSany) Lalad) Jalasl o) ja) LY

sl (o by e @llyg 315 gl

‘;bgmgw@mﬂ\

Ol £ O iy SN Aual) iy e 38 kel 21 3aY) G e a S

bl Jall o< o e alasany) Ll

Julatl) o) saf 61 ¥ Sl sall aae
Yo¥0 yubiad - (VY) dutadl - () Ml
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Agal) G 2 Al Ag) sdal) o) 3aY) e s e O ellig o D (A (galal
Ja VY = £ x v Al Jelall sae o6 L o ck-folds Ll A<
IR APS

s g clantil s dalal) @l Jie Alelal) Jglal T Gale el @ Gulas

ClUlall A slall o) 32 (e a IS e @y Jale IS0 a5l

B aes L) Jom sl 5 0 Al Jglal € ) Ll (el el o)

e3a JS Jah zhsall Gubit il e @lliy ot 5 shaall 3 dalad) acl il
JSaN 3 Bl oY 5 shaall 8 Lpapal o3 ) A diedl by ol 300 e
&l s IV e sl 84y Jua il oSy ) 6N 2l 13 Lelad) Ja) o €

bl

Ay coaS il Lelall Julaill Zalaall s3sa i pdse Clamgie s

O Qalaill il 8 O (o Sleks] e el sall s cillalis Y1 cileil
Jalas g paliadl o Jal sall G 1l ;¥ Jalas o gl Jie lld g cciaa g
lele Ja JS0anally @l g ccnlaall el

lelal) Qa8 limd e Gaal Lungie Gkt s
e sha Jieais o8 LS — linl) e Gacall Fngie s 3 SV saad) B

DA e Lealadind Agenn Jaatiy (R mabip 2 kfa 4 s and Halpin (2022)

0—Y (e Ol shadll 2w DA e oK g kfa() )
oalall 8l 2 ) a5 a8y shall 28w DA (e o Says kfa_report() .Y

e 2l o aY) g gy (Jalanlly
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il alai eadiwd R and RStUdio sl Jresiy cufi 44 @
Windows

L) 8 derstiadl s Asall ALEA ol el by 32l Caag @
s

RStUdio gabi e (A bl 301 8 404< @

Jaaiilly kfa 4 ja slasiul 44 @

Sl P e R and RStudio ol s Cudiy Jaeas
Cufiy Jwead GuiS Jo¥) eall Jia kfa deja sladiu) @ gha Juadi (8
Windows Jaill ol erdiwd RStUdio 5 R ol g

https://cran.r-  kad )l e R mdin adse A Jsall e
Download R- Je Jarall 3 GAL'U.A\ Juaail g ¢project.org/bin/windows/base/

& ay el Galdl Sleall Je el ) cala dada 8y Cua 4.4.2 for Windows
(M IS8 k) LAY gl Ak Jie 4 oSy

VY0 pbi (VD) ddadl (D) Ml =


https://cran.r-project.org/bin/windows/base/
https://cran.r-project.org/bin/windows/base/
https://cran.r-project.org/bin/windows/base/R-4.4.2-win.exe
https://cran.r-project.org/bin/windows/base/R-4.4.2-win.exe
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R-4.4.2 for Windows

[Download R-4.4.2 for Windows (83 megabytes, 64 bit

README on the Windows binary distribution
New features in this version

This build requires UCRT, which is part of Windows since Windows 10 and Windows Server 2016. On older systems, UCRT has to be installed manvally from here.

If you want to double-check that the package you have downloaded matches the package distributed by CRAN, you can compare the mdSsum of the .exe to the fingerprint on the master server.

Frequently asked questions

+ Does R run under my version of Windows?
+ How do I update packages in my previous version of R?

Please see the R FAQ) for general information about R and the R Windows FAQ for Windows-specific information.

Other builds

+ Patches to this release are incorporated in the r-patched snapshot build.
+ Abuild of the development version (which will eventually become the next major release of R) is available in the r-devel snapshot build.
+ Previous releases

Note to webmasters: A stable link which will redirect to the current Windows binary release is
<CRAN MIRROR>/bin/windows/base/release.html.

Last change: 2024-11-01

https://posit.co/download/rstudio- Jasl )l (e RSUAIO zali 32 adse N Jsaall @

DOWNLOAD RSTUDIO e Jaxall A @Au),d\ Jreaily  desktop/
oaldl Sleall o mabijll cile Jada S5 Eus DESKTOP FOR WINDOWS
(M ISl ) 5 AV el ol Ay e 4 (S o (e el
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%’;posit PRODUCTS ~  OPEN SOURCE~  USE CASES ~ PARTNERS~  LEARN & SUPPORT ~  ABOUT v~

R L2 R RCC O .

Want to learn about core or advanced workflows in RStudio?
Explore the RStudio User Guide or the Getting Started section.

RStudio requires R 3.6.0+. Choose a version of R that

Risnota POS/{FFOC/UC[. By clicking o.n the link ée/ow to. Size: 265.27 MB | sHA-256: 5EFCD188 | Version: 2024.12.0+467 |
download and install R, you are leaving the Posit website. Released: 2024-12-16

Posit disclaims any obligations and all liability with respect
to R and the R website.

DOWNLOAD AND INSTALL R

LS i) b e uu; R and RStudio sl el cpaeli) Cudi ey @
sl sl b
R RStudio

5 galiall Apalid) 338l jelil RStUdiO el s &35l o laxuzall Koy @
P S e [ DX - P PR

Yo¥0 b (V) ackadl - () sl
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de View Plots Debug Profile
- B9 & WG
2 Untitedt " Eiooment History Connectiors Tutorial
« A B gsucoswe ® . 0 Ban B ¢+ 4 Esowc - & B iopot Datset - @ 198MB - €
R~ s Global Emvronment *

Environment is empty

W (opLevel)
Console  Terminal - Background Jobs.
© Raa1 ~»

R version 4.4.1 (2024-06-14 ucrt) -- "Race for Your Life"
copyright (C) 2024 The R Foundation for Statistical Computing
Platform: x86_64-w64-mingw32/x64
Fles  Plots  Packages Help Viewer  Presentation

R is free software and comes with ABSOLUTELY NO WARRANTY. @ s O vpoate
You are welcome to redistribute it under certain conditions. New
Type 'license()' or 'licence()' for distribution details.

System Library
Natural language support but running in an English Tocale
R is a collaborative project with many contributors.

Type 'contributors()" for more information and
‘citation()’ on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
‘help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

[workspace loaded from ~/.RData]

ad Cush e ST m Says dalailly Aalall o &YV AUS J V1 el B Sy @
(Il e all b s ) el il G ey SED 6 el Lai clgiy Janll
e Led el Al g mali pall A3 Leie iy o 3ac BN ¢ 3ol ey (A
WJo¥ e 3all 4 an Sl R objects aes slaud 5 lgglead 5 2 bl il
a3all ce soke A Packages Leie <l sae gl s el ey sl
Leliand dmy zalipall 8 Slasiudll dalid)
DAy i sale] (S & g5 Untitled J o) e 5all b Cald) aud of 5Dy o
Jio aDL anl Al ale) g Badall e lasl s daiall Asid o daxual

validation _FA.Cross-
Lpaal) AL o gl prasall cilily 3acld
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«National Health Interview Survey (NHIS) Zaall dLliall i ol sl q,._,
Chagy (5 st S0 Lkl phy (Al g Basiall LY N (3 ol sl ol ST sl
o Jsanll sae (oaall cpdill Slll 238 (i (e cOpaiall ad Glly aeal
SISy (Al Aanall Gl w1y dmall ool e Sl Al el
: A bl sae 8 e 3 paide 3d0 JUl ¢ el el g cdaaall GlS gLl
National Center Zsall Glelasdl osill S pall ) 128 Gudaty o6ty @
Leie 30l g0 5 Ll Y1 e 5yl 3SI e saa) sa 5 fOr Health Statistics
.Centers for Disease Control and Prevention
Al Al jall 3 Ledasind 5 Al aY Y4 Gle clily saclE e Jpanll (Ko @
L e hacall DA
j 4 4uil) &= «<https://www.cdc.gov/nchs/nhis/documentation/index.html
AYOYE Ll e bl sel @ e Ui (5 iy adsal
> sy Ay alall il (s i (S15 o il (e el e s gini @
Spitzer et &I Ll o Al daws (Kroenke et al. (2009) sy bl
Lo 7)) WY1 e pal (e Ailaial) @l z a5 ua cal. (2006)
Ol e TYAYY aall 13 e il 232 &l 385 ¢(£) ase S
RStudio gl y Y «libull 31 3

OIS Lgia amy o Sl w gy ililall 3l i A8k e ST 2a i @
Jea L4 o
Excel wale & iy =
MyData <- read_excel(file.choose())

Laié aa) g5 "read_excel” of Y 4355 55500 ae Open e

Y0 b (V. (H Ml =
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o el U8 lediaads Ll g 8 G UreadX]” A
Ll 2 &1 et

CSV aialy ks giae K15 Excel ale 8 clily =
MyData <- read_csv(file.choose())

&b kit sl g "read_csv"' ol Y 4x58l 5 55 5 ae Open e
25 A el Ji Leheaty Lo g o e <Mreadr” aeja
Gl 2 <)
LS calall g o8 il s ¥ a8 ¢ 30l & Import Dataset Je haall o
AL S A

s Excel cale 8 4da siae bl o S Als é from Excel e vl 23 @
F A ol sl o sall ey

Yo¥0 yubid o (VY) dadl () el
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readx]
dataset <- read excel(NULL
¥ Open Data Viewer View(dataset

Mame: | dataset

O Y el bl 3 Browse e bl @ilall o)) sall el 5 @
tly Lo Jaadl g Gl Jaia
s Sl s Import Options gl sl 8 calad) Juaatl & LA 2525 O
Name el ou) =
a caldl o Al 8 oY Gale & Sheet cud 6l Juead
Cud e S
Range lelwead o yall & yuriadl (s2e
Jrend 8 e )l s 8 Max Rows cisiall iyl aall =
G\ U1 IR K FPRY-S
SKip <l jid) e 6 3 ol ods =

NA e as o2 gidall adll Jagicd s
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Code Preview:

MyData

First Row el paiall clanlS Js¥1 Coall aadius of a5 Ja =
bl d;}“ caall = ).@_L:\ o_yloal als 2 «as Names
sl Al i «Open Data Viewer byl jaye 30 Ja =

M I LS il Alae e %

Dep3 Dep 4 Dep s Dep 6 Dep? Dep 8 Anx_1 Anx 2 Ame 3 A 4 Anx 5 Anx 6 A 7
(double (Houbl idouble) double doublel ot I fdoub Hou

s WS Code Preview gt pll cilbilall Jreadl axdiiall <Y
Sl J<a

readx]
read_excel ("C:/Users/mhady001.AD/Desktop/MyData.x1sx"

view(MyData

calall 3aat e el 2y IMport Je baall Sy o
ey Global Environment o alall ¥ a8, ¢ 5all 8 cllall cale jelay @
Cile aul 585 MyData leisant & 4 Badly couana dli Ll i o AN
A0 Ol 8 addadind S s g oA Sl
RStudio gbi p & kfa daja aladsu
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kfa daja Jaeady cudis
p D DA (e Ll im0 JoY dada ) Sladiuy @
install.packages(“package name™) o
S DA e Lead RSUAIO el o eid iy 5 0 J8 (8 Aol Jaeati oy @
library(package name) o
il Pla e kfa A s Jaead s i 21 ( Jal Jidl 3 @

install.packages(“kfa”) o
library(kfa) o

a6 all e ol 3 RUN e daraall g alilln (DA e 268 ol din 5y @
Ge haally alaly ol ol o 2Kl Ay asdl Gdl DA e o o
ctrl+enter

finstall.packages ("kfa"

kfa
bl 338U (8 Y 85 e all Axal ye DA (e odaiti 23 0 S ol o e ST 3y @

Aas Bl deag pic o Sl
kfa 4aja alasiul

oleball il o) 2 Leahadind & ggn tae — 455l 25 LS = kfa e uct
galall o al ~lay kfa_report() <Us kfa() s Pla e dld S5 liall e
o5 paall ik Bac B aladiuly Leie o ja IS Juall (s b Lad g cJidaill il
Joaall ALlE
olaal dde ll Adla (8 oS gl lalall Jlatll 3 gad ppasy alald) 2,80 4408 U
(s haa)) 3a0aa plale Ay

Two- pille 53 Lile zigas jloal 4 Al clball 8 Salll ey a8

2580 a6l g sl Uy e Ll B 5 LESY) Lea 5 factor model
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BaY Laiad o Cigur 30

' Depression =~ Dep_1 + Dep_2 + Dep_3 + Dep_4 + Dep_5 + Dep_6 + Dep_7 + Dep_8

Anxiety =~ Anx_l + Anx_2 + Anx_3 + Anx_4 + Anx_5 + AnX_6 + Anx_7

Ol 358 Aman s QST ) 3 g5 AL a5l Gl 2 5S) e y
ol ity S sl (8 06 aay JS Cuay ol Gada ) Ail) Caaldll Ky ¢35
Al ol Baed 5 Ny G L Ugeaie 4 &5,Sd) apidl 4l ' =~ Adle Jalal
Cogas ans) elld (f Cum cand (o Ll 4y Gl o 43951l 355 pe ('factor_2
Y Kfa() s b addasinl Sy
kfa() il oasiuly Jalaill o ya :Lals

PRI I ENA| P ISEN L BT XN GR P R W RVRKVCERA RCPUN Jr Rp (v IS EN EPRE R
kfa() slasiud Ja

tagd o S et - phgkfa() o dla 0 Jal ¢ jall magy @

tictoc: :tic

My_Analysis <- kfa(data = MyData,
variables = names(MyData),
k = NULL,
m=4,
seed = 101,
cores = NULL,
custom.cfas = 1ist( custom 2f" = factor_2),

rotation = "oblimin",
simple = TRUE,
min.loading = NA,
single.item = "none"
ordered = TRUE
estimator = N
missing = "Ti

toc
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'My_Analysis' Sids cualdl o jiay aud 6l 585 dalaill aud daa 2
Aal Jadl s LS

NULL G 1S 13 diali g ¢l @Y1 0310 "=" 32y Lo oo Jadh o i o0 Le
S adad 35Sl e e 3 S ais NA

Ay (465 ali pll aie] B 5 A bl cale aid ) eds MyData
bl Gl Faas 25 A ) i aud

b Al pndlfsaee) JS alasiad Y iy names(MyData)
Sl ueid)h e L g giay il Gld) o s gy ecbibd) cal
58 ol Y LAl Y 26K e e el 13 AES aae oS Leldas i
NS RYE SO [P SVENNRENIW

L) bl saell apd S el 3a¥) e Y sady k= NULL
St edal Mg eV sa 4y oasall adlY) aalli s <3 5 LS cfolds
a5l e ¢l 22al) aaa) Alan) 5 gl HLaal o) ) i s sy
af agpnl pe b 0 (Sl 4 ey 53 a3 yaad Gaalll (K ad
fold Ul e e 3a JSUY v v il aas 0580 of Juay

Jalatll 8 el gall Cpe aadlaind o el oadY) sl Y i m =4
Qalse €Y o il 2 Caguw ad ) @l il o LSy Lalal
Fiy A ] Gl 2850 1aa e Caall (Sars (bl o 5 e JS)
fasill axe ga ol Y)Y LAY O Y 4psnl ae cleldas

B o Jsaall Qs sale) 8 4e ) Alls 8 aadiy Seed = 101
iy sl Jloal Sy a8 dfiles
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Adult Depression and Anxiety

December 28, 2024

Overview
Model Summary
Model Details

> 1-factor
e d-factor
e Custom 2f

Appendix

o WVithin Fold Model Fit
o All EFA Structures
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# of variables: 15 (25l) < yuxiall 2 O
#of sagiie lly Lo ) VA Gids s Sl diadl aas o
observations: 30954
Maximum # of factors Ja! =l ‘;\.aﬁ\)“ wdl o
Allowed - 4 caldl J8 (e biyaas 23 g3l
Extracted - 4 leadanii) & ol ey
a2l e Jdlsall e JH 2ae (adanu) o ad Al
Ji 222l 138 (¢ 5am ceaaad 3 )
Estimation: DWLS g3 gaill &l jial jl joad 38 3l ©
Missing Data: listwise 33 g8dall chlilnll Aallas 44 )b o
Overview

# of folds: 10

# of variables: 15

# of observations: 30954
Maximum # of factors:

- Allowed - <
- Extracted - <4

Estimation: DWLS

Missing Data: listwise
Model Summary sa€ @l Leall Jlatll 23l yodle ®
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Model Summary

Fit across folds by factor model

chisq.scaled cfi.robust rmsea.robust srmr tli.robust
meodel dfscaled
mean range mean range mean range mean range mean range
1-factor 90 1.223.24 107693-1326.71 090 088-091 0.13 0.13-014 0.04 0.04-005 0.88 0.86-0.89
4-factor 84 606.34 527.11 - 690.32 071 0.65-076 023 021-025 003 0.03-0.04 064 0.57-0.70
Custom 2f 89 §14.46 637.25-926.10 0.93 0.92-0.95 0.11 0.10-0.12 0.04 0.03 - 0.04 0.92 0.90 - 0.94

Count of folds out of 10 with flagged problems

model mode structure | improper solution heywood item  low loading | high factor correlation| low scale reliability
1-factor 10 0 0 0 0
4-factor 10 0 0 0 10 0
Custom 2f 10 0 0 0 9 0
Notes:

‘mode structure’ is the number of folds the EFA identified the mode (most common) structure. This structure was then used in the CFA. ‘mode
structure’ will be 10 when the same structure was identified in every fold and < 10 when multiple factor structures were identified. The value in
‘mode structure’ is the maximum value for all remaining columns. See Appendix for all structures.

‘improper solution’ is the number of folds with non-convergence or a non-positive definite matrix.

‘high factor correlation’ threshold set to 0.9.

‘low scale reliability’ threshold set to 0.6 with wy, .

‘low loading’ threshold set to 0.3.

blanks = not applicable

Jola Ao s giat ) bl ¢ 3af aae A s Improper solution o
zisall Jlle Ja sy o Y Levie Gaad il el e dlde
daa e e Jalo V) cDlelas disiias o) 5 cNON-cONVeErgence # il
(el Jsa @lagdedd) (e 2 3al5 (NoN-positive definite matrix
Jslalls cdan e e Ll V) COlalae A8 ghian (S o 45 el il
.Lorenzo-Seva and Ferrando (2021) J & s> ) ¢Sas ¢led 4a il
s asull e Y Heywood <¥la aeas ) eis Heywood item o

sl gl e 2l g et dad 35 Lesie Giaad Lalall Jiladll 35 als a3
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O el el QB by il byt 8 ) Aedl ay LT e
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O Sl Jlall 8 5Dy clanast 5 Al Gl e Jal gall JS gl (g
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Ji e ikl lalall 23 sall L cpa ol Jal Gand 3 Lad i jela
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Y laall el Jalas dad mleas) ) a3 5 low scale reliability
Sl Jadl & ‘é.)L.w laaaas & Al dadll a9 0T o Al e
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Z3lall J< bl o) al asen e daill 2 e ilajall cld Jalas
el
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Standardized Loading Across Folds <ublal ¢ jal e 4 Ll cilavial
Scale <laoall il oyl Liwsd cdllbae saey cllaugia Sl
Cm ot Tl W) clalas callan sia ) 48LaaY L <Reliability Across Folds
S (Al 5 alagl dag 1 cld 4l ella s Mean Factor Correlations Jal sl
g dllia K1Y e — ilegles dulale Aty JS) — L Jusalitl oda peuas
Y 355 s <Loading flag st 2o ) @l e J8 3 jlaadl Lilanis
s sind Al bl ol 3al ae @K (Heywood flag 4sxe ¢« Heywood
e ST Ll e llee Jo Jal gall oy Al il Y1 @ lalas 48 ghna Lead
Eebae Lo uliall sbad @lia S 1Y Lae 1pualy v lanuant 5 3l Al

c e Jalanl 8 saaad) Al e 8 cilaall el

1-tactor
Factor Structure
f1=~—Dep_1+Dep_ 2+ Dep_3+Dep_4+Dep_5+Dep_6+ Dep_7 +Dep_8 + Anx_1 + Anx_2 + Anx_3 + Anx_4 + Anx_5 + Anx_6 + Anx_7

Standardized Loading Across Folds

variable  mean range loading flag  heywood flag
Dep_1 0.77  0.75 - 0.82 0 0
Dep_2 0.80 0.78 - 0.82 0 o]
Dep_3 0.85 0.84 - 0.87 0 o
Dep_4 074  0.71-0.78 0 o
Dep_5 0.75  0.73-0.78 0 0
Dep_6 0.72 0.69 - 0.75 0 o]
Dep_7 0.87 0.86 - 0.89 0 o
Dep_8 0.82  0.80-0.83 0 o
Anx_1 0.82  0.79 - 0.85 0 0
Anx 2 0.77 0.74 - 0.79 0 o]
Anx 3 0.80 0.78 - 0.82 0 o
Anx_4 0.86  0.85-0.89 0 o
Anx_5 0.92  0.91-0.93 0 0
Anx 6 0.94 0.93 - 0.95 0 o]
Anx 7 0.88 0.85 - 0.89 0 o

Note: loadings flagged when < 0.3 in a fold. "heywood flag’ is the number of folds the variable’s estimated residual variance was negative

Scale Reliability Across Folds

omega_h

factor
mean range flag

f1 0.95 0.94 - 0.95 (o]

Note: ‘flag’ is the number of folds the scale had a reliability < 0.6

Yo¥0 yubid o (VY) dadl () el
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4-factor

Factor Structure

f1=-~Dep_2 +Am_1 +ANX_2 + Anx_5 + Anx_6 + Anx_T7
2 =~ Dep_1 + Dep_2 + .Anx_3 + Anx_4

f3=—Dep_4 + Dep_5 + Dep_6&

T4 =~ Dep_7 + Dep_8

Standardized Loading Across Folds

variable  mean range loading flag  heywood flag
Dep_1 0.80 078 - 0.84 (o} o
Dep_2 0.83  0.82-0.86 o o
Dep_3 0.87 0.85 - 0.89 o o
Dep_4 0.81 0. 78 - 0.83 (o} (o]
Dep_5 0.82 0.80 - 085 o o
Dep_6 078 075 -0.81 (o} o
Dep_7 0.94  0.93 - 0.96 o o
Dep_8 0.87 0.85 - 0.89 o o
Anx 1 0.83 080 - 086 (o} (o]
Anx_ 2 0.78 0.76 - 0.80 o o
Anx 3 0.83 0.81 - 085 (o} o
Anx 4 a.91 0.89 - 0.93 o o
Anx 5 0.93 092 - 094 o o
Anx & 095 094 - 0.96 (o} (o]
Anx 7 0.89 0.86 - 0.90 o o

Note: loadings flagged when < 0.3 in a fold. "heywood flag’ is the number of folds the variable’s estimated residual variance was negative

Mean Factor Correlations

£1 £2 £3 £ flag
f1 1.00 10
£2 092 1.00 10
3 0.85 0.87 1.00 1
4 0.50 0.85 0.86 1.00 =

MNote: ‘flag’ is the number of folds the factor had a correlation = 0.9

Scale Relia

ty Across Folds

omega h

factor
mean range flag
£1 0.91 0.50 - 0.92 o
f2 0.83 0.82 - 0.85 o
£3 0.72 0.69 - 0.74 o
£1 0.80 0.79 - 0.81 o

Mote: ‘flag’ is the number of folds the scale had a reliability < 0.6

Sleladl Jall of bl J<al 3 b V) cDlelas Jawgie Jsaa (e el ©

5ol ol 3aY) B 00 Ll V) Jebes dadd 4 aaw cplalall 13 alasany)
(S sl JLalall Qs alaasialy Jad) 1aa Slaa) 2 o) 5 g el

Yo¥0 yubiad - (VY) dutadl - () Ml



Print ISSN (2682-2016)- Online ISSN (2805-2927)  @deditly puiedlt du patf dladf

Custom 2f
Factor Structure

Depression =— Dep_1 + Dep_2 +~ Dep_3 + Dep_4 + Dep_5 + Dep_6 + Dep_7 + Dep_8

Anxiety

< Anx_1 + Anx_2 + Anx_3 + Anx_4 + Anx_S5 + Anx_6 + Anx_7

Standardized Loading Across Folds

wariable  mean range loading flag  heywood flag
Dep_ 1 o779 077 -0.84 o o
Dep_2 0.82 0.80 - 0.84 o o
Dep_ 3 088 086 - 090 o o
Dep_ 4 076 072 - 0 .80 o o
Dep_ S 077 075 - 080 o o
Dep 6 0. 74 071 -0.76 o O
Dep 7 0920 088 - 091 (s} o
Dep 8 0. 84 082 - 0 85 o O
Anx_1 0.83 080 0 86 [+] o
Anx 2 078 076 - 08O o o
Anx_3 0. 81 .79 0.83 [+] o
Anx_4 o0.88 0.87 - 0.90 o o
Anx_ S 093 091 0. .94 [+] o
Anx 6 095 094 - 096 o o
AT 0.89 .87 .90 [+] (8]

Note: loadings flagged when = 0.3 in a fold. 'heywood flag’ is the number of folds the variable’s estimated residual variance was negative

Mean Factor Correlations

Depression  Anxiety flag
Depression 1.00 B
Ansiety 0.92 1.00 e

Note. ‘flag’ is the number of folds the factor had a correlation = 0.9

Scale Reliability Across Folds

omega_h

factor
mean range flap
Depression 088 087 - 089 )
Anxiety 0.93 0.92 - 0.93 o

Note: ‘flag’ is the number of folds the scale had a reliability = 0.6

Appendix: Within Fold Model Fit dgUaall 335a &l jdisa gald 3ol @
il Alhdl sagn O pdes el il s TS Aed Laf ) ey
SIS 5 5l bl )3l e e da JS il DA okl el Jilanl)
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Appendix
Within Fold Model Fit

1-factor 4-factor
fold chisq.scaled dfscaled cfirobust rmsearobust srmr tlirobust | chisqscaled dfscaled cfirobust rmsearobust srmr tlirobust
1 1,123.39 90.00 0.90 0.13 0.04 0.89 589.01 84.00 0.69 0.24 0.03 0.61
2 1,326.71 90.00 0.90 013 0.04 0.88 666.74 84.00 0.69 24 0.03 0.61
3 1,253.30 90.00 0.90 0.13 0.04 0.88 645.07 84.00 0.70 0.24 0.03 0.62
4 1,243.67 90.00 0.89 013 0.04 0.87 527.11 84.00 0.75 21 0.03 0.69
5 1,320.57 90.00 0.89 0.14 0.04 0.87 653.70 84.00 0.73 0.22 0.03 0.67
6 1,264.97 90.00 0.90 013 0.04 0.88 569.14 84.00 0.65 0.25 0.03 0.57
7 1,213.63 90.00 0.88 0.14 0.05 0.86 690.32 84.00 0.72 0.22 0.04 0.65
8 1,125.05 90.00 091 013 0.04 0.89 56753 84.00 0.76 022 0.03 Q.70
9 1,284.18 90.00 0.89 0.14 0.04 0.88 621.72 84.00 0.73 23 0.03 0.66
10 1.076.93 90.00 0.91 0.13 0.04 0.89 533.04 84.00 0.72 022 0.03 0.65
Mean 122324 90.00 0.90 013 0.04 0.88 606.34 84.00 0.71 23 0.03 0.64
fold Custom 2f
chisq.scaled dfscaled cfirobust rmsearobust srmr  tlirobust
1 63725 89.00 095 0.10 0.03 0.94
2 926.10 89.00 0.93 0.11 004 091
3 84998 89.00 093 0.11 0.03 0.92
4 900.62 §9.00 092 0.12 0.04 0.90
5 910.88 89.00 092 0.12 0.04 0.91
6 874.13 89.00 092 011 0.04 0.1
7 695.33 89.00 0.93 0.11 0.04 0.92
8 73775 89.00 0.93 0.11 0.03 0.92
9 852.71 89.00 0.92 0.12 0.04 0.91
10 759.82 89.00 0.93 0.11 0.03 0.92
Mean 814.46 89.00 093 0.11 0.04 0.92

ALL EFA Structures A< Jaladl Jdasll Llalell 2l o
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Gan )l 0sS Jal gall DU aaad) yans 5 4l ) 4n il 39 i e el
Jalaill o) ja) o
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Factors: 1
Factor Structure Option 1

InFolds: 1,2,3,4,5,6,7,8,9,10
f1=~Dep_1+Dep 2+Dep 3+Dep 4+Dep 5+Dep 6+Dep 7+ Dep 8 +Anx_1+Anx_2 +Am_3+Anx_4 +Anx_5+Anx_6 +Anx_7
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Factors: 2

Factor Structure Option 1

In Folds: 1,2, 3,4,5,6,7,8,9, 10

Structure contained a factor with < 2 items
aal o Baadldl ey e Jall J<all ol 3506 dleledl 4l mmt o
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(S Lalall Qa5 a3 ol
Factors: 3

Factor Structure Option 1
In Folds:1,2,3,4,5,6,7,8,9,10

Structure contained a factor with < 2 items
b LS ol Ay e o sl gt canai g o) Buel; Aleladl Al o
s all JSal

Factors: 4

Factor Structure Option 1

In Folds: 1,2, 3,4,5,6,7,8,9, 10

f1 = Dep_3 +Anx_1+ Anx_2 +Anx_5 +Anx_6 +Anx_7
f2 =~ Dep_1 + Dep_2 + Anx_3 + Anx_4

f3=—Dep_ 4+ Dep 5+ Dep_6

f4 =— Deon 7+ Dep 8
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Cross-Validation and Stability of Factor Analysis Results: A
Demonstration Using the kfa R Package

Abstract

Designing psychometrically efficient measurement instruments by
collecting appropriate sources of validity evidence for supporting score
interpretations and uses is essential for ensuring the quality of the
collected data and the validity of study-based inferences. Among these
sources of evidence is validity based on internal structure, often gathered
through exploratory and confirmatory factor analyses. However, one of
the primary challenges researchers face is how to conduct exploratory and
confirmatory factor analyses and ensure the stability of the factor structure
across different samples without repeatedly administering the
measurement instrument and collecting data. This study aims to provide a
concise overview of the concept of validity evidence and its sources,
exploratory factor analysis (EFA), and its associated methodological
issues, while clarifying the difference between EFA and principal
component analysis. It also covers confirmatory factor analysis (CFA), the
concept of cross-validation, and how it can be used to verify the validity
and stability of factor analysis results across samples. A detailed example
using the kfa package in R is included, demonstrating how to interpret
results, choose among factor models, and support score interpretations for
proposed uses. The study concludes with recommendations for using EFA
and CFA to collect validity evidence based on internal structure.

Keywords: Validity of score interpretations, validity evidence based on
internal structure, exploratory factor analysis, principal components
analysis, confirmatory factor analysis, cross-validation.

Y0 b (V. (H Ml =



