QUESTION: Is it a problem if I
use Factor Analysis on
dichotomous data in scale
development?

By R. L. Brown, Ph.D.
Medical Research Consulting
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The Model.

The measurement model used for scale development in structural covariance analyses consists of a
set of (p) regression equations linking the (p) measured (Y) variables with (m) scales or factors

(latent variables ). The system of equations may be written as the following, using standard
terminology;

Yi=AMM A, et A Nt E
Vo= Ay +Apn, tot A, nte,

% Kplnl + sznz + -+ Sl 1 €,

Or in matrix notation as;
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Assumption: Unlimited normally distributed
continuous variables

Estimate Pearson/Phi Correlations

F=(1/2) tr[(S - Z) W ]2

Weight matrix W = £ for ML

EO=S=8



What If the variables are not unlimited
continuous, but dichotomous, and
possibly asymmetrical?

Estimate tetrachoric correlations not Pearson/Phi

F(0) = (s - o) W-(s - o)

Weight matrix W = *%* for WLS



Simulation Study
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Table 1. Population Estimates for the two seale model.

SCALE1 SCALE 2 ERRCOR
A's s &'z
Y1 0.87 0.00 0.24
Y2 0.583 0.00 0.32
Y3 0.77 0.00 0.41
Y 0.66 0.00 0.56
Y5 0.00 0.74 0.46
Y6 0.00 0.93 0.14
SCATE1 S”ALE 2
b's s
SZALE 1 1.00

SCALE 2 0.53 1.00



Table 2. Population Correlation Matrix based on theoretical two dimensional

madel.

Tl
T2
T3
T4
5
16

Tl
1.00
0.72
0.68
0.56
0.39
0,49

Y2

1.00
0.63
0.56
0.34
0.44

3

1.00
0.52
0.32
0,38

T4

1.00
0.30
0,37

Th

1.00
0,65

Yo

1.00



Simulation of asymmetry In
dichotomous variables
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Assess Issue of

 Different correlational estimates (Pearson
Vs tetrachoric)

 Different estimation procedures (ML vs
WLYS)

o Levels of asymmetry



Table 2. Population Correlation Matrix based on theoretical two dimensional

madel.

Tl
T2
T3
T4
5
16

Tl
1.00
0.72
0.68
0.56
0.39
0,49

Y2

1.00
0.63
0.56
0.34
0.44

3

1.00
0.52
0.32
0,38

T4

1.00
0.30
0,37

Th

1.00
0,65

Yo

1.00



100 correlation matrices were simulated for
each asymmetrical condition

Percent bias in the correlation =
(r-p)/p)*100



Distribution 55

Pearzon (Phi) Correlations

Varl Var 2 Var3 Var 4 Var 5 Vara
Varl 1.00 12 Al 735 31E0 30Ta 3330
WVar 2 et 1.00 2809 2B ST 0 ZIBR 0 3340
Var3d 404 453 100 3057 5500 3947 M L
WVar 4 383 Ann 361 1.00 BEA 3540
WVar 5 270 250 144 214 1.00 3041
War 317 293 230 239 A2 1.00
Tetrachoric Correlations
Varl Varld Var 3 Vard Var 5 Wat &
Varl 1.00 13.05 .32 571 1282 306 1
Var2 214 1.00 .66 2.03 2294 3.AE
Var3 723 AT 1.00 T.50 2375 1.05
Var 4 392 A0S 559 1.00 17.00 4 R WLS
Var5 A40 B 244 351 1.00 T7.94
Varf S04

Aé5 376 388 B2a 1.00




Distribution 37

Pearson (Phi) Cortrelations

Varl Varld Var 3 Vard Var 5 Wat &

Varl 1.00 3205 34326 4180 39E3 0 4244
Var Adé 1.00 2085 2857 3204 41 %1
Var3 A47 A9E 1.00 4402 57E1 0 5342
Var 4 327 400 291 1.00 7933 4594
Var 3 237 J1é0 A35 0az 1.00 42.50
Var 6 283 236 177 200 391 1.00

Tetrachoric Correlations
Varl Var 2 Var3 Vard Var 5 Vara

Varl 1.00 416 2.94 2.50 794 1.42
Var 2 A90 1.00 1222 1375 1244 0.65
Var 3 F0a d53 1.00 2.88 1721 1259
Var 4 S4a B37 S05 1.00 59.00 2.97
Var 5 A21 297 263 A23 1.00 7.50
Var é A23 443 331 359 A20 1.00




Distribution 19

Pearson (Phi) Correlations

Varl Var2 Var3 Vard Var 5 Vara
Varl 1.00 3388 al Al 5302 3512 2510
Var 2 AT 1.00 mod4 3178 2676 5840
War 3 2al 258 1.00 1334 3375 47 3a
War 4 258 EY A3 1.00 16.33 42 1a
War 5 253 249 212 251 1.00 3926
War 6 367 183 200 214 413 1.00
Tetrachotic Correlations
Varl Var2 War 3 Vard Var 5 Vara
Varl 1.00 1.94 3.08 0.53 1.53 551
Var 2 T04 1.00 3.01 517 1038 263
Var 3 A5 All 1.00 n.1g 281 263
Vard Aas B0 A3 1.00 1586 2000
Var 5 384 37T 320 247 1.00 0.44
ATE 413 Ad4d AE3 1.00

War i

S17




Percent bias in the parameters =
((0¢-0)/6) * 100



Table 4c. Zeale estimates and percent of bias in the estimates for the D155 distribution.

FPearson (Phi) Correlstion Method Tetrachoric Correlation Method
Parameter FPercent Biaz Parameter Percent Bias
Estithate Estimate
Al 0754 13333 08304 22200
Ao 0700 156863 ne310 01205
Aa 0.a30 18182 0.7594 1.3506
A 0.506 23333 08438 2.4545
Aso 0.640 12514 07472 3ATAT
Mo 0770 17.204 09114 2.0000
¢12 0.532 2274 057138 1.4138
81 0.430 72167 02072 13 aaa?
B 0.50% 32750 03073 38125
s 0.a04 47 317 04214 27805
B 0.742 32.500 0.5334 41784
B 0.590 28281 04108 10 8957
e 0.40% 191,420 01432 201420
12 12084 45315 04374 TOEES




Tahledh. Beale estitmates and percent of bias in the estimates for the DISY distribution.

Pearson (Phi) Cortelation Method Tetrachoric Correlation Miethod
Parameter Percent Bias Farameter FPercent Bias
Estimate Estimate
A 0.743 14023 0E92a 25517
A 0.624 16.145 03318 01928
A N.ala 20000 0.7576 1.a104
Ay 0.534 12788 06392 45152
A 0.626 15405 07618 29459
Aen 0.754 12710 0.9042 27097
¢12 0.522 10.000 0.5726 1.2759
& 0.442 24187 02022 157500
& 0.51% Al 275 0.3066 41875
& 02 51707 0.4254 3.75al
Bq 0.70% 26 429 05228 A.07Z0
B 060z 32.174 0.4las 03013
B 0.423 205714 0.1794 281420
12 13802 35 B0% 3.5392 21858




Tahle 4a. Heale estimates and percent of bias in the estimates for the DI19 distribution.

Pearzon (Phi) Correlation Method Tetrachoric Correlation MWethod
FParameter FPercent Bias Parameter FPercent Bias
Estimate Estitmate
A 0.a32 27 334 0.833a0 4. 1839
Ao 0666 19750 0.25640 3.2042
A 0.572 25714 0.77698 0.9065
hay 0.470 28783 .67 240 1.5091
Aso n.512 MEL 0. 70120 51622
Aeo 0.7a0 18 280 0.9a 460 37204
¢12 0.47a 17831 0.532a0 31724
&1 0.520 145833 0.30020 250833
&n 0.554 T3125 0.26420 172500
s 0.a70 63415 0.39100 4 6341
Fa 0773 3B 020 0.54560 25714
Bs 0.734 A9 5a5 0.501a0 D.0435
B 0412 194,234 0.13200 30,0000
12 15.8a0 Bl ati T.43640 142179







