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SAS syntax and output for Chapter 8: Exploratory Factor Analysis
Much of the material in this document builds on the SAS syntax and output from earlier chapters. If necessary, refer back to those documents for reminders.


Begin by importing the ‘saasdat.dat’ file (for the social-anxiety/negative body image example) into SAS:

	data ch8data;
 infile 'c:\saasdat.dat' firstobs=2 dlm='';
 input BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS;
run;





Although plots of the bivariate associations among the variables are not presented until the end of the chapter (in the section on Assumptions and Diagnostics for EFA), it is good practice to examine the data graphically before fitting any factor analysis models.
The following code produces a scatterplot matrix for the nine observed variables in the social anxiety example (Figure 8.6).

The 'sgscatter' procedure is used below:

	proc sgscatter data=ch8data;
 matrix BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS / diagonal=(kernel);
run;
[image: ]



The diagonal plots in the scatterplot matrix are kernel density estimates by specifying the option of ‘kernal’. The diagonals can be histograms instead, as follows:

	proc sgscatter data=ch8data;
 matrix BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS / diagonal=(histogram);
run;
[image: ]



As explained in the chapter, a few of the scatterplots in the scatterplot matrix above seem to depict non-linear associations.
In particular, the association between SPS and SPAS seems non-linear; as shown in Figure 8.7, if the data are transformed to ranks, though, the pattern better approximates a linear association:

	proc sgplot data=ch8data;
 scatter x=SPS y=SPAS;
 xaxis label="SPS";
 yaxis label="SPAS";
run;
[image: ]
proc rank data=ch8data out=rank;
 var SPS SPAS;
 ranks SPSRank SPASRank;
run;
 
proc sgplot data=rank;
 scatter x=SPSRank y=SPASRank;
 xaxis label="SPSRank";
 yaxis label="SPASRank";
run;
[image: ]



Next, obtain the correlations reported in Table 8.1:

	proc corr data=ch8data noprob;
 var BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS;
run;





By default, the 'corr' procedure outputs Pearson product-moment correlations. Spearman correlations can be obtained instead with the ‘spearman’ option:

	proc corr data=ch8data noprob spearman;
 var BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS;
run;





As suggested by the scatterplots earlier, whereas the Pearson product-moment correlation between SPS and SPAS is .455, above we see that the Spearman correlation is stronger, .562.


Two-factor model estimation

EFA can be carried out in SAS using the ‘factor’ procedure.
Below, ‘proc factor’ is used to estimate a two-factor model for the social anxiety data using unweighted least squares estimation with oblimin rotation:

	proc factor data=ch8data nfactors=2 rotate=oblimin method=ULS scree;
 var BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS;
run;





This ‘Factor Pattern’ displays the UNrotated factor loading matrix. In most situations, the unrotated factor loadings should be ignored, but for academic purposes, the results above are similar (but not identical) to the results in Table 8.6 (the differences are likely due to different optimization defaults for ULS estimation in SAS vs. the ‘fa’ function of the ‘psych’ package in R).

	




These are the final communality estimates.

	

 






The ‘Rotated Factor Pattern’ shows the rotated factor loading matrix, which is consistent with (but not identical to) the factor loading matrix reported in Table 8.2 (also Table 8.7). (Again, the differences are likely due to different optimization defaults for ULS estimation, as well as oblimin rotation, in SAS vs. the ‘fa’ function of the ‘psych’ package in R.)

	




As explained in Chapter 8, the ‘Factor Structure’ usually should be ignored.

	




SAS gives an interfactor correlation = .65 (which was reported as .63 in Chapter 8 due to slight differences between SAS and R implementations).
Unfortunately SAS does not compute model fit stats such as RMR, RMSEA, CFI, or TLI.
Furthermore, SAS does not compute the residual correlation matrix.

The two-factor model can instead be estimated using maximum likelihood with the ‘ML’ option:

	proc factor data=ch8data nfactors=2 rotate=oblimin method=ML;
 var BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS;
run;









The output above is very similar, but not identical, to that obtained with the default ULS estimation.

Determining the optimal number of common factors

Scree plot

In the syntax given earlier, the ‘scree’ option produced the following scree plot, which uses the eigenvalues of the original, unreduced correlation matrix:
	




The scree plot in Figure 8.1 was slightly different, being based on eigenvalues of a reduced correlation matrix (i.e., the observed correlation matrix with communalities on the diagonal), as explained in Chapter 8. Unfortunately, this alternative scree plot is not readily available with SAS.

Parallel analysis

Parallel analysis is not automatically available in SAS, but it can be carried out using the “Determining the Dimensionality of Data: A SAS® Macro for Parallel Analysis” macro downloadable from www2.sas.com/proceedings/sugi28/090-28.pdf. Demonstration of this macro is not feasible here, but consult the webpage linked above for details.



Factor rotation

The two-factor model estimated above was based on the default oblimin weight=0. The oblimin weight can be changed to 0.5 (for example) using the (.5) option:

	proc factor data=ch8data nfactors=2 rotate=oblimin(.5) method=ULS;
 var BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS;
run;







The output above gives estimated factor loadings (and interfactor correlation) which are similar, but not identical, to those reported in Table 8.8.


Additional models for social-anxiety data

One-factor model (ULS estimation); with only one factor, there is no rotation:

	proc factor data=ch8data nfactors=1 method=ULS;
 var BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS;
run;







The output above gives factor loading and communality estimates which are similar, but not identical, to those reported in Table 8.9.

Three-factor model (ULS estimation):

	proc factor data=ch8data nfactors=3 rotate=oblimin method=ULS;
 var BFNE SIAS SPS SPAS BIQ ASI APEVAL OWPRE SAAS;
run;









The output above gives factor loading and communality estimates which are similar, but not identical, to those reported in Table 8.10.


EFA with categorical observed variables

Read the data for the 20 items of the Beck Hopelessness Scale (BHS) into SAS:

	data ch8dat2;
 infile 'c:\bhsefa.csv' dlm=',';
 input v1 - v20;
run;



The 'outplc' option of the 'corr' procedure can be used to produce the polychoric correlations among the 20 BHS items:

	proc corr data=ch8dat2 noprob outplc=temp;
 var v1 - v20;
run;




The temporary dataset created, called ‘temp’ in the code above, can then be used as the input data for ‘proc factor’.

For example, to make a scree plot for the BHS data, start by fitting a one-factor model to the polychoric correlation matrix (‘data=temp’):

	proc factor data=temp nfactors=1 method=ULS scree;
 var v1 - v20;
run;
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Pearson Correlation Coefficients
Number of Observations

BFNE| SIAS| SPS| SPAS  BIQ|  ASI APEVAL OWPRE SAAS

BFNE | 1.00000 071038 0.67319 061312 063948 053400 -0.50802 039108 081432
109 109 109 109 109 109 108 109 109

SIAS | 071038 1.00000 0.80043 0.45958 048343 0.32866 -0.45000 0.31165 0.76125
109 109 109 109 109 109 108 109 109

SPS | 067319 0.80043 1.00000 045510 041430 045439 -0.40023 0.36888 0.7017
109 109 109 109 109 109 108 109 109

SPAS | 061312 045958 045510 1.00000 0.62818 049472 -0.77861 059037 0.58763
109 109 109 109 109 109 108 109 109

BIQ 063348 | 048348 041430 062818 100000 059186 -0.52994 046690 057493
109 109 109 109 109 109 108 109 109

Asl 053400 032866 0.45439 049472 0.59186 1.00000 -0.34224 043420 048033
109 109 109 109 109 109 108 109 109

APEVAL | -0.50802 | -0.45000 -0.40023 -0.77861 -0.52994 -0.34224  1.00000 -0.43230 -0.55398
108 108 108 108 108 108 108 108 108

OWPRE | 0.39108 031165 0.36888 0.59037 0.46690 0.43420 -0.43230 1.00000 0.37300
109 109 109 109 109 109 108 109 109

SAAS | 0.81432 076125 077017 058763 0.57493 048033 -0.55398 0.37300 1.00000
109 109 109 109 109 109 108 109 109
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Spearman Correlation Coefficients
Number of Observations

BFNE| SIAS| SPS| SPAS  BIQ|  ASI APEVAL OWPRE SAAS

BFNE | 1.00000 073277 071240 061538 052907 045484 -0.41709 034170 0.81679
109 109 109 109 109 109 108 109 109

SIAS | 073277 1.00000 079966 0.50383 046315 0.30839 -0.45900 0.34973 0.75269
109 109 109 109 109 109 108 109 109

SPS | 0.71240 079956 1.00000 0.56056 0.39287 0.33485 -0.40008 0.36690 0.75086
109 109 109 109 109 109 108 109 109

SPAS | 061538 050383 056056 1.00000 0.63997 047882 -0.75865 059524 0.67532
109 109 109 109 109 109 108 109 109

BIQ 052907 | 046315 0.39267 063997 100000 051694 -0.55008 045415 052765
109 109 109 109 109 109 108 109 109

Asl 045484 030839 0.38485 047882 0.51694 100000 -0.33028 0.36356 0.39578
109 109 109 109 109 109 108 109 109

APEVAL | -0.41709 -0.45900 -0.40008 -0.76865 -0.55008 -0.33028 1.00000 -0.43900 -0.53511
108 108 108 108 108 108 108 108 108

OWPRE | 0.34170 034973 036690 059624 0.45415 0.36356 -0.43900 1.00000 0.38363
109 109 109 109 109 109 108 109 109

SAAS | 081579 075269 075086 067532 0.52765 0.39578 -0.53511 0.38363 1.00000
109 109 109 109 109 109 108 109 109
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Factor Pattern

Factor!
BFNE | 0.85132
SIAS | 0.77576
SPS | 0.77471
SPAS | 0.81151
BIQ 072925
ASl 060092
APEVAL | -0.68065
OWPRE | 0.56321
SAAS | 087194

Factor2
014054
041146
039608
0.45903
0.21386
0.14005
028542
0.29226
0.25562
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Final Communality Estimates: Total = 5.862016
BFNE sias SPS SPAS BIQ ASI| APEVAL| OWPRE SAAs
074449987 0.77110471 | 0.75705741 0.86925508 0.57754840 0.38072024 0.54474598 039145954 0.82562430
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Variance Explained by Each
Factor Ignoring Other Factors
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Rotated Factor Pattern (Standardized Regression Coefficients)

Factor! Factor2
BFNE 063844 029808
SIAS 092105 0.06821
SPS 0.90206 0.05034
SPAS 010134 099521
BIQ 014674 065614
ASl 016423 049729
APEVAL 0.03423 0.71530
OWPRE 0.04434 0.65366
SAAS 0.78760 017138
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Factor Structure (Correlations)
Factorl | Factor2

BFNE 083270 0.71415
SIAS 087660 053205
SPS 086925 053754
SPAS 054725 0.92916
BIQ 057436 075177
ASl 048832 0.60432

APEVAL | 050040 -0.73761
OWPRE | 038165 0.62476
SAAS 089929 0.68467
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Inter-Factor Correlations

Factor!

Factor2

Factor!

1.00000

065171

Factor2

065171

1.00000






image14.png
Final Communality Estimates and
Variable Weights

Variable | Communality Weight
BFNE 074316331 38927092
SIAS 075590602 4.0981079
SPS. 075311639 4.0520812
SPAS 092136871 127172552
BIQ 050649062 20267992
Asl 033432320 15023319
APEVAL 064161445 27888994
OWPRE 037522632 16003673

SAAS 082839898 5.8265133
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Rotated Factor Pattern (Standardized Regression Coefficients)

BFNE
SIAS
SPS
SPAS
BIQ

ASl
APEVAL
OWPRE
SAAS

Factor!
069257921
0.90862572
091384574
0.0894338
024908822
026048211
-0.0002108
-0.0088672
081762307

Factor2
023320874
0.0625734
0.0739241
1.01535011
05246455
037443114
-0.8008719
061825998
0.1340666.
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Inter-Factor Correlations
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Scree Plot of Eigenvalues
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Rotated Factor Pattern (Standardized Regression Coefficients)
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087711

0.00084
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030516
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Inter-Factor Correlations
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Factor Pattern

Factor!
BFNE | 0.86042
SIAS | 075234
SPS | 075383
SPAS | 0.77829
BIQ 073206
ASl 0.60687
APEVAL | -0.67495
OWPRE | 0.54903
SAAS | 0.86932
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Final Communality Estimates: Total = 4.897236
BFNE sias SPS SPAS BIQ ASI| APEVAL| OWPRE SAAs
074031579 0.56600804 056825519 0.60574146 0.53591540 0.36828549 0.45556343 0.30143080  0.75572073





image22.png
Final Communality Estimates: Total = 6.464113
BFNE sias SPS SPAS BIQ ASI| APEVAL| OWPRE SAAs
074272454 | 0.82029948 | 0.74583230 0.95347950 0.59496532 076532417 0.65313546 0.37742786 0.82092447
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Rotated Factor Pattern (Standare

ed Regression Coefficients)

Factor! Factor2 Factor3
BFNE 064532 014265 020176
SIAS 096222 -0.00401 012787
SPS 088115 0.08941 0.06736
SPAS 0.03889 098254 0.03015
BIQ 0.16552 035861 039213
ASl 0.06943 0.00294 083635
APEVAL 0.09637 -0.80669 011645
OWPRE 0.00275 044914 024333

SAAS 079598 012440 0.05696
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Inter-Factor Correlations
Factor! | Factor2 | Factor3
Factor! | 1.00000 0.59323 0.47916
Factor2| 059323 1.00000 0.54254
Factor3| 047916 0.54254  1.00000
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Scree Plot of Eigenvalues
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