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Cody Smith Chapter 10 Factor Analysis
1

***Chapter 10;
*---------------------------------------------------------------*

| Program Name: FACTOR.SAS in C:\APPLIED                        |

| Purpose: To perform a factor analysis on psychological Data   |

*---------------------------------------------------------------*;
PROC FORMAT;

   VALUE LIKERT

    1 = 'V. Strong Dis.'
    2 = 'Strongly Dis.'
    3 = 'Disagree'
    4 = 'No Opinion'
    5 = 'Agree'
    6 = 'Strongly Agree'
    7 = 'V. Strong Agree';

RUN;

DATA FACTORDT;

***Copy the file FACTOR.DTA to a folder of your choice

   and modify the following INFILE statement appropriately;
   INFILE 'F:\MdbT\P595B\Cody_Program_Files\FACTOR.DTA' PAD;

   INPUT @1  SUBJ $2. 

         @3 (QUES1-QUES6) (1.);

   LABEL QUES1 = 'Feel Blue'
         QUES2 = 'People Stare at Me'
         QUES3 = 'People Follow Me'
         QUES4 = 'Basically Happy'
         QUES5 = 'People Want to Hurt Me'
         QUES6 = 'Enjoy Going to Parties';

   FORMAT QUES1-QUES6 LIKERT.;

RUN;

proc print data=factordt;

run;
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              Obs    SUBJ    QUES1              QUES2              QUES3

                1     01     V. Strong Agree    Disagree           No Opinion

                2     02     Strongly Agree     Disagree           Strongly Dis.

                3     03     Disagree           Strongly Agree     V. Strong Agree

                4     04     Strongly Dis.      Strongly Dis.      Strongly Dis.

                5     05     Disagree           No Opinion         Strongly Dis.

                6     06     Strongly Agree     Disagree           No Opinion

                7     07     V. Strong Dis.     Strongly Dis.      Disagree

                8     08     Disagree           Disagree           Strongly Dis.

                9     09     Strongly Dis.      V. Strong Dis.     V. Strong Dis.

               10     10     Strongly Agree     Strongly Dis.      Disagree

               11     11     Disagree           Agree              No Opinion

               12     12     Strongly Agree     V. Strong Agree    Strongly Agree

               13     13     Agree              V. Strong Dis.     V. Strong Dis.

               14     14     Strongly Dis.      V. Strong Dis.     V. Strong Dis.

               15     15     V. Strong Dis.     Strongly Dis.      V. Strong Dis.

              Obs    QUES4              QUES5             QUES6

                1    Strongly Dis.      Strongly Dis.     Strongly Dis.

                2    V. Strong Dis.     Disagree          Strongly Dis.

                3    Disagree           Strongly Agree    Disagree

                4    Agree              Disagree          No Opinion

                5    No Opinion         Strongly Dis.     Disagree

                6    Strongly Dis.      Disagree          Strongly Dis.

                7    V. Strong Agree    Strongly Dis.     Strongly Dis.

                8    Disagree           No Opinion        Disagree

                9    Strongly Agree     Strongly Dis.     Agree

               10    Strongly Dis.      Strongly Dis.     Strongly Dis.

               11    Strongly Dis.      Disagree          Disagree

               12    Strongly Dis.      Strongly Agree    Strongly Dis.

               13    Strongly Dis.      Strongly Agree    Strongly Dis.

               14    Strongly Agree     V. Strong Dis.    Agree

               15    V. Strong Agree    V. Strong Dis.    V. Strong Agree
PROC FACTOR DATA=FACTORDT PREPLOT PLOT ROTATE=VARIMAX

            NFACTORS=2 OUT=FACT SCREE;

   TITLE "Example of Factor Analysis";

   VAR QUES1-QUES6;

RUN;

*PREPLOT plots loadings before rotation;
* PLOT plots loadings after rotation;
* ROTATE=VARIMAX requests the VARIMAX type of rotation;
* OUT=FACT requests factor scores in the named data set, FACT;
*          By default data from FACOTRDT will go there also;
From the LOG

NOTE: 2 factors will be retained by the NFACTOR criterion.

NOTE: The data set WORK.FACT has 15 observations and 9 variables.
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                                      The FACTOR Procedure

                          Initial Factor Method: Principal Components

                              Prior Communality Estimates: ONE

                  Eigenvalues of the Correlation Matrix: Total = 6  Average = 1

                          Eigenvalue    Difference    Proportion    Cumulative

                     1    3.66827888    2.42830320        0.6114        0.6114

                     2    1.23997569    0.70866159        0.2067        0.8180

                     3    0.53131410    0.18729333        0.0886        0.9066

                     4    0.34402077    0.18927986        0.0573        0.9639

                     5    0.15474091    0.09307124        0.0258        0.9897

                     6    0.06166967                      0.0103        1.0000

                      2 factors will be retained by the NFACTOR criterion.
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                                      The FACTOR Procedure

                          Initial Factor Method: Principal Components

Scree Plot of Eigenvalues
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                                      The FACTOR Procedure

                          Initial Factor Method: Principal Components

                                        Factor Pattern

                                                         Factor1         Factor2

               QUES1      Feel Blue                      0.76843        -0.54767

               QUES2      People Stare at Me             0.72985         0.59840

               QUES3      People Follow Me               0.77904         0.50692

               QUES4      Basically Happy               -0.87354         0.36879

               QUES5      People Want to Hurt Me         0.72583         0.26237

               QUES6      Enjoy Going to Parties        -0.80519         0.34660

                                Variance Explained by Each Factor

                                      Factor1         Factor2

                                    3.6682789       1.2399757

                          Final Communality Estimates: Total = 4.908255

        QUES1           QUES2           QUES3           QUES4           QUES5           QUES6

   0.89042545      0.89075763      0.86386768      0.89907825      0.59566231      0.76846325
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                                      The FACTOR Procedure

                          Initial Factor Method: Principal Components

Plot of Factor Pattern for Factor1 and Factor2
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                                      The FACTOR Procedure

                                    Rotation Method: Varimax

                                Orthogonal Transformation Matrix

                                                   1               2

                                   1        -0.73625         0.67671

                                   2         0.67671         0.73625

                                    Rotated Factor Pattern

                                                         Factor1         Factor2

               QUES1      Feel Blue                     -0.93637         0.11677

               QUES2      People Stare at Me            -0.13241         0.93446

               QUES3      People Follow Me              -0.23053         0.90040

               QUES4      Basically Happy                0.89271        -0.31960

               QUES5      People Want to Hurt Me        -0.35684         0.68434

               QUES6      Enjoy Going to Parties         0.82737        -0.28969

                                Variance Explained by Each Factor

                                      Factor1         Factor2

                                    2.5562772       2.3519773

                          Final Communality Estimates: Total = 4.908255

        QUES1           QUES2           QUES3           QUES4           QUES5           QUES6

   0.89042545      0.89075763      0.86386768      0.89907825      0.59566231      0.76846325
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                                      The FACTOR Procedure

                                    Rotation Method: Varimax

                          Scoring Coefficients Estimated by Regression

                 Squared Multiple Correlations of the Variables with Each Factor

                                      Factor1         Factor2

                                    1.0000000       1.0000000

                               Standardized Scoring Coefficients

                                                         Factor1         Factor2

               QUES1      Feel Blue                     -0.45312        -0.18343

               QUES2      People Stare at Me             0.18008         0.48994

               QUES3      People Follow Me               0.12029         0.44471

               QUES4      Basically Happy                0.37659         0.05783

               QUES5      People Want to Hurt Me        -0.00249         0.28968

               QUES6      Enjoy Going to Parties         0.35076         0.05726
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                                      The FACTOR Procedure

                                    Rotation Method: Varimax

Plot of Factor Pattern for Factor1 and Factor2
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    Obs    SUBJ    QUES1              QUES2              QUES3              QUES4

      1     01     V. Strong Agree    Disagree           No Opinion         Strongly Dis.

      2     02     Strongly Agree     Disagree           Strongly Dis.      V. Strong Dis.

      3     03     Disagree           Strongly Agree     V. Strong Agree    Disagree

      4     04     Strongly Dis.      Strongly Dis.      Strongly Dis.      Agree

      5     05     Disagree           No Opinion         Strongly Dis.      No Opinion

      6     06     Strongly Agree     Disagree           No Opinion         Strongly Dis.

      7     07     V. Strong Dis.     Strongly Dis.      Disagree           V. Strong Agree

      8     08     Disagree           Disagree           Strongly Dis.      Disagree

      9     09     Strongly Dis.      V. Strong Dis.     V. Strong Dis.     Strongly Agree

     10     10     Strongly Agree     Strongly Dis.      Disagree           Strongly Dis.

     11     11     Disagree           Agree              No Opinion         Strongly Dis.

     12     12     Strongly Agree     V. Strong Agree    Strongly Agree     Strongly Dis.

     13     13     Agree              V. Strong Dis.     V. Strong Dis.     Strongly Dis.

     14     14     Strongly Dis.      V. Strong Dis.     V. Strong Dis.     Strongly Agree

     15     15     V. Strong Dis.     Strongly Dis.      V. Strong Dis.     V. Strong Agree

    Obs    QUES5             QUES6               Factor1     Factor2

      1    Strongly Dis.     Strongly Dis.      -1.20213    -0.28776

      2    Disagree          Strongly Dis.      -1.29555    -0.53865

      3    Strongly Agree    Disagree            0.58442     2.34696

      4    Disagree          No Opinion          0.68454    -0.26314

      5    Strongly Dis.     Disagree            0.24834    -0.04744

      6    Disagree          Strongly Dis.      -0.98274    -0.02895

      7    Strongly Dis.     Strongly Dis.       0.87107    -0.12232

      8    No Opinion        Disagree           -0.03644    -0.00693

      9    Strongly Dis.     Agree               0.93701    -0.87762

     10    Strongly Dis.     Strongly Dis.      -1.14578    -0.70949

     11    Disagree          Disagree            0.11148     0.81788

     12    Strongly Agree    Strongly Dis.      -0.45943     2.04214

     13    Strongly Agree    Strongly Dis.      -1.16040    -0.69440

     14    V. Strong Dis.    Agree               0.93846    -1.04703

     15    V. Strong Dis.    V. Strong Agree     1.90715    -0.58324
* Example of oblique rotation;
PROC FACTOR DATA=FACTORDT ROTATE=PROMAX plot NFACTORS=2;

 TITLE "Example of Principle Components Analysis - Oblique Rotation";

   VAR QUES1-QUES6;

RUN;
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                                      The FACTOR Procedure

                          Initial Factor Method: Principal Components

                              Prior Communality Estimates: ONE

                  Eigenvalues of the Correlation Matrix: Total = 6  Average = 1

                          Eigenvalue    Difference    Proportion    Cumulative

                     1    3.66827888    2.42830320        0.6114        0.6114

                     2    1.23997569    0.70866159        0.2067        0.8180

                     3    0.53131410    0.18729333        0.0886        0.9066

                     4    0.34402077    0.18927986        0.0573        0.9639

                     5    0.15474091    0.09307124        0.0258        0.9897

                     6    0.06166967                      0.0103        1.0000

                      2 factors will be retained by the NFACTOR criterion.

                                        Factor Pattern

                                                         Factor1         Factor2

               QUES1      Feel Blue                      0.76843        -0.54767

               QUES2      People Stare at Me             0.72985         0.59840

               QUES3      People Follow Me               0.77904         0.50692

               QUES4      Basically Happy               -0.87354         0.36879

               QUES5      People Want to Hurt Me         0.72583         0.26237

               QUES6      Enjoy Going to Parties        -0.80519         0.34660

                                Variance Explained by Each Factor

                                      Factor1         Factor2

                                    3.6682789       1.2399757

                          Final Communality Estimates: Total = 4.908255

        QUES1           QUES2           QUES3           QUES4           QUES5           QUES6

   0.89042545      0.89075763      0.86386768      0.89907825      0.59566231      0.76846325
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                                      The FACTOR Procedure

                                  Prerotation Method: Varimax

                                Orthogonal Transformation Matrix

                                                   1               2

                                   1        -0.73625         0.67671

                                   2         0.67671         0.73625

                                    Rotated Factor Pattern

                                                         Factor1         Factor2

               QUES1      Feel Blue                     -0.93637         0.11677

               QUES2      People Stare at Me            -0.13241         0.93446

               QUES3      People Follow Me              -0.23053         0.90040

               QUES4      Basically Happy                0.89271        -0.31960

               QUES5      People Want to Hurt Me        -0.35684         0.68434

               QUES6      Enjoy Going to Parties         0.82737        -0.28969

                                Variance Explained by Each Factor

                                      Factor1         Factor2

                                    2.5562772       2.3519773

                          Final Communality Estimates: Total = 4.908255

        QUES1           QUES2           QUES3           QUES4           QUES5           QUES6

   0.89042545      0.89075763      0.86386768      0.89907825      0.59566231      0.76846325
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                                      The FACTOR Procedure

                                  Prerotation Method: Varimax

Plot of Factor Pattern for Factor1 and Factor2
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                                      The FACTOR Procedure

                              Rotation Method: Promax (power = 3)

                         Target Matrix for Procrustean Transformation

                                                         Factor1         Factor2

               QUES1      Feel Blue                     -1.00000         0.00195

               QUES2      People Stare at Me            -0.00283         1.00000

               QUES3      People Follow Me              -0.01562         0.93668

               QUES4      Basically Happy                0.85406        -0.03945

               QUES5      People Want to Hurt Me        -0.10116         0.71824

               QUES6      Enjoy Going to Parties         0.86044        -0.03718

                               Procrustean Transformation Matrix

                                                   1               2

                                   1      1.07442698       0.2621827

                                   2      0.24446211      1.10978316

                            Normalized Oblique Transformation Matrix

                                                   1               2

                                   1        -0.63230         0.54491

                                   2         0.91674         0.97123

                                   Inter-Factor Correlations

                                            Factor1         Factor2

                            Factor1         1.00000        -0.44010

                            Factor2        -0.44010         1.00000

                 Rotated Factor Pattern (Standardized Regression Coefficients)

                                                         Factor1         Factor2

               QUES1      Feel Blue                     -0.98795        -0.11319

               QUES2      People Stare at Me             0.08709         0.97888

               QUES3      People Follow Me              -0.02787         0.91684

               QUES4      Basically Happy                0.89043        -0.11782

               QUES5      People Want to Hurt Me        -0.21841         0.65033

               QUES6      Enjoy Going to Parties         0.82687        -0.10212
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                                      The FACTOR Procedure

                              Rotation Method: Promax (power = 3)

                                  Reference Axis Correlations

                                            Factor1         Factor2

                            Factor1         1.00000         0.44010

                            Factor2         0.44010         1.00000

                        Reference Structure (Semipartial Correlations)

                                                         Factor1         Factor2

               QUES1      Feel Blue                     -0.88713        -0.10164

               QUES2      People Stare at Me             0.07820         0.87899

               QUES3      People Follow Me              -0.02502         0.82328

               QUES4      Basically Happy                0.79956        -0.10579

               QUES5      People Want to Hurt Me        -0.19612         0.58396

               QUES6      Enjoy Going to Parties         0.74248        -0.09170

                   Variance Explained by Each Factor Eliminating Other Factors

                                      Factor1         Factor2

                                    2.0227720       1.8213506

                                Factor Structure (Correlations)

                                                         Factor1         Factor2

               QUES1      Feel Blue                     -0.93813         0.32161

               QUES2      People Stare at Me            -0.34372         0.94055

               QUES3      People Follow Me              -0.43137         0.92911

               QUES4      Basically Happy                0.94228        -0.50969

               QUES5      People Want to Hurt Me        -0.50463         0.74646

               QUES6      Enjoy Going to Parties         0.87181        -0.46603

                    Variance Explained by Each Factor Ignoring Other Factors

                                      Factor1         Factor2

                                    3.0869040       2.8854825
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                                      The FACTOR Procedure

                              Rotation Method: Promax (power = 3)

                          Final Communality Estimates: Total = 4.908255

        QUES1           QUES2           QUES3           QUES4           QUES5           QUES6

   0.89042545      0.89075763      0.86386768      0.89907825      0.59566231      0.76846325
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                                      The FACTOR Procedure

                              Rotation Method: Promax (power = 3)

Plot of Reference Structure for Factor1 and Factor2

Reference Axis Correlation = 0.4401  Angle = 63.8896
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* Principal Axis factor analysis;
PROC FACTOR DATA=FACTORDT  method=principal PLOT ROTATE=VARIMAX

            NFACTORS=2 OUT=FACT;

      TITLE "Example of Principal Axis Factor Analysis";

   VAR QUES1-QUES6;

RUN;
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                                      The FACTOR Procedure

                          Initial Factor Method: Principal Components

                              Prior Communality Estimates: ONE

                  Eigenvalues of the Correlation Matrix: Total = 6  Average = 1

                          Eigenvalue    Difference    Proportion    Cumulative

                     1    3.66827888    2.42830320        0.6114        0.6114

                     2    1.23997569    0.70866159        0.2067        0.8180

                     3    0.53131410    0.18729333        0.0886        0.9066

                     4    0.34402077    0.18927986        0.0573        0.9639

                     5    0.15474091    0.09307124        0.0258        0.9897

                     6    0.06166967                      0.0103        1.0000

                      2 factors will be retained by the NFACTOR criterion.

                                        Factor Pattern

                                                         Factor1         Factor2

               QUES1      Feel Blue                      0.76843        -0.54767

               QUES2      People Stare at Me             0.72985         0.59840

               QUES3      People Follow Me               0.77904         0.50692

               QUES4      Basically Happy               -0.87354         0.36879

               QUES5      People Want to Hurt Me         0.72583         0.26237

               QUES6      Enjoy Going to Parties        -0.80519         0.34660

                                Variance Explained by Each Factor

                                      Factor1         Factor2

                                    3.6682789       1.2399757

                          Final Communality Estimates: Total = 4.908255

        QUES1           QUES2           QUES3           QUES4           QUES5           QUES6

   0.89042545      0.89075763      0.86386768      0.89907825      0.59566231      0.76846325
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                                      The FACTOR Procedure

                                    Rotation Method: Varimax

                                Orthogonal Transformation Matrix

                                                   1               2

                                   1        -0.73625         0.67671

                                   2         0.67671         0.73625

                                    Rotated Factor Pattern

                                                         Factor1         Factor2

               QUES1      Feel Blue                     -0.93637         0.11677

               QUES2      People Stare at Me            -0.13241         0.93446

               QUES3      People Follow Me              -0.23053         0.90040

               QUES4      Basically Happy                0.89271        -0.31960

               QUES5      People Want to Hurt Me        -0.35684         0.68434

               QUES6      Enjoy Going to Parties         0.82737        -0.28969

                                Variance Explained by Each Factor

                                      Factor1         Factor2

                                    2.5562772       2.3519773

                          Final Communality Estimates: Total = 4.908255

        QUES1           QUES2           QUES3           QUES4           QUES5           QUES6

   0.89042545      0.89075763      0.86386768      0.89907825      0.59566231      0.76846325
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                                      The FACTOR Procedure

                                    Rotation Method: Varimax

                          Scoring Coefficients Estimated by Regression

                 Squared Multiple Correlations of the Variables with Each Factor

                                      Factor1         Factor2

                                    1.0000000       1.0000000

                               Standardized Scoring Coefficients

                                                         Factor1         Factor2

               QUES1      Feel Blue                     -0.45312        -0.18343

               QUES2      People Stare at Me             0.18008         0.48994

               QUES3      People Follow Me               0.12029         0.44471

               QUES4      Basically Happy                0.37659         0.05783

               QUES5      People Want to Hurt Me        -0.00249         0.28968

               QUES6      Enjoy Going to Parties         0.35076         0.05726
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                                      The FACTOR Procedure

                                    Rotation Method: Varimax

Plot of Factor Pattern for Factor1 and Factor2
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Orthogonal (Varimax) Loading Plot





Note - the axes of this plot should NOT be at right angles.  Use your imagination to make them slightly oblique.





Post-rotation Loading Plot





Pre-rotation Loadings Plot





Scree Plot








