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PCA Examples 


1. Job Performance 


This example uses the PRINCOMP procedure to analyze job performance. Police officers were 


rated by their supervisors in 14 categories as part of standard police departmental administrative 


procedure.  


The following statements create the Jobratings data set:  


options validvarname=any; 


data Jobratings; 


   input ('Communication Skills'n 


          'Problem Solving'n 


          'Learning Ability'n 


          'Judgment Under Pressure'n 


          'Observational Skills'n 


          'Willingness to Confront Problems'n 


          'Interest in People'n 


          'Interpersonal Sensitivity'n 


          'Desire for Self-Improvement'n 


          'Appearance'n 


          'Dependability'n 


          'Physical Ability'n 


          'Integrity'n 


          'Overall Rating'n) (1.); 


   datalines; 


26838853879867 


74758876857667 


56757863775875 


67869777988997 


99997798878888 


89897899888799 


89999889899798 


87794798468886 


35652335143113 


89888879576867 


76557899446397 


97889998898989 


76766677598888 


 


   ... more lines ...    


 


99899899899899 


76656399567486 


; 


The data set Jobratings contains 14 variables. Each variable contains the job ratings, using a 


scale measurement from 1 to 10 (1=fail to comply, 10=exceptional). The last variable Overall 


Rating contains a score as an overall index on how each officer performs.  








 


The following statements request a principal component analysis on the Jobratings data set, 


output the scores to the Scores data set (OUT= Scores), and produce default plots. Note that 


variable Overall Rating is excluded from the analysis.  


ods graphics on; 


proc princomp data=Jobratings(drop='Overall Rating'n); 


run; 


By default, the PROC PRINCOMP statement requests principal components computed from the 


correlation matrix, so the total variance is equal to the number of variables, 13. In this example, 


it would also be reasonable to use the COV option, which would cause variables with a high 


variance (such as Dependability) to have more influence on the results than variables with a low 


variance (such as Learning Ability). If you used the COV option, scores would be computed 


from centered rather than standardized variables.  


Conclusions 


The first component reflects overall performance since the first eigenvector shows approximately 


equal loadings on all variables. The second eigenvector has high positive loadings on the 


variables Observational Skills and Willingness to Confront Problems but even higher negative 


loadings on the variables Interest in People and Interpersonal Sensitivity. This component seems 


to reflect the ability to take action, but it also reflects a lack of interpersonal skills. The third 


eigenvector has a very high positive loading on the variable Physical Ability and high negative 


loadings on the variables Problem Solving and Learning Ability. This component seems to 


reflect physical strength, but also shows poor learning and problem-solving skills.  


In short, the three components represent the following:  


First Component: 


overall performance  


Second Component: 


smart, tough, and introverted  


Third Component: 


superior strength and average intellect  


2. Basketball Rankings 


The data in this example are rankings of 35 college basketball teams. The rankings were 


made before the start of the 1985–86 season by 10 news services.  








The purpose of the principal component analysis is to compute a single variable that best 


summarizes all 10 of the preseason rankings.  


Note that the various news services rank different numbers of teams, varying from 20 


through 30 (there is a missing rank in one of the variables, WashPost). And, of course, not all 


services rank the same teams, so there are missing values in these data. Each of the 35 teams 


is ranked by at least one news service.  


The PRINCOMP procedure omits observations with missing values. To obtain principal 


component scores for all of the teams, it is necessary to replace the missing values. Since it is 


the best teams that are ranked, it is not appropriate to replace missing values with the mean of 


the nonmissing values. Instead, an ad hoc method is used that replaces missing values with 


the mean of the unassigned ranks. For example, if 20 teams are ranked by a news service, 


then ranks 21 through 35 are unassigned. The mean of ranks 21 through 35 is 28, so missing 


values for that variable are replaced by the value 28. To prevent the method of missing-value 


replacement from having an undue effect on the analysis, each observation is weighted 


according to the number of nonmissing values it has. See Example 71.2 in Chapter 71, The 


PRINQUAL Procedure, for an alternative analysis of these data.  


Since the first principal component accounts for 78% of the variance, there is substantial 


agreement among the rankings. The eigenvector shows that all the news services are about 


equally weighted; this is also suggested by the nearly horizontal line of the pattern profile 


plot in Output 70.2.3. So a simple average would work almost as well as the first principal 


component. The following statements produce Output 70.2.1.  


/*-----------------------------------------------------------*/ 


/*                                                           */ 


/* Pre-season 1985 College Basketball Rankings               */ 


/* (rankings of 35 teams by 10 news services)                */ 


/*                                                           */ 


/* Note: (a) news services rank varying numbers of teams;    */ 


/*       (b) not all teams are ranked by all news services;  */ 


/*       (c) each team is ranked by at least one service;    */ 


/*       (d) rank 20 is missing for UPI.                     */ 


/*                                                           */ 


/*-----------------------------------------------------------*/ 


 


data HoopsRanks; 


   input School $13. CSN DurSun DurHer WashPost USAToday 


         Sport InSports UPI AP SI; 


   label CSN      = 'Community Sports News (Chapel Hill, NC)' 


         DurSun   = 'Durham Sun' 


         DurHer   = 'Durham Morning Herald' 


         WashPost = 'Washington Post' 


         USAToday = 'USA Today' 


         Sport    = 'Sport Magazine' 


         InSports = 'Inside Sports' 


         UPI      = 'United Press International' 


         AP       = 'Associated Press' 


         SI       = 'Sports Illustrated' 


         ; 
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   format CSN--SI 5.1; 


   datalines; 


Louisville     1  8  1  9  8  9  6 10  9  9 


Georgia Tech   2  2  4  3  1  1  1  2  1  1 


Kansas         3  4  5  1  5 11  8  4  5  7 


Michigan       4  5  9  4  2  5  3  1  3  2 


Duke           5  6  7  5  4 10  4  5  6  5 


UNC            6  1  2  2  3  4  2  3  2  3 


Syracuse       7 10  6 11  6  6  5  6  4 10 


Notre Dame     8 14 15 13 11 20 18 13 12  . 


Kentucky       9 15 16 14 14 19 11 12 11 13 


LSU           10  9 13  . 13 15 16  9 14  8 


DePaul        11  . 21 15 20  . 19  .  . 19 


Georgetown    12  7  8  6  9  2  9  8  8  4 


Navy          13 20 23 10 18 13 15  . 20  . 


Illinois      14  3  3  7  7  3 10  7  7  6 


Iowa          15 16  .  . 23  .  . 14  . 20 


Arkansas      16  .  .  . 25  .  .  .  . 16 


Memphis State 17  . 11  . 16  8 20  . 15 12 


Washington    18  .  .  .  .  .  . 17  .  . 


UAB           19 13 10  . 12 17  . 16 16 15 


UNLV          20 18 18 19 22  . 14 18 18  . 


NC State      21 17 14 16 15  . 12 15 17 18 


Maryland      22  .  .  . 19  .  .  . 19 14 


Pittsburgh    23  .  .  .  .  .  .  .  .  . 


Oklahoma      24 19 17 17 17 12 17  . 13 17 


Indiana       25 12 20 18 21  .  .  .  .  . 


Virginia      26  . 22  .  . 18  .  .  .  . 


Old Dominion  27  .  .  .  .  .  .  .  .  . 


Auburn        28 11 12  8 10  7  7 11 10 11 


St. Johns     29  .  .  .  . 14  .  .  .  . 


UCLA          30  .  .  .  .  .  . 19  .  . 


St. Joseph's   .  . 19  .  .  .  .  .  .  . 


Tennessee      .  . 24  .  . 16  .  .  .  . 


Montana        .  .  . 20  .  .  .  .  .  . 


Houston        .  .  .  . 24  .  .  .  .  . 


Virginia Tech  .  .  .  .  .  . 13  .  .  . 


; 


/* PROC MEANS is used to output a data set containing the      */ 


/* maximum value of each of the newspaper and magazine         */ 


/* rankings.  The output data set, maxrank, is then used       */ 


/* to set the missing values to the next highest rank plus     */ 


/* thirty-six, divided by two (that is, the mean of the        */ 


/* missing ranks).  This ad hoc method of replacing missing    */ 


/* values is based more on intuition than on rigorous          */ 


/* statistical theory.  Observations are weighted by the       */ 


/* number of nonmissing values.                                */ 


/*                                                             */ 


 


title 'Pre-Season 1985 College Basketball Rankings'; 


proc means data=HoopsRanks; 


   output out=MaxRank 


          max=CSNMax DurSunMax DurHerMax 


              WashPostMax USATodayMax SportMax 


              InSportsMax UPIMax APMax SIMax; 


run; 


 








Conclusions 


 


Pre-Season 1985 College Basketball Rankings 


College Teams as Ordered by PROC PRINCOMP 


 


Obs School Prin1 


1 Georgia Tech -0.58068 


2 UNC -0.53317 


3 Michigan -0.47874 


4 Kansas -0.40285 


5 Duke -0.38464 


6 Illinois -0.33586 


7 Syracuse -0.31578 


8 Louisville -0.31489 


9 Georgetown -0.29735 


10 Auburn -0.09785 


11 Kentucky 0.00843 


12 LSU 0.00872 


13 Notre Dame 0.09407 


14 NC State 0.19404 


15 UAB 0.19771 


16 Oklahoma 0.23864 


17 Memphis State 0.25319 


18 Navy 0.28921 


19 UNLV 0.35103 


20 DePaul 0.43770 


21 Iowa 0.50213 


22 Indiana 0.51713 


23 Maryland 0.55910 


24 Arkansas 0.62977 


25 Virginia 0.67586 


26 Washington 0.67756 


27 Tennessee 0.70822 


28 St. Johns 0.71425 


29 Virginia Tech 0.71638 


30 St. Joseph's 0.73492 


31 UCLA 0.73965 


32 Pittsburgh 0.75078 








Obs School Prin1 


33 Houston 0.75534 


34 Montana 0.75790 


35 Old Dominion 0.76821 
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