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Abstract:
A survey is administered measuring testing conditions at commercial educational testing sites nationwide. Principal Components Analysis is then performed to reduce the number of survey variables used in further analyses. Using the PRINCOMP procedure in SAS, composite scores are obtained regarding the atmosphere at a given testing center. These scores are then used in ANOVAs to determine if choice of testing location has an effect on a student’s standardized test score.
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Hypothesis:

The research question of interest is, 

“Do differences in testing center environments impact test performance on high-stakes tests for post secondary school admissions?”

A major chain of testing centers was surveyed regarding many variables that were thought to possibly impact test performance. These variables included the size of the center, number of computer stations administering this specific test, number of staff, gender and ethnicity of staff, and variables regarding the “atmosphere” of the center and personal qualities of the staff at that center.  The survey consisted of 20 multiple part questions. Questions were grouped into similar categories such as location related questions or questions considering the age, race and gender of the staff members. Another major area was the atmosphere that a test taker encountered when arriving at a random testing center. Examples of questions include:

Was the center helping to put the test takers at ease? Were they distant toward the test taker?

Were they particularly security conscious? Were test takers photographed?

Did they have many people moving around? Or few people?

Were many different tests being administered at the same time? Or only a couple of tests?

Did the test taker face many distractions? Or was it too quiet?

Ideally, there would be no difference in performance on this admissions test among students at different centers, even if there were differences in how the testing centers were operated.
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Data Preparation:

A survey was sent to all the US testing centers of a major chain of testing services, N=256 (Appendix A). This chain is the sole vendor for this computer- administered test used for post-secondary college admissions. Total respondents equaled 247. Complete responses were supplied by 188 centers.  Scores were gathered for three months for all students who took the test at that center.  

Methodology:

Principal Component Analysis (PCA) was performed to see if the 58 individual items could be reduced to a smaller number of factors. In order to be put into a PCA, variables must be on a similar scale and deal with theoretically similar questions. A group of 42 variables were put into one PCA. These variables related to questions regarding personal qualities of staff members, observed behavior of test takers and atmosphere of the test center. All of these 42 questions were answered on a 5-point Likert scale. Was it possible that there were a fewer number of factors that could be used to account for the variance in the original 42 questions? If so, there would be reduced chances of Type I error.

To help determine the number of Principal Components to use, a scree diagram was produced using SAS’ PROC FACTOR (Figure 1).  This plot showed that between 3 and 10 factors could be used. Various analyses (Figure 2) were run using SAS’ PROC PRINCOMP to determine which number of Principal Components led to the most rational explanation. It was determined that a solution with 3 principal components could be described theoretically. These three principal components explained only 32% of the total variance of the survey but they took into account many of the questions asked of the respondents (partial output - Figure 3).

FIGURE 2. SAS Code.

/* SAS Default output creates the number of factors equal to the number of variables input. Since N=42 vars, there will be 42 components created.
*/
proc princomp data=gre2.survey_level3  ;



var A16 -- N19 ;

run;

/* Preliminary analysis indicates there are 13 factors with 

eigenvalues >= 1. Therefore the option n=13 is added to the PROC PRINCOMP statement to limit the number of factors created. */


 

proc princomp data=gre2.survey_level3 n=13 ;




var A16 -- N19 ;

/* Try different numbers of factors based on the interpretation of the scree plot. */
proc princomp data=gre2.survey_level3 n=4  ;



title 'PCA: Test Center Survey:  Scree Plot (4)';


var A16 -- N19 ;

proc princomp data=gre2.survey_level3 n=3 ;



title 'PCA: Test Center Survey:  Scree Plot (3)';



var A16 -- N19 ;

proc princomp data=gre2.survey_level3  n=5 ;



title 'Test Center Survey:  Scree Plot (5)';


var A16 -- N19 ;

run;

/* The solution with N=3 principal components is determined to be the most straightforward. There seems to be a pattern behind these variables loading onto each component.


*/
Figure 3.  Partial output of Proc PRINCOMP n = 3;

The PRINCOMP Procedure

Observations         188

Variables             42

Simple Statistics

                    A16              B16              C16              D16              

  Mean      3.542553191      4.111702128      2.260638298      3.069148936       

  StD       0.854868331      0.926883846      0.760764896      0.936774143    etc.

The PRINCOMP Procedure

Correlation Matrix

                A16     B16     C16     D16     E16     F16     A17     B17     C17    

   A16  A16  1.0000  0.1323  0.0116  0.0464  0.1555  -.1035  -.0471  0.0430  0.0487  

   B16  B16  0.1323  1.0000  0.0647  0.1327  -.0841  0.0546  -.0155  -.0222  0.0268  

   C16  C16  0.0116  0.0647  1.0000  0.2147  0.1620  0.0953  0.0789  0.0691  0.2810  

   D16  D16  0.0464  0.1327  0.2147  1.0000  0.0227  0.1272  0.0569  0.1242  0.2285  

   E16  E16  0.1555  -.0841  0.1620  0.0227  1.0000  0.0056  0.0488 ...  etc.
Eigenvalues of the Correlation Matrix

Eigenvalue    Difference    Proportion    Cumulative

1    6.04842263    1.91506559        0.1440        0.1440

2    4.13335704    1.07077363        0.0984        0.2424

3    3.06258341                      0.0729        0.3153

Eigenvectors

Prin1         Prin2         Prin3

A16      A16      0.035780      0.025742      0.036986

B16      B16      0.064248      -.047229      -.022759

C16      C16      0.140580      0.016526      0.100841

D16      D16      0.177241      -.003014      0.124124

E16      E16      -.000611      0.060685      0.145523

F16      F16      0.085767      0.030633      0.104292

A17      A17      0.093739      0.123264      0.272387
B17      B17      0.091168      0.149399      0.289732
C17      C17      0.103321      0.064437      0.231022
D17      D17      0.097571      0.180167      0.226400
E17      E17      0.126836      0.157163      0.209543
F17      F17      0.126529      0.169399      0.282548
A18      A18      0.001267      -.259846      -.067820

B18      B18      0.116125      0.202054      0.052556

C18      C18      0.151081      -.089165      -.190490
D18      D18      0.188883      0.091246      -.137039

E18      E18      0.133461      0.209036      0.036640

F18      F18      0.123245      0.015998      0.185037

G18      G18      0.192587      -.241631      0.151526

H18      H18      0.213740      -.163602      0.147868

I18      I18      0.242409      -.169699      0.069133

J18      J18      0.210091      0.148438      -.211348
K18      K18      0.204436      0.137087      0.004343

L18      L18      0.050637      -.192954      0.092989

M18      M18      0.154973      -.243144      0.007822

N18      N18      0.141303      0.211022      0.117739

O18      O18      0.149026      0.122456      -.214983
P18      P18      0.053557      0.051375      -.144308

A19      A19      0.187818      0.138820      -.150491

B19      B19      0.168967      -.039097      -.142724

C19      C19      0.220315      0.071414      -.243644
D19      D19      0.224358      0.146725      -.222904
E19      E19      0.124398      -.142406      0.099605

F19      F19      0.131122      -.205203      -.032335

G19      G19      0.136094      0.201135      -.003741

H19      H19      0.204184      -.237089      0.093466

I19      I19      0.155135      -.001790      -.236413
J19      J19      0.209836      -.134127      0.045582

K19      K19      0.244788      0.138593      -.185875

L19      L19      0.114756      -.263537      0.081316

M19      M19      0.200959      -.192064      -.019924

N19      N19      0.159467      -.181085      -.027416

FIGURE 4.
Principal Components.
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Results:

A variable was retained in a principal component if the factor loading was >=.20. Occasionally a variable loaded onto two components. Usually, but not always, the variable was retained on the component with the highest loading. In a few instances, theoretical considerations dictated the placement of a variable within a principal component. The choice of principal components can be as much art as science. 

The principal components could be categorized in three ways: a “Warm & Cozy Center”, an “Intimidating” environment, and a “Busy and Disruptive” atmosphere (Figure 4). The values of the original variables that comprised a given component were then summed to create scale scores. These scale scores may then be used in further research, along with more traditional variables, such as undergraduate GPA, to see if differences in center atmosphere would account for differences in standardized test performances.
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Appendix A




Survey

Important information: This survey will in no way be used to evaluate your center.  Rather we are simply interested in learning about the atmosphere and social environment of testing centers.  Your responses will remain strictly confidential, and your participation is completely voluntary.  Further, there are no right or wrong answers to the items on the survey.  We simply wish to hear your views.

In order to ensure that the study is valid, please provide your honest responses to the following questions. 

16.  In your opinion, please rate the extent to which the following behaviors occur at your center.
	
	Never
	Seldom
	Sometimes
	Often
	Always

	a.  Test takers are aware that other test takers are  

    taking different tests.


	O
	O
	O
	O
	O

	b.  Staff members try to calm down nervous test takers.


	O
	O
	O
	O
	O

	c.  During breaks, test takers interact with other test  

    takers.


	O
	O
	O
	O
	O

	d.  During breaks, test takers interact with TCA’s


	O
	O
	O
	O
	O

	e.  Test takers who arrive on time, wait for more than 
    10 minutes to begin their tests.


	O
	O
	O
	O
	O

	f.  Test takers comment on having their picture taken 
   at check-in.
	O
	O
	O
	O
	O


17.  In your opinion, to what extent do students seem to notice the following aspects of their environment?

	
	Never

Notice
	Seldom

Notice
	Sometimes

Notice
	Often

Notice
	Always

Notice 

	a.  Other test takers entering and getting started.


	O
	O
	O
	O
	O

	b.  Other test takers during the test.


	O
	O
	O
	O
	O

	c.  Different check-in procedures for fellow test 

     takers taking different tests.


	O
	O
	O
	O
	O

	d.  Staff activity behind the observation window 


	O
	O
	O
	O
	O

	e.  Surveillance equipment (i.e., cameras and 

     mirrors)


	O
	O
	O
	O
	O

	f.  Door to testing area opening and closing.
	O
	O
	O
	O
	O


18.  In your opinion, please rate the extent to which the following characteristics describe the typical atmosphere at your center.  We realize that characteristics, which may sound like opposites, will actually both apply at different points in the day.
	
	Not at all Characteristic
	Slightly Characteristic
	Somewhat Characteristic
	Very Characteristic
	Extremely Characteristic

	a.  Relaxed 
	O
	O
	O
	O
	O

	b.  Somber 
	O
	O
	O
	O
	O

	c.  Professional   
	O
	O
	O
	O
	O

	d.  Serious
	O
	O
	O
	O
	O

	e.  Intimidating 
	O
	O
	O
	O
	O

	f.  Hectic
	O
	O
	O
	O
	O

	g.  Fun
	O
	O
	O
	O
	O

	h.  Youthful
	O
	O
	O
	O
	O

	i.  Lively
	O
	O
	O
	O
	O

	j.  Formal
	O
	O
	O
	O
	O

	k.  Critical
	O
	O
	O
	O
	O

	l.  Mellow
	O
	O
	O
	O
	O

	m. Warm/Cozy
	O
	O
	O
	O
	O

	n.  Tense
	O
	O
	O
	O
	O

	o.  Library-like
	O
	O
	O
	O
	O

	p.  Collegial
	O
	O
	O
	O
	O



19.  How important is it for a Staff Member in your center to have the following traits?

	
	Not at all Important
	Slightly Important
	Somewhat Important
	Very Important
	Extremely Important

	a.  Strict 
	O
	O
	O
	O
	O

	b.  Efficient
	O
	O
	O
	O
	O

	c.  Businesslike 
	O
	O
	O
	O
	O

	d.  Serious
	O
	O
	O
	O
	O

	e.  Mellow
	O
	O
	O
	O
	O

	f.  Compassionate 
	O
	O
	O
	O
	O

	g.  Intimidating
	O
	O
	O
	O
	O

	h.  Fun
	O
	O
	O
	O
	O

	i.  Professional
	O
	O
	O
	O
	O

	j.  Youthful
	O
	O
	O
	O
	O

	k.  Formal
	O
	O
	O
	O
	O

	l.  Relaxed
	O
	O
	O
	O
	O

	m.  Nurturing
	O
	O
	O
	O
	O

	n.  Open-minded
	O
	O
	O
	O
	O


Figure 1.


Methods for Determining Number of Principal Components:





Cumulative Proportion of Total Variance. Generally accepted as >90%.


Size of Eignenvalues of correlation matrix. Generally > 1.


Scree Diagram. Use “elbow” or “bend” as guideline.





/* To help determine the number of factors, first create a scree plot. You must use proc FACTOR for this. Scree plots are NOT available in Proc PRINCOMP. */





proc factor data=gre2.survey_level3 scree ;


var A16—-N19;


run;
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