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This study investigates teacher content knowledge of candidates enrolled in an alternative type teacher certification program at the University of North Texas. Descriptive data and linear regression were used to draw conclusions about the content area knowledge of individuals in the sample and the significance of the predictors examined. Results of a linear regression analysis indicate, upper-level content area coursework, grade point average, and the time elapsed between the initial attempt on the Texas Examinations of Educator Standards content test and the completion of the last upper-level course in the content area were not statistically significant predictors of success on the Texas Examinations for Educator Standards (TExES) for 8-12 Life Science F (3, 22) = .400, p = .756 or for the 8-12 Mathematics  F (3,22) = 2.301, p = .105. 
introduction

In response to a growing teacher shortage, increasing numbers of secondary teachers are prepared through streamlined alternative-type certification programs. For this reason, teacher preparation programs regularly assess candidate’s content area knowledge gained from institutions of higher education across the U.S. A. In Texas, content knowledge is an important program admission factor as candidates must demonstrate content area knowledge through academic training and passing a content area certification test. This study examines teacher content knowledge for candidates enrolled in an online post-baccalaureate program from 2002 through 2005 and seeking teacher certification in grades 8-12 life science or grades 8-12 mathematics. 
Specifically, this study examines the relationship between TExES content certification test scores for grades 8-12 life science and grades 8-12 mathematics examinations and three traditional indicators of teacher content knowledge including: upper-level content area coursework, upper-level content area grade point average, and the time elapsed between the TExES content examination and the completion of the last upper-level course in the content area.
Teacher Content Knowledge as Determined by No Child Left Behind Legislation

Within the body of literature, teacher knowledge is measured in a variety of ways. The National Center for Educational Statistics [1] reports that teacher knowledge has been measured using “data on the type and number of courses taken, majors and minors, credits earned in specific subject areas, and achievement in specific subject areas” (p. 3). Other measures of teacher knowledge include content area test scores such as Praxis II, grade point average (GPA) in major, area of certification, Graduate Record Examination score, number and type of courses taken, credits earned, and undergraduate/graduate major or minor [1, p. 3]. 
Many researchers [2] [3] [4] [5] [6] [7] [8] have shown a teachers’ verbal ability as measured by a variety of testing instruments is positively correlated to student test scores. Other researchers [9] [10] [1] [11] [12] have suggested the type of course taken is an important indicator of teacher quality, and pedagogical content knowledge may be the most important form of teacher knowledge with regard to student achievement [13] [11]. Presently, a broad array of competing views concerning the role of teacher testing exists, and it is this controversy that is the subject of continuing debate and research. 
Teacher tests have been suggested as an indicator of teacher knowledge by a number of researchers. Latham, Gitomer, and Ziomekl [14] champion the use of teacher tests as measures of teacher quality. They suggest teaching is an “academic enterprise” (p. 24) and that teachers “be drawn from among the more academically able” (p. 24). Teacher testing, evolved from the Competency Performance Based Teacher Education of the 1960s and 1970s [15] [16] has become a common measure of teacher knowledge in all fifty states [17]. The recent migration of teacher testing in all fifty states as a measure of teacher quality was ushered in via No Child Left Behind legislation (NCLB) which defined teacher knowledge as content preparation or the ability to pass a state content test. The legislation labels teachers who meet either of these requirements as highly qualified  and creates an accountability system for meeting these requirements via Title II for institutions of higher education (teacher preparation) and Title I funding for public schools [18]. This definition of a highly qualified teacher privileges teachers’ subject area knowledge as measured by teacher testing over other kinds of teacher knowledge and creates a narrow view of what defines a highly qualified teacher. This particular measure of teacher quality is supported by many policy makers who view teacher testing as an efficient and cost-effective method for accomplishing the goal of identifying highly qualified teachers [19].
No Child Left Behind legislation creates a significant shift in the federal government’s involvement in the definition of teacher knowledge and the way teachers are prepared and certified [20]. According to NCLB legislation, a highly qualified teacher holds a bachelor’s degree, and has passed a state academic subject test [18]. 

The Limits of Teacher Testing



Although all states rely on teacher testing to ensure high standards, the literature shows that reliance on state content examinations to reflect teacher competency is problematic. Common problems associated with teacher testing include: poor alignment of the tests with state standards; a lack of rigor and low set points for passing the test; failure to assess pedagogical content knowledge; and ambivalent relationships among number of courses taken, grade point average, and test score. 
Poor alignment of tests with state standards

States with large numbers of school aged children such as Texas and California contract with test developers to create state-specific tests based on state kindergarten through grade twelve education standards. However, each state sets the passing standard for teacher licensure. Because test development is costly, the most frequently used teacher knowledge tests are Praxis I and Praxis II developed by the Educational Testing Service [19]. 
The partnership for test development between a state and a testing company can be categorized in three ways [19]. The first kind of test is the “off-the-shelf” test in which the contracted test development agency designs and administers the test without direct input from the state. The most common test used for teacher certification are those provided through National Teacher Examination, Praxis I and Praxis II which are available from the Educational Testing Service. 
The second category of test is a variation of the “off-the-shelf” test in which tests are modified to include questions that are directly applicable to the teaching guidelines of a particular state. The additional questions are usually open-ended response questions. 

The last category of tests is the “custom-made” test in which states hire test contractors to create a test system that is unique to the particular state. These tests match the grades kindergarten through grade twelve state curriculum standards for students. Texas uses a custom-made test system, the Texas Examinations for Educator Standards (TExES) created by National Evaluation Systems. The TExES purports to measure a teacher’s mastery of the Texas Essential Knowledge and Skills for kindergarten through twelfth grade [21].

Lack of rigor and low set points for the passing score

A 1999 study by the Education Trust [22] shows the content of many licensure exams is not of great rigor, and the passing rates, which are set by state certification agencies, not the test publisher, are low. The Education Trust Foundation performed a content analysis on secondary English Language Arts, Mathematics, and Science tests from the Educational Testing Service which publishes the Praxis series and tests from the National Evaluation Systems which designs state-specific examinations. The findings reveal that most of the tests assess high school level content and that none of the tests assess content at the baccalaureate level. In fact, many of the science tests reviewed devoted a significant proportion of questions to content learned in middle school. Hanushek & Rivkin [23] report that data based on teacher test scores may be difficult to interpret as each test may include different content, depth, and rigor.

Another problem with teacher testing is how states navigate the policy of teacher testing in order to comply with No Child Left Behind legislation guidelines. In the Secretary’s Report on Teacher Quality [24], the Secretary writes, “No Child Left Behind legislation will hopefully cause states to tighten up their subject matter requirements, rather than be persuaded to bend to pressure to lower their academic standards for their teachers” (p. 5). 

However, Mitchell and Barth [22] point out individuals can pass state certification tests without having to pass all of the domain areas assessed on the test. For example, the 8-12 Science certification is a broad-field certification and matches with science teaching assignments in grades 8-12 which include life science, chemistry, physics, integrated physics and chemistry, earth science, and astronomy [25]. Since there is no requirement for passing all content domains on the 8-12 Science TExES, it is possible for high mastery on the biology portion of the 8-12 Science TExES to mask failure on the chemistry, physics, or earth science domains of the test. However, a teacher who receives an overall passing score on the 8-12 Science TExES will become fully licensed and considered highly qualified under Title II of No Child Left Behind legislation to teach chemistry or physics. 

Broad-field certifications challenge the way secondary teachers are typically prepared in colleges and universities. Most often, degrees are granted in single-subject fields such as biology, chemistry, physics, or earth science. Less frequently given are degrees in dual subject-fields such as physical science and biochemistry. In general, colleges and universities do not prepare secondary teachers to instruct for as many as five discrete science fields. This mismatch between degree and certification can lead to serious gaps in teacher knowledge and is of serious concern to professional educators in Texas.

Pedagogical content knowledge
Research suggests that completing pedagogical content knowledge coursework is a much more powerful way to increase student achievement than completing content coursework alone [26] [27] [28] [13] [29] [11] [30]. According to Shulman [11]  Pedagogical content knowledge refers to the knowledge of how to best structure, present, and assess the knowledge of the discipline to others. 
Monk [13] researched the achievement of mathematics students. His research findings indicate students with higher achievement scores are more likely to have teachers with a considerable number of courses in content-specific pedagogy than students with lower achievement scores. 
Additionally, Mitchell and Barth [22] reviewed the content of teacher tests and found none of the tests they reviewed contained content that assesses pedagogical content knowledge. More recently, the Praxis III field assessment was added in response to the need for more than a pencil and paper test to measure teacher knowledge. The Praxis III assessment includes, “direct observation of classroom practice, review of documentation prepared by the teacher, and semi-structured interviews” [31]. However, only the state of Ohio uses this test to assess teacher pedagogical knowledge.  
Ambivalent relationships among number of courses taken, grade point average, and test score. 


Colleges and universities develop degree programs which are in turn approved by state higher education coordinating boards. However, state teacher examinations are developed by test development companies. As stated earlier, on occasion, a large state such as Texas or California make significant investments in testing as an accountability measure and contract with a test development agency to develop instruments aligned with state standards. But in general, most states allow test development companies to determine the knowledge teachers should possess. A reliance on teacher testing as the gatekeeper of teacher certification ignores decades of practice and research which demonstrates the importance of coursework and grade point average [32] [33]. The prevalence of testing for certification presents a questionable practice in which the individual may repeatedly test until they pass the test. As the test bank is insufficient to provide new test questions to support unlimited repeat test takers, the individual may memorize test items, determine the answers, and eventually pass the test. This practice circumvents teacher content knowledge and replaces it with discrete knowledge related to passing the test. 
Method

The purpose of this study was to examine the extent to which upper-level content area coursework, upper-level content area grade point average, and the time elapsed between the state teacher examination and the completion of the last upper-level course in the content area. TExES certification examinations are purported to specifically align with Texas education frameworks. The test frameworks can be viewed on the Texas State Board for Educator Certification website [25].

Data was collected from eighteen Life Science and twenty-six Mathematics students who were enrolled in the Secondary Online Teacher Certification Program during the period, 2002 through 2005. All students hold an undergraduate degree and meet minimum program GPA admission requirements (2.8 overall undergraduate GPA where 4.0 = A or 3.0 on the last 60 hours of undergraduate coursework) and meet minimum requirements for standardized test scores [34].
Descriptive data and multiple linear regression statistical analyses were used to draw conclusions about the subject area knowledge of the individuals in the sample and the significance of the predictors examined. Descriptive data include the mean, mode, range, and standard deviations of the variables related to the study. Linear regression analysis was used to identify predictor variables associated with passing the grades 8-12 Life Science TExES or the grades 8-12 Mathematics TExES. 

The primary dependent variable, score on the Texas Examination of Educator Standards, was used to examine the relationship between the TExES score and three predictor variables: (1) upper-level content area grade point average, (2) number of upper-level content area courses taken, and (3) the time elapsed between the initial attempt on the TExES and the completion of the last upper-level course in the content area. 
Results
Descriptive statistics

Table 1 results indicate the Life Science test group had the highest mean (11.833) and the highest median (11) for upper-level content area coursework (Figure 1). The mean upper-level coursework grade point average for the Life Science test group was 3.173 and the median was 3.190 (Table 1; Figure 2). The median score for time elapsed between the 8-12 Life Science TExES and the completion of the last upper-level course in the content area was eighteen months (Table 1). 

The Mathematics test group completed approximately half the average number of upper-level content courses (6.423) compared to the Life Science test group (6.423) and the median was six upper-level content courses (Table 1; Figure 1). The upper-level GPA for Mathematics test takers (3.053) was similar to the Life Science group as was the median upper-level GPA of 3.185 (Table 1, Figure 2). The median for the time elapsed between the 8-12 TExES and the completion of the last upper-level course in the content area was 170 months (Table 1; Figure 3).

Additional descriptive statistics [35] collected include candidate undergraduate major, name of the degree granting institution, U.S. News College and World Report Ranking including selectivity measures and acceptance rate for the degree-granting institution (Table 2 and Table 3).  The U.S. News and World Report selectivity measure reveals that the failure rate of candidates from “more selective” or “most selective” institutions was 15%. The failure rate for candidates from institutions rated as “selective” was 53% and the fail rate for candidates from institutions rated as “less selective” or “not rated” was 100%.
TExES content examination scores for the 8-12 Life Science and 8-12 Mathematics test groups are shown in Figure 4. A score of 240 or greater is a passing score with a maximum score possible of 300. TExES content examination scores are reported as scaled scores.
Approximately one out of three individuals taking the 8-12 Life Science TExES, and two out of five students taking the 8-12 Mathematics TExES failed the state exam on the initial test attempt. The individual test scores for each candidate and the pass and fail rate are shown in Tables 2 and 3 and in Figure 4. Program admission and Texas minimum requirements for content area coursework include a minimum of 24 hours of content area coursework in the target certification field with at least twelve of the 24 hours taken at the junior, senior, or graduate level. 

Linear Regression

Analysis of variance results for the three-predictor linear regression model are shown in Table 4 and Table 5. Analysis of variance results for the three-predictor model were not statistically significant for either the 8-12 Mathematics test group; F = (3, 22) = 2.301; p = .105 nor were the results significant for the 8-12 Life Science test group; F = (3, 14) = .400; p = .756.  That is, the number of upper-level content area coursework taken, grade point average, and the time elapsed between the TExES content examination, as well as the completion of the last upper-level course in the content area is not statistically significantly related to the TExES content examination score. The correlations for TExES content examination scores and the three predictor variables are displayed in Table 6
Table 7 shows the summary of regression model for the dependent variable, TExES score and the predictor variables, number of upper-level content area coursework taken, upper-level content area GPA, and the number of months elapsed between the initial attempt on the TExES content area examination. The adjusted R2 for the 8-12 Life Science test group was -.115 which was not statistically significant (p = .746). The adjusted R2 for the 8-12 Mathematics test group was .127 which was not statistically significant (p = .116).

Discussion

Most states are without adequate funding to develop tests aligned to state standards, and will therefore rely on commercially available tests such as Praxis II which are not always aligned with state standards. However, for the last two decades, the knowledge of Texas teachers has been assessed with some type of testing system [19] [34]. 
In 1998, the State Board for Educator Certification, the Texas Higher Education Coordinating Board and their testing contractor National Evaluation Systems worked collaboratively to develop beginning teacher standards that relate directly to the Texas Essential Knowledge and Skills for grades kindergarten through twelve, the curriculum for public school students. The teacher candidates in this study were tested using the recently updated, 2003 teacher (TExES) testing system. 
Many of the science and mathematics teacher candidates in this study have completed many upper-level courses and display high grade point averages in their upper-level content area coursework. As coursework and grade point averages have long been used as indicators of teacher knowledge ([1] and these candidates have many hours of content training with accompanying high grade point averages, one would not predict the high overall failure rates experienced by candidates on the 8-12 Mathematics and 8-12 Life Science TExES. Additionally, since program admission criteria set minimum performance scores on standardized tests for verbal skills based on research suggesting teacher verbal skills is correlated to student achievement [2] [3] [4] [5] [6] [7] [8] other factors related to success with regard to test taking were investigated.

An examination of the selectivity ratings of colleges and universities revealed the TExES failure rate for candidates from institutions rated as “less selective” or “not rated” was 100%. Selectivity refers to the ratio of applicants who applied to admissions at a given university and the actual number that were accepted by the university. A more selective university has a greater applicant pool from which to choose than a less selective university. 


However, this system is not without its limitations. The limitations of using college and university selectivity measures relevant to this study are that (1) selectivity measures may change since the student’s graduation, and (2) it is difficult to compare selectivity measures of universities that are categorized into different ranks by U.S. News and World Report. 
For example, U.S. News and World Report [35] compares universities to their peers and categorizes universities into four groups. These include (1) National University, (2) Liberal Arts College, (3) University-Master’s, and (4) Comprehensive College—Bachelor’s.  The master’s and comprehensive schools are further divided into sub groups by location. These include North, South, West, and Midwest.  Colleges and universities in the top half of their categories are ranked numerically. Others are placed in third and fourth tiers. U.S. News and World Report states, “you cannot compare the ranks of institutions in different categories because schools are assessed only against their peers” [35 p. 320].  

While a lack of test rigor and low set points for a passing score on the TExES do not appear problematic for Texas teacher candidates, the practice of allowing a teacher candidate to test and retest for an unlimited number of attempts does present challenges to the preservation of test validity. The TExES test bank is insufficient to provide new question sets beyond the second test. Therefore, candidates and certified teachers may begin to memorize certain questions and diagrams associated with the test and search for correct answers to be used during the next test administration. If policy makers are to rely on teacher testing as a measure of teacher knowledge, then the number of attempts should be limited to the number of parallel tests available. One candidate in this study took the 8-12 Life Science TExES five times before achieving a passing score.
In general, secondary teachers are not dismissed because of what they know, but rather because of what they do to positively influence student learning. However, field assessment is expensive and has not been the focus of state policy makers who are responsible for making decisions related to teacher licensing. As stated earlier, assessing pedagogical content knowledge has been suggested as a way to increase student achievement [26] [13] [11]. For this reason, during the mid 1990s the Educational Testing Service developed Praxis III which assesses the performance of beginning teachers within a classroom setting [31]. However, Praxis III is used by only one state, Ohio. Perhaps field assessments are not deemed a cost effective and efficient measure of teacher knowledge by policymakers. 
Before No Child Left Behind legislation and teacher content knowledge testing became commonplace, completion of college and university coursework within certain GPA parameters served as the gatekeeper for teacher knowledge. This study demonstrates how testing can function as another layer of teacher certification gatekeepers. Interesting, colleges and universities remain as providers of content knowledge, however it is the state legislature partnered with test companies, instead of higher education coordinating boards, colleges and universities, which determine the worth of completed coursework and accompanying GPAs. Streamlined alternative type certification programs are perceived by politicians as lowering barriers to teaching, especially in the areas of science and mathematics. However, this study demonstrates how teacher content testing functions as barrier to teaching as well.  The only certain outcome of teacher testing is that test development companies will continue to benefit financially if policymakers continue to using testing as the sole means of determining teacher knowledge. The accountability movement may serve to replace test content validity and other traditional indicators of teacher knowledge with political validity.
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Table 1

Descriptive statistics for the number of upper-level content area courses, upper-level content area grade point average, and the time elapsed between the state teacher examination and the completion of the last upper-level course in the content area
	
	N
	Minimum
	Maximum
	Median
	Mean
	Standard Deviation


	Upper-level content area courses

	Life Science
	18
	6.0
	24.0
	11
	11.833
	4.913

	Mathematics
	26
	2.0
	13.0
	6
	6.423
	2.859

	Upper-level content area grade point average

	Life Science
	18
	2.40
	4.00
	3.190
	3.173
	.434

	Mathematics
	26
	1.70
	4.00
	3.185
	3.053
	.647

	Time elapsed between the state teacher examination and the completion of the last upper-level course in the content area

	Life Science
	18
	4
	348
	18.000
	56.556
	96.290

	Mathematics
	26
	2
	401
	170.000
	151.808
	128.019

	Texas Examinations of Educator Standards Score

	Life Science
	18
	194
	281
	248
	243.61
	27.104

	Mathematics
	26
	223
	292
	260
	256.38
	22.434


Table 2. Grades 8-12 Life Science Texas Examinations of Educator Standards Data Set Including Test Score, Pass/Fail Designation, Test Attempts, Undergraduate Major, Year of Graduation, Degree Granting Institution, U.S. News and World Report University Ranking, Selectivity Measure, Acceptance Rate of University, Number of Upper-Level Content Area Courses, and Upper-Level Content Area Grade Point Average 

	Test Score
	Pass/

Fail
	Under-graduate Major
	Year 

Under-graduate Major Conferred
	Degree Granting Institution
	U.S. News College and World Report Ranking
	Selectivity 

of 

University
	Acceptance

Rate of University
	Number of Upper-Level Content Area Courses
	Upper-Level Content Area Grade Point Average

	194
	F
	Biology
	1975
	Stephen F Austin 
	3rd tier, University - Masters (West)
	selective 
	75%
	6
	2.6

	202
	F
	Biology
	2002
	Texas Tech
	3rd, National University
	selective 
	67%
	14
	2.8

	205
	F
	Biology
	2002
	Samford University
	3, University - Master's South
	more selective 
	88%
	8
	3.17

	216
	F
	Biology
	2005
	Texas Woman's University
	4th tier, National University
	less selective
	70%
	5
	3.36

	218
	F
	Biology
	2002
	University of North Texas
	3rd tier, National University
	selective 
	71%
	12
	3.5

	229
	F
	Biology
	2003
	University of North Texas
	3rd tier, National University
	selective 
	71%
	13
	4

	244
	P
	Biology
	2002
	University of North Texas
	4th tier, National University
	selective 
	71%
	14
	3.02

	246
	P
	Biology
	2002
	University of North Texas
	4th tier, National University
	selective 
	71%
	20
	3.5

	246
	P
	Biology
	2002
	University of Texas at Arlington
	4th tier, National University
	selective 
	72%
	10
	2.82

	249
	P
	Biology
	2001
	University of North Texas
	4th tier, National University
	selective 
	71%
	15
	2.4

	253
	P
	Zoology
	2002
	Oklahoma State University
	3rd tier - National University
	more selective 
	89%
	9
	2.9

	255
	P
	Animal Science
	1981
	University of Maryland - College Park
	55, National University
	more selective 
	52%
	6
	3.58

	259
	P
	Biology
	1995
	University of Texas - Dallas
	3rd tier, National University
	more selective 
	53%
	7
	3.2

	266
	P
	Biology
	2003
	University of North Texas
	3rd tier, National University
	selective 
	71%
	12
	3.5

	272
	P
	Biology
	2002
	University of North Texas
	3rd tier, National University
	selective 
	71%
	17
	3.71

	274
	P
	Bio

chemistry
	1999
	University of North Texas
	3rd tier, National University
	selective 
	71%
	24
	3.52

	276
	P
	Biomedica Science
	2003
	Texas A&M College Station
	60, National University
	more selective 
	72%
	9
	2.7

	281
	P
	Biology
	1997
	Trinity San Antonio
	I, University - Master's West
	more selective 
	60%
	9
	2.78


Table 3. Grades 8-12 Mathematics Texas Examinations of Educator Standards Data Set Including Test Score, Pass/Fail Designation, Test Attempts, Undergraduate Major, Year of Graduation, Degree Granting Institution, U.S. News and World Report University Ranking, Selectivity Measure, Acceptance Rate of University, Number of Upper-Level Content Area Courses, and Upper-Level Content Area Grade Point Average 
	Test Score
	Pass/Fail
	Undergraduate Major
	Year Under-

graduate Major Conferred
	Degree Granting Institution
	U.S. News College Ranking
	Selectivity
	Acceptance Rate
	Number of Upper-Level Content Area Courses
	Upper-Level Content Area GPA

	223
	F
	Electrical Engineering
	1992
	Texas A&M at Prairie View
	n/a
	n/a
	n/a
	4
	2.3

	226
	F
	Electrical Engineering
	1982
	Memphis State University
	n/a
	n/a
	n/a
	7
	3.16

	228
	F
	Engineering Technology
	2003
	University of North Texas
	4th tier, National University
	selective
	71%
	8
	3.36

	230
	F
	Management
	2001
	Amberton University
	n/a
	n/a
	n/a
	2
	4

	233
	F
	Psychology and Mathematics
	1970
	University of Central Arkansas,
	3rd tier, university - Master's South
	selective
	99%
	4
	3.2

	233
	F
	Business Administration
	2003
	University of North Texas
	4th tier, National University
	selective
	71%
	4
	3.75

	235
	F
	Education with integrated mathematics
	2002
	Ohio University, 5
	109, National University
	selective
	86%
	5
	2.79

	238
	F
	Mathematics
	2002
	University of North Texas
	4th tier, National University
	selective
	71%
	5
	2

	238
	F
	Mathematics
	1999
	Texas Christian University, 9 upper-level courses, 3.03
	97, National University
	more selective
	64%
	9
	3.03

	238
	F
	Mathematics
	2004
	University of Washington
	45, National University
	more selective
	68%
	12
	2.82

	238
	F
	Mathematics
	2004
	Texas A&M Commerce
	4th tier, National University
	selective
	62%
	8
	2

	254
	P
	Mathematics
	1976
	California State University Long Beach
	26, University - Master's West
	selective
	39%
	10
	2.67

	254
	P
	Mathematics
	2002
	Austin College
	73, Liberal Arts Colleges
	more selective
	69%
	5
	2.45

	267
	P
	Mathematics and Physics
	1977
	Wheaton College
	66, Liberal Arts Colleges
	more selective
	45%
	8
	3.8

	270
	P
	Economics
	1987
	University of Texas at Austin
	52, National University
	more selective
	51%
	3
	1.7

	270
	P
	Business Administration
	1992
	Texas Tech
	3rd, National University
	selective
	67%
	4
	4

	270
	P
	Mathematics
	1987
	U.S. Naval Academy
	Unranked Specialty School-Military Academies
	more selective
	10%
	7
	3.3

	273
	P
	Mathematics
	1991
	Wittenberg University
	3rd tier, liberal arts college
	more selective
	81%
	13
	3.4

	275
	P
	Industrial Operations and Engineering
	1988
	University of Michigan at Ann Arbor
	25, National University
	most selective
	62%
	5
	4

	275
	P
	Computer Science
	1979
	Washington University St. Louis
	II, National University
	most selective
	22%
	3
	2.7

	275
	P
	Computer Science
	1981
	Rochester Institute of Technology
	6, University - Master's North
	more selective
	67%
	7
	3.36

	278
	F
	Mathematics
	1970
	Youngstown State University
	3rd, university - Master's (Midwest)
	less selective
	100%
	7
	2.44

	278
	P
	Psychology
	1998
	Texas A&M College Station
	60, National University
	more selective
	72%
	3
	3.66

	286
	P
	Aerospace Engineering
	1983
	University of Texas at Austin
	52, National University
	more selective
	51%
	6
	3.7

	289
	P
	Physics and Mathematics
	1997
	Valparasio University
	2, University - Master's Mid-west
	more selective
	81%
	10
	3.38

	292
	P
	Engineering
	1981
	Georgia Institute of Technology
	37, National University
	more selective
	70%
	8
	3.36


Table 4

Analysis of variance for three-predictor linear regression model for Life Science Texas Examinations of Educator Standards test group

	Life Science 
Test Group

	Sum of Squares
	DF
	Mean Square
	F
	Sig.

	Regression
	984.800
	3
	328.267
	.400
	.756

	Residual
	11503.478
	14
	821.677
	
	

	Total
	12488.278
	17
	
	
	


Table 5

Analysis of variance for three-predictor linear regression model for Mathematics Texas Examinations of Educator Standards test group

	Mathematics 
Test Group

	Sum of Squares
	DF
	Mean Square
	F
	Sig.

	Regression
	3005.498
	3
	1001.833
	2.301
	.105

	Residual
	9576.656
	22
	435.303
	
	

	Total
	12582.154
	25
	
	
	


Table 6

Correlations between scores on the Texas Examinations for Educator Standards and number of upper-level content area courses completed in the certification field, grade point average, and the time elapsed between the state teacher examination and the completion of the last upper-level course in the content area
	Test Group
	N
	Correlation  Coefficients
	Significance

	Variable, number of upper-level content area courses in certification field

	Life Science
	18
	.274
	.272

	Mathematics
	26
	.121
	.554

	Variable, upper-level content area grade point average

	Life Science
	18
	.101
	.690

	Mathematics
	26
	.309
	.125

	Variable, time elapsed between the state teacher examination and the completion of the last upper-level course in the content area

	Life Science
	18
	-.212
	.397

	Mathematics
	26
	.376
	.058


Table 7

Summary of regression model using number of upper-level content area courses, upper-level content area grade point average, and the time elapsed between the state teacher examination and the completion of the last upper-level course in the content area as predictor variables

	Test Group
	R
	R2
	Adjusted R2
	Sig

	Life Science
	.285
	.080
	-.117
	.750

	Mathematics
	.481
	.232
	.127
	.116


Figure 1
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Figure 2
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Figure 4
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